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Abstract. Setback irregularities are considered where discontinuity between adjacent stories is 
excessive. This irregularity caused the probability of high damage at structures subjected to strong 
earthquake motion. For this purpose, this study was conducted by modeling the steel special moment 
frame (SMF) structures using a finite element calculation program with nonlinear static analysis 
compared to Padang city’s response spectrum. The buildings are also modeled with two types of 
setbacks: single and multiple setbacks. The results of this paper are discussed including the 
explanation of many parameters that relate to elastic and inelastic seismic responses of steel special 
moment frame (SMF). Based on the results, the setback irregularities, both single and multiple 
setbacks, the inelastic seismic responses are adequately sufficient to SNI 1726 2019 regarding drift 
limit. The other seismic responses are also discussed in terms of fundamental periods, inter-story 
drifts, story stiffness, and base shear. Referred to Indonesian Seismic Provision, SNI 1726 2019, it is 
found that single setback building has more adequate than multiple setbacks in terms of seismic 
responses. Then, the seismic assessments between these setbacks are explained to address the 
recommendations about future prevention toward damages and failures in steel buildings. 

1 Introduction 
Vertical irregularities are found in some constructions 
such as multi-story or high-rise buildings and industrial 
plants. It is considered to give better serviceability and 
also architectural demand. Mass, stiffness, and strength 
are the main parameters to determine that vertical 
irregularities exist in multi-story buildings. The existence 
of the setback irregularities is determined as the sudden 
change of mass, stiffness, and strength due to the 
discontinuity of the adjacent story. According to the 
seismic provision in Indonesia, SNI 1729:2019, The 
setback irregularities are determined as a comparison the 
length of bays between adjacent stories is higher than 
130%. 

Throughout the year, most of the researches in 
reinforced concrete and steel buildings considering 
setback irregularities has stated the seismic responses of 
these buildings. It was found that there are several 
undesirable parameters because they generated a higher 
inter-story drift along with building height. Humar and 
Wright [1] concluded the setback would cause significant 
inelastic deformation if the numbers of bays in some 
stories were smaller than its lower stories. Duan and 
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Chandler [2] stated that the structural members located 
near the setback would generate severe damage, as a 
result, the proper and stronger design should be applied 
specifically to those members. Chen et. al [3] considered 
controlling structural responses while the larger setbacks 
in stories simultaneously affected local vibration. 
Moreover, research from Karavasilis et.al [4] revealed the 
parameters that need to be concerned in buildings with 
setbacks such as the number of stories, geometrical 
irregularity, and beam-column strength ratio. 

On the other hand, researchers also found that there 
are no significant effects regarding seismic responses.  
Piluso [5] stated that as long as the structures are designed 
to have a global collapse mechanism, the setbacks 
irregularities do not take place as the main cause for 
worsening the seismic responses. Based on practical 
evidence, Kappos and Scott [6] also concluded that there 
are no significant results regarding local failures in 
structural members near seatbacks while Tena-Colunga 
[7] also analyzed that plastic deformations did not find as 
the cause of the setbacks irregularity’s existence. Romao 
et.al [8] stated that the seismic responses of reinforced 
concrete buildings with setbacks irregularities were 
adequate as well as regular frame according to the 
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Eurocode provision. Therefore, there is still a contrary 
issue that needs further studies to acquire the proper 
explanation in terms of seismic responses due to setbacks 
irregularities. Also, it needs further observation while 
seismic accelerations and intensity always increase 
throughout the year depending on the movement of faults 
around the world. It also affects the development of the 
design to prevent excessive seismic response toward 
buildings.  

In Indonesia, seismic acceleration in every province 
had risen higher based on provision SNI 1726:2019. More 
restrictions are applied concerning the chosen analysis for 
designing structural members either steel or reinforced 
concrete, specifically in high-intensity earthquake 
regions. The studies have been done in several cases to 
know how it can affect seismic responses and building 
design [9,10]. It was found that many indicators are 
playing the role to make structural members get attention 
to adjust sufficient structural responses for instance 
response modification factors, and amplification factors 
which are determined to acquire actual elastic and 
inelastic seismic responses and level of building's 
performance. Furthermore, both horizontal and vertical 
irregularities in buildings are also accounted to give 
restrictions in analysis and design [11,12]. Then, this 
study is conducted to obtain seismic responses due to 
setback irregularities in the multi-story building of steel 
special moment-resisting frames. The results of seismic 
response discussed in this paper for getting assessment 
about sufficiency toward SNI 1726:2019 due to various 
models of setback irregularities, single and multiple 
setbacks. 

2 Methodology 

2.1 Building Modelling 

To research the seismic responses of special steel 
moment-resisting frame buildings, three various steel 
buildings were modeled in finite element software with 6 
stories and 24 m total height above ground level. 
Buildings had a regular plan view with a 6.0 m bay span. 
To get a seismic responses comparison, the regular 
building (SMRF-Reg) without setback was modeled in 
Fig 1. The setback irregularities were applied to be 
sufficiently categorized as vertical irregularities just as 
mentioned in SNI 1726:2019 [13]. Single and multiple 
setbacks were shown in Fig 1 (b) and (c). Fig 1(b) was a 
single setback building that has 300% setbacks between 
story 3 and story 4 (SMRF-Set1). Fig 1(c) was a multiple 
setback building that has 150% setback between story 2 
and story 3 and 200% setback between story 3 and story 
4 (SMRF-Set2).  

