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This paper presents a study devoted to the defimiof technical
solutions for improving the seismic performance stéel-concrete
composite beam-to-column joints. In particular, sthhvestigation is
focused on the role of the concrete slab in howirtcrease the
transferring capacity of the compressive forcesween slab and
partially encased composite columns. Based on fimgoach proposed
by the Eurocode 8, the bearing capacity of the oetec slab in
compression is globally schematized using strutie&niechanisms. On
the basis of this model, the numerical analyses #ed experimental
results were utilized to study the effect of défgrvariables in the overall
behaviour of joint. A parametric study was undeetakusing the
validated model performed using ANSYS finite elermpenmgram. The
parametric numerical analyses were executed toystiee effect of
relevant parameters (concrete class, reinforcingr lhameter and
column steel profile) on the performance of both thsistant internal
mechanisms of concrete slab and the slab-columneztimg mechanism.
Based on the obtained results, the friction and todesion factors
existed in the design shear formula, proposed b$HPO and EN1992-
1-1. From this study, it can be concluded that, tb&umn inertia and
concrete compressive strength are the main fadtoi®int behaviour.
More and over, the cohesion factor can be takema gercentage from
concrete compressive strength to allow a practical to anticipate the
ultimate strength of the slabs.

1 INTRODUCTION

Steel Moment Resisting Frames (SMRF) representsféicient solution for the
realization of high ductile structures in earthqeigpkone areas. Dissipation of high
guantities of seismic energy can be guaranteechéydtctility of materials coupled
with a suitable capacity design, able to localizasfic phenomena at beams ends
instead of columns and to avoid at the same tin#ebor instability phenomena.
Unfortunately, design of SMRF is conditioned by esdquirements of satisfying strict
drift limits under low-intensity earthquakes.

2 EXPERIMENTAL AND NUMERICAL INVESTIGATIONS

Drift limitation at damage limit state often recesrover dimensioned cross-sections.
Otherwise, steel-concrete composite moment regidteames (CMRF) can represent
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an attractive solution with respect to their bameekcounterpart. Composite elements
(beams and columns) typically exhibit relativelgtnér lateral stiffness which permits
to satisfy more easily code specified drift limitS€ompared to traditional steel
structures, efficient solutions for beam-to-colujoimts can also be obtained by using
the concrete slab and its steel reinforcing barwitbstand bending moments due to
gravity and lateral loads [1]. The contribution aifncrete slab to flexural resistance
also gives the possibility of using simple stedhds, saving welding and operational
costs and simplifying construction phases [2, 3prédbver, ductile structural behaviour
can be guaranteed by suitable solutions of beacoltamn joints designed as partial
strength and presenting high plastic rotation ciypaln particular, the recent studies
demonstrated that one of the critical aspectsisnse design situation for such joints
can be the brittle behaviour of concrete slab subjeto compressive force causing
undesirable decreasing of resistance [10]. Theqoadf concrete slab in contact with a
composite column, disposed in an interior jointesusts bearing capacity for
transferring both compressive force and tensilearoming from slab of composite
beams subjected to sagging and hogging momentseatdsgly. Consequently,
increasing the bearing capacity of the slab meansnaroving in the global seismic
performance of an interior beam-to-column joint.

Four reinforced concrete slab specimens able tmdege different proposed
solutions of slab-to-column mechanical connectiorsteans were realized and
subjected to monotonic loading tested at the Laboyafor Material and Structural
Testing of the University of Pisa [13].

The analysis of experimental results obtained friv@ four slabs allowed
building and calibrating accurate finite elemenE)Fmodels in order to execute
nonlinear numerical analyses. In such a way thectdf of relevant parameters
(concrete class, reinforcing bar diameter and colsteel profile) on the performance
of connecting systems were analyzed to point outhvparameter could enhance their
efficiency. Based on the FE analyses results obdaint was possible to, first-cut
estimations of the ultimate concrete slab loadisingl the shear formula currently
adopted by AASHTO and EN 1992-1-1 by taken thei@mcand the cohesion factors
as a percentage from concrete compressive strength.

