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Abstract. In this paper the results of an experimental program devoted to the assessment of the cyclic
behaviour of full scale, European type, beam-column subassemblages with welded connections are presented.
Six tests (five cyclic and one monotonic) have been carried out on three different series of specimens,
encompassing a total of eighteen tests. The three specimen series have been designed with the aim of defining
the effect of the column size on the connection behaviour, under different applied loading histories. The tests
have evidenced the effect of the column size and panel zone design and of the applied loading history on the
cyclic behaviour and failure modes of the connections.
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1. Introduction

The confidence of structural engineering in welded moment resisting framefRPad) was
strongly compromised by the performances observed in the earthquakes of Northridge (1994) and
Hyogoken-Nanbu (1995). Following these earthquakes, extensive unexpected brittle connection
damage were detected in several frames, thissovering the alarming problem of the high
seismic vulnerability of the welded steel framed structures. The brittle modes of failure occurred at
the beam-to-column joints have been defifadexpected since the WMRF connéons were
usually considered as the ones characterised by the more stable and ductieubetiaing rise
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to large rotational capacity and energy dissipation. It should be underlined though that, as reported
by (Berteroet al. 1994), almost all the types of failures occurred as a result of the Northridge
seismic shaking, had been observed in past experimental tests catriadJ.S.A., as well as in
Japan and Europe. However the experimental behaviour of the welded connections appears highly
and perhaps randomly variable.

Starting from these observations, significant research efforts have been undertaken in the United
States (Mahiret al 1996, Malley 1998), in Japan (Tanakaal 1997, Nakashimat al. 1998) and also
in Europe (Meleet al 1997, Plumieet al 1998, Tauceet al 1998, Caladet al. 1999, Calado and
Mele 2000), in order to enrich the experimental data base and to assess the major parameters affectin
the cyclic behaviour of beam-to-column connections.

In this context, a wide experimental program has loeerned out at the Material and Structures
Test Laboratory of the Instituto Superior Técnico of Lisbon on different types (both welded and
bolted) of beam-to-column connections. The experimental tests have been performed on
specimens representative of frame structure beam-to-column joints close to the ones typical of
European design practice (beams less deep than the ones adopted in the current US design c
SMRFs), with the aim of defining the effect of the column size and of the panel zone design on the
connection behaviour, under different applied loadimgtories. Some preliminary experimental
results on the welded connections have been presented inéMdld 997, Caladet al 1999). In
this paper a complete overview on the experimental progeaned out on welded connections is
reported. In particular the experimental resaits presented through hysteresis loops obtained in
the increaing amplitude tests; further, the failure modes of the specimens under different loading
historiesare described, and the major factors dfferthe cyclic behaviour, the failure mode and
the rotation capacity are assessed.

2. The experimental program
2.1. Specimen geometry

A total of 18 beam-to-column fully welded joints (3 series x6 specimens) have been designed,
fabricated and tested up to failure under different loading histories. The specimens are T-shaped

Table 1 Beam and column section properties

Beam Section Column Section

All specimens BCC5 BCC6 BCCS8
IPE 300 HE160B HE200B HE240B

Height (mm) 300 160 200 240
Width (mm) 150 160 200 240
t,, (mm) 7.1 8 9 10
t; (mm) 10.7 13 15 17
| (mnf) 83560x 10° 24920% 10° 56960x 10° 112600x 10°
W, (mm?) 557x 10° 311x 10° 570x 10° 938x 108
W, (mn?) 628x 10° 354x 10° 643x 10° 1053x 10°
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beam-column subassemblages, consisting of a 1000 mm long beam and a 1800 mm long column. Ir
the three types of specimens, respectively appointed as BCC5, BCC6 and BCC8, the beam cros
section is the same (IPE300), while the column cross section is varied, being respectively HE160B
for the BCC5 series, HE200B for the BCC6 series, and HE240B for the BCC8 series. The main
geometrical data of the beam and column sections adopted in the three specimen types (height
width, web thickness,, flange thicknest, moment of inertid, elastic modulu®\,,, plastic modulus

W, are reported in Table 1.

Due to the relative cross-section dimensions of column and beam in the three series of connectior
specimens, the beam plastic modulus is respectively larger, approximately equal and smaller than the
column plastic modulus for the BCC5, BCC6 and BCC8 series.

