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Abstract

In the last few decades, innovative seismic-resilient structural systems have been proposed to reduce the direct and indirect
losses related to seismic events. Among others, steel Moment Resisting Frames (MRFs) equipped with Damage-Free
Self-Centring Column Bases (SC-CBs) represent a promising solution. Although several configurations of SC-CBs have
been proposed in literature, only a few research studies investigated how the significant parameters (e.g., number of
storeys, frame layout, seismic mass, seismic intensity) affect the seismic performance of MRFs with SC-CBs. To further
investigate this aspect, the present work focuses on the influence of an additional parameter (i.e., the combination of
seismic mass and acceleration) on their self-centring capability. Three 5-bays steel MRFs with 4, 6 and 8 storeys are
considered as case-study frames and designed based on two different values of the seismic mass (i.e., M1 and M2).
Numerical models are developed in OpenSees, Incremental Dynamic Analyses (IDAs) are performed monitoring global
Engineering Demand Parameters (EDPs), and fragility curves are derived to evaluate the seismic performance of the
structures. It is observed that the inclusion of SC-CBs produces beneficial effects in terms of increased self-centring
capability on all the investigated case studies. Moreover, the parametric analysis allows drawing some preliminary obser-
vations regarding the influence of the number of stories and seismic mass.

Keywords: Structural Resilience; Steel Moment Resisting Frames; Self-Centring; Damage-free column bases; Residual
drifts

1 Introduction

According to modern codes (e.g., [1]-[4]), steel Moment Resisting Frames (MRFs) are designed to experience significant
inelastic deformation and damage in case of rare seismic events (i.e., Ultimate Limit State), often leading to significant
losses in terms of repair costs and downtime. Among others, inelastic deformations may produce large residual defor-
mations, which may compromise the building’s reparability [5]. To overcome these drawbacks, in the last few decades,
several research studies focused on the definition of innovative seismic-resilient structures capable of sustaining the de-
sign earthquake intensity with low or minimal damage and return to the undamaged, fully functional condition in a short
time (e.g., [6]-[8]). In this context, MRFs equipped with Self-Centring Damage-Free devices at column bases (e.g., [9])
and beam-to-column joints (e.g., [10]-[13]) represent a viable solution to minimise the structural damage and the residual
deformations. However, previous studies focused on the widespread use of Self-Centring Damage-Free devices in all the
connections with a significant increase of the structures’ complexity compared to conventional systems, thus limiting
their application in practice. To overcome this drawback, current research works are focusing on the use of Self-Centring
Damage-Free devices only at some ‘key’ locations such that their beneficial effect is maximised, and the structural com-
plexity is only slightly increased [14].

Among others, it has been demonstrated that the use of Damage-Free Self-Centring Column Bases (SC-CBs) in conven-
tional MRFs represents an effective solution to minimise the residual drift for low-rise building structures (e.g., [15]-
[16]). Most of the SC-CBs investigated in literature are based on a combination of high strength post-tensioned (PT) steel
bars (or strands) to promote the self-centring capability of the structure by providing elastic restoring forces to the joints,
and dedicated fuses, e.g., Friction Devices (FDs) or yielding devices, to dissipate the seismic input energy. In recent years,
several configurations of SC-CBs have been proposed and experimentally investigated (e.g., [17]-[23]). The present study
considers the SC-CB developed and experimentally tested by Latour et al. [23], which consists of a slotted column splice
with a combination of FDs and a system of PT bars and disk springs, as illustrated in Fig. 1. The FDs are composed of
friction pads coated with thermally sprayed metal, pre-stressed with high strength bolts and placed between the steel cover
plates and the column. The disk springs, arranged in parallel and series, together with the PT bars, act as a macro-spring
system, ensuring an adaptable stiffness/resistance combination to the self-centring system. Oversized web holes and
flange slots are designed to accommodate the gap opening required to reach the target rotation. The considered SC-CB
configuration has the following advantages: i) the self-centring capability is obtained with elements, i.e., PT bars and disk
springs, which have a size comparable to the overall size of the column (e.g., long PT bars can be avoided); ii) the moment-
rotation hysteretic behaviour of the components can be easily calibrated,; iii) all the connection elements are moved far
from the concrete foundation, avoiding any interaction with it.
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Fig. 1 3D exploded view of the SC-CB connection developed by Latour et al. [19].