3 SLAB-TO-COLUMN SHEAR CONNECTION PROTOTYPES

In the slab-to-column shear connection systemseimeanalyzed, the resistance
necessary for the development of the mechanisma2 pvovided adopting three
different technical solutions: A) by a system ofd&idnal stirrups connecting the
concrete slab of the beam to the concrete encaseaiethe composite column
realizing a “local” shear mechanism, figure 1-ay@&lizing the continuity between the
slab and the column encasement by means of a tersaeket, figure 1-b; C) adopting
both A) and B) systems at the same time, figure The collaboration of the two
mechanisms, 1 and 2, was also experimentally cleakd analyzed by realizing and
testing a slab specimen in which resistant mechaniwere activated as shown if
Figure 2.
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To these purposes, four slab sub-structures withsime re-bars layout and
the same geometry of the concrete slab shown ifighees 3-a+f [20] were designed
and built. In particular the slab width was 1400 mvhile the height was set equal to
750 mm to consider all the portion of concrete shadrking in the transferring of
compression to the column by mechanism 1 and mésrthah
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Figure 2. Analysed joint solution: Resistant sladchanism adopted from Annex C of
Eurocode 8 [10].

The slab thickness was equal to 100 mm for theetbpecimens (S2, S3 and
S4) realized for testing the different shear cotioes, Fig. 1-a, b, and c, and the
corresponding resistance of the associated mechahisor the specimen realized for
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testing the collaboration of the two mechanisms) (8& thickness was 130 mm. The
column stub was realized adopting by using steefilpr HEB280. Each of tested
specimen was characterized by different shear aiomeand working conditions as
resumed in Table 1.

Table 1. Tested specimens: resistant mechanisms, congégpas and boundary

conditions
Test Resistant _ .
Shear connection t Boundary condition

No. | Mechanism i y
S1 1+2 A continuous support
0 2 A frontal opening

& two support
3 2 B frontal opening

& two support
4 2 C frontal opening

& two support

The testing campaign was planned in order to iny&st three main issue: the
interaction between the two resistant mechanishes effective working condition of
the mechanism 2 and the efficiency of the threeaslo®nnections for improving
mechanism 2 effectiveness. According to these ma@pohe tests plan was organized
as follow: (1) testing of the specimen S1 in ortterevaluate the interaction of the
resistant mechanisms and investigate the workimgliions of the mechanism 2 (strut
inclination, carried load,...); (2) testing of the specimens S2, S3 and S4 adopting
suitable supporting conditions, derived from thalgsis if the S1 test, in order to
develop the mechanism 2 alone and define its maximesistance correlated to the
different shear connections. The first specimest (81) was realized considering the
activation of the two resistant mechanism, as m tisted joint sub-structure, and
adopting a continuous support located at the basalf its length, as shown in the
figure 3-a. Moreover the specimen was provided With connecting system type A),
considered easier to be realized in the field,fgeee 3-b. The three specimens (tests
S2, S3 and S4) were realized after having analyjlzedesults obtained from test S1.
Some main changes were made in specimens S2, $B8,Sdnrespect to S1
configuration. An opening was created between ritvet fcolumn stub and the concrete
slab, Fig. 3-c. The dimensions of the supportingezoand their location were derived
from the interpretation of the experimental resatiming from the S1 testing and from
F.E.M. analyses indicating the inclination of coegsged struts in mechanism 2.

The supports were only in correspondence of thereat parts of its base as
shown in the figure 3-d, in order to stress athifist the development of mechanism 2
to test the real capacity of mechanical connectiygfems (A, B, and C, fig. 1). All
tests were executed applying external monotonid &iehe top of the column stub, as
illustrated in figures 3-d and 3-e relative to B2 test. The applied force was centred
respect to the column stub so producing a unifoompression on the slab pushing
against the column flange.
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Figure 3. Experimental tests on slab specimengdajnetries and details of specimen,
test S1; (b) shear stirrup connection and detail of reinforcement (re-bars and wire-
mesh), test S2; (c) geometries and details of specimen, Test S2; (d) scheme of Tests S2,
S3 and S4; (e) set-up of displacement transducers; (f) strain gauigsosed on
transverse seismic re-bars.