In all specimens, the beam flanges have been connected to the column flange by means o
complete joint penetration (CJP) groove welds, while fillet welds have been applied between both sides
of the beam web and the column flange. The beam flange welds are double bevel complete joint
penetration (CJP) butt welds, with no backing bars. Manual Metal Arc (MMA) welding procedure has
been used with electrodes AWS 5.1 E 7018-1. Welding forehentiop and bottom flanges are both
performed in the flat position, thus the root of the CJP welds is located on the interior side of both the
top and the bottom flange. The continuity of the connection through the column has been ensured by 1-
mm thick plate stiffeners, fillet welded to the column web and flanges.

2.2. Material properties

The structural steel used for the columns, beamsstiifeher plates is grade 235 Mpa, designated
according to European international standard (CEN 1992) as S235 JR. Minimum values of the main
material properties are: yield stréiss 235 Mpa; ultimate stregs= 360 MPa; elongation: 15%; Charpy V-
notch energy: 27 Joules.

The basic monotonic stress-strain curve and the mechanical properties of the specimen stee
components have been determined through coupon tension tests. The average values of the mechanic
properties (yield stres§, ultimate stresd,, and yield ratio, YR) for the beam and column flanges and
web are provided in Table 2. In the same table are also provided the plastic and ultimate flexural
capacities My=W, x f,, M=W, x f,) of the beam and of the column, computed on the basis of the
plastic section modulud/, and of the corresponding values of yield strégsapd ultimate stresdj
of the section flanges obtained from the tension tests.

Table 2 Average values of material properties and derived flexural capacities
BCC5 BCC6 BCC8
Beam Column Beam Column Beam Column
IPE300 HE160B IPE300 HE200B IPE300 HE240B
flange web flange web flange web flange web flange web flange web

f,(MPa) 2748 3055 323.1 3956 278.6 3049 3126 40122 300 300 309
f,(MPa) 404.6 4126 460.2 490.1 398.8 4114 4349 489815 450 457 469
YR 147 135 142 124 143 135 139 122 153 150 152 1.52

Mp (kNm) 166 118 169 198 183 316
My (KNm) 234 157 242 276 280 482
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Fig. 1 Experimental set-up

2.3. Experimental set-up, instrumentation plan and loading histories

The test set-up, represented in Fig. 1, mainly consists in a foundation, a supporting girder, a reactior
r.c. wall, a power jackscrew and a lateral frame. The power jackscrew (capacity 1000 kNt 2i0oke
mm) is attached to a specific frame, pre-stressed against the reaction wall and designed to accommc
date the screw backward movement. The specimen is connected to the supporting girder through twc
steel elements. The supporting girder is fastened to the reaction wall and to the foundation by means o
pre-stressed bars.

An automatic testing technique was developed to allow computerised control of the power
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Fig. 2 Specimen instrumentation
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Table 3 Loading histories

BCC5 BCC6 BCC8
d [mm] d/d, d/H [%] d [mm] d/d, d/H [%] d [mm] d/d, d/H [%]
A C. type C.type C.type C.type C.type C.type C.type C.type C.type

+50 +5 +5 +50 5 +5 +50 +5 +5
B C. type C.type C.type C.type C.type C.type C.type C.type C.type

75 75 +75 +75 75 +75 +37.5 +3.75 +3.75
BB C. type C.type C.type C.type C.type C.type

75 +75 +75 75 +75 +75
c S.I. type (ECCS) S.I. type (ECCS) C.type C.tpe C.lype

+75 +75 +75
D C. type C.type C.type C.type C.type C.type

+375 +375 +375 +375 +3.75 +3.75 S.1. type (ECCS)
C.type C.type C.type
E M. type M. type +375 +375 +3.75
mon M. type
C. type

Legend: C. type = cyclic Constant amplitude loading history VYVVVVVVVVVY

S.I. type = cyclic Stepwise Increasing amplitude loading history S.l. type
M. type = Monotonic loading history w A A /\ /\ /\ /

VY

jackscrew, of the displacement and of all the transducers used to monitor the specimens during the
testing process. Specimens have been instrumented with electrical displacement transducers (LVDTS)
for carefully recording the various phenomena occurring during the tests. The same arrangement of
LVDTs has been adopted for the three specimen types. The typical instrumentation set-up is providec
in Fig. 2.

