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Introduction

In this paper experimental research of the most ductile elements of the eccentrically braced steel frames called seismic links is presented. It is well known that seismic links are usually designed to remain in elastic region during ordinary loading but withstand nonlinear inelastic deformation during seismic event, having capability to dissipate seismic energy. Some types of eccentrically braced frames are shown in Fig. 1 [10].
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	Fig. 1.  Typologies of Eccentrically Braced Frames


The seismic link should be designed so that it may bear great inelastic deformations without losing resistance and so that most of the seismic energy is dissipated within it. To achieve the required plastic rotation, local instabilities such as flange or web buckling are 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 [3].
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 has been generally observed as bad in practice when compared to the short links because long links are less stiff 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 [8],[9],[11].
Short seismic links are designed, using Eurocode 8 [6], for the design seismic action effect in shear 
[image: image2.wmf]Ed

V

 of the link, so that 
[image: image3.wmf]link

p

Ed

V

V

,

£

, where  
[image: image4.wmf]link

p

V

,

 the plastic shear of the link which, for I sections, have the following value:
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 in the link is less or equal to 0,15,
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1 testING PROGRAM
The tests have been executed at the Laboratory for structures at the Faculty of Civil Engineering, University of Zagreb (Fig. 2). Instead of conducting tests on the whole eccentrically braced frames system at which the link is the most important element, it is most 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 the expected structure state to the largest possible extent.
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	Fig. 2.  Zwik/Roell actuator type
	Fig. 3.  Auxiliary structure – test preparation


The tests were conducted on an auxiliary structure simulating boundary conditions for links in the real eccentrically braced steel frames (Fig. 3). The seismic links were examined in pairs. 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. 
Four types of short seismic links were chosen, each having the same cross section (HEA100) and the same length (300 mm), but with different number of web stiffeners, i. e. with three couples of web stiffeners, two, one and without any stiffener on the seismic link length. The link length for this test was chosen in a way to fulfill the requirement of Eurocode 8 [6] for short seismic links with two and three couples of web stiffeners as shown in Fig. 4.
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	Fig. 4.  Specimens with two and three couples of web stiffeners


The nominal geometrical characteristics of the cross-section HEA 100 (height 
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) 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 sides of the web. Fillet welds connecting a web stiffeners to the link web should have a design strength adequate to resist a force of 
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 is the area of the stiffener and 
[image: image21.wmf]ov

g

 is material overstrength factor. The design strength of fillet welds fastening the stiffener to the flanges should be adequate to resist a force of 
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. The 5 mm thickness of fillet welds fulfils these requirements; i. e. the fillet welds resistance is higher than resistance of the basic material [4],[5],[6].

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) as shown in Fig. 5 and Fig. 6. 
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	Fig. 5.  Location of the measurement devices
	Fig. 6.  The arrangement of LVDTs


Boundary conditions similar to those employed by Richards and Uang [12] in their study of wide-flange links were used here. These boundary conditions preventing 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 link. It was not necessary for the scope of these analyses to obtain cycled shear force –rotation relationship 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 (Fig. 7).
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. 8).
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	Fig. 7.  Testing of seismic links
	Fig. 8.  Specimen B2-2 after testing


2 test results and discussion
The mechanical properties of the steel were tested according to [7], 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 [1].
Table 1.
The values of mechanical properties
	Mechanical property
	fy (N/mm2)
	fu (N/mm2)
	( (%)

	Web 1-1
	305,6
	419,5
	19,1

	Web 2-1
	329,6
	445,8
	19,2

	Web 3-1
	320,2
	438,8
	20,0

	Web 4-1
	319,7
	435,6
	19,6

	Web 5-1
	332,5
	445,8
	19,9

	Web 6-1
	322,9
	443,4
	19,3

	Flange 1-2
	328,7
	450,3
	17,4

	Flange 2-2
	324,3
	441,7
	17,9

	Flange 3-2
	319,2
	438,5
	16,5

	Flange 4-2
	338,4
	454,4
	17,4

	Flange 5-2
	321,4
	436,9
	16,8

	Flange 6-2
	311,6
	436,6
	18,3


On the base of tests of the seismic links with different number of stiffeners Shear-Rotation relationships was obtained (Fig. 9). Behaviour of different seismic links in elastic region is identical. When adding stiffeners, shear force at which the seismic link yields, increases. 
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	Fig. 9.  Experimentally obtained Shear–Rotation relationships
	


According to the design resistance model for the yield strength mean value of the web 
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 which was obtained by tests (Table 1), the value of plastic shear force 
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 according to Eq. (1) is 81,7 kN. This value is approximately identical to the shear force values obtained by experiments at which a nonlinear inelastic deformation of seismic link specimen without web stiffeners occurs. 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) [1],[2]. 
Table 2.
Test results
	
	
	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

	maximal shear force before unloading
	(kN)
	198,8
	209,8
	220,6
	220,5

	shear force at rotation angle 0,08 rad
	(kN)
	114,5
	130,8
	146,4
	162,2

	shear force at the beginning of plastic deformation
	(kN)
	79,7
	94,9
	110,6
	113,5

	maximal rotation angle before unloading
	(rad)
	0,24
	0,24
	0,23
	0,21

	rotation angle after unloading
	(rad)
	0,22
	0,22
	0,21
	0,19


The link rotation angle 
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 between the link and the element outside of the link should be consistent with global deformations. According to Eurocode 8 [6], it should not exceed the value of 0,08 rad for short links.
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).

Web plastification of specimen without web stiffeners and specimen with two couples of web stiffeners are shown in Fig. 10.
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	Fig. 10.  Web plastification


The experiments tend to be performed on small specimen due to economic profitability. By modelling the finite element method, calibration of models on existing results of experiments can be performed which can replace the expensive experiments to great extent. However, the model calibration is not possible without the conducted experiments. 
3 conclusion
On the base of tests of the seismic links with different number of stiffeners Shear-Rotation relationships was obtained. Behaviour of different seismic links in elastic region is identical. By adding the web stiffeners, the shear force increases at the link where the nonlinear inelastic deformation occurs so that the increase is 15% for one couple, 35% for two couples and 40% for three couples of web stiffeners.

It can be concluded that the design model of shear resistance Vp,link according to Eurocode 8 is applicable to short seismic links without web stiffeners, while for seismic links with web stiffeners the calculation model must be corrected with a correction factor. This increase must be taken into consideration at design of seismic links in order to the dissipation of the seismic energy realizes at nonlinear inelastic deformations in seismic links. 

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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