The full resistance of the various slab mechaniaotwvated in each test were
determined. Due to the fact that the interactiomvben web column panel deformation
and the concrete slab — fig. 1 b — is not consitleifee test condition was not able to
fully reproduce the situation of the concrete stathe aforementioned tested beam-to-
column joints. On the other hand, it should be momed that the advantage of the
chosen testing scheme is not only the definitionrasfistance upper limit for the
mechanisms 1 and 2, but also to allow a clear rméicalamodelling and interpretation
of these two mechanisms. In this way, results cddduseful for rigid full-strength
joints and for the described PS joint: in the forntee compressive stresses are
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uniformly distributed through the slab thickness;tle latter the non-uniform stress
pattern caused by shear panel deformation can Ibsidsred suitably reducing
mechanism 1 and 2 resistance. In order to capheedéformation of strut and tie
elements that constitute the resistant mechanidntsumcode 8, all the specimens
were instrumented with displacement transducersshasvn in fig. 3-e. Moreover,

strain gauges were placed on the reinforcing steledrs forming the steel tie of
mechanism 2 as shown in Fig. 3-f. The material eriogs and the diameters of the
reinforcement used to realize the specimens atezpin the table 2.

3.1 Experimental results

The tests executed on the slab specimens weredaui till collapse; for the test S1

the collapse took place mainly in front of the enluand successively in the shear
connection between column and slab, Fig. 4-c. BststS2, S3 and S4 the collapse
took place at the shear interface, as shown infithee 4-d: at first in the shear

connection. The total resistance of the specimemw&i equal to 1476 kN, while for

tested specimens S2, S3, and S4 showed maximustarees equal to 630 kN, 925

kN and 676 kN,respectively, as shown in figure 4nathis figure the plotted curves

representing imposed force . displacement for the aforementioned tests. Irnespit
of, the absolute values of resistance obtainedefsts S2, S3 and S4 referred only to
mechanism 2.
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Figure 4. (a) Force-Displacement curves of testguss (b) Preliminary results:
contributions of the two resistant Mechanisms [8gb at the end of loading process
(c) slab collapse, Test S1; (d) slab collapse, Test S2; (e) cracks pattern of Test S1 by

FEM simulation; (f) cracks pattern of Test S2 by FEM simulation.

In the last phase of the test, after the failurenethanism 1, see figure 4-b, the
mechanism 2 started working properly developingfutkresistance. Obviously, this
first evaluation based on simplified hypotheses amyineering approximate
interpretations, needed of more refined analysebk raare deep investigations. To
these purposes, accurate numerical nonlinear edilcns were carried out after the
completion of the S1 test in order to deep inveséighese preliminary results and to
define the test set-up for the three tests (S2,a8@ S4) on the various shear
connections. The resistance obtained from S2, $3S#hdepends strongly from the
concrete resistance and the shear connecting sgstaimown and stated in Fig 4-a and
table 2 respectively. The high resistance valugdfvas mainly due to a high concrete
strength.

4 THE NUMERICAL MODELLING

The finite element modelling method was used tda@iate a deeper mechanical
interpretation of experimental results coming fri@sts S1, S2 and S4 and to carry out
a parametric study to individuated more influengiagameters. The model dimensions
and properties were directly adopted from the meabwalues of experimental
specimens. A numerical model represents only adfdlie full size slab was adopted
with symmetric boundary conditions used at the sktiter in order to simulate the full
slab adequately. A first series of pilot runs weaeried out in order to define elastic
properties (young modulus and poisson ratio), miagctthe initial experimental
stiffness of specimens, and an optimal refineméittte mesh that didn’t influence the
results of the numerical model. The values of youngduli and poisson ratio
determined from the pilot runs have been reponedable 2. The dimensions of the
elements have an aspect ratio 1:1 with 20mm lemg#dl directions of the element,
furnishing the best simulation of the experimenitta.

The finite element types adopted in the model w&@LID65 element for
concrete, that is capable of cracking in tension and crushing in compression; LINKS
element, for representing the reinforcement embedded in the concrete; SHELL43, thick
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shell element, for modelling the steel plates ef HEB profiles adopted in the tested
specimens; CONTACT 174 for modelling the surface-to-surface contact with friction
due to the relative sliding (the same element elus model the concrete-to-concrete
and concrete-to-steel contact).