Each specimen type has been tested up to failure under several cyclic rotation histories. In particulal

10 10%
| didy d/H [rad%] | 8%
I 1 6%
1 4%
1 2%
| 0%
| 2%
| 4%
1 6%
-8 | 1 8%
40 ! 1 10%
Fig. 3 ECCS cyclic stepwise increasing amplitude loading history




274 Elena Mele, Luis Calado and Antonello De Luca

both constant-amplitude and stepwise-increasingliudp loading histories have been applied to the
specimens. The complete set of loading histories is provided in Table 3, where each history is defined ir
terms of: cyclic amplitude of the applied beam tip displacen®nicyclic amplitude of the applied
beam tip displacement normalised to theoretical value of the specimen yield displadg(aébj;
cyclic amplitude of the applied interstory drift angtéH), i.e.,d normalised to the distance between
the beam tip and the column centrellie

The stepwise increasing amplitude tests have been carried out according to the basic loading histor
recommended in (ECCS 1986), which is sketched in Fig. 3. This basic loading history is divided into steps, with
three symmetrical cycles repeated in eachjstep peak deformatiakh The increase of the peak deformation
per step is defined as a multiplier of the theoretical value of the yielding displacement of the sggcimen,

3. Experimental results: Global behaviour and failure modes

In the following the experimental results obtained in the test program are provided. In particular the
cyclic behaviour and the failure modes observed for the three sets of specimens are described, and tt
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Fig. 4 (a): Moment-total rotation curves, (b): Moment-beam plastic rotation and moment-panel zone rotation
curves
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moment rotation hysteresis loops obtained in the stepwise increasing amplitude cyclic tests are
provided. In the moment rotation hysteresis loops hereafter presented, the rotation values have bee
calculated both as theifiprocessédtotal rotation given by the applied interstory drift angle d/H, and

as the beam rotatio®,, obtained through the measured LVTDs displacements at the beam cross
sections. Correspondingly, in thd-d/H experimental curves the moment is evaluated at the centreline

of the column, while in thiv,-@®, curves the moment is evaluated at the column face.

In Fig. 4(a) the moment-total rotatioM{d/H) experimental curves resulting from the BCC5C,
BCC6C and BCCS8D tests (cyclic increasing stepwise amplitude) are plotted, while in Fig. 4(b) both the
corresponding moment - beam plastic rotation curves and the moment - panel zone rotation curves are
plotted. The beam plastic rotation has been obtained through the measured displacements at th
transducers 1 and 2 (see Fig. 2) by subtracting the contributions of the beam and codtion ela
rotations as well as of the panel zone distortion.

3.1. Specimens BCC5

As can be derived from the curves reported in Figs. 4(a) and (b), and as demonstrated also in the
other tests carried out in the experimental program, the cyclic behaviour of the specimen BCCS5 is
characterised by a great regularity and stability of the hysteresis loops up to failure, with no
deterioration of stiffness and strength properties. The very 1a%) (Mle presents a sudden and
sharp reduction of strength, corresponding to the collapse of the specimen, which occurred due to
fracture initiated in the beam flange and propagated also in the web. During the test, significant
distortion of the joint panel zone has been observed, while not remarkable plastic deformation in the
beam occurred.

In Table 4 a summary of the number of complete plastic cycles to collapse and the failure mode of
the specimens BCCS5 is reported.

Table 4 Number of plastic cycles and failure modes of BCC5 specimens

Test No. cycles Failure modes

A 16 Crack on the beam flange close to the weld, propagated in the beam web.
B 5 Fracture of the beam flange near the weld.

BB 4 Crack on the beam flange close to the weld, propagated in the beam web.
C 18 Crack on the beam flange close to the weld, propagated in the beam web.
D 23 Fracture of the beam flange.

Table 5 Number of plastic cycles and failure modes of BCC6 specimens

Test No. Failure modes
cycles
A 15 Plastic hinge. Crack on the beam flange in the buckled zone, at 15 cm from the column face.
B 11 Plastic hinge. Crack on the beam flange in the buckled zone, at 10 cm from the column face.
BB 6 Plastic hinge. Crack in the beam flange close to the weld line, propagated in the beam web.
C 15 Less evident plastic hinge. Crack in the beam flange along to the weld line.

D 18 Less evident plastic hinge. Crack in the beam flange, developed close to the weld.
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3.2. Specimens BCC6

Throughout the test program, two different kinds of cyclic behaviour have been observed for the
BCC6 specimens. In some cases (tests C and D) the behaviour of the specimens is close to th
behaviour observed for the BCCS5 type, with almost no deterioration of the mechanical properties up to
the last cycle, during which the collapse occurred. On the contrary, for the other tests (A, B and BB) a
gradual reduction of the peak moment at increasing number of cycles is evident. In these cases, startin
from the very first plastic cycles, local buckling of the beam flanges occurred, and a well defstied pla
hinge has formed in the beam. In the specimens BCC6 the contribution of the panel zone deformatior
has not been as significant as in the BCC5 specimen type. The collapse of the specimens BCC6A an
BCC6B was due to fracture of the beam flange in the buckled zone. The specimens BCC6BB, BCC6C
and BCCG6D failed due to fracture in the beam flange along or close to the weld line.

