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Abstract: Seismic codes do not provide specific hierarchy criteria for irregular Moment Resisting Frames (MRFs). In 

fact, the provisions for irregular frames are exactly the same adopted for regular MRFs with the only exception of a 20% 

reduction of the design value of the q-factor, accounting for a presumed worsening of the frame energy dissipation capac-

ity.  

It is well known that seismic code provisions, based on hierarchy criteria, are often unsuitable to prevent partial mecha-

nisms and to assure the development of a global collapse mechanism. In particular, irregular structures are prone to de-

velop partial or soft storey mechanisms in case of significant set-backs. As already showed in previous work [1-10] a ra-

tional design procedure based on plastic mechanism theory can be adopted for different design typologies leading to ex-

cellent results in the field of mechanism control. This procedure is herein briefly presented and applied to different study 

cases. It is based on the application of the kinematic theorem of plastic collapse extended to the concept of mechanism 

equilibrium curve in order to consider second order effects. Sending the reader back to the original work on the theory of 

plastic mechanism control [1] for an exhaustive presentation of the theory, referred to regular MR-Frames, the work 

herein presented focuses on the issues to be faced to apply such theory to the particular case of steel frames with set-

backs. In order to verify the results obtained by the application of the proposed design procedure, non linear static analy-

ses [11] have been carried out for all the structures considered and a comparison with the results coming from the applica-

tion of Eurocode 8 design procedures [12] is also performed.  

Keywords: Moment resisting frames, global mechanism, mechanism equilibrium curve, design methodology, non linear static 
analyses. 

INTRODUCTION 

It is universally recognized that failure mode control is a 
fundamental requirement for designing seismic resistant 
structures, because local failure modes, such as partial and 
soft-storey mechanisms, lead to damage concentration and, 
as a consequence, to the premature collapse of structures. For 
this reason, the development of a collapse mechanism of 
global type [1-10] is promoted by modern seismic codes by 
means of simplified design rules. The first studies on this 
topic have been carried out mainly with reference to rein-
forced concrete frames and, in particular, in New Zealand 
where the capacity design procedure has been in use since 
1980 [13-15]. Nowadays, with reference to new buildings, 
the need to control the location of dissipative zones is recog-
nized to be of primary importance independently of the con-
structional material [12-19]. Similarly, in the case of existing 
reinforced concrete buildings the seismic retrofitting inter-
ventions can be focused on some properly selected structural 
elements whose strengthening [20] is aimed at the modifica-
tion of the pattern of yielding to prevent, at least, the most 
severe and undesired failure modes. 

Regarding new buildings, the first step in the seismic de-
sign of dissipative structures is the selection of a suitable 
 

* Address correspondence to this author at the Vincenzo Piluso University 

of Salerno, Via Ponte Don Melillo, 84084 Fisciano (Sa), Italy;  

Tel. +39 089 964108; Fax: +39+089968731; E-mail: v.piluso@unisa.it  

location of dissipative zones, i.e. a suitable collapse mecha 
nism. Non-dissipative parts of dissipative seismic resistant 
structures and their connections to the dissipative ones have 
to be designed with sufficient overstrength to allow the cy-
clic yielding of the dissipative parts. This means that non-
dissipative parts have to be designed in order to remain in 
the elastic range and, therefore, they have to be proportioned 
on the basis of the maximum internal actions that the dissipa-
tive zones are able to transmit. Conversely, the dissipative 
zones have to be proportioned on the basis of internal actions 
arising from the seismic forces prescribed by the codes. This 
is the general criterion for designing seismic-resistant dissi-
pative structures and represents the so-called “capacity de-
sign approach”. This definition means that non-dissipative 
parts have to be designed for the “capacity” of the fully 
yielded and strain-hardened dissipative zones [16]. More 
recently the capacity design approach has been recognized as 
a powerful tool to design also beam-to-column connections 
by means of the component method [18], so that hierarchy 
criteria at the joint component level can be properly identi-
fied.  