Table 2. Material properties and diameters of the reirdarent of tested specimens

S1 S2 S3 A
- Rebars 0 12 12 12 12
: E s
)
% % diamete mm 8 8 i 8
:’%{ 1= Number of 4 4 ) 4
S & stirrups
7 T fyk N/mir? 525 525 525 525
2 & fu Nimn® | 640 640 640 640
° Es N/mn? | 206000 | 206000 | 206000 | 206000
3 Concrete  fy N/mn? 41 38 43 34
8 = o fyi N/mn? | 3008 | 300.8 | 3008 | 300.8
s % = fy N/min 2 428.4 428.4 428.4 428.4
k| = Es N/mn? | 206000 | 206000 | 206000 | 206000
£ = o fy N/mn? | 340.75 | 340.75 | 340.75 | 340.75
= g'g f N/mn 2 450 450 450 450
Es N/mn2 | 206000 | 206000 | 206000 | 206000
2 I fe N/mnt 41 38 - 34
S50 5 o Nfmn® | 45 4 - 4
g % o § Ec N/mn2 | 32000 | 33000 - 31000
g g § fconfine( N/mrr2 57 60 - 60
o 2 Friction J7 0.8 0.75 - 0.95
Lo 0.5 0.5 - 0.5

The non-linearity of the concrete was modelled &dgpthe concrete model
proposed by ANSYS software assuming that: the etestrength was set equal to the
actual valued,, related to the concrete compressive strength rddairom cylinder
tests (specimen S1, S2 and S4). In the portioheotoncrete inside the steel profile an
increased value of the resistance was adoptedydicgoto the model proposed by
Mander [22] (specimen S1, S2 and S4). Higher vafumnfined resistance considered
in slab S4 for taking into account that a portidrth@ concrete was cast between the
column flanges before the concrete of the slabadnile connecting tooth. The values
of the confined resistance proposed by Mander wgéghtly modified in order to
capture the experimental behaviour obtained dutiegtest. All these parameter have
been reported in Table 2. The cracking and postkang conditions of the concrete
were established setting the following parametéh® shear transfer coefficient
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between the cracks is set to 0.2 for open cracd0ath for closed cracks. The tensile
strength, & of the concrete adopted in each model was seatl équthe 10% of its
relative compressive strength. The cracks in thecimie were assumed to be fully
opened at a tensile strain of 0.1% and the ultindgformation of not confined
concrete was set to 0.35%. The friction coeffigeatiopted in the CONTACT 174
elements were assumed as calibration parameteder to capture the experimental
behaviour of the slab specimens: the friction doeffit was selected in a range from
0.8 to 0.95 for concrete-to-concrete surfaces amagual to 0.5 for concrete-to-steel
surfaces. The model for the structural steel waslaear elasto-plastic stress-strain
law for both reinforcing steel and steel profilesaming the steel properties coming
from experimental tests, reported in Table 2.

The validation of the models was based on the éxeatal data available
from the previously mentioned experimental progr&annNumerical models
represented only half of the full size tested slalgsmetric boundary conditions were
used at the slabs centre in order to simulate uheslibs adequately. Figures 5-a, 5-c
and 5-e illustrates the models representing ths %, S2 and S4, respectively. The
nonlinear finite element analysis was performedppglying the displacement control
techniques, which enforced a better conditioninghef tangent stiffness matrix if it
compared with the classical load control technigliég results obtained from both the
experimental and finite element method were contharbe load deflection responses
for the slabs numerical simulation were capturedgood agreement with the
experimental results as illustrated in the figubds, 5-d and 5-f. Moreover, also the
tensile forces acting in seismic rebars, calculétech the strain gauges readings, were
compared with the total tensile force acting in egssmic rebars of the FEM model,
Figs. 4-g and 4-h, showing a good agreement.
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Figure 5. FE modelling and results. Test S1: (aptegel, (b) comparison between
experimental and numerical results; Test S1: (¢) FE model, (d) comparison between
experimental and numerical results; Test S4: (e) FE model, (f) comparison
between experimental and numerical results;.

To minimize the computational effort without saigiiig the accuracy of the
results, the 45° inclined part in the slab was deteg arriving to a rectangular shaped
specimen. Consequently, all the elements assungediareshape and the time and the
resources required for solving the problem weraiced [20]. Pilot runs, executed for
checking the new proposed models, gave same reshbitsned previously in the
figures 5-b and 5-ébr the main models S1 and S2.

