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Abstract 

The present world demands the multi storey buildings due to lack of space availability in the urban areas to accommodate the increased 
population with their proposed requirements. Multi-storey building’s behaviour during high seismic action depends mainly on Structural 
configuration. Structural configuration having any discontinuities in plan or in elevation are termed as building with irregularities. When these 
irregularities are present in the structure, buildings suffer much more damage during strong earthquake excitations which was recorded in the 
past. The Irregularities are defined as per IS:1893 (Part 1)-2016 code. 
This paper is concerned about the various types of plan, vertical and combined irregularities and their effect under seismic loading. The objective 
of the present study is doing linear static and dynamic analysis i.e., ESA and RSA on various irregular building frames and calculating their 
response using some seismic parameters like displacement response, storey drift, inter storey drift ratio and base shear for which the frames are 
designed using IS 456-2000 and special detailing for fulfilling the ductility requirement is done as per IS: 13920-2016. Comparison of the results 
of analysis in X and Y directions of irregular structures is done with regular structure. The scope of the present study also includes the maximum 
and minimum effect on the various types of irregular structures under seismic loading and to know if the presence of irregularities always 
amplifies the response or not. 
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1. Introduction 

Structures generate inertial forces and their resultant forces 
act through the center of mass (CM) of structure when 
seismic action has occurred. Vertical members in the 
structures (i.e., columns, walls) resist these forces and their 
resultant forces act through a point called center of stiffness 
(CS). When the center of mass (CM) and center of stiffness 
(CS) doesn’t coincide eccentricity may develop which may 
lead to development of torsion in the structure. The torsional 
force may generate in the building structure due to the 
reaction of lateral forces and resisting forces. This torsion 
may cause severe damage in the structures. Eccentricities 
may generate in the building due to the irregularities in 
structure. 
As per study on existing literatures, researches mainly 
focused on single irregularities. In reality, structures contain 
multiple irregularities or various combination of 
irregularities. Irregularities are introduced in the structures 
because of aesthetics and their requirement for ventilation in 
urban areas. However, study of combination of irregularities 
are scarce and also analysing by single irregularity doesn’t 
predict actual effect under seismic action. In the present 
study the plan, vertical and combination of irregularities are 
introduced and their effects are noticed compared with the 
regular building when seismic excitations occurred. 

Three types of irregular building frames i.e., plan irregular 
frames with re-entrant corners, elevation irregular frames 
with vertical geometrical irregularity and combined irregular 
frames with both re-entrant corner and vertical geometrical 
irregularity are considered in this present work. Also, which 
type of irregular frame experiences most severe response 
under earthquake loading is investigated. For this work the 
building frame models are considered with reinforced 
concrete special moment resisting frames of G+5 buildings 
analysed using SAP2000.  

2. Details of Models 

All the nine models are taken as special moment resisting 
frames with G+5 stories each. Height of each floor is 3m. 
Plan Dimensions of the regular frame is 20m x 16m. 
Number of bays in X-Direction is 5 and in Y-Direction is 4. 
All the columns are of size 0.45m x 0.4m and beams are of 
size 0.35m x 0.3m. Slab thickness is 150 mm. Thickness of 
outer walls are 0.23m and inner partition walls are 0.15 m. 
Floor live load is 3 kN/m2, roof live load is 1.5 kN/m2, floor 
finish is 1 kN/m2, roof treatment is 1 kN/m2. Grade of 
concrete and steel are M25 & Fe415. Parameters are taken 
from IS 1893-2016 (Part 1). Soil type is considered as 
medium soil, seismic zone V, importance factor 1, response 
reduction factor 5 and damping is 5%.  
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Model 1 

Fig.1. Plan & Elevation of Regular Building 

3. Plan Irregularities 

Plan irregularities with only re-entrant corners are studied 
with different structural configurations. Here three plan 
irregular buildings are considered along with one regular 
building to know the performance of the building in both X 
and Y directions under seismic action and their seismic 
response is calculated by roof displacement, storey drift, 
inter-storey drift and base shear. 

