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Abstract. To avoid irregularities in buildings, design codes worldwide have introduced detailed guidelines for their
check and rectification. However, the criteria used to define and identify each of the plan and vertical irregularities are
specific and may vary between codes of different countries, thus making their implementation difficult. This short
communication paper proposes a novel approach for quantifying different types of structural irregularities using a
common parameter named as unified identification factor, which is exclusively defined for the columns based on
their axial loads and tributary areas. The calculation of the identification factor is demonstrated through the analysis of
rectangular and circular reinforced concrete models using ETABS v18.0.2, which are further modified to generate
plan irregular (torsional irregularity, cut-out in floor slab and non-parallel lateral force system) and vertical irregular
(mass irregularity, vertical geometric irregularity and floating columns) models. The identification factor is calculated
for all the columns of a building and the range within which the value lies is identified. The results indicate that the
range will be very wide for an irregular building when compared to that with a regular configuration, thus implying a
strong correlation of the identification factor with the structural irregularity. Further, the identification factor is
compared for different columns within a floor and between floors for each building model. The findings suggest that
the value will be abnormally high or low for a column in the vicinity of an irregularity. The proposed factor could
thus be used in the preliminary structural design phase, so as to eliminate the complications that might arise due to the
geometry of the structure when subjected to lateral loads. The unified approach could also be incorporated in future
revisions of codes, as a replacement for the numerous criteria currently used for classifying different types of
irregularities.
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1. Introduction

There is an increasing demand for asymmetric/irregular buildings due to obvious reasons such
as aesthetic and utility considerations. However, seismic codes across the world insist on
eliminating irregularities by modifying architectural planning and structural configurations.
According to reports on past earthquakes such as the 1985 Mexican earthquake by Esteva (1987)
and the 1994 Northridge earthquake by Mitchell et al. (1995), large portions of the structures that
failed were characterized by significant irregularities. Moreover, the collapse probability of
buildings with plan or vertical irregularities has been found to be higher than that of regular
buildings (Mouhine and Hilali 2022a, 2022b, Ghanem et al. 2024). A few buildings with
structural irregularity, including those that were severely damaged during past earthquakes are
shown in Figs. 1 and 2.

The design and response of asymmetric buildings under earthquake excitations has been an
active area of research for long. Initially, most studies considered only the elastic response of
buildings. However, studies shifted from elastic to inelastic response of systems following the
contributions made by Goel and Chopra (1991) who evaluated the inelastic response of one-storey
systems. Valmundsson and Nau (1997) studied the seismic behaviour of two-dimensional multi-
storied buildings having mass, stiffness and strength irregularities, and observed that reducing the
strength of the first storey by 20% increased the ductility demand by 100-200%. Even though
numerical studies have expanded to multi-storey structures with the aid of finite element software
capable of non-linear modelling, the predicted results are greatly influenced by the modelling
assumptions. Researchers have carried out numerical and experimental studies on various types of
irregularities (Chunyu et al. 2012, Bosco et al. 2015, Haque et al. 2016, Abdel Raheem et al. 2018,
Firoj and Singh 2018, Habibi ef al. 2019, Ahmed et al. 2021, Vielma-Quintero et al. 2024) and it
has been concluded that during an earthquake, damage/failure starts from the weakest points that
arise due to the irregularities in the structure (Ravikumar et al. 2012).

Although a structure may possess a combination of irregularities, most studies in the past have
focussed on a single irregularity, which may not result in an accurate prediction of seismic
response. In this regard, Naveen et al. (2019) studied the seismic response of reinforced concrete
structures possessing single irregularity/various combinations of irregularities. It was observed that
although the presence of a single irregularity amplified the seismic response, a combination of
certain irregularities such as re-entrant corners and vertical geometric irregularities showed less
displacement response. Wang et al. (2018) carried out seismic risk analysis on an industrial
building and identified that a combination of mass and vertical irregularities increased the collapse
risk. Hence, the influence of a particular irregularity on the seismic response of a building may be
attributed to several factors including the size or proportion of the irregularity, its location in the
building, presence of other irregularities, etc. (Nady ef al. 2022). Experiences from past
earthquakes have prompted design codes to incorporate separate provisions on structural
irregularity. However, the parameters considered for plan and vertical irregularities by various
codes across the world may be same or different, as shown in Table 1. In certain codes like the
European seismic code, EN 1998-1 (2004), most of the criteria for classifying buildings as regular
are qualitative (Alecci et al. 2019).

