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ABSTRACT

The evaluation of the torsional effects of earthquakes on the performance of steel buildings 
with medium-ductility moment frames, which are widely used in seismic regions, is critical 
because of their high flexibility and significant energy absorption capacity. Amplification of 
the seismic response of buildings owing to torsion and the precise and influential factors in 
its creation and amplification during an earthquake is essential. Design and seismic strength-
ening regulations should pay more attention to geometric asymmetry as a significant factor 
in amplifying building response. This study investigated the combined effect of geometric 
asymmetry in one direction with the effect of eccentricity in three states—accidental torsion, 
significant torsion, and severe torsion—as influencing factors on performance levels and vital 
parameters such as ductility changes. The selected models with five and nine stories have 
symmetric and asymmetric plans, at least in one direction, designed according to the Stan-
dard 2800 fourth edition and the National Steel Buildings Iran Regulations fifth edition. Then, 
by creating significant and severe torsional irregularities in the models of existing buildings 
using the guidelines for seismic rehabilitation of existing structures with nonlinear static anal-
ysis (pushover), the performance levels of the buildings were evaluated. The results indicate 
that the asymmetry in the plan in one direction compared to the symmetric plan reduces 
the performance level of 5-story models by more than 9-story models. In addition, changes 
in Ductility and seismic response due to torsion in 5-story buildings are more significant; 
therefore, asymmetry in one direction with severe torsion causes a 43% reduction in Ductility. 
These findings underscore the need for further research to fully understand the implications 
of asymmetry and torsion in seismic design and to incorporate these findings into future seis-
mic codes and design practices.
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INTRODUCTION

One of the most common structural systems is steel 
frame buildings with moment frames. Due to their high 
flexibility and significant energy absorption capacity, steel 
moment frame buildings with medium Ductility are widely 
used in seismic regions. Past and recent earthquakes have 
shown that the presence of eccentricity in plans with vary-
ing percentages in existing buildings with symmetric and 
asymmetric plans has affected the performance of buildings 
due to torsion as a factor causing damage and destruction. 
Buildings undergo lateral and torsional movements due to 
earthquakes .[1]. Torsional effects are divided into two cate-
gories: inherent torsion and accidental torsion. Inherent tor-
sion can be caused by predictable and measurable sources 
such as asymmetric building geometry and the uneven 
distribution of stiffness, member strength, and building 
mass. [2] Other factors that are difficult or impossible to 
quantify, and their direct consideration in design codes and 
evaluating existing buildings are problematic, are referred 
to as accidental torsion. Accidental torsion accounts for 
discrepancies between the distribution of mass, stiffness, 
and strength in analysis and the actual values at the time 
of an earthquake, torsion due to the earthquake’s rotational 
component, and other sources of torsion. Building codes 
introduce an additional eccentricity to account for acci-
dental torsion. In the “design accidental eccentricity,” four 
additional load cases with changes in the center of mass 
along the x and y axes of all floors in both positive and 
negative directions must be considered [3]. Research by De 
la Llera and Chopra in the early 1990s, based on records 
of three buildings, indicated that the torsion rules based 
on 5% eccentricity were sufficient for the torsional move-
ments observed in the studied buildings during recorded 
earthquakes .[4] However, these movements increased the 
member forces by up to 30% in one of the buildings. The 
results showed that accounting for accidental torsion was 
unnecessary in the design of two of the buildings for the 
recorded earthquakes. The study estimated that the rota-
tional component of the earthquake contributed 25-40% of 
the total accidental torsion in the examined buildings. The 
accidental torsion rule in building codes, especially when 
significant approximations, such as typification in member 
design, are considered, has little impact on member sizing, 
detailing, and connections in these buildings. Buildings are 
rarely affected by the accidental design eccentricity rule .[5] 
Dimova et al. (2003) analytically estimated the dynamic 
effects on symmetric structures due to the displacement of 
the center of mass and its application in seismic design. The 
study results showed that even small eccentricities cause 
irregular behavior in symmetric structures, and using static 
application of torsional moments to account for accidental 
torsion effects is inappropriate. [6] A probabilistic study on 
short-height buildings, showing that the Ductility require-
ment for systems designed with and without accidental 
eccentricity was similar. Ramadan [7] (2008) conducted a 