Every structural member in special steel moment-
resisting frame buildings was sufficiently designed based 
on AISC 360-16 (SNI 1729:2020) by using its specific 
factors such as modification response (R) is 8, 
amplification factor (Cd) is 5.5, and importance factor (I) 
is 1.5 [14]. Then, the buildings were also able to withstand 
toward dead load and live load respectively 2.5 kN/m2 and 
3 kN/m2.  

2.2 Seismic Analysis 

Seismic analysis toward these buildings was conducted by 
generating a response spectrum of Padang City, West 
Sumatera, which included a dynamic analysis, with site 
class D (SD). According to SNI 1726:2019, by obtaining 
spectral acceleration at short period (SDs) and one second 
period (SD1) also the importance factor (I), these 
buildings were categorized as seismic design category of 
D where the special steel moment-resisting frame design 
is applied as the designed models. Furthermore, the 
response spectrum of Padang City which is used in this 
analysis already shown in Fig.2.  
 

 
(a) 

 
(b) 

 

  
(c) 

 
Fig. 1. Building models (a) SMRF-Reg (b) SMRF-Set1  (c) 
SMRF-Set2 
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Fig. 2. Response Spectrum of Padang City (SD) 

According to SNI 1726:2019, The base shears both 
static and dynamic analysis must have a similar 
comparison that meets the value 100%, which means the 
scale factor is needed in analysis to get the representative 
results toward elastic seismic response during the 
earthquake. The displacement and inter-story drift either 
X or Y direction were evaluated and discussed regarding 
the sufficiency toward SNI 1726:2019 drift limitation.      

3 Results and Discussions 

3.1 Fundamental Period 

The fundamental period is one of the dynamic properties 
to determine how seismic force will impact building 
responses. Furthermore, the fundamental period is 
influenced by mass and stiffness which means structural 
configuration takes part in determining this value. The 
longer the fundamental period of the building, the more 
flexible structure will deform. It affects the value of base 
shear and structure’s displacements.  

Table 1 shows the comparison between the calculated 
period of the first mode through computer analysis and 
empirical fundamental periods according to SNI 
1726:2019 in three building models. It shows that the 
SMRF-Reg had the biggest fundamental period among 
other models (SMRF-Set1 and SMRF-Set2) which these 
models categorized as having setback irregularities. It 
could be explained that floor plans were decreased due to 
setback irregularities while the story mass similarly 
decreased. There are also no torsional issues such as 
eccentricity between the center of rigidity and center of 
mass.  

Table 1. Comparison of Buildings’ Fundamental Period 

Structure 

Coeffi-
cient 
(Cu) 

Empirical 
Fundamenta
l Period (Ta) 

(s) 

First Mode 
Period (T1) 

(s) 

SMRF-Reg  

0.0724hn0.8 

1.781 

SMRF-Set1 1.4 1.426 

SMRF-Set2 
 

1.478 

hn: Total of Building Height  

However, as long as the center of mass and rigidity 
between adjacent stories tend to have a similar location, 
the setback irregularities would not take a significant 
effect on the structural modes. To emphasize the 
explanation, as long as the structural members were 
designed adequately, the setback irregularities also would 
not have a possibility to experience torsional either in X 
or Y direction. 

3.2 Story Stiffness 

To obtain a better comprehension of the seismic response, 
the story stiffness is also the parameter to determine how 
the flexibility of the structure. As mentioned in the 
previous discussion, story stiffness will determine how 
significant the deformation of structures is.  
 

 
(a) 

 
(b) 

Fig. 3. Story Stiffness of Steel Buildings (a) X-direction (b) Y-
direction 

According to Fig.3, the graph of story stiffness of three 
steel structural models, either X or Y- direction, the 
SMRF-Reg had the largest story stiffness compared to 
SMRF-Set1 and SMRF-Set2. However, single and 
multiple setbacks were identified exist in X-direction. 
Then, it could be explained that the story stiffness of a 
single setback (SMRF-Set1) was slightly higher than the 
multiple setbacks (SMRF-Set2) even though the 
percentage of a single setback was about twice higher than 
multiple setbacks. Moreover, the discontinuity in the 
certain plane i.e setback irregularities would affect the 
structure to become more flexible so that the higher 
structural deformation in a certain direction must be larger 
than the regular building.  