The current guidelines on structural irregularity across the world consider a building model to
be simple and assume one irregularity at a time. Moreover, frequent revisions and amendments of
the guidelines and their lack of clarity have made it difficult for engineers and analysis software to
check for each of the irregularities and avoid them in real projects. For instance, the torsional
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Failure of apartment building in Vina del Mar, Building with excessive cut-outs (Portland
Chile due to torsional irregularity, 1985 Mexican Cement Association 2006)
earthquake (Wood et al. 2002)
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Plan with non-parallel lateral force system, Concrete roof of a high school damaged due
damaged during 2011 Van earthquake (Bikce and to stress concentration at re-entrant corner,
Celik 2016) 1964 Alaska earthquake (FEMA 454 2006)

Fig. 1 Examples of plan irregularity

irregularity guidelines of IS 1893-Part 1 (2016) are defined in terms of the maximum and
minimum displacements at the two ends of a building. However, for buildings without definite
edges, the criterion may not be appropriate. Similarly, buildings with excessive cut-outs are
defined using a single cut-out which is regular in shape. In actual scenario, the shape of the cut-out
may vary in addition to being scattered in plan. Furthermore, researchers have pointed out the
inadequacy of seismic codes with respect to the provisions of structural irregularity. For example,
the validity of torsional irregularity provisions of different seismic codes has been controversial for
quite long and researchers have pointed out deficiencies associated with the drift-based and
displacement-based torsional irregularity criteria (Ozhendekci and Polat 2008, Ozmen et al. 2014,
Anagnostopoulos et al. 2015, Zhang et al. 2016, Alecci et al. 2019, Athanatopoulou and Manouka
2021, Alaa ef al. 2022, Akshara et al. 2024). Nevertheless, most seismic codes continue with the
existing formulations.
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Collapse of half portion of Mansi complex due to Failure of Olive View Hospital due to vertical
presence of massive swimming pool at 10" floor, geometric irregularity, 1971 San Fernando
2006 Bhuj earthquake (Agarwal and Shrikhande earthquake (FEMA 454 2006)

Damage of apartment due to floating columns, Collapse of ground floor of apartment due to soft
2006 Bhuj earthquake (Agarwal and Shrikhande storey, 2006 Bhuj earthquake (Agarwal and
2011) Shrikhande 2011)

Fig. 2 Examples of vertical irregularity

In order to reduce the complexity associated with the numerous parameters and criteria for the
seismic analysis and design of irregular buildings, Archana and Akbar (2021) pointed out that
similar to permissible range of values existing for vital signs in a human body (such as body
temperature, pulse rate, respiratory rate, blood pressure), a range of values could be identified after
the finalization of vital signs in buildings (Fig. 3). Nevertheless, common parameters to define and
detect irregularities in buildings have not yet been established. Therefore, the purpose of this paper
is to propose a simplified approach for the definition and detection of structural irregularity in
buildings, which could be adopted by seismic codes across the world as a replacement of the
numerous guidelines that exist at present. A parameter named as unified identification factor (UIF)
is defined to distinguish columns that are in close proximity of irregularities, which may result in
unfavourable seismic behaviour. As a result, columns with extreme values of UIF can be identified



Table 1 Parameters considered for structural irregularity by different codes
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Type of irregularity and parameter

ASCE 7-16/ USA

BNBC: 2017/ Bangladesh

EN 1998-1: 2004/ Europe

GB 5001: 2010/ China

IS 1893 (Part 1): 2016/ India

KBC: 2009/ Korea

NBC 105: 2020/ Nepal

NBC: 2020/ Canada

NEHRP 2020/ USA

NSCP: 2010/ Philippines

SI1413: 1995/ Israel

TSC: 2007/ Turkey

UBC: 1997/ USA

Plan 1rregularity

Torsional irregularity

Displacement

Storey drift

Torsional frequency

Eccentricity and torsional radius
Re-entrant corners

Dimension of projection

Cut-out irregularity (diaphragm
discontinuity)