probabilistic study on eight three-dimensional multi-story 
concrete buildings with symmetric plans under a single 
horizontal earthquake component, showing that acciden-
tal eccentricity significantly affects upper-story floors and 
is often less than the typical 5% value specified in build-
ing codes for floors with more than five upper stories.[8] 
Symmetric and biaxially eccentric reinforced concrete 
moment frame buildings. All buildings were designed for 
three different accidental eccentricities. Results showed 
that with the introduction of ±5% mass eccentricity, the 
Ductility requirement was similar in designed and non-de-
signed buildings. Accidental mass eccentricity is insignifi-
cant when the building response is highly inelastic. [8] The 
effect of the number of upper floors, the dead-to-live load 
ratio, and the number of columns per floor on the amount 
of accidental eccentricity in rectangular and square plan 
buildings with 5 and 10 stories was investigated. [9] The 
results indicated that accidental eccentricity decreases with 
the number of lateral load-bearing members and increases 
with the number of upper floors. The dead-to-live load ratio 
has a minor effect on accidental eccentricity. The quality 
of the SEI/ASCE7 accidental torsion design requirements 
on building failure capacity was evaluated. [10] The results 
showed that the accidental eccentricity rule can be omit-
ted in the seismic design of buildings without significant 
torsional or asymmetrical irregularities.[10] The impor-
tance of accidental eccentricity in symmetrically braced 
steel buildings with 10% and 20% biaxial eccentricities was 
studied.[11] First, the buildings were designed with acci-
dental design eccentricities. Then, all these buildings were 
analyzed under a set of earthquakes that introduced acci-
dental mass eccentricity. The results showed that the design 
of symmetrical plan buildings with biaxial eccentricities of 
10% and 20% using accidental design eccentricity has little 
impact on the inelastic response of the structures.[11] An 
analytical and code review of torsional irregularities in low- 
to mid-rise structures using linear spectral analysis results 
and applying accidental torsion was conducted.[12] The 
building models were reinforced concrete with dual sys-
tems, and the position of shear walls, the number of floors, 
and the number of spans were considered to investigate tor-
sional irregularity in one direction. The study results indi-
cated that the maximum torsional irregularity coefficient 
increases with a decrease in the number of floors. Upper 
floors have lower torsional irregularity coefficients than 
lower floors. The results for floor rotations were opposite to 
those for torsional irregularity coefficients.[12] The effect 
of eccentricity and asymmetry in plans on performance 
levels and results in existing steel buildings with medium 
ductility moment frames could lead to significant dis-
crepancies.[13] The study results indicated up to 18 times 
more rotation for structures with short-term natural peri-
ods. Additionally, the complex shapes of modern buildings 
often lead to irregular distribution of mass, stiffness, and 
strength, which can cause unwanted rotation and weaken 
the building during an earthquake. Based on last research, 
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geometric asymmetry in plans has been less considered in 
design and seismic strengthening codes as a significant fac-
tor in amplifying the seismic response of structures. This 
paper examines the simultaneous effect of eccentricity and 
symmetric and asymmetric plans in at least one direction 
in three states—Accidental torsion, significant torsion, and 
severe torsion—on performance levels and key parameters 
such as structural period and Ductility in these models.

CHARACTERISTICS OF THE STUDIED MODELS 

This section introduces the structural system under 
study, the material properties, and the design method metic-
ulously crafted in strict adherence to national codes and 

building regulations. The models are steel moment frame 
buildings with medium ductility considering eccentricity in 
three states: Accidental torsion, significant torsional irreg-
ularity, and severe torsional irregularity according to the 
standard 2800 fourth edition.[14] These models, with sym-
metric and asymmetric plans as shown in Figures 1 and 2, 
with 5 and 9 floors, totaling 12 models, have been designed.

Tables 1 and 2 introduce the names and dimensions of 
the spans in symmetric and asymmetric plans. The height 
of all floors in the models is 3 meters.

