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Abstract— Paper is concerned with the effects of various 

vertical irregularities on the seismic response of a structure. 

The objective of the project is to carry out Response spectrum 

analysis (RSA) and Time history Analysis (THA) of 

vertically irregular RC building frames and to carry out the 

ductility based design using IS 13920 corresponding to 

Equivalent static analysis and Time history analysis. 

Comparison of the results of analysis and design of irregular 

structures with regular structure was done. The scope of the 

project also includes the evaluation of response of structures 

subjected to high, low and intermediate frequency content 

earthquakes using Time history analysis. 
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I. INTRODUCTION 

During an earthquake, failure of structure starts at points of 

weakness. This weakness arises due to discontinuity in mass, 

stiffness and geometry of structure. The structures having this 

discontinuity are termed as Irregular structures. Irregular 

structures contribute a large portion of urban infrastructure. 

Vertical irregularities are one of the major reasons of failures 

of structures during earthquakes. For example structures with 

soft storey were the most notable structures which collapsed. 

So, the effect of vertically irregularities in the seismic 

performance of structures becomes really important. Height-

wise changes in stiffness and mass render the dynamic 

characteristics of these buildings different from the ‗regular‘ 

building. The irregularity in the building structures may be 

due to irregular distributions in their mass, strength and 

stiffness along the height of building. When such buildings 

are constructed in high seismic zones, the analysis and design 

becomes more complicated. There are two types of 

irregularities- 

1) Plan Irregularities 

2) Vertical Irregularities 

Vertical Irregularities are mainly of five types- 

A. Stiffness Irregularity  

Soft Storey-A soft storey is one in which the lateral stiffness 

is less than 70 percent of the storey above or less than 80 

percent of the average lateral stiffness of the. 

B. Stiffness Irregularity 

Extreme Soft Storey-An extreme soft storey is one in which 

the lateral stiffness is less than 60 percent of that in the storey 

above or less than 70 percent of the average stiffness of the 

three storeys above. 

1) Mass Irregularity 

Mass irregularity shall be considered to exist where the 

seismic weight of any storey is more than 200 percent of that 

of its adjacent storeys. In case of roofs irregularity need not 

be considered. 

2) Vertical Geometric Irregularity 

A structure is considered to be Vertical geometric irregular 

when the horizontal dimension of the lateral force resisting 

system in any storey is more than 150 percent of that in its 

adjacent storey. 

3) In-Plane  

In-Plane Discontinuity in Vertical Elements Resisting Lateral 

Force-An in-plane offset of the lateral force resisting 

elements greater than the length of those elements. 

4) Discontinuity in Capacity 

Weak Storey-A weak storey is one in which the storey lateral 

strength is less than 80 percent of that in the storey above. 

As per IS 1893, Part 1 Linear static analysis of 

structures can be used for regular structures of limited height 

as in this process lateral forces are calculated as per code 

based fundamental time period of the structure. Linear 

dynamic analysis are an improvement over linear static 

analysis, as this analysis produces the effect of the higher 

modes of vibration and the actual distribution of forces in the 

elastic range in a better way. 

Combined to estimate the total response of the 

structure. In this the magnitude of forces in all directions is 

calculated and then effects on the building is observed. 

Following are the types of combination methods Time history 

analysis techniques involve the stepwise solution in the time 

domain of the multidegree-of-freedom equations of motion 

which represent the actual response of a building. It is the 

most sophisticated analysis method available to a structural 

engineer. 

Its solution is a direct function of the earthquake 

ground motion selected as an input parameter for a specific 

building. This analysis technique is usually limited to 

checking the suitability of assumptions made during the 

design of important structures rather than a method of 

assigning lateral forces themselves. The steps involved in 

time history analysis are as follows Ductility in the structures 

results from inelastic material behavior and reinforcement 

detailing such that brittle fracture is prevented and ductility is 

introduced by allowing steel to yield in a controlled manner. 

Thus the chief task is to ensure that building has adequate 

ductility to withstand the effects of earth quakes, which is 

likely to be experienced by the structure during its lifetime. 

Ductility of the structure acts as a shock absorber and reduces 

the transmitted forces to the structure. The ductility of a 

structure can assessed by- 

 Displacement ductility 

 Rotational and Curvature ductility 

 Structural ductility 

 Ductility is the capability of a material to undergo 

deformation after its initial yield without any significant 

reduction in yield strength. 

 The factors which affect the ductility of a structure are as 

follows- 

 Ductility increases with increase in shear strength of 

concrete for small axial compressive stress between 0-

1MPa.The variations is linear in nature. 

 Ductility varies linearly up to the point when axial 

compressive stress becomes equal to the compressive 

stress at balanced failure. 
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 The ductility factor increases with increase in ultimate 

strain of concrete. Thus confinement of concrete 

increases ductility. 

 The ductility increases with increase in concrete strength 

and decreases with the increase in yield strength of steel 

Shows the importance of seismic analysis of 

structures and the requirement of an efficient design 

technique. It provides an overview of the analysis methods 

followed along with the importance of ductility based design. 

Second chapter encompasses the literature survey carried to 

gain an idea about research work done by various researchers 

and scientists on topics related to the project. This included 

works by various researchers from 1997 to 2012. 

Third chapter involves the results and discussions of 

analysis methods and design method followed. Firstly, 

response spectrum analysis was carried for three types of 

irregular structures namely mass irregular, stiffness regular 

and vertically geometry irregular and the storey shear forces 

were compared to that of a regular structure. Secondly, time 

history analysis was carried out for irregular structures 

considering three different kinds ground motion namely 

low(Imperial),intermediate(IS code) and high frequency(San 

Francisco) and the results were compared. Lastly, design of 

irregular structures as per IS 13920 corresponding to 

Equivalent static analysis and Time history analysis was 

performed and the design results were compared. 

The fourth and final chapter covers the conclusion 

and references of project. Under conclusion, the results have 

been presented in brief manner and references cover the 

papers, journals etc. related to the project. 

Three types of irregularities namely mass 

irregularity, stiffness irregularity and vertical geometry 

irregularity were considered .All three kinds of irregular RC 

building frames had plan symmetry. Response spectrum 

analysis (RSA) was conducted for each type of irregularity 

and the storey shear forces obtained were compared with that 

of a regular structure. Three types of ground motion with 

varying frequency content, i.e., low (imperial), intermediate 

(IS code),high (San Francisco) frequency were considered. 

Time history analysis (THA) was conducted for each type of 

irregularity corresponding to the above mentioned ground 

motions and and nodal displacements were compared. 

Finally, design of above mentioned irregular building frames 

was carried out using IS 13920 corresponding to Equivalent 

static analysis (ESA) and Time history analysis(THA) and the 

results were compared. Our results can be summarized as 

follows 
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