Area of openings

Diaphragm stiffness

Out of plane offsets in vertical elements
Out of plane offsets of walls/ frames
along building height

Non-parallel lateral force system

Orientation of lateral force resisting
systems
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Vertical irregularity

Stiffness irregularity (soft storey)
Lateral stiffness

Storey drift

Mass irregularity

Effective mass of storey

Seismic weight

Vertical geometric irregularity

Horizontal dimension of lateral force
resisting systems

In-plane discontinuity in vertical
elements

In plane offset of lateral force resisting
elements

Lateral stiffness

Strength irregularity (weak storey)
Lateral strength of storey
Inter-storey shear capacity
Effective shear area

Irregular modes of oscillation
Mass participation factor

Fundamental lateral natural period

\
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Lateral
displacement
of diaphragm
centre with
increasing
storeys

Average
support
reaction per

Distance
between
centre of mass
and centre of
rigidity

Time period

Fig. 3 Vital signs proposed by Archana and Akbar (2021) for quantifying irregularities in buildings

and subsequently, the designer can modify the structural configuration in those locations, in order
to bring the UIF values to the desired range. The proposed parameter will thus help in eliminating
critical irregularities prior to detailed design.

2. Numerical modelling

The concept of the unified identification factor (UIF) is demonstrated through the analysis of a
series of irregular reinforced concrete building models, carried out using ETABS v18.0.2. The 3D
models are generated using rectangular beams and columns modelled as frame elements, with rigid
beam-column joints. Slabs are modelled as four-noded thin shell elements. The other modelling
assumptions are shown in Table 2. A rectangular model of grid size 4.5 mx4.5 m (BM 1) and a
circular model with 4.5 m long beams along the radial direction (BM 2) are defined as base models.
The plan and 3D views of the base models are shown in Figs. 4 and 5 respectively. In addition to
self-weight, a superimposed dead load (SDL) of 1 kN/m? and live load (LL) of 4 kN/m?, as per IS
875-Part 2 (1987) are applied on all floors. The irregular models are obtained by modifying the
base models and by maintaining symmetry about X axis. Since the plan aspect ratio is less than 3
for all the models, they are considered to provide rigid diaphragm action as per 1893-Part 1 (2016).
Three plan irregularities (torsional irregularity, cut-out in floor slab and non-parallel lateral force
system) and three vertical irregularities (mass irregularity, vertical geometric irregularity and
floating columns) are considered in this study. Further, it is ensured that the models are irregular as
per conditions of IS 1893-Part 1 (2016) presented in Fig. 6.

To generate torsional irregularity, the live load on one side of the base models is maintained as
4 kN/m?, whereas the live load on the other side is increased to 15 kN/m? for all the floors, as
shown in Fig. 7. This induces an eccentricity (distance between the centre of mass and centre of
rigidity) of 2.3 m and 1.2 m for the rectangular (TI 1) and circular (TI 2) models respectively.
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Table 2 Modelling assumptions

Property

Description

Grade of concrete
Grade of steel
Slab thickness

Number of stories
Storey height

Floor diaphragm
Support condition
Seismic zone factor, Z
Importance factor, I
Response reduction factor, R
Soil type
Damping ratio

M 30 (IS 456 (2000))
Fe 500 (IS 1786 (2008))
150 mm
5
3m
Rigid
Fixed at base
0.36 (zone V)

1
3
II (medium stiff)
5%

9 bays @ 4.5 m

9bays @ 4.5 m

@

(b)

Fig. 4 Plan of base models (a) BM 1 and (b) BM 2

Further, a building is classified as torsionally irregular when

Smax - 77 (1)

avg
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(b)
Fig. 5 3D view of base models (a) BM 1 and (b) BM 2

AmaxtAmin A
2 b
the direction of lateral force) at the two ends of the floor diaphragm respectively. The floor

displacements obtained from dynamic analysis are used to calculate the torsional irregularity
coefficient (TIC) defined in Eq. (1) The results are furnished in Table 3, and it may be seen that for
both the rectangular (TI 1) and circular (TI 2) models, the TIC values are greater than 1.2 and
hence they are torsionally irregular.