In the past years, several studies have been developed to investigate the seismic response of steel MRFs equipped with
SC-CBs. Considering this type of SC-CBs, Elettore et al. [15] numerically investigated the seismic performance of a 3
bay - 4 storey MRF. The study demonstrated that the use of self-centring connections at the column bases represents an
effective strategy to reduce the residual drifts of low-rise structures and protect the first storey columns from damage.
Although several technologies for SC-CBs have been developed, only a few research studies (e.g., [24]) investigated the
influence of the significant parameters (e.g., properties of the SC-CBs, frame layout, number of storeys, seismic inputs)
on the effectiveness of these systems in improving the seismic performance (e.g., residual drifts reduction) of the structure.
Elettore et al. [16] performed a parametric study considering a set of nine case-study buildings with a different number
of bays (i.e., 3-, 5-, and 8-bays) and storeys (i.e., 4-, 6- and 8-storeys) to investigate the influence of the frame layout on
the self-centring capability of steel MRFs equipped with SC-CBs. This parametric study [16] revealed that the number of
storeys significantly affects the self-centring capability of the MRFs with SC-CBs while the differences related to the
number of bays are negligible. Within this context, the present work aims to extend the previous results [16] by investi-
gating the influence of an additional parameter (i.e., the variation of seismic mass and/or acceleration) on the self-centring
behaviour of MRFs with SC-CBs. Three 5-bays steel MRFs with 4, 6 and 8 storeys are considered as case-study structures,
and two different values of the seismic mass (i.e., M1 and M2) are used. The seismic response of conventional MRF (i.e.,
MRF) and the MRF with SC-CBs (i.e., MRF-CB) are compared. Non-linear Finite Elements (FE) models are developed
in OpenSees [25], and Incremental Dynamic Analyses (IDASs) [26] are carried out considering a set of 30 ground motion
records accounting for the record-to-record variability. The spectral acceleration corresponding to the fundamental period
of vibration is used as Intensity Measure (IM), and global Engineering Demand Parameters (EDPs) are monitored. Fra-
gility curves [27] are successively derived for the residual interstorey drifts. The results show that the use of SC-CBs is
beneficial in reducing the residual interstorey drifts for all the investigated case studies. The parametric analysis allows
drawing some preliminary observations on the influence of the seismic mass on the use of SC-CBs for the residual drift
reduction of steel MRFs.

2 Case-study frames
2.1  Design of the Moment Resisting Frames (MRFs)

Fig. 2 shows the plan and the elevation views of the investigated case-study frames. Two different seismic masses (i.e.,
M1 and M2) have been adopted considering different tributary areas due to a different number of bays in the y-direction,
as represented by the hatching areas in Fig. 2(a) (i.e., 3 bays in y-direction for M1 and 5-bays in y-direction for M2). The
seismic resisting system in the x-direction is composed of perimeter MRFs, while the interior part is composed of gravity
frames. The layout has interstorey heights of 3.20 m except for the first level, whose height is equal to 3.50 m. All the
bays have a constant length of 6 m. The present study focuses on the assessment of one perimeter MRFs in the x-direction.
The MRFs are designed according to Eurocode 8 [1], considering the seismic input based on the product of the seismic
mass (M1 or M2) and the corresponding spectral acceleration at the fundamental period of vibration. It is noteworthy that
increasing the seismic mass or proportionally increasing the seismic input would generate equivalent results. Hence, de-
spite the analysis being limited to the variation of the seismic mass, similar general results are expected by varying the
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seismic input acceleration. For the design purposes, the wind action is considered negligible, and a high seismicity level
is assumed for the seismic action. In particular, the Type-1 elastic response spectrum, with a damping factor £ = 2%, a
Peak Ground Acceleration (PGA) equal to 0.35g, and soil type C is considered for the definition of the Design-Based
Earthquake (i.e., DBE, Ultimate Limit State - ULS - according to the European definition). The Maximum Credible
Earthquake (i.e., MCE, Collapse Limit State - CLS - according to the European definition) is assumed to have an intensity
equal to 150% of the DBE. The behaviour factor used for the definition of the design spectrum is equal to q = 6.5, in
accordance with Eurocode 8 provisions [1] for MRFs in ductility class high. Steel S275 and S355 are used for beams and
columns, respectively. The panel zones are stiffened with doubler plates to ensure adequate overstrength to the joints. The
structure has non-structural elements fixed in a way so as not to interfere with structural deformations. Therefore, the
interstorey drift limit for the Damage State Limitation (DSL; probability of exceedance of 10% in 10 years) requirements
is assumed equal to 1%, as suggested by the Eurocode 8 [1]. It is important to highlight the stiffness requirements related
to the DSL control the sizing of beams and columns. Moreover, to compute the interstorey drift demand, a reduction
factor v [1] is assumed equal to 0.5 (the structures belong to class Il). The columns’ and beams’ cross-sections obtained
from the design are reported in Fig. 2(b) for all the investigated case studies. Furthermore, Table 1 shows the fundamental
periods of vibrations and the Spectral Accelerations corresponding to the DBE (Sapge) and MCE (Samce) for all the case-
study buildings. The mass of each storey is evaluated based on the seismic combination of the Eurocode 8 [1] considering
the tributary area of the investigated MRFs, i.e., half of the total area as shown in Fig. 2 (a).
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Fig. 2 (a) Plan and (b) elevation views of the case-study buildings.

