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Abstract— During an earthquake, failure of structure starts 

off-evolved at factors of weak spot. This weak point arises 

due to discontinuity in mass, stiffness, and geometry of 

structure. The systems having this discontinuity are termed as 

irregular systems. Irregular structures contribute a massive 

portion of city infrastructure. Structure irregularities are one 

of the essential motives of failures of systems during 

earthquakes. The effect of vertically irregularities within the 

seismic overall performance of systems will become vital. 

Peak-wise changes in stiffness and mass render the dynamic 

traits of those buildings exceptional from the ordinary 

building. The irregularity within the building structures may 

be due to irregular distributions in their mass, strength, and 

stiffness along the height of building. Whilst such buildings 

are built in high seismic zones, the analysis and design turn 

into more complexes. Response spectrum analysis results 

provides a more realistic behaviour of structure response and 

Different shapes Re-entrant Plan irregularity (i.e. C, T and 

Cross Shape) is considered with geometric vertical 

irregularity ratios (L2/L1) of the model buildings are changed 

to obtain different model. 9 different models for each number 

of storeys having same floor dimensions up to the 5th floor 

but different from 6th to top floor, ratio is created for use in 

the analyses. Vertical geometric irregularity ratio is 

determined by dividing base width to the top width of two 

adjacent setbacks in one direction in the building. Vertical 

irregularity ratio changes from 200% to 600% percent in the 

models. Analysis in seismic zone V is carried out. 

Keywords: Flat Slab, Vertical Geometric Irregularity, Plan 

Irregularities, Square Root of Sum of Square Method 

I. INTRODUCTION 

Researchers studied for earthquakes since long time and still 

they earthquakes are unpredicted. It is impossible to predict 

time and place of earthquake. To design and construct the 

structure which can withstand against earthquake is research 

interest since last many years, also researchers required to 

measure the frequency and intensity of earthquake for future 

structural design. Safety, strength, and performance are the 

parameters which are to be considered while designing 

structure in seismic zones specially. However, codes and 

guidelines are prepared by engineering societies in world 

which can be used to design buildings. During an earthquake, 

failure of structure starts off-evolved at factors of weak spot. 

This weak point arises due to discontinuity in mass, stiffness, 

and geometry of structure. The systems having this 

discontinuity are termed as irregular systems. Irregular 

structures contribute a massive portion of city infrastructure. 

Structure irregularities are one of the essential motives of 

failures of systems during earthquakes. The effect of 

vertically irregularities within the seismic overall 

performance of systems will become vital. Peak-wise 

changes in stiffness and mass render the dynamic traits of 

those buildings exceptional from the ordinary building. The 

irregularity within the building structures may be due to 

irregular distributions in their mass, strength, and stiffness 

along the height of building. Whilst such buildings are built 

in high seismic zones, the analysis and design turn into more 

complexes. When such homes are constructed in excessive 

seismic zones, the evaluation and design emerge as greater 

complex.  

 Now a days in commercial building need more 

clearance between two floors for architectural purpose. For 

fulfil this requirement construction of flat slab are widely 

used. Flat slab based on a concept in which the slab cast 

without beam such structure called beam less building. In flat 

slab for avoid punching shear failure a drop penal and column 

head provide along with slab. 

II. OBJECTIVE OF THE WORK 

The main objective of the analysis is to study the behaviour 

of Plan irregular structure with vertical irregular structure 

against different forces acting on it during earthquake. The 

analysis is carried out using STAAD Pro software. The 

analysis is made between in the three types of G+10 storey 

plans irregular building with different geometric vertical 

irregularity. Total 9 modelled are studied and their results 

were compared. To know the effect of Geometric irregularity 

on the shape (vertical geometric) irregular building the 

geometry is changed by reducing the no. of bays in X-

direction vertically downward, as per the IS 1893:2002 (part-

1).  

The types of irregularity considered include: 

a) Plan Re-entrant Irregularity, 

b) Vertical Geometric Irregularity.  

Following are the objectives. 

1) To prepare various model with plan re-entrant 

irregular with varying vertical geometric 

irregularities in STAAD Pro software. 

2) To perform response spectrum analysis on all model 

prepared in STAAD Pro software. 

3) To obtain and compare results based on parameters 

i.e. displacement, drift, base shear, and different 

stresses beam & column. 

S.no 
Model 

ID 
Model Description 

1 C 200 VI 
Re-entrant corner in C shape with 

vertical geometric irregularity 200% 

2 C 300 VI 
Re-entrant corner in C shape with 

vertical geometric irregularity 300% 

3 C 600 VI 
Re-entrant corner in C shape with 

vertical geometric irregularity 600% 

4 T 200 VI 
Re-entrant corner in T shape with 

vertical geometric irregularity 200% 

5 T 300 VI 
Re-entrant corner in T shape with 

vertical geometric irregularity 300% 

6 T 600 VI 
Re-entrant corner in T shape with 

vertical geometric irregularity 600% 
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7 P 200 VI 
Re-entrant corner in Cross shape with 

vertical geometric irregularity 200% 

8 P 300 VI 
Re-entrant corner in Cross shape with 

vertical geometric irregularity 300% 

9 P 300 VI 
Re-entrant corner in Cross shape with 

vertical geometric irregularity 600% 

III. METHODOLOGY 

The structural models are prepared and analysed by Stead 

pro. Different shapes Re-entrant Plan irregularity (i.e. C, T 

and Cross Shape) is considered with geometric vertical 

irregularity ratios (L2/L1) of the model buildings are changed 

to obtain different model. 9 different models for each number 

of storeys having same floor dimensions up to the 5th floor 

but different from 6th to top floor, ratio is created for use in 

the analyses. Vertical geometric irregularity ratio is 

determined by dividing base width to the top width of two 

adjacent setbacks in one direction in the building. Vertical 

irregularity ratio changes from 200% to 600% percent in the 

models. 