A building is said to have cut-out irregularity when the floor slabs have openings of area
(located near the centre of the slab) more than 50% of the full area of the floor slab. However, the
percentage opening is limited to 10% when it is located along any edge of the slab. In this study,
cut-out irregularity is introduced by providing an opening near the edge of the floor slab (in all
floors) of the base models, as shown in Fig. 8. The percentage opening is approximately 18.5%
and 11.1% for the rectangular (CO 1) and circular (CO 2) models respectively.

When the lateral force resisting systems are not oriented along two plan directions that are
orthogonal to each other (non-parallel lateral force system), it results in instability and torsion in
the event of an earthquake. To obtain such an irregularity, the base model (BM 1) is modified by
reducing the bay width at top of the plan to 2.5 m and maintaining the bay width at bottom and left
portion of the plan as 4.5 m. Plan of the model with non-parallel lateral force system (NP 1) is
shown in Fig. 9.

Mass irregularity shall be considered to exist, when the seismic weight of any floor is more
than 150% of that of the adjacent floor. To induce mass irregularity, the live load on the 1%, 3™ and
5™ floors of the base models is increased to 15 kN/m?2, as shown in Fig. 10. The increased seismic
weight is thus 375% of that of the adjacent floors, on which the live load is 4 kN/m? The assumed
higher live load of 15 kN/m? for the torsional and mass irregular models is intended to
accommodate various functional demands such as heavy equipment storage, plant rooms or
swimming pools.

where Agyg= max and Ay, are the larger and smaller horizontal displacements (in
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Fig. 6 Conditions for irregularity as per IS 1893-Part 1 (2016)
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Fig. 7 Plan of torsional irregular models (a) Tl 1 and (b) T1 2
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(b)

(a)
Fig. 8 Plan of cut-out irregular models (a) CO 1 and (b) CO 2

25m

|
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e
45m

(typ)
Fig. 9 Plan of model with non-parallel lateral force system (NP 1)
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Fig. 11 3D view of models with vertical geometric irregularity (a) GI 1 and (b) GI 2



112

Table 3 Calculation of torsional irregularity coefficient
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Model  Storey Load combination Apax (Mm)  Apin (mm)  Agye (mm) (Amil/iav )
5 35.34 21.66 28.50 1.24
4 32.02 19.63 25.83 1.24
3 DL+SDL+EQy 25.96 15.92 20.94 1.24
2 17.63 10.80 14.22 1.24
TI1 1 7.82 4.79 6.31 1.24
5 28.27 17.33 22.80 1.24
4 25.61 15.71 20.66 1.24
3 DL+SDL+0.8LL+0.8EQy 20.77 12.74 16.76 1.24
2 14.10 8.64 11.37 1.24
1 6.26 3.83 5.05 1.24
5 37.67 23.15 30.41 1.23
4 33.86 20.81 27.33 1.23
3 DL+SDL+(EQy+0.3EQx) 27.08 16.66 21.87 1.23
2 17.86 11.02 14.44 1.23
TI2 1 7.39 4.56 5.98 1.23
5 30.13 18.50 24.32 1.23
4 27.08 16.63 21.86 1.23
3 DL+SDL+0.8LL+0.8(EQy+0.3EQx) 21.68 13.31 17.50 1.23
2 14.28 8.78 11.53 1.23
1 5.91 3.64 4.78 1.23
L
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Fig. 12 Plan (at storey 1) of floating column models (a) FC 1 and (b) FC 2
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Vertical geometric irregularity is defined to exist when the horizontal dimension of the lateral
force-resisting system in any storey is more than 125% of that of the adjacent storey. In this study,
the geometric irregular models are obtained by removing certain bays symmetrically from all sides
of the base models (Fig. 11). For NP 1, the lateral dimension of the 4™ floor (22.5 m) is 166.7% of
that of the 5™ floor (13.5 m). Similarly, for NP 2, the lateral dimension of the 4™ floor (18 m) is
200% of that of the 5™ floor (9 m).