Table 1 Fundamental period (T1) and spectral acceleration (Sa(T1,£)) for DBE and MCE.

Case-study T1 [sec] SapeE [0] Samck [g]
MRF 5-4 (M1/M2) 0.72/0.74 1.00/0.97 1.50/1.46
MRF 5-6 (M1/M2) 0.97/1.04 0.74/0.70 1.12/1.05
MRF 5-8 (M1 /M2) 1.17/1.28 0.61/0.52 0.92/0.79
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2.2 Moment-rotation behaviour and design of Self-Centring Column Bases (SC-CBs)

The SC-CB experimentally tested by Latour et al. [23] and considered in this paper is characterised by a flag-shape
moment-rotation hysteretic behaviour (Fig. 3) which depends on the response of each component (i.e., FDs, PT bars, and
disk springs). In Fig. 3(a), Fc represents the compression force at the centre of rotation (COR), Fy and Fr are the sliding
forces in the friction pads on the column web and flanges, respectively; Fpr is the sum of the initial post-tensioning forces
(Fpr,0), and the additional force consequent to the gap opening while rocking (AFpt). Ned, Meq and Veq are the design
actions (i.e., axial force, bending moment and shear force) applied to the joint section, h¢ is the height of the column
section, and tz is the thickness of the column flange. The flag-shape moment-rotation hysteretic loop is illustrated in Fig.
3(b), where Mp is the decompression moment (i.e., the sum of the moment contributions of the axial force My and the
moment provided by the PT bars at zero rotation Mpr,0), while Mep is the moment provided by the FDs. M is the moment
that initiates the gap opening, while M is the maximum moment achieved at the design rotation 684 (e.g., 0.04 rads as
suggested by AISC 341-16 [3] for Special Moment Frames). The cyclic moment rotation behaviour can be defined ac-
cording to the Equations in Fig. 3(b), where Keq is the equivalent axial stiffness of the system of PT bars and disk springs
[15] defined as follows:
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where Kpr and Kgs are the stiffness of the PT bars and disk spring system respectively, ner is the number of PT bars in the
connection, lpr is the PT bar length including the total length of the disk spring system, Ngspar and Ngs ser are the number of
disk springs in parallel and series respectively, and Kgs1 is the stiffness of the single disk spring. The design of the pro-
posed SC-CBs is based on the structural analysis of the ‘equivalent’ MRF. The design values of the axial force Ngg and
bending moment Mgy are derived from the amplified combination as required by Eurocode 8 [1]. Conversely, the design
shear force is assumed equal to Veq = Med/Lo, Where Lo is the shear length. Two main requirements must be satisfied
during the design procedure [15]: 1) yielding condition, i.e., the maximum moment in the SC-CB (M) must be lower
than the yielding moment of the column (Mpic); 2) self-centring condition, i.e., the decompression moment (Mp) should
be higher than the moment contribution of the FDs (Mgp) to ensure the self-centring behaviour of the connection. It is
worth highlighting that: i) the columns are characterised by a variability of the axial force, due to the dynamic overturning
effects of seismic action, ii) M2 and Mp are strongly affected by the axial force (Neg) happening at the base of the columns.
Therefore, for each column, the two design requirements are performed for both the maximum and minimum axial forces.
In particular, the maximum axial force represents the ‘worst’ condition for the no yielding requirement, while the mini-
mum axial force is the ‘worst’ condition for the self-centring requirement. Based on these considerations, two different
configurations are designed for SC-CBs applied to internal and external columns subjected respectively to low and high
axial force variability. The friction pads consist of 8 mm of thermally sprayed friction metal steel shims with friction
coefficient equal to p = 0.53, chosen according to the results of previous tests carried out by Cavallaro et al. [28]. The
bolts for the FDs are HV M30 10.9 class; the PT bars are high-strength M36 10.9 class with a maximum post-tensioning
capacity of 514 kN, while the resistance and stiffness (Kgs1) of each disk spring are 200 kN and 100 KN/mm, respectively.
Table 2 summarises the main components of the SC-CBs (i.e., number and the pre-load force in the bolts of the FDs and
in the PT bars of the internal and external columns).
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Fig. 3 (a) Schematic representation of the expected forces among the components during rocking; (b) Theoretical mo-
ment-rotation hysteretic curve.
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Table 2 Components of the SC-CBs.
External columns