In Table 5 a summary of the number of complete plastic cycles to collapse and the failure mode of the
specimens BCC6 is reported.

3.3. Specimens BCC8

The hysteresis loops obtained from the tests on the BCC8 specimens (except the one obtained in th
C test) show a gradual reduction of the peak moment starting from the second cycle, where the
maximum value of the applied moment has been usually registered. This deterioration of the flexural
strength of the connection is related to occurrence and spreading of local buckling in the beam flanges
and web. A well defined plastic hinge in the beam has formed in all the tested specimens. In the test C
where the specimen has been subjected to a constant amplitude rotation history, equal to 7.5% rad, &
unstable behaviour of the specimen has been observed, with multiple buckling occurred in the beam
flanges starting from the first plastic cycle, and a sudden failure occurred at the third plastic cycle due to
the fracture in the beam flange along the weld. In the specimens BCCS8 the panel zone deformation ha
not been remarkable, and the plastic deformation mainly took place in the beam. The collapse of the
specimens BCC8A and BCC8D was due to fracture of the beam flange in the buckled zone. In the test:
B, C and E the collapse of the specimens occurred due to fracture in the beam, starting along the wels
or very close to the weld line.

In Table 6 a summary of the number of complete plastic cycles to collapse and the failure mode of the
specimens BCCS is reported.

Table 6 Number of plastic cycles and failure modes of BCC8 specimens

Test No. Failure modes
cycles
A 12 Plastic hinge. Crack in the beam flange at the buckled zone, complete fracture of beam flange
and web.
B 16 Plastic hinge. Crack on the beam flange along the weld line.
C 2 Multiple beam flange buckling. Crack in the beam flange close to the weld, propagated in the
beam web.
D 18 Plastic hinge. Crack in the beam flange at the buckled zone.
E 15 Plastic hinge. Crack in the beam flange, developed in proximity of the weld.
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4. Comparisons and observations
4.1. Panel zone and beam rotations

The contribution of the total (elastic + plastic) panel zone deformatig) {0 the global rotation of
the specimensd(H) has been, throughout the experimental program: remarkable (in average equal to
the 80% of the total imposed rotation) in the BCC5 specimens, having the smallest column section
(HE160B); less significant (in average equal to the 65% of the total imposed rotation) for the BCC6
specimens, with intermediate columnts@t (HE200B); minor (40-50% of the applied rotation) in the
BCC8 specimens, characterised by the largest column section (HE240B). Consistentlystibe pla
rotations registered in the beam have been minor for the BCC5 specimens, comparable to the pane
zone rotations in the BCC6 specimens, larger for the BCC8 specimens.

The values of the maximum total rotatiai’H), which, in the increasing amplitude test, reaches
0.064 rad for the BCC5 specimen, 0.053 rad for the BCC6 specimen and 0.046 rad (at a loss of
strength equal to 10% of the maximum strength) for the BCC8 specimen, correspond to quite low
values of beam plastic rotationy(,), respectively equal to 0.0057, 0.0175 and 0.0242 rad for the
three specimens, thus confirming that large rotations can be experienced thanks to column web pane
deformations.

In Fig. 5 a summary of the maximum rotation values from the increasiniguadagests is reported;
in particular: the global rotatiom/H, the plastic rotation,d(H),, the beam plastic rotatiod@,, and
the panel zone rotatio®s2, of the three specimens are provided.

4.2. Effect of the panel zone on the cyclic behaviour and failure mode

The BCC5 specimens, even though able to experience high deformation levels, have dtlewn bri
failure modes in all the cyclic tests, with hysteresis loops practically overlaid and no degradation of the
flexural strength up to the very last cycle, where a sudden decay of the carrying capacity occurred due
to fracture, generally developed in the proximity of the weld. On the contrary the BCC8 specimens
have exhibited a typical ductile behaviour, with formation of a well defined plastic hinge in the beam
starting from the first plastic cycles, and a gradual decrease of the peak moment at increasing number c
cycles up to the collapse.