One of the most significant characteristic desnglthe overall behaviour of the model
in addition to the load-deformation curve was tbsifion of the concrete cracking into
the slab: cracked finite element models, illustiatethe figures 4-and4-f, compared
with the final results experimentally obtained, wied a good agreement.

5 PARAMETRIC ANALYSES

In order to identify the dependence of the steekccete composite joints on the main
geometrical and mechanical variables, a numerindgefelement parametric analysis
was undertaken varying parameters as concrete, ctadamn steel profile or
reinforcement details. As the connecting systene 4 was considered the easier to
be realised in the practice demonstrating at theeséime enough strength and
ductility, S1 and S2 tests were analysed in tharpatric studies.

S2 test parametric analyses allowed the study @har@sm 2 resistance and
its collapse behaviour. In particular, the influeraf the diameter of the wire mesh, of
the diameter of the transverse rebars, of the demué the additional stirrups and of
the reinforced concrete compressive strength othle was investigated. The results
obtained from each parameter are plotted in therdig 6-a+d: increasing the diameter
of the wire mesh, both the initial stiffness and tverall capacity of the mechanism 2
didn’t change significantly; similar results werbtained for rebars diameter or the
stirrup diameter; the compressive strength of thmforced concrete influences
remarkably the overall behaviour of the mechanism 2
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Fig.6 FE modelling of test Sihfluence of (a) wire mesh diameter, (b) addiéibn
transverse rebars diameter, (c) stirrups diamgteconcrete compressive strength on
connecting system performance

The parametric analyses on the S1 test identifibttlwparameters play a
governing role on the mechanism 1 capacity ancefosx on the post-peak behaviour
of the connecting system. The column flange thisknéhe column web thickness, the
slab concrete compressive strength and the pegeemtareinforcing steel area with
respect to the total concrete area have a greafleemnce respect to the wire mesh
diameter, the transverse rebar diameter and threpstliameter (figures 7-g).1t was
ease to note how varying profile dimensions - feEsghickness and column web
thickness seems possible to delay the failure ofhaweism 1 without in any case
improving the overall performance of the connectaygtem (figures 7-&). On the
contrary increasing the slab concrete compressikength the overall resistance
significantly increased, nevertheless the britlitufe of mechanism 1 was still slightly
anticipated with respect the gradual softening ctfidue to the ductile failure of
mechanism 2 (Figure 7-c).
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6 COMPARISON WITH CODES’ FORMULA

Results attainable with design for sizing of sheannection between concrete
elements already existing in current standards weranalysed and compared with
reference to connecting system type A). Two defigmula were calibrated in order
to obtain the same resistant capacity obtainetlarparametric analyses on the S2 test
varying concrete strength class. In particularfivenula stated in AASHTO formula
No. (1) [23] and Eurocode formula No. (2) [24]

v, =c, +ulo, + p¥,) (1)

v, =clf,, +ulo, +plf, [ﬁuﬁ;inﬂ* +cos,8*) )
were considered, being the cohesion coefficientc the rate of tensile strength of
concrete due to cohesiopy, the friction coefficient,o the ratio of steel reinforcement

along the shear surfacefy the yield stress of rebarsf” the inclination of

reinforcement with respect to shear surface amndthe average compression acting

perpendicular to shear surface. Both formula firriflse shear resistance for unit of
area of critical shear surface. The paramepersc andc, were calibrated in order to

fit resistances of S2 test simulations assumingrtiaation of strut in the mechanism
2 equal to 30° as found in the previous analysés. Sirong dependency of resistant
capacity of mechanism 2 on the concrete strengthagain confirmed. In fact it was
ease to note, for both formula, a direct propogiotependencies of the calibrated
parameters on the concrete compressive strengtECk code formula, in order to
satisfy numerical results, it was sufficient towase thecfactor constant and equal to
0.50 and the friction coefficient p equal 0.57. e other hand, for the AASHTO
formula, thecand p, factors furnished satisfactory results assyimoth coefficients
equal to 1.0% of the concrete compressive strength.