Case-study Number of Number of web bolts [-] Number of flange bolts [-]
PT Bars [-] (Pre-load web bolts [kN]) (Pre-load flange bolts [kN])
MRF 5-4 (M1/M2) 8/8 4 (120) / 4 (164) 8 (105) / 4 (205)
MRF 5-6 (M1/M2) 8/8 4 (130) /4 (170) 8 (120) / 4 (230)
MRF 5-8 (M1/M2) 8/10 4 (135) /4 (179) 8 (135) / 4 (183)
Interior columns
MRF 5-4 (M1/M2) 6/6 4 (125) /4 (202) 8 (120) /4 (178)
MRF 5-6 (M1/M2) 6/4 4 (165) / 4 (215) 8 (100) / 4 (225)
MRF 5-8 (M1/M2) 6/4 4 (170) / 4 (225) 8 (80) / 4 (218)

2.3 Moment Resisting Frame (MRF) and Self-Centring Column Base (SC-CB) modelling

As only one the perimeter MRFs in the x-direction is considered as a case-study structure, two-dimensional FE models
of the MRFs and MRF-CBs are developed in OpenSees [25] for all the case studies. Beams are modelled using a lumped
plasticity approach with plastic hinges implemented as suggested by Lignos and Krawinkler [29]. Conversely, columns
are modelled with a distributed plasticity approach to capture the axial force-bending moment interaction. The ‘Scissor’
model [30] is used to model the panel zone stiffness and strength. Additionally, a leaning column is included to consider
the P-A effects related to the gravity frames [31]. Gravity loads are applied on the beams by considering the seismic
combination for the ULS in Eurocode 8 [1], while the masses are concentrated at the beam-to-column intersections con-
sidering the tributary areas of the MRFs shown in Fig. 2(a). Damping sources other than the hysteretic energy dissipation
are modelled through a Rayleigh damping factor of 2% for the first two vibration modes. The SC-CBs connections are
implemented by following the strategy proposed by Elettore et al. [15]. FDs are modelled with zero-length elements with
the ‘Steel01” material [25] to simulate the bilinear hysteretic response. Conversely, the rocking behaviour is modelled
with zero-length elements with the ‘ENT’ material [25] to model the contact behaviour. The self-centring system is im-
plemented with a central zero-length translational spring with bilinear elastic-plastic behaviour, with the ‘Initial strain
material’ [25], to reproduce the initial post-tensioning force of the PT bars.

3 Performance-based assessment of the case-study frames
3.1  Ground motion selection

Incremental Dynamic Analyses (IDAS) [26] have been carried out to investigate the seismic performances of MRFs and
MRF-CBs for the six case-study frames. A suite of 30 ground motion records is selected from SIMBAD Database using
REXEL [32] to account for the record-to-record variability. For each case study, a set of ground motion records is selected
with the following parameters: moment magnitude (My) ranging from 6 to 7, epicentral distance R <30 km, and spectrum-
compatibility in the range of periods between 0.2T; and 2Ty, where T is the fundamental period of the structure. The
mean elastic spectrum of the records is kept between 75% and 130% of the corresponding Eurocode 8 based elastic
response spectrum [1] considered for the design, assumed as target reference spectrum respect to which the compatibility
has to be accomplished.

