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1. INTRODUCTION

Modern construction demands the architect to plan 
irregular buildings in plan and elevation Sakale et al (2014). A 
geometrically symmetric building may behave as an asymmetric 
structure due to the irregular distribution of mass, stiffness, 
and strengths. In practice, planning a regular layout may not be 
possible on all occasions due to the irregular shape of building 
sites in the plan as well as in elevation due to uneven ground 
conditions zone (Raju and Ravindra 2021). The building 
configuration was described in Bangladesh National Building 
Code (BNBC) -2006 as regular or irregular in terms of the size 
and shape of the building, arrangement of structural elements, 
and mass. There are two types of irregularities, horizontal 
irregularities, and vertical irregularities.

The structural irregularity is defined by the location of the 
resistant elements: walls, columns, joints with nonstructural 
elements, floor systems, wall openings, masses, etc., and geometric 

arrangement. Rosenblueth and Meli (1986) and Elnashai et al. 
(2010) observed that the buildings with horizontal irregularity 
were more susceptible to damage than the regular ones.

It’s very challenging to construct an irregular structure in a 
high seismic zone. However, an ideal and clear understanding 
of the behavior of irregular structures during an earthquake 
is significant for structural engineers. However, the effect of 
wind may be as important as the influence of seismic activity 
on irregular structures. The interaction between wind and 
a structure creates many different flow situations because of 
the wind’s complexity. BNBC, 2006 requires that practically 
all multi-storied buildings be analyzed as three-dimensional 
systems due to the irregularities in plan or elevation, or both.

Numerous numerical analyses were carried out to evaluate 
the effect of structural irregularity in multi-storied buildings 
using software like STAAD Pro, ETABS, and SAP based on 
different codes (Mouhine and Hilali 2022; Prakash et al. 2021, 
February; Aliakbari et al. 2020; Aksoylu et al. 2020; Naveen et al. 
2019; Habib et al. 2016; Reddy and Fernandes 2015; Konakalla 
2014; Landingin et al. 2013). Cardinali et al. (2022) investigated 
the seismic vulnerability assessment of unreinforced masonry 
buildings with RC slabs based on regular geometries combined 
in irregular ways. Sadat and Arslan (2022) used different discrete 
mathematical models to obtain the optimum design of planned 
irregularity RC buildings in terms of their performance under 
static and dynamic loading. Mouhine and Hilali (2022) focused 
on the seismic vulnerability of irregular reinforced concrete 
buildings resting on different types of soil, ranging from hard rock 
to soft soil. 

Rao and Laxmi (2021) carried out the static or linear static 
analysis as per IS1893:2002, by using ETABS software to 
evaluate the seismic behavior of L-shape buildings. Lee et al. 
(2021) conducted static load tests on five types of real-sized 
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hidden boundary void precast concrete slab manufactured in 
factory to evaluate the push-over behaviors of the structure and 
performed bending tests along with shear tests in both for with 
and without the topping concrete slabs. Moreover, Nguyen et 
al. (2021) performed static loading protocol experiments on 
hidden boundary one-way rib precast concrete slab considering 
both presence and absence of topping concrete slabs in order 
to investigate the structural bending behavior and numerically 
validated the experimental approach of the system utilizing 
MIDAS FEA software. Again, Han et al. (2019) introduced half 
precast concrete slabs with inverted multi-ribs (Joint Advanced 
Slab, JAS) at connections between the slabs, which enhanced the 
composite performance between slabs and improve structural 
performance by placing prestressing tendons and truss-type 
shear reinforcements and verify the structural performance 
of JAS members through flexural and shear tests. Kumbhar et 
al. (2018) investigated a 3D analytical model of G+15 storied 
buildings for symmetric and asymmetric building models and 
analyzed using the structural analysis tool ETABS software. 
According to Rajalakshmi et al. (2015), the irregularities of the 
asymmetric distribution of mass, stiffness, and strength are the 
main source of severe damage due to excessive floor rotations 
and translations. Hassaballa (2013) performed a seismic 
analysis of a multi-storied RC frame in Khartoum city under 
moderate earthquake loads to investigate the performance 
of existing buildings if exposed to seismic loads. Karavallis et 
al. (2008) performed an extensive parametric study on steel 
frames with different types of setback irregularity designed as 
per European seismic and structural codes. Moghadam and Tso 
(2000) proposed a modified approach considering the torsional 
effects on irregular structures with elastic spectrum analysis of 
the structures. Sadek and Tso (1989) and Tso and Sadek (1985) 
performed an inelastic analysis of mono-symmetric building 
systems with strength eccentricity. Linear static analysis was 
conducted on irregularly shaped structure considering beam 
discontinuity and L-shaped structure to assess the seismic and 
wind performance of the system in this study. A flow chart 
shows in the Figure 1 which clearly indictes the procedure which 
was followed in the entire study.