 
Table 1. Condition for Plan Irregularity 

Type of Irregularity 
Model 1 No Irregularity (Ref. Fig.1) 

Model 2 A/L=0.75>0.15 Re-Entrant 
Corner 

Model 3 A/L=0.25>0.15 Re-Entrant 
Corner 

Model 4 A/L=0.8>0.15 Re-Entrant 
Corner 

      A and L as explained in Fig 3 in IS 1893(Part-1)-2016 

 

         

Model 2 

 

            
Model 3 
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Model 4 

Fig.2. Plan & Elevation of Plan Irregular Models 

3.1. Results 

According to IS: 1893 Part 1- 2016 the storey drift should 
not be greater than 0.004 X h, where h is the building height. 
Therefore, maximum allowable roof displacement will be 72 
mm for all these models. 
Seismic response of three different structural configuration 
of plan irregular buildings with only re-entrant corners are 
obtained and compared with one regular building to know 
the performance of the plan irregular buildings. Responses 
in both X and Y directions under seismic action are 
calculated by roof displacement, storey drift, inter-storey 
drift and base shears. 

 
Fig. 3. Displacement Response in X-Direction 

 

Fig. 4. Storey Drift in X-Direction 

 

Fig. 5. Inter-Storey Drift Ratio in X-Direction 

 

Fig. 6. Base Shear in X-Direction 
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Fig. 7. Displacement Response in Y-Direction 

 
Fig. 8. Storey Drift in Y-Direction 

 
Fig. 9. Inter-Storey Drift Ratio in Y-Direction 

 
Fig. 10. Base Shear in Y-Direction 

Response Spectrum Analysis (RSA) in X-direction 
gives maximum roof displacement and storey drift 
compared to that in Y-direction in the case of Model 1 and 
Model 3 because of symmetry of the frames in X and Y 
directions. In Model 2 and Model 4 maximum roof 
displacement and storey drift are more in Y-direction 
compared to that of the X-direction because of asymmetry 
of frames both in X and Y directions. In RSA of X-direction 
Model 2 displays more displacement where as Y-direction 
Model 4 displays more displacemnt. Therefore Model 2 
experiences more irregularity in X-direction compared to 
remaining frames. In the same way Model 4 experiences 
more irregularity in Y-direction compared to the remaining 
building frames. 

4. Vertical Irregularities 

Vertical irregularities with only vertical geometrical 
irregularities are studied with different structural 
configuration of 3 vertical irregular buildings are considered 
along with 1 regular building to know the performance of 
the building in both X and Y directions under seismic action 
and their seismic response is calculated by roof 
displacement, storey drift, inter-storey drift and base shears. 

 
Table 2. Condition for Vertical Irregularity 

Type of Irregularity 

Model 1 No Irregularity 

Model 5 A/L=0.48>0.25 
Vertical 

Irregularity 

Model 6 A/L=0.64>0.25 
Vertical 

Irregularity 

Model 7 A/L=0.32>0.25 
Vertical 

Irregularity 

A and L as explained in Fig 3 in IS 1893(Part-1)-2016 
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Model 5 

 

 
 

Model 6 

 
 

 
 

Model 7 

Fig. 11. Plan & Elevation of Vertical Irregular Models 

4.1. Results 

 
Fig. 12. Displacement Response in X-Direction 
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Fig. 13. Storey Drift in X-Direction 

 

Fig. 14. Inter-Storey Drift Ratio in X-Direction 

 

Fig. 15. Base Shear in X-Direction 

 
 

 

Fig. 16. Displacement Response in Y-Direction 

 

Fig. 17. Storey Drift in Y-Direction 

 

Fig. 18. Inter-Storey Drift Ratio in Y-Direction  
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Fig. 19. Base Shear in Y-Direction 

Table 3. Condition for Plan & Vertical Irregularity 

 

TYPE OF IRREGULARITY 

 
DETAILS 

 

PLAN 

IRREGULARI

TY 

 

VERTICAL 

IRREGULARITY 

MODEL 1 No Irregularity No Irregularity 

MODEL 8 A/L=

0.75>

0.15 

Re-

Entrant 

Corner 

A/L=

0.48>

0.25 

Vertical 

Irregularity 

MODEL 9 A/L=

0.8> 

0.15 

Re-

Entrant 

Corner 

A/L=

0.48>

0.25 

Vertical 

Irregularity 

MODEL 10 A/L=

0.48>

0.15 

Re-

Entrant 

Corner 

A/L=

0.48>

0.25 

Vertical 

Irregularity 

 

For all the cases of vertical geometrical irregularities, where 
there is a sudden change in the vertical configuration at any 
storey,storey drift at that particular storey abruptly increases 
and then decreased. This increased drift in that particular 
storey is due to reduced mass and stiffness(change in 
vertical congfiguration) and it leads the frame to act flexibly 
giving increased drift value. 