Floating columns cause sudden deviations in the load path and hinder the transfer of lateral
forces to the foundation. Such columns are usually discontinued at the ground storey, resulting in
an increased demand on the surrounding columns that are continuous till the foundation. Certain
columns are removed from the ground floor of the base models, as shown in Fig. 12, to produce
the rectangular (FC 1) and circular (FC 2) models with floating columns.

3. Results and discussions

The unified identification factor (UIF) is developed in order to identify and eliminate any
undesirable irregularity during the planning stage of a building. Since the factor is aimed to be
used as an initial check, it is developed based on gravity load analysis. Column numbering (which
is used for interpretation of results) is consistent for all models, as shown in Fig. 13.

3.1 Definition of UIF

After analysis, the beams and columns are checked with respect to limit state of strength as per
IS 456 (2000). Thereafter, the axial load (P) is extracted for the columns of all 5 stories,
corresponding to the load combination 1.5 (DL+SDL+LL). The axial force diagrams obtained
from ETABS, for a plan irregular model (TI 1) and a vertical irregular model (GI 1) are shown in
Fig. 14. A parameter called unified identification factor (UIF) is defined as shown in Eq. (2).

)2)
AXn

UIF =

2)

where A4 is the tributary area from which the column receives load and » is the number of floor
slabs above the considered column. Tributary area for a column is the area of the floor that directly
transfers its load to that specific column. For calculating the tributary area, the largest floor area
amongst all floors of the building is considered without deducting any cut-out area within the slab.
The total area is then distributed to the different columns supporting the floor using the tributary
area approach. For accurate prediction of tributary areas, the ETABS models are imported into the
BIM software, Visicon which displays the load path and subsequently calculates and reports the
tributary area for each column. For illustration, Fig. 15 highlights the cumulative tributary area on
the columns around the slab opening for the cut-out irregular models. The area marked in red has
to be shared exclusively by the columns enclosing the opening (marked in yellow), resulting in
large tributary areas for those columns.

3.2 Implementation using Python

The calculation of UIF for all columns becomes laborious and time-consuming for large
projects. Hence, a Python code is written using Jupyter Notebook for easy implementation of the
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91 C92 "93 C94 95 96 C97 98 C99 C100

C81 C82 83 C84 85  4C86 C87 88 JC89 JC90

71 C72 73 C74 75 76 C77 78 C79 C80

61 C62 63 C64 65 66 C67 68 4C69 4C70

C51 C52 53 C54 55 56 C57 58 4CS9  4C60

41 C42 ’43 C44 45 46 C47 48 C49  LC50

31 C32 33 C34 35 "36 C37 38 4C39 JC40
C21 C22 C23 C24 C25 C26 27 C28 29 30

C11 C12  JC13 C14 15 C16 C17 18 C19 20

C1 C2 3 C4 S 6 C7 8 C9 C10

(b)

Fig. 13 Column layout in plan for (a) rectangular and (b) circular models

proposed methodology. The CSI ETABS API (Application Programming Interface which is a
package available for interaction with ETABS) is connected to the running instance of the desired
ETABS model. Further, the Python code is integrated with the ETABS model, which finally
displays the interactive 3D model to view the UIF values of different columns. The output
generated for the rectangular base model (BM 1) is shown in Fig. 16. The code can be modified
for viewing the UIF values of one particular floor/column to obtain more insights. The authors are
further working towards creating a plugin within ETABS for exporting tributary areas and UIF
values.
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(b)
Fig. 14 Axial force diagram of interior grid (in kN) for 1.5 (DL+SDL+LL) (a) TI 1 and (b) GI 1

(b)

(a)
Fig. 15 Tributary areas from Visicon (a) CO 1 and (b) CO 2
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Fig. 16 Interactive 3D model to view UIF values

3.3 Range of UIF

Once the UIF is calculated for all the columns, the maximum and minimum values are
identified for each model and plotted. Table 4 shows the computation of maximum and minimum
values of UIF. The columns that produce maximum/minimum values of UIF and the corresponding
storey in which these columns are present are also included in the Table.