Figure 1. Procedures followed in this study.

To address the potential and possible outcomes in research of 
irregularly shaped building behavior under horizontal loadings, 
the following were investigated

The investigation on idling behaviors under horizontal 
loadings for the following:

i) develop comparative models of different RC building 
systems with discontinuity and irregularity, 

ii) analysis of RC buildings of irregular shape (L-shaped) and 
compare the models, 

iii) perform static analyses of L-shaped buildings subjected to 
wind and seismic loads, and 

iv) develop comparisons based on performance by using 
results from the parametric study.

2. DETAILS OF MODELING  

ACI 318 design code was used, which is very similar to the 
BNBC code. This code includes 26 load combinations and 18 of 
which are similar to the BNBC code for Concrete structures and 
Steel structures. Here DCON1, DCON2, DCON3, DCON4, 
DCON5, DCON6, DCON15, DCON16, DCON17, and 
DCON18 are for concrete structures and used for designing. 
Moreover, ENVD combined load was applied to the model 
which was the combinations of above mentioned 10 loads.

Several data were required to input for the ETABS software 
analysis. Regarding the beam discontinuity three categories of 
structure was adopted such as structure with fully continuous 
beam in all story level, beam discontinuity in upper half of the 
building and fully beam discontinuity in all story level as shown 
in Figure 1. Table 1, Figure 2 and 3 depicted all the necessary 
data, Plan and 3D view of building system with discontinuous 
beam and L-shaped structure. Details configurations of Model 
A and O is shown in Table 2. Moreover, the values of Importance 
factor, zone factor, Rw, and wind speed, were considered 1, 
0.15, 8, and 58.6 m/s, respectively. Material’s properties like 
the strength of concrete (f ’c), Strength of Steel (fy), modulus of 
elasticity, and Poisson’s ratio were taken 4 ksi, 36 ksi, 3600 ksi, 
and 0.2, respectively. Loads on the buildings with discontinuous 
and L-shaped buildings were taken as 583.7, 364.8, and 364.8 N/
m for live load, floor finish, respectively.

Table 1. Data for analysis of buildings with discontinuous beams (Model-A) 
and L-shaped buildings.

Building with Beam 
Discontinuity L-shaped buildings

Plan   
Dimension

17 X 17 m Grid 
Dimension

7 X 6 m

Number   of 
stories

8, 10, 12, 14, 16 Number of 
grids in every 

building

16

Total   height 
of building

28.6, 35, 43, 50.6, 
58 m

Number of 
stories

10

Height   of 
each story

3.6 m Total height 
of building

33.5 m

Thickness   
of slab

152 mm Height of 
each story

3 m 

Thickness   
of shear wall

203 mm Thickness   of 
slab

152 mm

Grade   beam 406x304 ㎟ Grade   Beam 508x406 ㎟
Beam   Size 406x304 ㎟ Beam 508x406 ㎟

Column   
Size

381x304 ㎟ Column 457x610 ㎟
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Figure 2. Elevation and 3D view for Model-A.

