Behaviour factors of MR steel frames with semidigonnections
— a parametric study
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ABSTRACT: In this paper same results are presemtddied to the parametric study heg-
factor of steel moment resistant frames. The stahsiders semi-rigid beam-to-column joints
with standard behaviour, characterized by theffr&tss, resistance and deformation capacity.
Three performance levels or limit states are cared, Serviceability Limit State (SLS), Dam-
ageability Limit State (DLS) and Ultimate Limit $a(ULS).

1 INTRODUCTION

The structural safety check of building steel frane@encerning seismic actions is usually
carried out on an elastic-linear basis using demgponse spectra, which take into account the
ductility (deformation capacity) and the energysgpation capacity of the structure by means
of the behaviour factog. Adequate resistance of the structural elemergan(is and columns)
Is required, including joints, whereas the necesdactility to develop any post-elastic mecha-
nism should be guaranteed.

Despite the inherent limitation of such a factotake into account in a separate manner all
the possible source and type of non-linearitie$ taa arise from the extreme loading devel-
oped during an earthquake, it has been consideetdttis very useful in design. In so far an
effort has been made to clarify and identify eveoyrce of non-linearity which can have a de-
cisive contribution to the behaviour factor, sushtlae type of structure, bracing, type of cross
section, etc.

According to Eurocode 8 the characteristic semdrlgehaviour of the joints in moment re-
sisting (MR) steel frames is generally not includedheir seismic behaviour. Connections in
dissipative zones must have enough overstrengtrder to allow for yielding of the beams,
avoiding storey mechanisms and maximising the gnéigsipation. However, connections ex-
hibit, in general, semi-rigid behaviour and may tcimite to the energy dissipation. Therefore
they should be taken into account to the charaetioin of theg-factor.

2 BEHAVIOUR FACTOR EVALUATION
2.1 Characterization of semi-rigid connections

The moment-rotation behaviour of the connectioesnandelled as a bilinear relation charac-
terized by three parameters: initial stiffnesgn{($ post-elastic stiffness (9 and maximum
elastic bending moment (M The parametric study used the characteristiasngin table 1 for
the connections, which were all combined to giveaygfes of connections. Only those present-
ed in bold were used in all the frames represemédble 3. The beams were in every case of
the type IPE330 (Mr~221kNm).



Table 1. Characteristics of the connections.

Elastic moment Initial Stiffness Post-elastic stiffness
Mj [KNm] Sj,ini [KNm/rac] Sj,pl[% of Sj,ini]
Pinned 50 8EI,/L = 39547 0 Mi
100 12,5Elb/L = 61792,5 0.1 y
Partial resistant 150 25Elu/L = 123585 1
200 37,5E,/L = 185377, 10
full resistant 250
30C

2.2 Seismic action

Since a non-linear dynamic time-history analysid t@be performed, accelerograms were
simulated according to the specification includedurocode 8 (EC8) and to an adapted pro-
cedure described in Clough, 1975. Starting fromeal@fined time interval and a smooth power
spectrum of the seismic acceleration, a time séigenerated and modulated with a time func-
tion. Since the response spectrum of the resudtooglerogram will not have, in general, a form
close to those given in EC8, the original powercspen is repeatedly modified in order to gen-
erate a better approximation of the EC8 responsetapn considered.

Although an exact approximation is not possibl@eteling on the frequency interval chosen
for the power spectrum, only a few iterations asaally needed to get a very close response
spectrum, as the one presented in figure 1 forcawitlition type A as defined in EC8, which is
within £5% of the EC8 response spectrum.
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Figure 1. Comparison of response spectra for 5%pdagmnsoil type A and 1g peak ground
acceleration.

2.3 Performance criteria

According to Grecea, 2002,, structures designethagaarthquakes have to comply several
criteria related to strength, stiffness and dugtikvhich can be referred to conditions of inter-
storey drift, residual drift and rotation capadaifythe connections.

Three limit states are considered in this studygriher to evaluate the corresponding behav-
iour factors. The Serviceability Limit State (SL&)ncerns the case of low return period earth-
quakes (e.g. <20 years) and is quantified througtagimum allowed interstorey drift of 0.6%
of the storey height. The Damageability Limit Stéid.S) refers to rare earthquakes (475 years
return period) and corresponds to serious strucamd non structural damages, which can,
however, be repaired without high costs or specidifficult repair techniques. Its quantifica-
tion is based on an interstorey drift of 3% of ¢harey height. The Ultimate Limite State (ULS)
is considered for very rare earthquakes (970 yedsn period). Although this limit state cor-



responds to very serious structural damages,kjgected that safety of people is guarantied
avoiding collapse of the structure. Since largedeétions are expected, the local ductility cri-
teria are determinant for safety conditions to eefied. In this case maximum plastic rotations
of 0.03rad in the connections are considered, daogto AISC, 1997

The member ductility depends directly on the mateductility and on the cross section
class, and it can be expressed in terms of ro@ticapacity. The rotation capacity can be eval-
uated as the ratio between the plastic rotatidheatollapse state to the elastic one, according
to the following formula:

r=H 4

&
whered, is the ultimate plastic rotation amlis the yielding rotation.