These results confirm some major findings reported in (El-Tetval. 1999), where, on the basis of
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Fig. 5 Maximum rotation values from the increasing amplitude tests
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FEM analyses results, it is emphasised that although weak-panel design of the beam-to-column welde
connections can substantially reduce bearstiglaotation @mands and effectively contribute to global
connection ductility, the stress state arising at high levels of applied rotation increases the potentials for
brittle fracture collapse mode of the connection. Additional results, based both on experimental tests
and FEM theoretical studies are provided by ¢tal 2000), where it is found that weak column panel
specimens (with PZ contributing at 70% to the total plastic rotation of the specimen) show brittle failure
modes, with no previous deterioration of the strength capacity, due to fracture in the beam web weld
and beam bottom flange.

The BCC6 specimens displayed a behaviour sometimes closer to the BCC5 ones (tests BCC6C an
BCC6D), sometimes to the BCC8 ones (tests BCC6A, BCC6B and BCC6BB), depending on the
applied loading sequence. Also with regard to the final collapse of the specimens, in the former cases i
involved fracture in the beam starting at or close to the weld location, while in the latter cases it was due
to the cracking in the buckled zones of the beam flanges.

4.3. Effect of the loading history on the cyclic behaviour and failure mode

Not significant effect of the loading history on the failure mode ofB@8€5 specimens has been
observed throughout the experimental program: all BCC5 specimens have shown a sudden collapse
corresponding to a sharp decay of the load carrying capacity of the connection and associated to
brittle fracture generally developed in the proximity of the weld.

For the BCC8 specimens the collapse occuridetredue to ductile fracture in the buckled beam
flange at the plastic hinge location (tests at increasingitaig (D) and at 5% constant amplitude (A))
or due to fracture in the beam flange close to the weld location (tests at 3.75% constant amplitude, (B
and E)); however in all cases a well defined plastic hinge formed in the beam and the failure of the
connection occurred after that a slow degradation of the strength capacity of the specimens was
observed at increasing number of cycles.

On the contrary, for the BCC6 specimens two different kinds of inelastic behaviour and collapse
mode have been observed in the cyclic tests, depending on the applied loading history: for the test a
increasing stepwise gifitude, C, and the test D, at the smallest constant amplitiHe=(3.75%), a
cyclic behaviour close to the one exhibited by BCC5 specimens, with sudden decay of the strength
properties of the connection and brititacture mode, has been observed. For the tests A, B, BB, at
larger constant amplitudel/H = 5% and 7.5%), the behaviour has been close to the one of the BCC8
specimens, with formation of a plastic hinge, slow degradation of the strength capacity @led duc
fracture mode.

These observations are in line with some major findings reported by (Pkimaied 998, Castiglioni
et al 2000) as result of a wide experimental program on twenty-one European type welded
connections, subjected to constant cyclic amplitude loading histories. The specimens had the same
beam and column cross sections, but differed in the welding details, weld access hole and presence ¢
doubler plates. The Authors report that three different failure modes have been observed, depending ol
the amplitude of the cycles imposed to the specimens:

1: a failure mode B“prittle”), under small cycle amplitude loading histories, with sudden collapse

due to a crack either at the weld toes or in the base material;

2: a failure mode D“@uctilé’), under large cycle amplitude loading histories, with significant and

progressive deterioration of the key mechanical parameters, development of a plastic hinge and
final collapse due to the gradual propagation of a crack initiating in the buckled flange zone at the
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Fig. 6 Normalised cyclic energy

plastic hinge location;

3: a failure mode M“{mixed’), under cycles of intermediate alityrde, which is a combination of the
two previous failure modes, since the specimen is affected by a progressive deterioration of the
mechanical properties, with development of a plastic hinge and in presence of local buckling, but
the collapse is due to a crack at the weld toes.

The experimental results reported in this paper suggest that for the BCC5 specimen series, inde
pendently on the applied loading history,taittle” failure mode occurs, due to the governing role of
the panel zone in the inelastic deformation mode, which places severe demands to the beam-to-colum
welds. On the contrary, the dependence of the failure mode on the loading history appears evident fo
the BCC6 and BCCS8 specimen series, when either both the beam and the panel zone (BCCE
specimens) or mainly the beam (BCC8 specimens) contribute to the inelastic deformation of the
specimen.