The construction of the models is considered in zoning 
with high relative risk (A = 0.30) and type II land with res-
idential use (I = 1.0). The behavior coefficient is equal to 
5 (R = 5), and the additional resistance coefficient is equal 

Table 1. The name and size of openings in the symmetrical plan in centimeters in X and Y directions

C-D(C-1)-C B-(C-1)(B-1)-BA-(B-1)The name of the opening in the X direction
150250400250150Opening size (cm)
(3-1)-43-(3-1)2-3 (2-1)-21-(2-1)Name of opening in Y direction
150250400250150Opening size (cm)

Table 2. The name and size of openings in the asymmetric plan in centimeters in X and Y directions

-C-D(C-1)-CB-(C-1)A-BThe name of the opening in the X direction
-150250400400Opening size (cm)
(3-1)-43-(3-1)2-3 (2-1)-21-(2-1)The name of the opening in the Y direction
150250400250150Opening size (cm)

Figure 2. Asymmetric plan of 5 and 9 floor models.Figure 1. Symmetric plan of 5 and 9 floor models.
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to 3 (Ω = 3). The time of the prominent periodicity of the 
oscillation in 5-story models with symmetric and asymmet-
ric plans, taking into account the effect of the interframe 
separator in seconds (Tx, Ty=0.488) with the base shear 
coefficient (Cx, Cy=0.15) and also the effect coefficient of 
higher modes (K=1) and the main period of oscillation in 
9-story models with symmetric and asymmetric plans, tak-
ing into account the effect of the interframe separator in 
seconds (Tx, Ty=0.758) with the basic shear coefficient (Cx, 
Cy=0.1040) and also the effect coefficient of higher modes 
for 9-story models (K=1.129) has been calculated and con-
sidered, providing significant insights into the structural 
behavior of the models.

The specifications of the materials used for the steel 
frame and sections of the St-37 type have been selected. For 
loading and design, topic 6 of national regulations[15] and 
standard 2800, fourth edition[14], and topic 10 of national 
regulations, fifth edition [16] have been used. 

The roof system is chosen as a single-sided slab, and the 
dimensions of the sections in the five and 9-story models 
with symmetric and asymmetric plans with random depar-
ture from the centrality are chosen to meet the design cri-
teria based on national regulations for linear analysis from 
ETABS software. 2016 has been used. [17] For example, 
Figure 3 shows the three-dimensional view of the 9-story 
model with an asymmetrical plan. Figure 4 shows the 
three-dimensional view of the 5-story model with a sym-
metrical plan. 

According to paragraph 1-7-1 of plan irregularity of 
clause B of standard 2800, high and severe torsion irregular-
ity is defined in cases where the maximum relative displace-
ment at one end of the building on each floor, including 

accidental torsion ing and assuming a magnification factor 
equal to 1 (Aj=0.1) should be more than 20% of the aver-
age relative displacement at both ends of the building on 
that floor. In these cases, the irregularity is “high,” and in 
cases where this difference is more than 40%, it is described 
as “severe” torsional irregularity.[14] To create other mod-
els, assuming that the models are existing structures in the 
models designed based on national regulations and stan-
dard 2800, according to the criteria for defining high and 
severe torsional irregularity in standard 2800, the fourth 
edition, by making severe changes in the initial models 
and Creation of eccentricity along both axes in symmetric 
and asymmetric plans, other models have been created for 
investigation.

Analysis of Models
After modeling and performing linear analysis and 

design according to national regulations, to investigate 
the effect of distortion and asymmetry on the level of per-
formance and plasticity of the models in three cases with 
departure from accidental torsion, extensive and severe tor-
sional irregularity during an earthquake, Non-linear static 
analysis has been used to obtain the capacity curve of the 
structure. To check the performance level of the structure, 
it is necessary to find the target point on the capacity curve 
of the structure. At this point, the forces and deformations 
of the members for different performance levels should be 
checked. That point is called the change of target location, 
so in this research, the method of determining the coef-
ficients of 360 publication was used for non-linear static 
analysis and obtaining the change of target location. The 
360 revision publication of 2013, a significant resource in 

Figure 4. 3D model of 5 floors with symmetrical planFigure 3. Designed model of 9 floors with asymmetric plan.
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structural engineering, was used for the non-linear speci-
fication of structural members.[18] The models’ non-lin-
ear static analysis (incremental load) has been done with 
ETABS 2016, version 16.2.1 software.[16] After perform-
ing the non-linear static analysis, the performance level of 
the models can be observed according to the outputs. The 
performance level can be checked and observed according 
to the color of the joints formed at the place of the plas-
tic joints. Also, the bearing curves can be used as an inter-
pretable output to calculate the plasticity of the models 
and compare the results. For example, Figure 5 shows the 
capacity curve of a 5-story symmetrical structure with a 
deviation from the center to create an accidental torsion. 
Also, according to Figure 6, the distribution of plastic joints 
in the model with a symmetrical plan of 5 floors is shown 
with a departure from the centrality, which creates a severe 
torsion irregularity in the target location change in one of 
the frames. The formation of a plastic joint at the foot of the 
column in red indicates that the level of safety performance 
has been exceeded. Also, the formation of the green plastic 
joint on axis 3 indicates non-stop performance.