In the case of moment resisting frames, the design crite-
rion suggested by seismic codes is the adoption of columns 
having a flexural resistance greater than that of the connected 
beams. However, the fulfillment of this design criterion, 
namely member hierarchy criterion, is able to prevent the 
development of storey mechanisms only, but it is not suffi-
cient to guarantee the formation of a collapse mechanism of 
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global type. In fact, as demonstrated by numerous numerical 
studies dealing with the seismic inelastic performances of 
steel frames, this ambitious pattern of yielding cannot be 
realized by means of simplified design rules. Moreover, it is 
easy to realize and verify that in case of irregular moment 
resisting frames the development of a global type mechanism 
is even more complicated to obtain than in case of regular 
frames. In fact, due to the presence of geometrical irregulari-
ties, big variations of masses and lateral stiffnesses along the 
building height can easily arise and, as a consequence, soft 
storey mechanisms are more prone to develop. 

The innovative design methodology, presented in this 
paper with reference to irregular moment resisting frames, is 
based on the kinematic theorem of plastic collapse. Accord-
ing to such theorem, the kinematically admissible multiplier 
of horizontal forces associated to the failure mode is the 
minimum among the kinematically admissible multipliers 
associated to all the collapse mechanisms. Therefore, in or-
der to control the failure mode, i.e to obtain a collapse 
mechanism characterised by plastic hinge formation at all the 
beam ends and at the base of the first storey columns, it has 
to be imposed that the kinematically admissible multiplier 
corresponding to the global mechanism has to be less than 
those corresponding to all the undesired partial mechanisms. 
In this paper, the attention is focused on the additional de-
sign issues to be considered in case of irregular MR-Frames 
with set-backs and the results coming out by several non 
linear static analyses are presented showing that the global 
collapse mechanism, i.e. the plasticization of all the beam 

ends and of the column base sections, can be really achieved 
by applying the proposed design methodology. 

PROPOSED DESIGN PROCEDURE 

The innovative design methodology, briefly summarized 
in this paper with reference to irregular moment resisting 
frames with set-backs, is based on the kinematic theorem of 
plastic collapse. According to such theorem, the kinemati-
cally admissible multiplier of horizontal forces associated to 
the failure mode is the minimum among the kinematically 
admissible multipliers associated to all the collapse mecha-
nisms. Therefore, in order to control the failure mode, i.e to 
obtain a collapse mechanism characterized by plastic hinge 
formation at all the beam ends and at the base of the first 
storey columns, it has to be imposed that the kinematically 
admissible multiplier corresponding to the global mechanism 
has to be less than those corresponding to all the undesired 
partial mechanisms. 

In particular, collapse mechanisms can be considered as 
belonging to three main typologies, as depicted in Fig. (1) 
with reference to failure modes whose mechanism index 
corresponds to the imth storey (the global mechanism can be 
regarded as a particular case of type-2 mechanism where all 
the storeys are involved). 

Therefore, 3ns design conditions can be obtained, where 
ns is the number of storeys. By dimensioning the beam sec-
tions to resist vertical loads, the design conditions allow to 
design the column sections, constituting the only unknowns 
of the design process. 

 

Fig. (1). Collapse mechanism typologies. 
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Nevertheless, such approach is able to assure the devel-
opment of the desired mechanism provided that the structural 
material behaves as rigid-plastic. Conversely, the actual be-
havior is elasto-plastic so that structures exhibit significant 
lateral displacements before failure, and second order effects 
cannot be neglected in the design procedure. To this scope, a 
linearised mechanism equilibrium curve can be used to rep-
resent the structural behavior [1, 7]: 

c =               (1) 

where  and  are, respectively, the kinematically admissible 
multiplier of horizontal forces and the slope of the mecha-
nism equilibrium curve, obtained by means of the virtual 
work principle. For a virtual rotation d  of the columns in-
volved in the mechanism, the internal and the external work 
can be expressed, respectively, as: 

Wi = tr CTRc( ) + 2tr BTRb( ) d          (2) 

We = c F
Ts + tr qTDv( ) +VTs

H0

d            (3) 

where: 

tr denotes the trace of the matrix;  

• C is a matrix of order nc ns (number of columns  num-
ber of storeys) whose elements Cik are equal to the plas-
tic moments of columns (Cik=Mc,ik); 

• Rc is a matrix of order nc ns whose elements, Rc,ik, are 
coefficients accounting for the participation of ith col-
umn of kth storey to the collapse mechanism. In particu-
lar Rc,ik = 2 when the column is yielded at both ends, Rc,ik 

= 1 when only one column end is yielded, and Rc,ik = 0 
when the column does not participate to the collapse 
mechanism; 

• B is a matrix of order nb ns (number of bays  number of 
storeys) whose elements Bjk are equal to plastic mo-
ments of beams (Bjk=Mb,jk); 