Figure 3. Plan and 3D view of Model-L

Table 2. Model configurations. 

Model 
Name Beam Continuity/Discontinuity Story No.

Model-A1 Frames with fully continuous beams 
all through the story level

8, 10, 12, 14, 16

Model-A2 Beam discontinuity from the upper 
half of the building length

8, 10, 12, 14, 16

Model-A3 Complete beam discontinuity in all 
story level 

8, 10, 12, 14, 16

Model-L Totally continuous beam in all story 
level

10

3. NUMERICAL ANALYSIS  

Several multistoried buildings (8, 10, 12, 14, 16) models with 
continuous and discontinuous beams and L-shaped model was 
modeled and analyzed using CSI ETABS software (ver9.7.4). 
Numerous parametric studies such as displacement, axial 
force, bending moment, story drift, and torsion were assessed 
considering earthquake and wind loads. This study also tends to 
ameliorate the structural frame system with better performance, 
safety, and efficiency. Regarding analysis both earthquake and 
wind loads were considered.

(1) Displacement 
The top displacement of the corner point of Model-A was 

considered and used as the reference point for measuring the 

displacements under the combination of earthquake and wind 
load as shown in Table 3.

It is clearly seen from Table 3, Model-A3 shows maximum 
displacement magnitudes and Model A1 shows less values than 
the other two. It can be presented as like Model A1< Model A2< 
Model-A3 in terms of displacement. The frames act in a non-
linear way in terms of displacement at any story level or height. 
Model-A2 provides the best performance, as this frame system 
has beam discontinuity in the upper half-length of the structure 
and acts almost like Model-A1 which has continuous beams 
in each story level. Moreover, it is observed that displacement 
increases with the increment of the floor numbers or structure 
heights.

Displacement in buildings usually occurs due to lateral 
loads like earthquakes and wind. ENVED was used to simplify 
the process of finding the maximum displacement. Figure 4 
represents the displacement values obtained from the analysis 
of the L-shaped frame models for earthquake and wind load in 
both X & Y directions. For the combined loadings the X-axis 
values from both earthquake and wind loads were picked as it 
shows maximum magnitudes. It can be seen from the Figure 
4 that, displacement values were showing a linear pattern by 
following linear equation as depicted in the figure.

(2) Bending Moment
Models A1, A2, and A3 are subjected to combined lateral 

loading to investigate the bending moment variation in BEAM 
E-56 at story-3. Figure 5 represents the developed bending 
moment in the BEAM E-56 for models A1, A2 and A3. The 
frame Model-A1, where beams continued up to the top story 
level has to resist less moment than the others. In Model-A3, 
the maximum moment was generated than the other two. 
When lateral load acts on the frame system, the load path is 
changed when an element is missing in the line of the force. That 
increases the bending moment in the following beam. 

Figure 5 represents the maximum bending moment variation 
in the COLUMN-6D, which is analyzed at story level-3 (see 
Figure 6) for all the models because of having the maximum 
moment. The maximum moment was produced at Model A2 
and A3 as they have beam discontinuity in the structure. In 
this story the column analyzed, shows a significant variation of 
bending moment in every model. However, it is advised to take 
necessary steps to resist the extra moment that is developed 
due to discontinuity otherwise catastrophic damages can be 
encountered in the events of an earthquake or heavy wind 
loading. 

As per the analysis result, the maximum positive and negative 
moment is found for beams in B33 and B62. The maximum 
positive and negative moment found for B33 and B62 is 
3083.2 and 1139.4 (10-3 kN.m). The beam in L-shape must 
handle the maximum amount of both positive and negative 
moments and provides the least lateral load resistance for 
beams. Figure 6 shows developed moment in B33 and B62 for 
model-L, respectively. Figure 7 is provided to help locate the 
location of the concerned column and beams. Figure 8 depicts 
the maximum generated moment in a single for 10 storied 
L-shaped frame system. Bending moment obtained from this 
figure followed a linear trend that can be expressed through an 
equation mentioned in Figure 8.
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Figure 4. Displacement curve with respect to story level.