The spectral acceleration corresponding to the first vibration mode (Sa(T1,£)) is used as IM. It is worth underlining that
for all the case studies, the conventional MRFs and the MRF-CBs have the same fundamental vibration period (T1) and
hence the same values of IM (see Table 1), allowing the comparison of the fragility curves.

3.2 Incremental Dynamic Analyses (IDAS)

Peak and residual interstorey drifts are used to monitor the seismic performances of the case-studies investigated. The
maximum values of these quantities among all the storeys are used as global EDPS (i.e., Omax-peak aNd Omax-res). The effec-
tiveness of the SC-CBs in reducing the residual interstorey drifts is evaluated by the comparison between the seismic
response of the MRF and the MRF-CB.

Fig. 4(a) and (b) show the results of the IDAs for the maximum (among all the storeys) peak interstorey drifts (Omax-peax)
for the 6-storeys case-study structures with mass M1 and M2, respectively. Similar results are observed for the other case
studies, which, for the sake of brevity, are not reported here. As expected from the design, the requirements for the Fre-
quently Occurred Earthquake (i.e., FOE, Damage Limit State - DLS - according to the European definition) lead to similar
Omax-peak results for M1 and M2. Additionally, Fig. 4 also shows that the MRFs and MRF-CB experience similar values of
Hmax—peak-
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Fig. 4 IDAs Results. Comparison of the maximum peak interstorey drifts for (a) 5-4 (M1); (b) 5-4 (M2).

Fig. 5 shows the results of the IDAs in terms of maximum (among all the storey) residual interstorey drift (Omax-res) for all
the investigated structures. The value Omax-res = 0.5% is assumed as the threshold beyond which repairability is not eco-
nomically viable [5]. In Fig. 5, each row refers to a case study structure with the same number of stories for M1 (left) and
M2 (right). Each figure shows IDA curves for all the ground motions for the MRFs (red lines) and the MRF-CBs (blue
lines). Additionally, the median value of &max.res among all ground motions (i.e., 50% percentile) is shown for both MRFs
and MRF-CBs (bold red and blue lines). The results show that the inclusion of SC-CBs produces beneficial effects in all
cases allowing a residual drift reduction for both M1 and M2 for all the IM values. Additionally, in all cases, the use of
SC-CBs allows reducing the median values of max-res below the assumed repairability threshold (i.e., 0.5%) for all the
investigated IM values. Conversely, all the conventional MRFs with both M1 and M2 do not satisfy this limit for high
IM values. Fig. 5 shows minor differences in terms of residual drifts reduction between the cases with M1 and M2.

a) 4r " ! ' ; | b) 4r " ! ' 1 |
IDA curves - MRF ! ! IDA curves - MRF ! !
—»—150% fractile curve - MRF ' ' ——50% fractile curve - MRF ' '
3l IDA curves - MRF-CB i 1 IDA curves - MRF-CB i i
— —+—50% fractile curve - MRF-CB i ; _ —+—50% fractile curve - MRF-CB i ;
= : : & : :
8,0 DBE! MCE; 8yl DBE! MCE;
% 5 bays / 4 storeys % 5 bays / 4 storeys
<F (M1) ; g <F (M2) ; ;
1 i i 1 i E
L Limit0.5% 1 L Limit0.5% i '
= — — 0 - — {
0 02 04 06 08 1 12 14 16 0 02 04 06 08 1 12 14 16
8,(T,.€) gl 8,(T,.€) [a]
c) ¢4 - : . d) 4 ‘ ‘ : :
IDA curves - MRF ! ! IDA curves - MRF ' '
—»—50% fractile curve - MRF ! ! —uw—150% fractile curve - MRF \ |
3l IDA curves - MRF-CB ' ! IDA curves - MRF-CB : |
—w—50% fractile curve - MRF-CB | ' —w—50% fractile curve - MRF-CB 1 ,
g | | g | |
8yl DBE! MCE 8yl DBE! MCE!
% 5 bays / 6 storeys ' ' % 5 bays / 6 storeys ' '
<F (M1) i i <F (M2) ; ;
1 E i 1 E :
| Limit08% ! | _Limit0.5% - '
- = . i 0 —— = | L :
0 0.2 04 0.6 0.8 1 12 0 0.2 04 0.6 0.8 1
8,(T,.6) [g] 8,(T,.€)[a]
e) 4 ‘ ‘ X : f) « ‘ ‘ : |
IDA curves - MRF ! ! IDA curves - MRF ! !
—»—>50% fractile curve - MRF | ' —w—150% fractile curve - MRF .
3t IDA curves - MRF-CB 1 ] 3t IDA curves - MRF-CB i
. | —=—50% fractile curve - MRF-CB! ; . | —*—50% fractile curve - MRF-CB 5
=3 ! ; =) : !
8,1 DBE! MCE: 8yl DBE! MCE!
% 5 bays / 8 storeys ‘ ' %X 5 bays / 8 storeys ' '
< (1) | ! = (2 | 5
1 i : 1 E |
L Limit0.5% i ; L Limit05% — :
= = — = : | 0 — -
0 0.2 04 0.6 0.8 1 0 0.2 04 0.6 0.8
S,(T,.6) gl S,(T,.6) gl