To calculate the ultimate and yielding rotatiorondler to compute the rotation capacity, dif-
ferent methods has been proposed. In this studysed the Mazzolani-Piluso semi-empirical
method, recommended by ECCS, 1994. This methodhdepen the slenderness of the member
cross-section, to take into account the lateraiooral buckling, and on the axial force. The
values obtained for the six different frame types@esented in table 3.

Table 2. Limit State Criteria for global behavidactor evaluation.

Safety level _ Plastic _rotation _ Plastic rotation Interstorey dr_ift
in connections [ra( in members [ra] [% of storey heigh
SLE - - 0.€
DLS - - 3.C
ULS 0.0¢ * B

(*) Values depending on frame type and cross seg@ometry given in table 3

Table 3. Properties of the MR steel frames.

Type P1 P3x1 P3xz P6xz P6x: PE-2x2

Geometry

Columns HEB 260 My,r=352.8 kNm
Beams IPE 330 Mir=221.2 KNm

Natural

Frequency 3.81 1.71 1.58 0.9 0.88 1.7
[HZ]®
[rzili] 0.101 0.075 0.075 0.063 0.063 0.075
[raaé] 0.012 0.011 0.011 0.010 0.010 0.011

(*) obtained for rigid connections

2.4 Methodology
The evaluation of the behaviour factors is basetherfollowing methodology [Dubina, 1994]:



1. The structure is submitted progressively to theelrogram presented above multi-
plied by an amplification factox; the maximum amplificationy in elastic phase is
registered,;

2. The amplification is incremented #q corresponding to reach the criterion estab-
lished for the pertinent Limit Stat&; is the value of the amplification corresponding
to the interstorey limit drift for SLS an DLS anuketamplification corresponding to
the limit rotation in the connection or members {S.

The behaviour factor is defined by the followin¢aten:q = j—”
y

2.5 Geometric properties of the frames

In this parametric research several types of momesisting steel frames were considered.
Their characteristics are presented in table 3. Adtaral frequency is plotted in figure 1 to-
gether with the corresponding spectral value.

2.6 FE analysis

The FE analysis took into account the geometriclitaarities and the non-linear behaviour of
the beam-column connections and of the columngsabhe analysis was performed by means
of the computer program LUSAS.

3 PARAMETRIC STUDY AND RESULTS

3.1 Influence of the connections using ULS criterion

In respect to the variation of the plastic mom&wer levels of Mallow greater plastic to elas-
tic rates of rotation capacity of the connectioRiserefore, increasing values @fare expected
and verified when Mdecreases (table 4). The eventual exception igrémee P1, where the
behaviour factor is controlled by the yielding detcolumns’ base and not by the non-linear
behaviour of the connection as in all other cases.

When the initial stiffness (&) is increased the-factor increases, as expected, except for
the 6-storey frames where the tendency is invefrigab one.

Increasing the post-elastic stiffnesg,(Sof the connections thgfactor increases in all situ-
ations.

3.2 Influence of limit states and methodology in g-da&valuation

When SLS is the used criterion, thdactor is in generafi=1, except for the case of connec-
tions with high $niand low M in which the plastification occurs for low accealgon multipli-
ers.

As expected, thg-factors for DLS are, in general, lower then thfigeULS. Exceptions are
the cases of very low Mised together with frame type P1, since in thgedhe limit state was
attained through plastic rotation at the columrishas

The hardening stiffness of the connections in th&telastic phase has different effect when
DLS and ULS are considered (table 5), since areas® of 5 leads to an increase of the
factor only when ULS is considered.

The methodology used here for thdactor evaluation was compared with the BalliotiSet
method [ECCS, 1994] and some differences were titedhis method leads, in general, to
lower g-factors when low values of the connections’ resise and stiffness are considered.



Table 4. Comparison @ffactors considering the variation of the threermmtions parameters for ULS.

Mj = 150 KNm Mj = 100 KNm

Mj = 200 KNm

Table 5. Comparison affactors considering both limit states DLS and W8l the connections stiffness

12,5EIb/L

25EIb/L

Sj,pl = 0% Sj,pl = 1% Sj,pl = 10%
8 - . a 94 17 -
| & =1 |y
6 I/ 7 13
5 / 6 11 4
5 9
1 4+ 7
3 31 5
27 [-P1 W P3x1 4 P3x2 @ P6x2  P6x3] 2 [ P1 # P3x1 4 P3x2 @ P6x2 ¥ P6x3] 3 [ P1 # P3x1 & P3x2 @ P6x2 ¥ P6x3]
! Sj,ini ! Sj,ini L Sjini
8 8 - 11 -
7 74 12:
61 6 .
51 % 51 7 / —®
61
4 / 4 5 |
3 1 34 41
*P1 & P3x1 4 P3x2 3
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8 8 8
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6 6 6
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61 11
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1 1 T T 1
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4 CONCLUDING REMARKS

In this paper some preliminary results are presentmcerning a parametric study of seismic
behaviourfactors for MR steel framegbtained by non-linear dynamic time-history anaysi
and considering three limit states. Conclusionsuitite influence of the connections’ stiffness
and resistance are according to those expected thiberriterion used is the ULS. For DLS g-
factors are in general lower and the influencehefpost-elastic connection behaviour does not
followed the one found when ULS is the criteriompid.
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