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Abstract: Now a days due to process of urbanization and many 

employment opportunities in cities population is increasing day 

by day. Due to this, the need for residential and commercial 

buildings has increased drastically. In order to compensate this 

problem, tall buildings came into existence. But in cities there is 

lack of more free space available for construction. So in order to 

construct tall buildings within limited space so many 

architectural changes were made which probably leads to 

irregularities in structure.  So the structures which are irregular 

are more prone to damage during earthquakes. The structure in 

which parameters like mass, stiffness, geometry and plan are not 

uniform is known as irregular structure. 

In the present study, vertical   irregularities (stiffness, 

mass, vertical geometrical) and plan irregularities (reentrant 

corner) and their combinations will be considered. For modeling 

and analysis ETABS software will be used. Dynamic analysis 

(response spectra method) will be carried out on 25 storey 

building with different combinations of irregularities. 

Parameters like storey displacement, storey drift, and   total base 

shear effects will be studied. 

Keywords: Irregular Structure, Vertical Irregularity, Plan 

Irregularity, Dynamic analysis                                  

  I.  INTRODUCTION  

 1.1 GENERAL 

Earthquake is defined as the shaking or vibration of ground due 

to movement of tectonic plates beneath the surface of earth. 

Earth quake may be caused due to both natural and manmade 

activities   Earthquake leads to lot of destruction to life and 

property. In   India north and eastern states are prone to 

earthquakes frequently every year leading to destruction of 

structures. Many advanced techniques came into existence to 

overcome the effects of earthquake. 

India is basically classified into four seismic zones based on 

past seismic history .among them seismic zone 2 is least 

vulnerable to earthquakes and seismic zone 5 is most vulnerable 

to earthquakes  

During earthquakes high rise building structures are more prone 

to damage .among them structures with sequential and proper 

alignment of components are less prone to damage where as 

structures with improper arrangement of components are more 

prone to damage leading loss to life and property 

                                                                                                                                                              
FIG 1SEISMIC ZONES OF INDIA 

1.2 INTRODUCTION TO REGULAR AND IRREGULAR 

STRUCTURES 

             The performance of reinforced concrete structure 

depends on the orientation and arrangement of structural 

components. When a building is subjected to dynamic loads, 

inertia forces are developed and gets concentrated at the center 

of mass of the structure. Usually, the vertical members such as 

columns and shear walls resist the horizontal inertia forces and 

the resultant of these forces gets concentrated at a point called 

center of stiffness.  

1.2.1 REGULAR STRUCTURE 

A structure is said to be regular when geometry , mass   , 

stiffness and plan is uniform through out the structure .In 

regular structure center  of mass and center   of stiffness 

coincide and no eccentricity develops  in structure. Regular   

structures have no significant discontinuities in plan or in 

vertical configurations and perform well during lateral loads. 

Regular structure can be analyzed using equivalent static 

method  

In this project G+25 storeyed regular building is considered 
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      FIG 2 PLAN VIEW OF REGULAR STRUCTURE                

FIG 3 3D VIEW  

1.2.2   IRREGULAR STRUCTURE 

A structure is said to be irregular when geometry   , mass, 

stiffness    and plan is not uniform throughout the structure .In 

irregular structure center of mass and center of stiffness do not 

coincide. When the center of mass doesn’t coincide with the 

center of stiffness, eccentricity develops in the structure. 

Location and size of structural elements have significant effect 

on torsion coupling which results in damage of structures.. 

Irregular structures have certain physical discontinuities either 

in plan or in elevation or both which affect the performance of 

the structure subjected to lateral loads. Irregular structure can be   

analyzed   using dynamic methods irregularities in structure can 

be classified into two types  

1. Vertical irregularity and  

2 .plan or elevation irregularities 

1.3 INTRODUCTION TO VERTICAL AND PLAN 

IRREGULARITIES: 

      Irregularities in structure may be grouped as plan and 

vertical irregularities 

 Irregularities in the distribution of mass, stiffness and geometry 

along the height of any building are grouped as vertical 

irregularities. Horizontal irregularities can be attributed to the 

presence of discontinuities in plan.  