A. REPRESENTATION OF BUILDINGS 

The letters: “C”, “T” and “P” are used for abbreviation of re-

entrant plan irregularity position of building i.e. building 

irregular in C shape, T Shape & Cross shape, respectively. 

Plan irregularity is 37%, 55% and 60% consider in above 

three shapes. Number of bays in X direction decreases about 

central axis of building to get different vertical geometric 

irregular model. A general format of “X n VI” is used. In this 

format, the letter “VI” is the abbreviation of the word 

“Vertical geometric irregularity”. The letter n designates the 

Percentage, and the letter “X” shows Plan irregularity shapes 

i.e. C, T & Cross. The letter “n” designates the % of 

irregularity which is changes from 200 to 600. For example, 

C 200 VI is the G+10 storey model having C shape re-entrant 

plan irregular with 200% Vertical geometric irregularities. 

S.No Particulars Dimension/Size/Value 

1 Model G+10 

2 Seismic Zones Vth 

3 Floor height 3m 

5 Building height 33 M 

7 Size of columns 500mmX500mm 

8 Size of beams 300mmX500mm 

9 Thickness of slab 120mm 

10 Earthquake load 
As per IS1893-2002 

(part-I) 

11 Type of soil Medium soil Type-II 

12 Live load 1.5KN/M2 

13 Material used 
Grade of Concrete M25& 

Steel Fe415 

14 Dynamic Analysis 
Response Spectrum 

Analysis 

15 

Fundamental 

natural period of 

building 

 

Ta = 0.075 h0.75 

 

16 Zone factor Z 0.24 

17 
Response Reduction 

factor (RF) 
5 

18 
Importance factor 

(I) 
1 

19 
Rock and soil factor 

(SS) 
2 

20 Type of structures 1 

21 
Damping ratio 

(DM) 
0.05 

 
Fig. 1: Plan Irregular C Shape A/L = 25/45= 0.55 > 0.15-2.0 

as per IS 1893 

 

 
Fig. 2: Plan Irregular Cross Shape A/L = 30/80= 0.37 > 

0.15-2.0 

 
Fig. 3: Plan Irregular Cross Shape A/L = 30/50= 0.60 > 

0.15-2.0 

 
Fig. 4: Vertical Geometric Irregularity L2/L1 = 60/30 = 2 > 

1.5 

Consider as 200% vertical geometric irregular 

 
Fig. 5:  Vertical Geometric Irregularity L2/L1 = 60/20 = 3 > 

1.5 

Consider as 300% vertical geometric irregular 
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Fig. 6: Vertical Geometric Irregularity L2/L1 = 60/10 = 6 > 

1.5 

Consider as 600% vertical geometric irregular 

 
Fig. 7: 3D Rendering of Cross Shap building 

 
Fig. 8: isometric view of Cross Shape building 

IV. RESULT 

 
Graph 1: Mode Vs Frequency for T-shape buildings 

 
Graph 2: Mode Vs Frequency for Cross-shape buildings 

 
Graph 1: peak Storey shear for T-shape Buildings 

 
Graph 2: peak Storey shear for cross-shape Buildings 

 
Graph 7: node Displacement for C-shape Buildings 

 
Graph 8: node Displacement for T-shape Buildings 
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Graph 9: node Displacement for Cross-shape Buildings 

 
Graph 10: storey Drift for C-shape Buildings 

 
Graph 11: storey Drift for T-shape Buildings 

 
Graph 12: storey Drift for Cross-shape Buildings 

V. CONCLUSION 

Response spectrum analysis results provides a more realistic 

behaviour of structure response and Different shapes Re-

entrant Plan irregularity (i.e. C, T and Cross Shape) is 

considered with geometric vertical irregularity ratios (L2/L1) 

of the model buildings are changed to obtain different model. 

9 different models for each number of storeys having same 

floor dimensions up to the 5th floor but different from 6th to 

top floor, ratio is created for use in the analyses. Vertical 

geometric irregularity ratio is determined by dividing base 

width to the top width of two adjacent setbacks in one 

direction in the building. Vertical irregularity ratio changes 

from 200% to 600% percent in the models. Analysis in 

seismic zone V is carried out and the following conclusions 

are drawn from the study:  

1) It seems that in C-Shape plan irregular building natural 

frequency’s increases with increasing in vertical 

geometric irregularity with mode. Similarly results 

shown in T-shape and Cross-shape Plan irregular 

Buildings. Natural frequency of structures was decreased 

with increases in plan irregularities. Its concluded that as 

the mass of a vibrating body increases, its frequency 

decreases. 

2) Peak storey shear decreases 25 % average at each story 

up to 6th to top floor and 5% decreases 5th to ground 

floor in Cross-shape plan irregular structure with 

increasing vertical geometric irregularity as compared 

with C-shape & T- shape. 

3) Total base shear more increases in the cross shape of 

structure and decreases with vertical irregularity from 

200% to 600% while comparing with c-shape & T-shape 

building for seismic analysis. 

4) It concludes that the node displacement is decreases in 

C-shapes plan irregular structure as compared with T-

shape & Cross shape plan irregularity and Node 

displacement increases with increase in vertical 

irregularities. 

5) The values of storey drift are found to be within 

permissible limit i.e. not more than 0.004 times the storey 

height as per norms according to IS 1893:2002 (Part-1) 

for seismic analysis. 
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