• Rb is a matrix of order nb ns whose elements, Rb,jk, are 
coefficients accounting for the participation of jth beam 
of kth storey to the collapse mechanism. In particular 
Rb,jk = 0 when the beam does not participate to the col-
lapse, otherwise  Rb,jk = Lj / (Lj – xjk), where Lj is the 
span of jth bay and xjk is the abscissa of second plastic 
hinge of jth beam of kth storey. This abscissa is given 
by xjk = Lj – 2 (Mb,jk / qjk)

1/2
 when the uniform vertical 

load qjk > 4 · Mb,jk / Lj
2
 and by xjk = 0 in the opposite case 

[1]; 

• F
T
 is the vector of the design seismic horizontal forces 

equal to {F1, F2,……., Fk,……, Fns}, where Fk is the 
horizontal force applied to the kth storey; 

• s is the shape vector of the storey horizontal virtual dis-
placements (du = s  d , where d  is the virtual rotation 
of the plastic hinges of the columns involved in the 
mechanism); 

• q is the matrix of order nb ns (number of bays  number 
of storeys) of uniform vertical loads acting on the 
beams; 

• Dv is a matrix of order nb ns whose elements, Dv,jk, are 
coefficients related to the external work of the uniform 
load acting on jth beam of kth storey. In particular Dv,jk 

= Lj xjk / 2 when the beam participates to the collapse 
mechanism and Dv,jk = 0 in the opposite case; 

• V is the vector of the storey vertical loads {V1, V2,…, 
Vk,…, Vns}, where Vk is the total load acting at kth sto-
rey;  

• s  / H0 is the shape vector of the storey vertical virtual 
displacements, being s the shape vector of the storey 
horizontal virtual displacements,  the top sway dis-
placement of the structure and H0 the sum of the inter-
storey heights of all the storeys involved in the kine-
matic mechanism. 

The application of the virtual work principle provides the 
following expression for the lateral force multiplier: 

c =
tr CTRc( ) + 2tr BTRb( ) tr qTDv( )

FTs
VTs
FTs

1

H0

     
(4)

 

By comparing Eqs. (1) and, (4) the expression of the 
kinematically admissible multiplier of horizontal forces  
and the slope of the mechanism equilibrium curve  can be 
obtained: 

=
tr CTRc( ) + 2tr BTRb( ) tr qTDv( )

FTs
        

(5)
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m

, i.e. the kinemati-

cally admissible multiplier and the slope of the equilibrium 

curve corresponding to the mechanism of type-t with mecha-

nism index im, can be derived by properly quantifying the 

contribution of columns, the participation of beams (Rb), the 

external work of uniform loads (Dv) and the shape vector of 

horizontal virtual displacements (s). As an example, with 

reference to the imth mechanism of type-2, plastic hinges 

develop at the base of imth storey columns, whereas only 

beams up to the imth storey are involved, so that Eqs. (5) and 

(6) give: 

im

(2) =
Mc,im

T I+ 2tr BTRb,im

(2)( ) tr qTDv,im
(2)( )

FTsim
(2)

       (7) 

im

(2)
=
VTsim

(2)

FTsim
(2)

1

hns him 1

         
  
(8) 

where 
mic,

M is the vector of imth storey column plastic mo-

ments accounting for the bending moment - axial force 

interaction, H0 = hns-him-1 and sim
(2)

 = {0, 0,…,him-him-1, him+1-

him-1,…, hns-him-1}
T
, being the first component different from 

zero the imth one. Similarly, the kinematically admissible 

multiplier and the slope of the equilibrium curve can be 

derived with reference to the other mechanism typologies.  

By introducing second order effects in the design proce-
dure, the application of the upper bound theorem, aimed at 
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promoting a global collapse mechanism, consists in impos-
ing that the equilibrium curve corresponding to the global 
mechanism has to lie below the mechanism equilibrium 
curves corresponding to all the other undesired partial 
mechanisms. Such condition has to be satisfied up to a given 
displacement level, u, so that the design conditions can be 
expressed by means of the following relationships [1]: 

(g) (g)
u im

(t )
im

(t )
u
          (9) 

with im = 1,2,3,...,ns and t = 1,2,3. Regarding the ultimate 
displacement, it has to be adequately chosen according to 
local ductility supply. 