Different structural irregularities affect the seismic response of 

structures in different ways. Irregularities are introduced in real 

structures for both aesthetics and utility. The magnitude of 

variation in response depends on the type, degree and location 

of irregularities present. The judicious choice of these 

parameters in the design of structures improves performance of 

the structure.  

 

1.4 VERTICAL IRREGULARITIES: 

• If structure has uneven distributed stiffness and mass 

and if it has geometric un symmetry it is called as 

vertical irregularity 

Types: 

• Mass irregularity 

• Stiffness irregularity 

• Vertical geometry irregularity and  

• Strength irregularity 

STRENGTH IRREGULARITY : 

•  A weak storey is a storey whose lateral strength is less 

than that of storey above  

 

FIG 3 DIFFERENT TYPES  OF VERTICAL 

IRREGULARITIES 

        1.5  OBJECTIVES OF PROJECT 

• To understand the behavior of 25 storey building with 

vertical irregularity 

• To understand the behavior of 25 storey building with 

plan irregularity 

• To understand the behavior of 20 storey building with 

combined irregularities 

       II. LITERATURE REVIEW 

  A nine storied    regular frame is modified by 

incorporating irregularities in various forms in both plan and 

elevation to form 34 configurations with single irregularity and 

20 cases with combinations of irregularities. Along with the 

regular configuration, 54 irregular configurations are analyzed 

and compared. All the frames are subjected to seismic loads and 

the response of the structures is computed numerically. Among 

the cases having combinations of irregularities, the 
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configuration with mass, stiffness and vertical geometric 

irregularities has shown maximum response  

  The configurations with vertical geometric 

irregularity have given maximum response. The combination of 

stiffness and vertical geometric irregularities has shown 

maximum displacement response whereas the combination of 

reentrant corner and vertical geometric irregularities has shown 

less displacement response.  

  In the modern world, where people are not 

ready to compromise with their needs, incorporation of 

combinations of irregularity in structures is inevitable. As the 

structural response depends on the type, location and degree of 

irregularity, these factors need to be taken care while designing 

any structure. This would help in incorporating irregularities in 

structures without compromising their performance. 

   A setback multi storey building with mass 

and stiffness irregularities is considered. an approximate 

analysis which provides basic dynamic data (frequencies and 

peak values of base resultant forces) .This methodology is based 

on South well’s formula and the concept of the equivalent single 

story system. This has been introduced by the authors in earlier 

papers for assessing the response of uniform along the height of 

buildings.sap software is used  

  In the computer analyses, the out of plane 

stiffness of the bents was neglected and in the wide column 

analogy used to simulate the CW bents the clear span of the 

coupling beams was increased by the depth of the beams . The 

above estimates are quite satisfactory for practical applications  

  III. METHODOLOG 

        3.1 MODELING OF REGULAR STRUCTURE:  

•  REGULAR STRUCTURE: 

• Buildings with simple regular geometry and uniformly 

distributed mass and stiffness             are called as 

regular buildings 

• So in this project a regular G+ 25 storey building is 

considered  

• Parameters considered for regular building 

                                TABLE  1 

 

 According to IS 1893(PART 1):2016 the following 

below parameters were considered 

 

3.2 MODELLING OF IRREGULAR STRUCTURE: 

• A structure is said to be irregular if it has uneven 

distribution of stiffness, mass ,geometrical 

configuration and plan irregularities 

• ETABS software is used for modeling of irregular 

structure 

3.2.1MODELLING OF VERTICAL IRREGULAR 

STRUCTURE 

• For vertical irregularities mass ,stiffness and vertical 

geometry irregularities are considered  

• For mass and stiffness  irregularity regular 25 storey 

building is considered and irregularities are induced 

into it by varying weight of slabs and stiffness of 

column 

                                    TABLE 2      Mass irregularity 

s.no No of stories Slab weight 

1 Upto 15 200 mm 

2 15 to 25 150 mm 

 