Furthermore, in the case dbrittle” failure mode, the behaviour of the different specimens show
large scatters in the fatigue endurance and in the values of cyclic performance parameters (energy
cumulated plastic rotation, etc.), while in the casélwittle” failure mode the various specimens
show a similar behaviour and close valuesefgrmance parameters in all tests. As an example in
Fig. 6 the normalised cyclic ener@/Ee i (Which is the ratio between the absorbed energy in the
single plastic cyclek; and the energy that might be absorbed in the same cycle if it had an elastic-
perfectly plastic behaour, E ) evaluated in the test afH = 3.75% andd/H =5.0%, is plotted
against the number of cycle for the three specimens BCC5, BCC6 and BCC8. From the graph it is
possible to derive the steady decrease of the normalised cyclic energy for both the BCC8 specimens
which finally experience ductile failure mode, and, on the contrary, the sudden decay, due to brittle
failure mode, of the normalised cyclic energy for both the BCC5 specimens. For the BCC6
specimens, in the case dfH = 5.0% (ductile failure mode), the first kind of trend can be derived,
while in the case od/H = 3.75% (brittle failure mode), the behaviour is close to the one observed for
the BCC5 specimens.

This can be explained by considering that the plastic hinge which forms in the beam (specimens
BCC8 and specimen BCC6 und#iH=5.0%) acts as a “damper”, relieving most the weld stressed;
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hence, in this case, failure is achieved in the base material at the plastic hinge location and the specime
collapse is strictly related to the deterioration of the mechanical properties of the beam. On the contrary,
when the specimen inelastic deformations do not occur mainly in the beam and the plastic hinge is nof
so evident (specimens BCC5 and specimen BCC6 wditler 3.75%), the welds between the beam

and the column are subjected to large plastic strains, which cause sudden failures of the specimens ;
the weld locations.

Also the values of the cumulative plastic rotation appear highly variable for the BCC5 (values of
(d/H)gi.cum=0.27-0.65 rad) and BCC6 (values af/H), cum=0.30-0.73 rad) specimens, while the
BCCS8 specimens, excluding the test C (7.5%), show very similar values for all the tests (vallies of (
H)pi,cun= 0.48-0.55 rad).

5. Conclusions

In this paper an overview of a test program carried out on three series of welded connections has bee
provided, the global behaviour and the failure modes of the connections have been described, and th
main differences in the performance of the three series of specimens have been emphasised. Son
major aspects deriving from the analysis of the experimental data concern the effect of the loading
history, of the column section and panel zone design on the cyclic behaviour, maximum rotations,
energy dissipation and failure mode of the connections.
For specimens characterised by occurrence of inelastic deformations either both in the beam anc
in the panel zone (BCC6 specimens) or mainly in the beam (BCC8 specimens), the experimental
evidence suggests a strong dependence of the cyclic behaviour, of the perforaramcetgrs
values and of the failure mode on the applied loading history. On theapofdr weak panel zone
specimens (BCC5 specimengsidependently on the applied loading history, the sébrédtle”
failure mode occurs, due to the governing role of the panel zone in the inelastic deformation mode,
and large scatters in the fatigue endurance and in the performance of the connections have bee
observed.
The quite high values of the maximum global rotations of the connections, especially if compared to
the rotation capacities exhibited by US-type welded connections in past testing programs, can be
related to the following aspects.
¢ According to the major findings reported by (Roeder & Foutch 1996, De Luca & Mele 1997), the
connection rotation capacity and ductility strongly ase as the beam depth increa3ésis
higher rotationsre expected for beam-to-columonmections usually adopted in Europe, where
the depth of the beam sectialy € 300-450 mm) is significantly less than the ones utilised in the
US practice @, = 500-1000 mm), due to the current adoption of perimeter frames configuration.

« Fully welded connections, as the ones adopted in the tested specimens, have already shown, in pa
experimental tests, higher rotation capacity than the Bolted Web Welded Flange connections (Tsai
& Popov 1995, Usamet al 1997), usually adopted at the US frame joints.

¢ A significant contribution of panel zone deformation has been observed throughout the tests,
suggesting the possibility of utilising the joint panel for providing energy dissipation and stable
behaviour of the connections even at large number of cycles.

However in the paper it is shown that weak panel zone connections give rise to inelastic deformation
mode of the beam-column subassemblage which produces high stress concentrations at the beam
column welded zones, driving the specimen to brittle collapse mode. For this reason thetmmafb
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panel zone distortion to the global plastic rotation of the connection should be properly calibrated in the
design of the connection, through the definition of adequate values of the relative strength of beam anc
panel. For example, (Let al. 2000) tentatively suggest to limit the contribution of the panel zone at
50% of the total inelastic rotation. However in the authors opinion further studies on this specific topic
are still needed.
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