RESULTS AND DISCUSSION

Based on the analyses performed using the results of 
non-linear static analysis of the models, the role of symme-
try and asymmetry in the plan with different percentages of 
departure from the centrality in three modes of accidental 
torsion, high and severe torsion irregularity on the struc-
tural capacity curve, ductility And the performance levels 
of the models in target displacement have been analyzed. 

Based on the results of the analyses, the changes in the 
effective period of vibration of oscillation due to asymmetry 

in the Y direction are shown in Figure 7. The symbol 5-S-
SY denotes the symmetric 5-story building, and the 5-story 
asymmetric building in the Y direction is denoted by 5-S-
ASY. The symbol 9-S-SY denotes the symmetric 9-story 
building, and the 9-story asymmetric building in the Y 
direction is denoted by 9-S-ASY.

According to the analysis results shown in Figure 7, it 
is observed that the presence of asymmetry in one direc-
tion, along with accidental torsion, significantly increases 
the effective period of vibration of oscillation in all models.

As shown in Figure 7, in the 5-story model with a sym-
metric plan in the Y direction with accidental torsion, the 
effective period of vibration of oscillation was 0.72 sec-
onds. The simultaneous effect of introducing asymme-
try and accidental torsion increased the effective period 
of vibration to 0.75 seconds. In the 9-story models with a 
symmetric plan in the Y direction with accidental torsion, 
the effective period of vibration of oscillation was 1.03 sec-
onds. The simultaneous effect of introducing asymmetry 
and accidental torsion increased the fundamental period to 
1.07 seconds. In the 5-story model with a symmetric plan 
in the Y direction with significant torsion, the fundamental 
period of oscillation was 0.98 seconds. The simultaneous 
effect of introducing asymmetry and significant torsion 
increased the effective period of vibration to 1.13 seconds. 
In the 9-story model with a symmetric plan in the Y direc-
tion with significant torsion, the effective period of vibra-
tion of oscillation was 1.6 seconds. The simultaneous effect 
of introducing asymmetry and significant torsion increased 
the fundamental period to 1.9 seconds. In the case of 
severe torsion in the symmetric 5-story model, the effec-
tive period of vibration of oscillation was 0.88 seconds, and 
the introduction of asymmetry in that direction increased 

Figure 6. Distribution of plastic hinge in 
5-story model with a symmetrical plan with 
high torsional irregularity.

Figure 5. The capacity curve of the symmetrical 5-story structure with 
accidental torsion in the X direction irregularity.
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the period to 0.99 seconds. In the 9-story model with a 
symmetric plan in the Y direction with severe torsion, the 
fundamental period of oscillation was 1.53 seconds. The 
simultaneous effect of introducing asymmetry and signif-
icant torsion increased the effective period of vibration to 
1.69 seconds. As illustrated in Figure 7, the slightest change 
in the effective period of vibration of oscillation due to 
asymmetry in the plan was observed in the 5-story model 
with accidental torsion. In contrast, the most significant 
change in the effective period of vibration was observed in 
the 9-story model with significant torsion.

As depicted in Figure 8, the changes in base shear due to 
the introduction of asymmetry in the plan in one direction 
are shown in three conditions: accidental, significant, and 

severe torsion across the models. The abbreviations for the 
models are used similarly to Figure 7 in Figure 8. In all mod-
els, it was observed that introducing asymmetry in the plan 
led to a reduction in base shear. The most negligible impact 
of asymmetry on base shear was in the 9-story model with 
accidental torsion, where the base shear for the symmetric 
model was 697,611 kg, which decreased to 690,829 kg due 
to the introduction of asymmetry—a reduction of 6,782 kg. 
The most significant impact of asymmetry on base shear 
changes was observed in the 5-story model under severe 
torsion. In the symmetric 5-story model, the base shear was 
339,872 kg, and the introduction of asymmetry reduced the 
base shear to 294,767 kg—a decrease of 45,105 kg (equiva-
lent to 45.1 tons).