(3) Axial Force
Table 4 and Figure 9 represents the maximum axial forces at 

the base level taken for the specific COLUMN C-4E for all of 
the three multistoried models –A1, A2, A3. The axial force is 
generated under the action of combined lateral loads. There is 
a significant change in axial force for the column analyzed in 
different multistory frame systems. This substantial change (see 
Figure 9) in axial force for different frame systems should be 
taken into account while analyzing 

any irregular frame structure in order to design with proper 
safety and efficiency as well. These axial forces correlated with 
the over-turning moments and a greater level of compression 
and tension could be reached in columns than with the 
horizontal motion alone. The vertical motion could have a 
detrimental effect on the structural behavior of columns if 

it produces significant axial forces simultaneously with the 
horizontal component’s peak effects. Moreover, the difference 
in axial force in columns for L-shape buildings is given in Figure 
8. From the the figure, it is evident that the axial forces ascend 
linearly that can be articulated through the equation mentioned 
in Figure 8. 

(4) Torsion
Table 5 shows the values of torsion in the analyzed BEAM-E-56 

for Models-A1, A2, and A3 at story 3, for a maximum variation 
of torsional values. There is a significant change in the values of 
torsion in different multistory frame system models developed 
for the study.

From the result of the torsional value, it is seen that the system 
with discontinuity of beam develops a significant amount of 
torsional stress (see Figure 10) on the beam that comes in the 
way of force. However, comparing the 3 models developed for 
this study it can be declared that without even continuing beams 
in upper stories the Model-A2 performs better than the other 
two models in terms of torsional stress.

Figure 5. Bending moment of BEAM E-56 and COLUMN-6D.

Table 4. Axial force on the base of COLUMN C-4E

Story Axial Force (kN)

Model-A1 Model-A2 Model-A3

8 1119.4 1153.8 1194.7

10 1327.4 1366.1 1426.6

12 1528.4 1566.7 1646.2

14 1725.5 1759.9 1857.3

16 1920.4 1948.7 1950.1

Table 3. Maximum displacement for Model-A

Story No. Model-A1 (X/Y-Axis) Model-A2 (X/Y-Axis) Model-A3 (X/Y-Axis) A B

8.0 44.2/49.7 46.1/53.0 48.5/58.2 46.8 46.1

10.0 45.5/52.3 46.9/54.4 50.1/60.8 48.3 47.5

12.0 46.6/55.5 47.6/55.8 51.2/62.9 49.4 48.7

14.0 47.6/60.0 48.2/58.3 52.3/65.5 50.5 49.7

16.0 48.5/65.6 48.9/62.5 53.3/69.2 51.4 50.7

* A & B- Displacements by experimentally cutting off beams from story   level-3 & 5    **All the dimensions   are in (mm)
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(a)

(b)
Figure 6. Figure a) and b) shows bending moment for BEAM-5EF 

and COLUMN-6D

Figure 7. Elevation of Model-L showing B33, C5, B62, and C20.

Table 5. Torsion on BEAM-E-56

Story

Torsion (kN/㎡)

Model-A1 Model-A2 Model-A3

8 273.4 286.3 536.3

10 268.6 273.9 503.7

12 270.0 273.9 486.5

14 272.4 277.2 475.9

16 275.3 280.6 481.7

Figure 8. Axial force and bending moment for L-shaped building.
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Figure 9. Elevation view showing the axial force of COLUMN 4E

Figure 10. Plan view showing increased torsion in BEAM E-56.

(5) Maximum Story Drift
Extreme drift noticed at the 1st floor in both directions for 

both earthquake and wind load as depicted in the Figure 11. 
It also shows that from story 8 to the top floor the story drift is 
very insignificant. For applying the combined loadings to the 
system magnitude obtained from X-axis were picked as these 
values were quite higher than Y axis. The descending trend of 
story drift with respect to story is represented by the equation in 
Figure 11.