Table 3 Calibration of code formula: comparison of ultim&bad calculation results

Concrete Ulti mate_load AASHTO Eurocode 2
resistance Numerl_cal . .
[Mpal simulation 0 u Ultimate Load c u Ultimate Load
[KN] [KN] [KN]
38 640 0.3800.380 636 0.5 | 0.57 639
45 671 0.450 0.450 674 0.5 | 0.57 670
50 697 0.500 0.500 704 0.5 | 0.57 692

In the figures 8-a+c and in the table 3 the ultienbitads obtained by finite

element model are compared with values attainapl®itmula (1) and (2), calibrated

as above described.
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7 CONCLUSIONS

Three mechanical systems connecting composite eolianreinforced concrete slab
were studied analysing experimental results obthore suitably designed prototypes.
Subsequently, on this bases, numerical models va&iterated and parametric analyses
performed. All choices showed good performancewaryshear connecting system
obtained by introducing suitable steel stirrupdution A) used in the S2 test, showed
good ductile performance and resistant capacity, ahdhe same time, easiness in
building with respect to the proposed concrete sbdRoncrete strength of the r.c. slab
showed a rather big influence both on the behaviolurconnecting system for
mechanism 2 and, obviously, on the capacity of meism 1. In particular, by means
of parametric analyses, it was possible to dematesthat and a proper choice of class
of strength for concrete and diameter of transveeggorcing bars allows to reach a
satisfying ductility and high resistance avoidirgylg loss of carrying capacity. The
analysis of the test S1, on the other hand, demainst that the thickness of the
column web and flanges did not increase the capatithe joint significantly. More
and over, this analysis demonstrated how the mécdlamteraction between the
mechanism 1 and the mechanism 2 is not easilysesasat design stage and particular
attention should be paid when both mechanisms amsidered in the evaluation of
carrying capacity of the steel-concrete compositmt$. Design formula already
existing in current standards was suitably caldmfain order to reproduce carrying
capacity of solution B) of shear connecting system.

equal to (a) 38 MPa, (b) 45 MPa, (c) 50 MPa.



EXPERIMENTAL AND NUMERICAL INVESTIGATIONS.......... 1421

[1]
[2]

[3]

[4]

[5]

[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

REFERENCES

AISC, (2005). ANSI/AISC 341-05 Seismic provisions for structusdéel
buildings American Institute of Steel Construction, Inchi€go. IL.

Braconi, (2004), A.Partial-strength beam-to-column connections forekte
concrete composite earthquake resistant high-dtyctstructures (in Italian).
Ph.D. Thesis, Department of Structural Engineerhgyersity of Pisa.

Braconi, A., Caramelli, S., Cioni, P., SalvatpW., (2003a), Earthquake-resistant
composite steel-concrete frames: some construdtiammnsiderations. In:
Processigns of the international conference on mstraictures ICMS 2003,
University of Miskolc, Hungary.

ASCE, (1998), Design guide for partially restred composite connections.
Journal of Structural EngineeringASCE, 1998; 124 (10): 1099-1114.

Leon, R. T., Hoffman, J.J., and Staeger, TL996), Partially restrained
composite connections. Steel Design Guide SeriesBNamerican Institute of
Steel Construction, Chicago, IL.

CEN, (2003) Eurocode 3: Design of steel structures. Part 1GEneral rules
December 2003. European Committee for Standardizarussels, Belgium.
CEN, (2004).Eurocode 4: Design of composite steel and concsetgctures.
Part 1.1. General rules and rules for buildinggN 1994-1-1, January 2004.
European Committee for Standardization, BrussedtgiBm.

CEN, (2003)Eurocode 8: Design of structures for earthquakéstasce. Part 1:
General rules, seismic actions and rules for buidi EN 1998-1, December
2003, European Committee for Standardization, Blas8elgium.

Braconi, A., Salvatore, W., Tremblay, R. andr8i, O.S. (2007). Behaviour and
modelling of partial-strength beam-to-column comi@ogoints for seismic
applications. Earthquake Engineering and Structural DynamicyViley
Interscience, 36, 142-161.

Green; T. P., Leon, R. T and Rassati, G. (2Q04). Bidirectional Tests on
Partially Restrained, Composite Beam-to-Column @ations. Journal of
Structural EngineeringVol. 130, No. 2, February 1, 2004.