Figure 8. Changes in base shear due to asymmetry in the Y direction.

Figure 7. Changes in the effective period of vibration of oscillation due to asymmetry in the Y direction.
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One of the most significant effects of asymmetry in 
one direction of the plan is the change in the ductility fac-
tor or simply ductility. A reduction in ductility indicates a 
decline in the building’s performance level. Ductility is one 
of the most critical properties of structures in the nonlinear 
region. As shown in Figure 9, in the 5-story models, intro-
ducing asymmetry in the plan under all three conditions 
(accidental torsion, significant torsion, and severe torsion) 
reduced ductility. In the 5-story model with a symmetric 
plan and accidental torsion, the ductility factor was 5.21. 
Introducing asymmetry in the plan with accidental torsion 
reduced the ductility factor to 4.57, indicating a 1.13-fold 
decrease in ductility compared to the symmetric plan. This 
reduction ratio was 1.17 under significant torsion and 1.43 
under severe torsion. In the 9-story model with a symmet-
ric plan and accidental torsion, the ductility factor was 3.34. 
Introducing asymmetry in the plan with accidental tor-
sion increased the ductility factor to 4.5, showing a 1.34-
fold increase compared to the symmetric plan. However, 
under significant torsion, the ductility remained almost 
unchanged (about 2%), and under severe torsion, instead of 
increasing, it decreased by a factor of 1.38.

The summary of the results of the models related to 
5-story structures with a symmetrical plan that are covered 
in the positive Y direction according to Table 3, and also, 

in this case, the results of the models related to the 5-story 
structures with an asymmetric plan that are covered in the 
positive Y direction and is summarized in Table 4.

By comparing Tables 3 and 4, It is possible to analyze 
the role of symmetry and asymmetry in the 5-story model 
in the positive Y direction of data overlay. The presence of 
asymmetry has caused an increase in the adequate rotation 
time; the highest percentage of increase was related to the 
mode of creating many twists with 15%. Also, asymmetry 
has caused a reduction in base cutting, such as changing the 
target location. The highest percentage of reduction related 
to severe torsion was about 16%. The increase in the target 
location change in high and severe torsion mode is signif-
icant, with an increase of 21 and 30%, respectively, due to 
asymmetry. There was no effect in the accidental torsion 
mode. A significant result is the reduction of ductility in all 
three modes: 25% in the accidental torsion mode, 31% for 
significant torsion, and 43% for severe torsion in models 
with an asymmetric plan. 

According to Table 5, the results of models related to 
9-story structures with symmetrical plans in all three cases, 
percentages of eccentricity that cause accidental, significant, 
and severe torsion and are covered in the negative direc-
tion of the Y axis, are written. In Table 6 of the results, the 
models related to the 9-story structures with asymmetric 

Table 3. Outputs of the 5-story model with a symmetrical plan with PUSH-YP

T(Sec)
Effective 
period of 
vibration

Δt(cm)
Change 
target 
location

V(kg)
Base 
Shear

Δu
Final 
relocation

Δy
Change of 
location of 
elastic limit

μ
ductility

Torsion due to off-center modes

0.7210548315116.622.355.217002accidental torsion (5)
0.9851428670461.0613.354.573783significant torsion (1.2)
0.8881333987267.2713.345.042729severe torsion (1.4)

Figure 9. Changes in ductility due to asymmetry in the Y direction.
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plans covered in the negative direction of the Y axis were 
collected for all three eccentricity cases.

By comparing Tables 5 and 6, It is possible to analyze 
the role of symmetry and asymmetry in the 9-story model, 
which is covered in the negative direction of Y. The exis-
tence of asymmetry has caused an increase in the Effective 
period of vibration; the highest percentage of increase was 
related to the mode of creating many twists, with 18%. Also, 
asymmetry has caused a reduction in base cutting, such 
as changing the target location. The highest percentage 
of reduction related to severe torsion was about 9%. The 
increase in the target location change in high and severe 
torsion mode is significant, with an increase of 22% and 
12%, respectively, and with a lesser effect in the acciden-
tal torsional mode. The significant result is the reduction 
of ductility in both modes, 34% in the accidental torsion 
mode and 34% for severe torsion. 36% increase is less than 
3% for significant torsion models with asymmetric plans.