Figure 11. Story Drifting for L-shaped building.

(6) Validation
The popularity of irregular shape buildings has increased 

around the world and while scheming this type of structure 
engineers need to consider so many factors as it is very crucial 
to design irregular shape frame systems. Numerous researches 
were conducted regarding structural irregularity and in this 
study, the result of the numerical analysis was verified by three 
pieces of research that were performed in the recent past by 
Khanal & Chaulagain (2020), Haque et al. (2016) and Abdel 
Raheem (2016). Khanal & Chaulagain (2020) performed 
numerical analysis on one regular and six different 10 storied 
L-shaped RC building frames and among six models, two 
L-shaped model type that resembles this study model was 
chosen and, displacement and story drift results are compared 
for both axes as they presented their results. Haque et al. (2016) 
carried out static and dynamic analysis considering four types of 
irregular-shaped structures including 10 storied L-shaped frame 
system and their result pattern regarding displacement and story 
drifting exactly coincide with the current research. Though they 
presented their displacement result for both axes, the magnitude 
of both axes was quite similar and regarding validation with 
the recent research, only X-axis values were selected and for 
story drifting they exhibited the absolute values. Abdel Raheem 
(2016) evaluated the plan configuration irregularity effects on 
seismic response demands of L-shaped buildings considering 
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six L-shaped frame systems where two models were matched 
to the existing study and compared. Their displacement profile 
matches this study but story drifting didn’t show the same trend. 
The validation of the current research with these three previous 
studies is illustrated in Figures 12 and 13.

Figure 12. Displacement profile verification with previous research. 

Figure 13. Story drift verification with previous study.

4. CONCLUSIONS

Building systems with beam discontinuity and L-shaped 
irregular frame systems were focused to evaluate structural 
performance utilizing linear static analysis. Four types of 
building systems with internal discontinuity were modeled 
and investigated accordingly. The results of the analysis are 
summarized below:

•   In terms of displacement, Model-A2 exhibits the best 
performance, as frame systems have beam discontinuity from 
the upper half of the building’s height. It is apparent from 
the results that displacement has a linear relationship with 
the story height as tall buildings exhibit lesser deflections 
in both axes. Regarding L-shaped buildings, displacement 
shows similar performance as like structures having beam 
discontinuity. The obtained values are verified by three 
similar studies and an equation is developed to describe the 
displacement pattern.

•   Maximum bending moment was developed for fully 
discontinuous frame system. Lesser moment generation was 
observed at Model-A1 having no beam discontinuity. Peak 
moment value was found at 16-storied building systems for 
each model. Considering L-shape frame, maximum moment 
was noticed at the 1st floor of the building.

•   Axial force has a significant role in tall buildings as the 
overturning impact arises. According to the study, when 
lateral loading is employed, vertical motions in the buildings 
act along with the axial force to act. Maximum effect 
regarding axial force was observed at higher story level, 
which indicates the fact that axial forces were increased 
with the increasing the story height. Highest impact of it 
was noticed for Model-A3 as the system having fully beam 
discontinuity. Highest magnitude regarding axial force for 
L-shaped building was observed at the highest story level 
while the loading pattern can be explicable through the 
developed equation.

•   The L-shaped building is asymmetrically designed for 
this evaluation.  Thus, it provides minimum resistance to 
the lateral loading, and moments and axial forces are not 
properly distributed to all components.

•   The magnitudes of story drifting were negligible and 
maximum drifts were found on the 1st floor. From 8 to the 
top floor, drifting was very insignificant. The results exactly 
coincide with two previous researches.

•   The torsional impact has a relationship with beam continuity 
or discontinuity. Maximum and minimum torsion was 
found for Model A3 and A1, respectively.
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