Rassati, G. A.; Leon R. T., Noé, S., (2004). Component Modeling of Partially
Restrained Composite Joints under Cyclic and Dyoanaading. Journal of
Structural EngineeringVol. 130, No. 2, February 1, 2004.

Bursi, O. S., Caramelli, S., Fabbrocino, Mqglina, J., Salvatore, W., Taucer, F.,
and Zandonini, R., (20048D Full-Scale Seismic Testing of a Steel-Concrete
Composite Building at ELSAReport No. EUR 21299 EN, European Laboratory
for Structural Assessment (ELSA), Ispra, Italy.

ECSC Steel RTD Programme, (2002pplicability of composite structures to
sway frames ECSC Contract n. 7210-PR-250, edited by H. Stainep,
European Commission.

Braconi, A., Salvatore, W., Bursi, O. S., faio, F., (2003), Seismic design of
beam-to-column connections for steel-concrete caitgomoment resisting
frames. InBehaviour of Steel Structures in Seismic Arfeeoc. STESSA 2003
Conference, F. Mazzolani (ed.), 253-260, Naplealy,tJune 2003. Lisse:
Balkema.



1422 Ahmed S. Elamary

[15] Doneux, C., (2002Ftude du mécanisme de transfert des flexions ariation
poutre-poteau dans les structures en portiques asidoumises a une action
sismique Ph.D. Thesis, Faculty of Applied Sciences, Ursitér de Liéges,
Liéges, Belgium. (In French).

[16] Braconi, A., Bursi, O. S., Fabbrocino, G.Ma@ore, W., Tremblay, R., Seismiic
performance of a 3D full-scale high-ductility steeincrete composite moment-
resisting structure - Part I: Design and testinecpdure Earthquake Engineering
and Structural DynamicdViley Interscience. (accepted) at under publicati

[17] SAC Joint Venture, (1996Experimental investigations of beam-column sub-
assemblage®RRep. No. SAC-96-01, Part 1 and 2, Sacramentafofah.

[18] Salvatore W., Braconi, A. and Bursi, O. @004), Component-based models of
dissipative partial-strength beam-to-column comigosjoints, Composite
Construction VASCE.

[19] Salvatore, W., Braconi, A., Bursi, O. S. angémblay, R. (2004), Modelling of a
partial-strength beam-to-column joint for high dléctsteel-concrete composite
MR frames,Proceedings of 13th World Conference on Earthquzakgineering
Vancouver, B.C., Canada, paper n. 2929.

[20] Braconi, A., Elamary, A., Lucchesi, D., Salwae, W., (2007). Improvement of
seismic performances of steel-concrete compositesjpy means of slab-column
shear connectionsProc. of Italian National Conference on Earthquake
Engineering ANIDIS, Pisa, Italy.

[21] ANSYSUser's Manual Version 9, 2004.

[22] Mander, J.B., Priestley M.J.N., and Park B88. Theoretical stress—strain model
for confined concrete. Journal of Structural Engneg, ASCE, 114, 8, 1804
1826.

[23] AASHTO (2004). LRFD bridge design specification3rd ed. American
Association of State Highway and Transportationduifs.

[24] CEN, (2003) Eurocode 2: Design of concrete structures. Pait: 1General
rules December 2003. European Committee for StanddiwlizaBrussels,
Belgium.

cliial) 8 dulupdld) D)y dgand) (e clasl) @sbud Adas Llas 4y
Aladg . e 485l

Al AL 4 ass A ysal) Jidatl Ayl Alee Al I Caad) 138 Cing,
e Ju e iy wa ge ASHal Qliial B ssealls 5l CBlasl) 5508 Bl
Ly Gl Gl Gia L Alal) Jlal) dam cOladl e gl Gl e Zadlg) Laauall
aaa pladg BLA Zaglia e DS 80 Auhy & Cua sadsall paliall Al aladniuly Allas
Aol deai 5)28 o dpluyall ABlls dgeadl G galll CBliay paa Hhay AL ol
aily ldal) Auhall (e Al al) G Ajlie Jee 2 WS Agalad) JleaV) il dags JSS
&) Cnll pala Sy g s¥) 35Sy (S a8l Y alae pladiuly Lo Jpandl (S A

L) e gl Gl b Ailupall daglie dali A sl dyanl