As shown in Fig. 17, the values of UIF for the base models, which are regular in configuration,
lie within a very narrow range, whereas for all other models which are irregular, the values are
within a very wide range. This indicates that there is a strong relationship between the UIF range
and structural irregularity. The extent of irregularity in a building can thus be understood from the
range of values of UIF.

3.4 Comparison of UIF between columns

For additional insights on various irregularities, the UIF values of individual columns are
examined for each irregular model and compared with the corresponding base model. The results
for selected columns across the 5™ floor (for plan irregular models) and elevation (for vertical
irregular models) are summarized in Figs. 18 and 19 respectively. For the torsional irregular
models, three columns of an interior frame are considered. As the live load increases from 4 to 15
kN/m?, the axial load also increases, thus resulting in higher values of UIF for the columns on the
right side. For cut-out irregularity, UIF values of the columns around the opening are plotted.
Large tributary areas on these columns lead to exceptionally low values of UIF. In the non-parallel
lateral force system, the UIF value of the top bay corner column is comparatively high as it has the
lowest tributary area.
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Table 4a Calculation of maximum and minimum values of UIF for rectangular models
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l\rf;niil Column number Storey P (kN) A (m?) n I\éllfslrgzl)[: I\(/Il:,r\]l/g;;:
BM 1 C1, C10, C91, C100 2 398.27 5.06 4 19.67
C34, C37, C64, C67 5 314.61 20.25 1 15.54
TI1 C10, C100 3 541.78 5.06 3 35.67
C34, C64 5 313.21 20.25 1 15.47
co1 C10, C100 2 399.92 5.06 4 19.75
C50, C60 5 29.36 30.38 1 0.97
NP 1 C100 2 333.49 2.94 4 28.38
C24 5 287.26 18.25 1 15.74
MI 1 C12, C19, C82, C89 5 687.00 20.25 1 33.93
C12, C19, C82, C89 4 969.74 20.25 2 23.94
Gl 1 C45, C46, C55, C56 5 341.58 20.25 1 16.87
C23,C28,C73,C78 4 81.02 126.56 2 0.32
C35, C36, C44, C47,
FC 1 C54, C57, C65, C66 2 1963.01 20.25 4 24.23
C45, C46, C55, C56 2 15.91 20.25 4 0.20
Table 4b Calculation of maximum and minimum values of UIF for circular models
'\rf;riil Column number Storey P (kN) A (m?) n I\?I?S/rgzl)': '\(/Ik':\]llx;;:
BM 2 C10 2 1078.86 13.14 4 20.52
C37 5 257.54 16.28 1 15.82
12 Cc2 3 1454.78 13.14 3 36.90
C22 4 707.11 21.66 2 16.32
CO2 Cc2 2 1087.83 13.14 4 20.70
C4 5 56.40 20.3 1 2.78
MI 2 C10 5 452.97 13.14 1 34.47
C37 4 751.07 16.28 2 23.07
Gl 2 C37 5 343.93 16.28 1 21.13
C25 5 75.43 45.60 1 1.65
FC o C1 2 1479.20 13.14 4 28.14
Cc8 2 20.25 13.14 4 0.39

For mass irregularity, columns (typical) that give maximum values of UIF are examined. Since
the axial load increases significantly, the UIF values are higher for columns across all stories. In
models with vertical geometric irregularity, since the selected columns are corner/edge columns in
the 5" storey alone, a sudden fall is seen in the UIF values from the 4™ to 5™ storey. In models with
floating columns, the floating columns are seen to have very low UIF values in all stories.
However, the UIF values of columns adjacent to the floating columns are significantly high. This
is mainly because of the load redistribution due to the presence of floating columns. It is also
found that for all the analysed models, columns away from the irregularity have UIF values nearly
equal to that of the base models. The wide range of UIF values for the irregular models (discussed
in section 3.3) can hence be attributed to the columns in close proximity to the irregularity.
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3.5 Proposed extension of UIF