Fig. 5 IDAs Results. Comparison of the maximum residual interstorey drifts for the case-study frames: (a) 5-4 (M1);
(b) 5-4 (M2); (c) 5-6 (M1); (d) 5-6 (M2); (e) 5-8 (M1); (f) 5-8 (M2).
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3.3 Fragility curves

Fragility curves [33] are used to quantify the probability of the maximum residual interstorey drifts (i.e., Omax-res) €Xceeding
the associated threshold equal to 0.5% for each IM value (i.e., Ps). Numerical fragility curves are initially derived based
on EDPs-IMs pairs obtained through IDAs and successively fitted by analytical lognormal curves through least-square
minimisation. The comparison of the fragility curves is represented in Fig. 6 where each row refers to a case study struc-
ture with the same number of stories for M1 (left) and M2 (right), and the figures show the comparison between the MRFs
(red line) and the MRF-CBs (blue line). Additionally, the percentage reduction of the probability of exceeding the limit
value (i.e., 4Py) is reported for the two seismic intensities of interest (i.e., DBE and MCE). The fragility curves confirm
the beneficial effect of the SC-CBs in reducing the residual interstorey drifts for the whole range of IM values of interest,
i.e., the MRF-CBs experience lower values of Pr with respect to the MRF for all IM values. It can be observed that the 4-
storey case study with M1 shows the highest beneficial effects (i.e., the highest 4Ps) of the use of SC-CBs in reducing the
residual interstorey drifts. The results show that this difference progressively decreases in the 6- and 8-storey case studies,
as previously observed by Elettore et al. [16]. Conversely, it can be observed that the higher mass value M2, results in a
lower but more uniform and less sensitive from the number of stories, the effectiveness of the SC-CBs in reducing the
residual interstorey drifts.
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Fig. 6 Comparison of the fragility curves for themaximum residual interstorey drifts for the case-study frames: (a) 5-4
(M1); (b) 5-4 (M2); (c) 5-6 (M1); (d) 5-6 (M2); (e) 5-8 (M1); (f) 5-8 (M2).

4 Conclusions

The present study investigates the influence of the seismic mass and/or spectral acceleration on the self-centring capability
of steel Moment Resisting Frames (MRFs) equipped with the Damage-Free Self-Centring Column Bases (SC-CBs). Three
5-bays steel MRFs with 4, 6 and 8 storeys are considered as case-study frames and designed based on two different values
of the seismic mass (i.e., M1 and M2). For each case study, the conventional MRF and the MRF with SC-CBs are de-
signed, and their seismic responses are compared. Non-linear finite element models of the MRF and MRF with SC-CBs
are developed in OpenSees, and Incremental Dynamic Analyses are carried out with a set of 30 ground motion records
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accounting for the record-to-record variability. The spectral acceleration corresponding to the fundamental period of vi-
bration is used as Intensity Measure (IM), and the peak and residual interstorey drifts are monitored as global Engineering
Demand Parameters (EDPs). Fragility curves are successively derived to evaluate the self-centring capability of the struc-
tures. The results show the beneficial effect of the SC-CBs in reducing the residual interstorey drifts for all the case study
structures and the whole range of IM values of interest. For the lower mass M1, it can be observed that the effectiveness
progressively decreases while increasing the number of stories, as observed in previous studies. Conversely, for the higher
mass M2, the results show to be less sensitive to the number of stories. The results herein presented refer to the investi-
gated case-study frames. Additional research studies are needed to provide a more general understanding of the influence
of the investigated parameters on the self-centring capability of steel MRF with SC-CBs.
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