By properly solving the 3ns design conditions provided 
by Eq. (9) [1,7], the sum of column plastic moments, re-
duced due to the contemporary action of axial forces, re-
quired to prevent the development of undesired collapse 
mechanisms is obtained for each storey. The final step con-
sists in distributing such sum among the storey columns. In 
case of regular MRFs [1] and dual systems CBF-MRFs [7] 
column sections can be dimensioned by simply distributing 
the required sum of column plastic moments among the sto-
rey columns proportionally to the axial forces occurring at 
collapse. This way of distributing the required sum of col-
umn plastic moments has been denoted in the following as 
case “A0”. In case of irregular moment resisting frames with 
set-backs, as an alternative to this criterion, a more rational 
choice accounting for the geometrical characteristics of the 
structural scheme can be made. This alternative choice con-
sists in the preliminary design of columns corresponding to 
set-backs by simply applying the hierarchy criterion to ad-
dress plastic hinge formation in beams rather than in col-
umns. In case of only one bay set-back, the external column 
can be dimensioned by imposing that its plastic moment has 
to be not less than the one of the adjacent beam (as an exam-
ple column 51 or column 42 in Fig. (2). In case of two or 
more than two bay set-backs, the internal columns belonging 
to the zone affected by set-backs can be dimensioned by as-
suming that the plastic moment has to be not less than the 
sum of the plastic moments of the adjacent beams (as an 
example column 32 in Fig. (2). As a consequence, the re-
maining storey columns can be dimensioned by distributing 
the residual required sum of storey column plastic moments 
(required sum of storey column plastic moments minus the 
plastic moments of the columns already designed) propor-
tionally to the axial forces occurring in such columns in the 
collapse condition. Such column axial forces can be easily 
evaluated accounting for the shear forces transmitted by the 
beams in the global mechanism configuration [1]. Such al-
ternative criterion of distributing the required sum of column 

plastic moments at each storey has been herein denoted as 
case “A1”. 

It has to be underlined that, according to actual code pro-
visions [12-17] hierarchy criterion does not apply to top sto-
rey columns. In such case column sections can be dimen-
sioned by simply distributing the required sum of column 
plastic moments among the top storey columns proportion-
ally to the axial forces occurring at collapse. 

 

Fig. (2). Criterion A1 for designing columns of set-backs. (beam 

and column labels in round brackets). 

NON LINEAR STATIC ANALYSES  

In order to evaluate the accuracy of the proposed design 
methodology, an adequate number of irregular MRFs having 
different numbers of storeys and different structural configu-
ration have been designed. 

The considered geometrical configurations are depicted 
in Fig. (3). The span length and the interstorey height are 
equal to 5.0 m and 3.5 m, respectively. The values of dead 
(Gk) and live (Qk) loads are, respectively, equal to 15 kN/m 
and 10 kN/m. The steel grade is S275. 

The seismic horizontal forces Fig. (3) have been deter-
mined according to Eurocode 8 [12], assuming a peak 
ground acceleration equal to 0.35g, a seismic response am-
plification factor equal to 2.5, soil type A-1 and behavior 
factor q equal to 5.2, which is obtained accounting for ir-
regularity along the height. In fact, for an irregular MRF the 
q factor is obtained by reducing the value of regular MRFs q 
factor by means of a coefficient equal to 0.8, so it is: 

q = 0.8 5 u

y

= 0.8 5 1.3 = 5.2         
(10)

 

As described above, the beams have to be designed to re-
sist to vertical load, so the plastic moment of the beam can 
be chosen in the range QL

2
/8 - QL

2
/12 being Q the vertical 

load acting in the vertical load combination (1.35gk +1.5qk) 
and L the spam length. Concerning the case herein consid-

 

Fig. (3). Analyzed Structural schemes.  
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ered, an IPE240 has a plastic moment corresponding to the 
value of QL

2
/10.8. Once the beam has been chosen the pro-

posed design procedure can be applied and column sections 
can be determined. 

The design value of the ultimate displacement has been 
related to the local ductility supply by assuming u = pH, 
where p is the plastic rotation supply of beams and columns 
of first storey, assumed equal to 0.04 rad, and H is the height 
of the structure.  

It is important to underline that also the checks against 
serviceability limit state requirements need to be carried out. 
In fact, it is not assured that a structure designed for failure 
mode control is also able to exhibit adequate lateral stiffness 
to satisfy interstorey drift limitations provided by actual 
seismic codes. 