                                 TABLE 3       Stiffness  irregularity 

s.no No of 

stories 

Column size Beam size 

1 Upto 

15 

450 

mm*600mm 

300mm*500mm 

2 15 to 

25 

300mm*600mm 230mm*38omm 

 

Zone factor Z  0.24 

Importance factor I 1.5 

Response reduction factor R 5 
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VERTICAL GEOMETRICAL IRREGULARITY: 

For vertical geometrical irregularity   building having setbacks 

is considered 

 

  FIG 4 PLAN VIEW OF VGI       FIG 7 3D VIEW OF VGI 

                 

              TABLE 4       Dimensions for vertical geometrical 

irregularity 

S.no  Column size Beam size Depth of 

slab 

1 300mm*600mm 230mm*380mm 200mm 

 

    TABLE 5  Combination of mass, stiffness and vertical 

geometrical irregularity 

s.n

o 

No of 

storie

s 

Column size Beam size Depth 

of slab 

1        

Upto 

15 

300mm*600m

m 

230mm*380m

m 

200m

m 

2 15 to 

25 

450mm*600m

m 

300mm*500m

m 

130m

m 

 

 

 

3.2.2 PLAN OR ELEVATIONAL IRREGULARITY   

For this   reentrant corner irregularity is considered having 

L SHAPE 

 

 

   FIG 5 PLAN VIEWOF L SHAPED BUILDING           FIG 9 

3D VIEW OF  L SHAPE 

                             TABLE 6 DIMENSIONS  

s.no Column size Beam size Depth of 

slab 

1 300mm*600mm 238mm*380mm 200mm 

 

Combination of plan with vertical irregularities 

In this mass stiffness and reentrant corner irregularities are 

considered 

 RESPONSE SPECTRUM METHOD: 

 In this method all the basic parameters required are 

considered according to IS 1893(part 1):2016.  

 For loads consider IS 875 

 

 

 

 

 

3.3 ANALYSIS OF MODELS: 

3.3.1 ANALYSIS OF REGULAR G+25 STOREY BUILDING 

(MODEL 1) 
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                      RSM X,                         TABLE 1 

 RSM Y, TABLE 2 

 

 

3.3.2 ANALYSIS OF REGULAR BUILDING WITH MASS 

AND STIFFNESS IRREGULARITY (MODEL2) 

    RSM X, TABLE 3 

            
RSM Y,  TABLE 4 

 

3.3.3 ANALYSIS OF STRUCTURE WITH VERTICAL 

GEOMETRICAL IRREGULARITY (model 3) 

     RSM X, TABLE 5 
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RSM  Y,  TABLE 6 

 

IV. RESULTS AND DISCUSSION 

In the present study   vertical and plan irregularities are induced 

into regular 25 storeyed building and their seismic behavior is 

determined .The major outputs are storey  drift , storey 

displacement and base shear. Comparative study is conducted 

and for what combination of irregularities the building is more 

prone to damage is determined 

STOREY DRIFT 

The difference between the lateral displacements of two 

adjacent floors of the surface is called storey drift. In   the 

present study storey drift of structure with different 

combinations of irregularities is analyzed using response spectra 

method. Storey drift values are shown below  

STOREY DISPLACEMENT  

The difference between the displacements of two adjacent bays 

of structure   is called as storey displacement .In the present 

study storey displacement of structure with different 

combinations of irregularities is analyzed using response spectra 

method     

STOREY SHEAR  

The   algebraic sum of design lateral forces at all levels is called 

as storey shear. in this study storey shear of structure with 

different combinations of irregularities is analyzed using 

response spectra method 

 4.1 MAXIMUM STOREY DRIFT: 

The comparison is been done for storey drift   for RC   

structures   for different combinations of irregularities. mass 

stiffness and vertical geometrical irregularities are considered as 

vertical irregularities and reentrant corner irregularity for plan 

irregularity. Comparison is shown in below the graph 

 