Figure 10 shows capacity curves of 9-story models in 
four off-center states with symmetric and asymmetric 

plans, which significantly differ in performance, plasticity, 
and other parameters.

According to Figure 7, the capacity curves of the 9-story 
asymmetrical plan model with high torsional irregular-
ity showed lower performance, ductility, and base shear 
compared to the 9-story symmetrical plan model with 
Accidental torsion. The impact of asymmetry in the plan is 
evident as an influential factor. The capacity curves of the 
5-story models for all four eccentricity scenarios with sym-
metrical and asymmetrical plans, which showed significant 
differences in performance, ductility, etc., are illustrated in 
Figure 8, highlighting the contrast and its implications.

According to Figure 11, the capacity curves of the 
5-story asymmetrical plan model with high torsional irreg-
ularity showed lower performance, ductility, and base shear 
than those of the 5-story symmetrical plan model with 
Accidental torsion. The impact of asymmetry in the plan as 
an influential factor in the non-linear behavior of the mod-
els is evident.

Table 4. Outputs of the 5-story model with an asymmetric plan with PUSH-YP

T(Sec))
Effective 
period of 
vibration

Δt(cm)
Change 
target 
location

V(kg)
Base 
Shear

Δu
Final 
relocation

Δy
Change of 
location of 
elastic limit

μ
ductility

Torsion due to off-center modes

0.7531052499962.51154.167333accidental torsion (5)
1.1331724995646.7613.363.5significant torsion (1.2)
0.9911729476746.7713.253.529811severe torsion (1.4)

Table 5. Outputs of the 9-story symmetrical structure model with PUSH-YN

T(Sec))
Effective 
period of 
vibration

Δt(cm)
Change 
target 
location

V(kg)
Base 
Shear

Δu
Final 
relocation

Δy
Change of 
location of 
elastic limit

μ
ductility

Torsion due to off-center modes

1.031669761166.8919.973.349524accidental torsion (5)
1.62728641580.862124.00983.367879significant torsion (1.2)
1.5362631806699.6619.984.987988severe torsion (1.4)

Table 6. Outputs of the 9-story asymmetric structure model with PUSH-YN 

T(Sec))
Effective 
period of 
vibration

Δt(cm)
Change 
target 
location

V(kg)
Base 
Shear

Δu
Final 
relocation

Δy
Change of 
location of 
elastic limit

μ
ductility

Torsion due to off-center modes

1.0761769082989.8719.934.509282accidental torsion (5)
1.9043326421092.0426.63.46015significant torsion (1.2)
1.6952929176472.2519.96593.61867severe torsion (1.4)
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CONCLUSION 

This study, which is one of the first of its kind, inves-
tigated the combined effect of geometric asymmetry 
in one direction with the effect of eccentricity in three 
states—accidental torsion, significant torsion, and severe 
torsion—as influencing factors on performance levels and 
vital parameters such as ductility, effective period, and dis-
tribution of plastic hinges in existing medium steel moment 
frame buildings. The ductility was analyzed through a rig-
orous non-linear static analysis for 5-story and 9-story 
models with symmetrical and asymmetrical plans under 
three eccentricity scenarios (Accidental torsion, significant 
torsion irregularity, and severe torsional irregularity). The 
results showed that symmetry and asymmetry in the plan 
significantly affect the performance levels, ductility, and 
seismic response due to torsion, which is more pronounced 
in 5-story buildings. A notable 43% reduction in ductility 
was observed due to asymmetry in the severe torsional 
irregularity scenario compared to the symmetrical sce-
nario. Additionally, the reduction in damage control range 
in the performance of these models is significant.

Urgent further studies on models with asymmetry in 
two directions are strongly recommended. Moreover, other 
steel and concrete buildings with different ductility levels and 

heights should be examined. Based on the research findings, 
an influential parameter called the asymmetry coefficient 
should be incorporated into the seismic design and retrofitting 
guidelines to reduce structural performance and non-linear 
analysis results. This study serves as the initial research in this 
area, and future studies on systems with two-directional asym-
metry will be presented in upcoming publications.
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Sigma J Eng Nat Sci, Vol. 44, No. 1, pp. 83−92, February, 202692

STATEMENT ON THE USE OF ARTIFICIAL 
INTELLIGENCE 

Artificial intelligence was not used in the preparation 
of the article.