A and L as explained in Fig 3 in IS 1893(Part-1)-2016 

RSA in X-direction gives maximum roof displacement for 
model 1 and model 7 compared to Y-axis and in Y-direction 
maximum roof displacement is obtained for model 5 and 
model 6 compared to that in X-direction. It is noticed that 
both in X and Y direction, Displacement Response is 
increased irrespective of the areas of discontinuity in 
geometry throughout the height of building in all the cases 

of the vertical geometric irregularities. The most critical 
frame is Model 6 which gives the maximum roof 
displacement in Y-direction among all vertical geometrical 
irregular frames. Model 7 gives maximum roof 
displacement in X-direction but least displcement in Y-
direction this shows that reponse varies with geometry, plan 
and type of irregularity.   

5. Combined Irregularities 

Combined irregularities of re-entrant corners with vertical 
geometrical irregularities are studied with different 
structural configuration of three combined irregular 
buildings. The response of combined irregular buildings are 
compared with regular building (Fig-1) to know the 
performance of the buildings in both X and Y directions 
under seismic action and their seismic response is calculated 
by roof displacement, storey drift, inter-storey drift and base 
shears. 

 
 

 

 
 

 
Model 8 
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Model 9 

 
 

 
 

 
Model 10 

Fig. 20. Plan, Elevation & 3D view of Combined Irregular Models 

 

5.1. Results 
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Fig. 21. Displacement Response in X-Direction 
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Fig. 22. Storey Drift in X-Direction 
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Fig. 23. Inter-Storey Drift Ratio in X-Direction 
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Fig. 24. Base Shear in X-Direction 

 

 

Fig. 25. Displacement Response in Y-Direction 

 

Fig. 26. Storey Drift in Y-Direction 

 

Fig. 27. Inter-Storey Drift Ratio in Y-Direction 
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Fig. 28. Base Shear in Y-Direction 

 
RSA in X-direction gives maximum roof displacement 

for model 9 compared to Y-axis and in Y-direction RSA 
gives maximum roof displacement for model 8 compared to 
that of X-direction. And also, if any building is symmetrical 
about any axis even with irregularities the displacement 
response is less compared to the other axis. The most critical 
frame in combination of irregular frames is model 8 in Y-
Direction. The Displacement response of model 8 and 10 are 
less than model 1 in X-direction which means irregularity 
doesn’t always amplifies the response in both directions. 
However in Y direction response of all the models  is more 
than the regular frames. 

6. Conclusions 

To study the seismic behaviour of irregular buildings a 
set of plan, vertical and combined irregularities are selected. 
While studying the seismic behaviour various response 
parameters such as storey drift, roof displacement, inter 
storey drift ratio and base shear are considered. The aim of 
the work is to notice the most critical response of the 
considered buildings for avoiding and also to know if the 
combination of irregularities always amplify the response or 
not. 
The irregularities in plan, vertical and in combination 
considered in the present study and their performance on 
seismic loading is obtained using linear dynamic analysis. 
From the study it is evident that the buildings with 
irregularities always do not suffer damage under seismic 
loading. For model 3 the displacement response in both X 
and Y directions are less compared to the regular frame 
because even with irregularity, the frame is symmetrical 
about both the axis. It is also noted that even with symmetry 
along one axis, in that axis displacement response is less 
than regular frame which was concluded in model 7 and 
model 10. All the models taken in the present study show 
that the displacement response for regular and symmetrical 
buildings is more in X-direction and for all remaining 
irregular buildings the displacement response is more in Y-
direction.  