In such a case, in order to design structures both failing 
in global mode and satisfying code requirements dealing 
with the serviceability limit state, the proposed design pro-

cedure has to be repeated by increasing the beam sections or 
the design ultimate displacement until the interstorey drift 
limitation is satisfied [7]. In the case herein analyzed, for 
structural scheme N1, in order to satisfy also serviceability 
requirements, the beam section has been increased from 
IPE240, i.e. the original selection accounting for the beam 
vertical loads only, to IPE270 standard shape. By repeating 
the design procedure with the corresponding new value of 
the beam plastic resistance, a new set of column sections is 
obtained. The obtained structure Table 1 satisfies both 
mechanism control requirements and serviceability limit 
state requirements.  

Also regarding structures designed according to EC8 
provisions, the same criterion has been adopted. In this case 
an IPE300 needs to be adopted in order to satisfy the serv-
iceability limit state requirements. The columns obtained 
according to the proposed design procedure, with reference 
to the two alternative criteria for distributing the sum of col-
umn plastic moments needed to assure the global failure 

Table 1. Column sections for structure N1. 

STOREY BAY 
CRITERION 

A0 

CRITERION 

A1 
EC8 

3 HEB 200 HEB 200 HEB 160 
6 

4 HEB 200 HEB 200 HEB 160 

3 HEB 220 HEB 220 HEB 220 
5 

4 HEB 220 HEB 220 HEB 220 

2 HEB 180 HEB 200 HEB 160 

3 HEB 260 HEB 240 HEB 220 

4 HEB 260 HEB 240 HEB 220 
4 

5 HEB 180 HEB 200 HEB 160 

2 HEB 220 HEB 220 HEB 220 

3 HEB 280 HEB 280 HEB 240 

4 HEB 280 HEB 280 HEB 240 
3 

5 HEB 220 HEB 220 HEB 220 

1 HEB 160 HEB 200 HEB 180 

2 HEB 240 HEB 240 HEB 220 

3 HEB 300 HEB 280 HEB 240 

4 HEB 300 HEB 280 HEB 240 

5 HEB 240 HEB 240 HEB 220 

2 

6 HEB 160 HEB 200 HEB 180 

1 HEB 220 HEB 220 HEB 180 

2 HEB 280 HEB 280 HEB 220 

3 HEB 320 HEB 320 HEB 240 

4 HEB 320 HEB 320 HEB 240 

5 HEB 280 HEB 280 HEB 220 

1 

6 HEB 220 HEB 220 HEB 180 
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mode (case “A0” and case ”A1”), and to EC8 provisions 
have been reported in Table 1.  

In the same way three different design solutions (case 
“A0”, case “A1” and EC8) have been obtained for structural 

scheme N2. In this case, in order to satisfy the serviceability 
limit state an IPE270 has been adopted both for the structure 
designed according to the proposed procedure and for the 
structure designed according to EC8 [12] Table 2. 

Table 2. Column sections for structure N2. 

STOREY BAY CRITERION 

A0 

CRITERION 

A1 

EC8 

1 HEB 200 HEB 200 HEB 160 
5 

2 HEB 200 HEB 200 HEB 200 

1 HEB 240 HEB 240 HEB 160 

2 HEB 240 HEB 220 HEB 200 4 

3 HEB 180 HEB 200 HEB 200 

1 HEB 260 HEB 240 HEB 160 

2 HEB 260 HEB 240 HEB 220 

3 HEB 220 HEB 200 HEB 200 
3 

4 HEB 180 HEB 200 HEB 200 

1 HEB 260 HEB 280 HEB 160 

2 HEB 260 HEB 280 HEB 220 

3 HEB 240 HEB 240 HEB 220 

4 HEB 200 HEB 220 HEB 200 

2 

5 HEB 160 HEB 200 HEB 200 

1 HEB 300 HEB 300 HEB 160 

2 HEB 280 HEB 300 HEB 220 

3 HEB 260 HEB 280 HEB 220 

4 HEB 240 HEB 240 HEB 200 

5 HEB 200 HEB 220 HEB 200 

1 

6 HEB 160 HEB 200 HEB 160 

Table 3. Column sections for structure N3. 