REFERENCES

	 [1]	 De la Llera JC, Chopra AK. Evaluation of code acci-
dental-torsion provisions using earthquake records 
from three nominally symmetric-plan buildings. 
Earthq Eng Res Cent Rep UCB EERC-93/09. 
Berkeley (CA): Univ California; 1993.

	 [2]	 De la Llera JC, Chopra AK. Evaluation of code acci-
dental-torsion provisions from building records. J 
Struct Eng 1994;120:597–616. [CrossRef]

	 [3]	 CEN. Eurocode 8: Design of structures for earth-
quake resistance. Part 1: General rules, seismic 
actions and rules for buildings. EN 1998-1:2004. 
Brussels: Eur Comm Stand; 2004.

	 [4]	 Chopra AK, De la Llera JC. Accidental torsion 
in earthquake response and design of buildings. 
In: Proc 11th World Conf Earthq Eng; Acapulco, 
Mexico. Paper No. 580; 1996.

	 [5]	 Dimova SL, Alashki I. Seismic design of symmetric 
structures for accidental torsion. Bull Earthq Eng 
2003;1:303–320. [CrossRef]

	 [6]	 De la Colina J, Almeida C. Probabilistic study on 
accidental torsion of low-rise buildings. Earthq 
Spectra 2004;20:25–41. [CrossRef]

	 [7]	 Ramadan OMO, Mehanny SSF, Mostafa A. 
Revisiting the 5% accidental eccentricity provision 
in seismic design codes for multi-story buildings. In: 
Proc 14th World Conf Earthq Eng; Beijing, China. 
Paper No. S10-038; 2008.

	 [8]	 Stathopoulos KG, Anagnostopoulos SA. Accidental 
design eccentricity: Is it important for the inelastic 

response of buildings to strong earthquakes? Soil 
Dyn Earthq Eng 2010;30:782–797. [CrossRef]

	 [9]	 De la Colina J, Valdes J, Velazquez M. Effect of the 
number of upper floors, dead-to-live load ratio and 
number of columns per floor on accidental eccen-
tricity. Earthq Eng Struct Dyn 2011;40:123–140.

[10]	 DeBock DJ, Liel AB, Haselton CB, Hooper JD, 
Henige RA Jr. Importance of seismic design acci-
dental torsion requirements for building collapse 
capacity. Earthq Eng Struct Dyn 2014;43:831–850. 
[CrossRef]

[11]	 Anagnostopoulos SA, Kyrkos MT, Stathopoulos 
KG. Earthquake induced torsion in buildings: 
Critical review and state of the art. Earthq Struct 
2015;8:305–377. [CrossRef]

[12]	 Sannati B, Ahmadi J. Analytical and regulatory 
review of torsional irregularities in short to tall 
structures. Anal Struct Earthq 2017;13:39–49.

[13]	 Rezaei MR. Evaluation of rotation effects in steel 
structures with irregular plan under earthquake 
in project management. Int J Supply Chain Manag 
2020;9:945.

[14]	 Standard 2800. Iranian code of practice for seismic 
resistant design of buildings. 4th ed. Tehran: Hous 
Urban Dev Res Cent; 2013.

[15]	 Natl Build Regul Iran. Loads for buildings. Chapter 
6. 4th ed. Tehran: Build Hous Res Cent; 2018.

[16]	 Comput Struct Inc. ETABS: Integrated building 
design software. Version 16.2.1. Berkeley (CA): CSI; 
2016.

[17]	 Irans Natl Constr Regul. Steel structures. Chapter 
10. 5th ed. Tehran: Build Hous Res Cent, Min Hous 
Urban Dev; 2021.

[18]	 Instruction 360. Guidelines for seismic rehabilita-
tion of existing structures. 2nd rev. Tehran: Hous 
Urban Dev Res Cent; 2013.

https://acikerisim.istinye.edu.tr/xmlui/handle/20.500.12713/3242
https://covid19.saglik.gov.tr/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2649057
https://econpapers.repec.org/article/eeeenepol/v_3a149_3ay_3a2021_3ai_3ac_3as0301421520308168.htm
https://kaggle.com/muhammadkhalid/sign-language-for-numbers Accessed on Feb 06
https://doi.org/10.3390/su11071982