 

 

 

GRAPH 1                        

          SHOWING MAXIUM STOREY DRIFT IN X 

 

 From the above graph we observe that plan irregularity 

with reentrant corner L Shaped structure has shown 

maximum drift in x direction 

 From the above graph we observe that regular structure 

has least storey drift     

  GRAPH 2  

             SHOWING MAXIMUM DRIFT IN Y   

 

 From the above graph we observe that plan irregularity 

and its combination with mass and stiffness irregularity 

has shown least drift in y 

 From the above graph we observe that structure with 

vertical geometrical irregularity has shown maximum 

drift in y  

 4.2 Maximum storey displacement 

The comparison is been done for storey displacements  for RC   

structures  for different combinations of irregularities .mass 

stiffness and vertical geometrical irregularities are considered as 

vertical irregularities and reentrant corner irregularity for plan 

irregularity. Comparison is shown in below the graph 
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Graph 3  

 SHOWING MAXIMUM STOREY DISPLACEMENT IN X 

 

 From the above graph we observe that structure with 

plan irregularity reentrant corner L SHAPED has 

shown maximum displacement in x 

From the above graph we observe that structure with mass and 

stiffness irregularity has showm least displacement in x 

GRAPH 4  

 SHOWING DISPLACEMENT IN Y    

 

 From the graph above we observe that structure with 

plan irregularity has shown maximum displacement in 

y also 

 From the above graph we observe that structurewith 

mass and stiffness irregularity has showm least 

displacement in y also 

4.3 MAXIMUM BASE SHEAR 

The comparison is been done maximum base shear for RC   

structures   for different combinations of irregularities. Mass 

stiffness and vertical geometrical irregularities are considered as 

vertical irregularities and reentrant corner irregularity for plan 

irregularity. Comparison is shown in below the graph 

 

 

 

  Graph 5              

        SHOWING BASE SHEAR IN X 

 

 From the above graph we observe that regular 25 

storeyed building has shown maximum base shear in x 

 From the above graph we observe that structure with 

vertical geometry irregularity and mass and stiffness 

has shown least base shear in x    

V. CONCLUSIONS 

The response spectra technique of dynamic analysis is 

used in this work to investigate the seismic behavior of 

reinforced concrete buildings with vertical and plan 

abnormalities. The analysis is carried out   utilising the ETABS 

programme to conduct the investigation. It is necessary to 

identify the different characteristics for RC framed buildings, 

such as the maximum storey drift, the maximum storey 

displacement, and the maximum base shear, which will then be 

compared further. 

 It is discovered that the maximum storey drift   of  

0.004 occurs in a building with L shape reentrant 

corner plan irregularity  in the x direction and  0.0035 

in vertical geometrical irregularity in y direction 

 When considering a structure with plan irregularities 

reentrant corner L SHAPED structure in both the x and 

y directions, it is discovered that there is a maximum 

storey displacement of 200mm 

 The maximum base shear is found in a typical G+25-

story structure with no special features. 

 According to the findings of the research mentioned 

above, regular buildings are more successful at 

withstanding earthquake loads. 

 Those with irregularities in their mass and stiffness are 

more successful at withstanding earthquake stresses as 

compared to structures with irregularities in their 

vertical geometry and plan. 
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 IS 875:2016 PART 1 Code of practice for design loads 

(other than code of practice for design loads (other than 

earthquake) for buildings and structures, dead loads — 

unit weights of building materials and stored materials. 

 IS 875:2016 PART 2 Code of practice for design loads 

(other than code of practice for design loads (other than 

earthquake) for buildings and structures, Imposed 

loads. 

 IS 875:2016 PART 3 Code of practice for design loads 

(other than code of practice for design loads (other than 

earthquake) for buildings and structures, Wind loads. 

 IS 456-2000Indian standard plain reinforced concrete – 

code of practice. 

  IS 1893(Part I) :2016 –Criteria for Earthquake 

resistant design of structures 

       

  