STOREY BAY CRITERION 

A1 

EC8 

3 SHS 27X .80 SHS 25X.8 
6 

4 SHS 27X .80 SHS 25X.8 

3 SHS 38X 1.2 SHS 25X.8 
5 

4 SHS 38X 1.2 SHS 25X.8 

3 SHS 49X 1.4 SHS 25X.8 
4 

4 SHS 49X 1.4 SHS 25X.8 

3 SHS 57X 1.7 SHS 27X.8 
3 

4 SHS 57X 1.7 SHS 27X.8 

3 SHS 64X 1.9 SHS 31X1 
2 

4 SHS 64X 1.9 SHS 31X1 

1 SHS 23X .7 SHS 19X .6 

2 SHS 23X .7 SHS 21X.7 

3 SHS 66X 2 SHS 31X1 

4 SHS 66X 2 SHS 31X1 

5 SHS 23X .7 SHS 21X.7 

1 

6 SHS 23X .7 SHS 19X .6 
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With reference to structural scheme N3 an IPE270 is 
necessary for the structure designed according to the pro-
posed procedure, and an IPE360 is necessary when EC8 pro-
visions are used. In particular, for this structural scheme, 
only criterion “A1” has been considered, because the original 
criterion “A0” leads to the oversizing of the central columns 
of the first storey. This case shows that the alternative crite-
rion “A1”, summarized in Fig. (2), for the distribution of the 
sum of storey plastic moments is the more rational one in 

case of frames with set-backs. In Table 3 the obtained col-
umns section for structural scheme N3 have been reported. 

For all the analysed structures static non linear analyses 
have been performed by means of a spread plasticity ap-
proach using a fiber model [11]. In particular, the develop-
ment of a collapse mechanism of global type has been con-
firmed for all the structures designed according to the pro-
posed procedure Figs. (4, 6 and 8). On the contrary, none of 
the structures designed according to EC8 provisions Figs. (5, 

 

Fig. (4). Collapse mechanism developed by the structures designed according to the proposed procedure. 

 

Fig. (5). Collapse mechanism developed by structure designed according to EC8 provisions. 

 

Fig. (6). Collapse mechanism developed by the structures designed according to the proposed procedure. 
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7 and 8) exhibits a collapse mechanism of global type. In 
particular, a very poor dissipative mechanism, involving 
only two storeys, is obtained in case of structural scheme N3 
when code design provisions are applied Fig. (8). 

In addition, it can be noted that the softening branch of 
the push-over curves, i.e. the mechanism equilibrium curve, 
is very close to the theoretical one for all the analysed struc-

tures designed according to the proposed procedure Figs. (9, 
10 and 11). It is easy to verify from Table 1 and Table 2 that 
the application of the design procedure leads, for structural 
schemes N1 and N2, to an increase in structural weight of 
about 30% when compared with the one obtained by the ap-
plication of EC8 provisions. This is the prize to be paid in 
order to obtain a more dissipative structure. 

 

Fig. (7). Collapse mechanism developed by structure designed according to EC8 provisions 

 

Fig. (8). Collapse mechanism developed by the structures designed according to the proposed procedure (left side) and the one designed 

according to EC8 provisions (right side). 

 

Fig. (9). Push-over curves for structural scheme N1. 
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However, it has to be underlined that the structural cost is 
only a part of the whole cost of the building. In particular, 
structural cost is commonly about 30% of whole building 
cost, so that it can be concluded that the plastic mechanism 
and energy dissipation capacity of frames with set-backs can 
be significantly improved by means of the proposed design 
procedure leading to a small increase, about 10%, of the 
whole building cost. 

CONCLUSIONS 

In this paper, a sophisticated design methodology aimed 
at the failure mode control [1] has been extended to irregular 
moment resisting frames with set-backs. Such methodology 
provides, by means of the application of the upper bound 
theorem of plastic collapse, the sum of storey column plastic 
moments required to avoid undesired partial mechanisms. In 
particular, a specific procedure for distributing the required 
sum of column plastic moments among storey columns has 
been proposed for irregular MRFs with set-backs. In addi-
tion, several structures having different structural schemes 
have been analysed in order to point out the accuracy of the 
design methodology. By means of non-linear static push-
over analyses, it has been shown that the collapse mecha-
nism actually obtained is characterised by plastic hinge for-

mation at both beam ends and at the base of first storey col-
umns, i.e. a global mechanism is exhibited confirming the 
fulfillment of the design goal. On the contrary, the applica-
tion of design rules provided by EC8 are not able to assure 
the complete exploitation of the structural plastic reserves, 
generally leading to partial collapse mechanisms. 
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Fig. (11). Push-over curves for structural scheme N3. 
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