Base shear is reduced in case of all irregular models which 
are taken in the present study compared to regular frame 
because of the reduction of the mass of the building. For all 
the cases of vertical geometrical irregularities, where there is 
a sudden change in the vertical configuration at any 
storey,storey drift at that respective storey abruptly increases 
and then decreased which was clearly noticed in X-direction 
where irregularities are present. Displacement Response is 
increased irrespective of the areas of discontinuity in 
geometry throughout the height of building in all the cases 
of the vertical geometric irregularities. 
The most critical frame of plan irregular frame is model 4 
which is L shape frame. Because of the shape torsion is 
induced in the building but that is well within the prescribed 
limit as per IS codes even though these types of irregular 
frames should be avoided for better performance under 
seismic actions. The most critical frame of vertical irregular 
frame is model 6 which is step back frame. Because of this 
irregularity in each floor the response is very high which is 
much more than plan irregular building response. In case of 
the combined irregular frames the most critical frame is 
model 8 because it shows severe response and also more 
than plan and vertical irregular frames. From all these 
outcomes it can be concluded that for all the building 
models studied here, the combined irregularities amplify the 
response most.  
In all the models of the plan, vertical and combined irregular 
frame cases inter-storey drift ratios are within the prescribed 
limits given in IS1893 (Part 1): 2016 (i.e., <0.004). RSA 
gives different and less value of base shear than ESA. It is 
observed that in the irregular frames more coupling of 
modes will occur and we have to consider more mode 
shapes because in each mode, modal mass participation is 
less. That’s why it is needed to consider the modes where 
more than 90% mass is participated. This is completely 
different for regular frame i.e., more mass is participated in 
the initial modes only and consideration of mode shapes is 
less when analysed using RSA. For irregular frames whether 
it is a plan/vertical/combined irregular frame, consideration 
of vertical excitations is very important for proper 
earthquake resistant design.   
From all the above discussion it can be concluded that the 
irregular building located in high seismic zone must be 
analyzed and design carefully and special attention is 
required for the vertical and combined irregular frames to 
reduce the effect of excessive displacement response at the 
time of seismic event. 
 

Disclosures 
Free Access to this article is sponsored by                                     
SARL ALPHA CRISTO INDUSTRIAL. 

 

References 

1. Al-Ali, A.A.K, and Krawinkler. H. (1998) “Effects of 
Vertical Strength Irregularities on Seismic Behaviour of 
Frame Structures”, Proceedings of the 11th European 
Conference on Earthquake Engineering. 

2. Anooj James, T., and Khatri, A. P. (2015). “Seismic 
Assessment of Vertical Irregular Buildings.” Journal of Basic 



Datta and Nanda Gopal / ASPS Conference Proceedings 1: 941-951 (2022) 

951 

and Applied Engineering Research, Volume 2, Number 9, pp 
788-795. 

3. Chintanapakdee, C., and Chopra, A. K. (2004). “Seismic 
Response of Vertically Irregular Frames: Response History 
and Modal Pushover Analyses.” Journal of Structural 
Engineering, 2004, 130(8), 1177-1185. 

4. Ghosh, R., and Debbarma, R. (2017). “Performance 
evaluation of setback buildings with open ground storey on 
plain and sloping ground under earthquake loadings and 
mitigation of failure.” Int J Adv Struct Eng, 9:97–110. 

5. Ingle, R.K., and Jain, S. K. “Explanatory Examples for 
Ductile Detailing of RC Buildings.” IITK-GSDMA Project 
on Building Codes, IITK-GSDMA-EQ22-V3.0. 

6. IS 13920: 2016. “Ductile Design and Detailing of Reinforced 
Concrete Structures Subjected to Seismic Forces – Code of 
Practice ” (Fifth Revision). Bureau of Indian Standards, New 
Delhi, India. 

7. IS 1893 (Part-1). 2016. “Criteria for Earthquake Resistant 
Design of Structures, Part І General Provision and Building.” 
(Sixth Revision). Bureau of Indian Standards, New Delhi, 
India. 

8. IS 456: 2000, “Plain and reinforced concrete-code of 

practice”, Fourth Revision, Bureau of Indian Standards, New 
Delhi, India. 

9. Jain, S. K. “Explanatory Examples on Indian Seismic Code 
IS 1893 (Part I).” IITK-GSDMA Project on Building Codes, 
IITK-GSDMA-EQ21-V2.0. 

10. Komal, R., and Borghate, S.B. (2015). “Dynamic Analysis of 
Building with Plan Irregularity.” Journal of Civil 
Engineering and Environmental Technology, Volume 2, 
Number 11; April – June, pp 23 – 30. 

11. Magliulo, G., Ramasco, R., and Realfonzo, R. (2002). 
“Seismic Behaviour of Irregular in Elevation Plane frames.” 
12th European conference on Earthquake Engineering Paper 
Reference 219. 

12. SAP 2000.v.21 

13. Shahrooz, M.B., and Moehle, P.J. (1990). “Seismic Response 
and Design of Setback Buildings.” J. Struct. Eng., 1990, 
116:1423-1439. 

14. Siva Naveen, E., Abraham, N. M., and Anitha Kumari, S. D. 
(2019). “Analysis of Irregular Structures under Earthquake 
Loads.” Procedia Structural Integrity, 14, 806–819. 

15. Wood, J. (1992). “Seismic Response-of R/C Frames with 
Irregular profiles.” J. Struct. Eng., 1992, 118(2): 545-566. 

 