In wake of the 2023 Turkey earthquakes (Garini and Gazetas 2023), novel techniques have
been developed to identify irregularities in buildings and assess their seismic vulnerability, using
image processing and artificial neural network methods (Akan et al. 2023, Saadati and Moghadam
2023). The motivation behind this paper is to envisage the need for a single parameter to define
any type of structural irregularity in buildings. Although the proposed formula for the unified
identification factor (UIF) may have its limitations, the aim is to introduce the concept of the
unified approach to the research community. Consequently, the idea could be adopted by future
researchers to rework on the UIF and develop a more refined formula. In order to extend the
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applicability of UIF, the first three authors of this paper are continuing research taking into account
certain key aspects which are illustrated in Fig. 20 and discussed below:
e The definition of UIF has been formulated by considering certain irregularities defined as
per IS 1893-Part 1 (2016). Extension of the work, considering other plan and vertical
irregularities, will give a better understanding of the relevance of UIF to systems that
demonstrate any kind of irregular behaviour.
e As discussed in section 1, a combination of certain irregularities may increase/decrease the
earthquake demands on the structure. Case studies considering buildings with combination of
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irregularities along with complex geometries will validate the suitability of UIF to real-life
structures.

e The formula for UIF is defined using the axial load on columns under gravity loading.
However, the effects of bi-axial moments are known to increase the vulnerability of columns
when subjected to seismic loads (Marusic and Fajfar 2005, Gwalani et al. 2022). Hence, the
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formula can be further modified to incorporate bi-axial moments. Also, the definition of
tributary area adopted by the authors can be refined by inputs from other researchers.

o Certain irregularities such as re-entrant corners cause local stress concentration and torsion-
related problems during earthquakes, which have not been examined in this study. The
inclusion of bi-axial moments may incorporate these effects. However, further investigation is
required in order to arrive at conclusions. Similarly, buildings with dual systems (Murty 2005)
commonly used in high seismic zones are to be explored.

e A website can be developed for use by design firms, to generate the least irregular model for
an input architectural plan, using artificial intelligence techniques.

4. Conclusions

The fact that irregular buildings suffer higher levels of damage than their regular counterparts
has been recognized in seismic codes across the world through specific guidelines on each of the
plan and vertical irregularities. However, the complexities associated with these guidelines in
addition to frequent revisions often tempt the designers to disregard the irregularity checks during
the design stage. In this paper, a new parameter called unified identification factor (UIF) is defined
so as to identify the presence of any irregularity within a floor or along the height of a building,
during the planning stage. Based on the results, the most important conclusions of the study are as
below:

* The proposed parameter is a strong indicator regarding the extent of structural irregularity in a
building. The key aspect of the approach is that the UIF of columns of a regular building will
be in a narrow range, when compared to that of an irregular building.

* As a practical application, for large projects, columns with high or low values of UIF can be
identified, and such locations can be examined in detail. Necessary modifications like
inclusion of additional columns, increasing the dimensions of beams/columns or revising the
plan can be done, in order to bring the UIF values within the desired range. Consequently, the
extent of structural irregularity can be minimized.

* The UIF can be used prior to detailed engineering in real projects, so as to eliminate large
irregularities and the consequences associated with seismic behaviour. However, further
investigations may be taken up by the research community in order to increase the scope of
application of this simplified approach. The final outcome may be useful for incorporation in
building codes.
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Abbreviations

DL Dead load

SDL Superimposed dead load

LL Live load

TIC Torsional irregularity coefficient
UIF Unified identification factor

P Axial load

Tributary area
n Number of floor slabs above a column

BM
TI
CcO
NP
MI
GI
FC

Base model

Torsional irregularity

Cut-out in floor slab
Non-parallel lateral force system
Mass irregularity

Vertical geometric irregularity

Floating column