 
  

ICDMM 2021
https://doi.org/10.1051/e3sconf/202133105007E3S Web of Conferences 331, 05007 (2021) 

3



3.3 Base Shear 

The influence of setback irregularities on special steel 
moment-resisting frame (SMRF) buildings is observed 
according to base shear. This force is determined by the 
story stiffness and fundamental period. Fig.4 shows that 
the SMRF-Reg has a 60%-75% larger base shear force 
than the other setback structures (SMRF-Set1 and SMRF 
Set-2) either in X or Y direction. Therefore, the setback 
irregularities caused significant effects regarding base 
shear force. However, when it is compared to setback 
structures, it can be seen that multiple setbacks structure 
has slightly different base shear force than the single 
setback structure. Then, it can be explained that the 
multiple setbacks structure (SMRF-Set2) is more flexible 
than the single setback structure (SMRF-Set1).    
 

 
 

 

Fig. 4. Base Shear of Steel Buildings (a) X-direction (b) Y-
direction 

3.4 Story Displacement 

 

a) 

 

(b) 

Fig. 5. Story displacement of Steel Buildings (a) X-direction 
(b) Y-direction 

To study how the setback irregularities would affect 
inelastic seismic response due to seismic excitation. Then, 
the story displacement is discussed in Fig. 5 which 
represents the comparison between the story displacement 
in X and Y direction. The graph shows that the story 
displacement of regular structure (SMRF-Reg) is 
dominantly higher than the setback structures about 5%-
25% in X-direction and 11%-33% in Y-direction. It can 
be annotated that the seismic weight of this building is 
also higher than setback structures. Therefore, the P-delta 
would be highly accounted to this regular frame rather 
than the setbacks structures.  

Either in X and Y direction, the story displacements of 
setbacks structure (SMRF-Set1 and SMRF-Set2) tend to 
have similar values. Therefore, single and multiple 
setbacks did not influence story displacement. However, 
to assess the sufficiency of the elastic seismic response 
toward Indonesia’s seismic provision SNI 1726:2019, 
The advanced calculation about inter-story drift is 
discussed below. 

3.5 Inter-Story Drift 

The inter-story drift is defined as the relative translational 
displacement between two consecutive floors. SNI 
1726:2019 stated that the limitation of inter-story drift 
must be determined to prevent excessive inelastic 
responses. To obtain the comprehension of the influence 
of the setback irregularities regarding inter-story drift, 
Fig.6 shows the comparison of them in X and Y-direction. 
Both directions seem an adequate value for the inter-story 
drift. Generally, the setback irregularities did not have a 
significant influence. However, the buildings were 
designed to accommodate the load combination in 
serviceability and ultimate condition. This emphasizes 
that as long as the steel design is sufficient, so there are 
no issues regarding the excessive inelastic seismic 
responses upon the drift limit.  

On the other hand, in the X-direction where the 
setback appeared, the inter-story drift in setback structures 
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tends to have a bigger value rather than regular structures. 
Though the value is adequately sufficient to drift limit, the 
pattern of inter-story in setback structures (SMRF-Set1 
and SMRF-Set2) did not follow a conservative pattern 
where the inter-story drift must be smaller while the story 
is increasing. For example, from story-3 to story-4 
(elevation 12 m to 16 m), the inter-story drift in SMRF-
Set1 was significantly changing about 78% while SMR-
Set2 was significantly changing about 44%.  

 

 
(a) 

 
(b) 

Fig. 6. Inter-story Drift of Steel Buildings (a) X-direction (b) 
Y-direction 

The assessment can be carried out regarding the 
significant change between the adjacent stories. It will 
lead the structures would have partly plastic deformation 
and soft-story mechanism. Then, for the future prevention 
of failure in certain floors, several options can be applied 
to decrease the inter-story drift. 

4 Conclusions 
This research aimed to assess the inelastic seismic 
responses toward the multi-story buildings of special steel 
moment-resisting frames due to the existence of setback 
irregularities according to SNI 1726:2019. This 
assessment is conducted because of the increment of 
seismic acceleration in Padang City. To obtain the 
representative comparisons, the regular building was also 
modeled. Furthermore, these buildings were also designed 
to accommodate the service and ultimate loads, including 
the seismic load. Analysis and assessment were conducted 
in fundamental periods, the base shear, the story stiffness, 
and inter-story drift.  

So, the conclusions of the assessment due to setback 
irregularities can be listed as follows: 

1. The setback irregularities did not influence the 
fundamental periods and mode shapes, as long as the 
structural members were properly designed. Then, 
mode shapes 1 and 2 were translational in both X 
and Y-direction. 

2. Story stiffness and base shear are the parameters that 
are affected due to the setback irregularities. It is 
found that these values were significantly smaller 
than a regular building. Multiple setbacks structure 
is found to be more flexible rather than single 
setback structure. Then, it influences the lateral 
deformation in a building. 

3. Based on the assessment in the inter-story drift of 
steel buildings seems to be adequately sufficient to 
SNI 1726:2019. However, due to the setback 
irregularities, the pattern of the inter-story drift did 
not follow a conservative pattern. The bigger 
percentage of setbacks then affects the significant 
change between adjacent stories.  

4. To prevent failure such as soft-story or partly plastic 
deformation because of the significant change of 
inter-story drift between the adjacent stories, the 
future design must be considered to increase the 
story stiffness where setbacks appeared. 
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