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ABSTRACT: Earthquakes are perhaps the most 

unpredictable and devastating of all natural disasters. They 

not only cause great destruction in terms of human 

casualties, but also have a tremendous economic impact on 

the affected area. The concern about seismic hazards has 

led to an increasing awareness and demand for structures 

designed to withstand seismic forces. In such a scenario, 

the onus of making the buildings and structures safe in 

earthquake-prone areas lies on the designers, architects, 

and engineers who conceptualize these structures.  Factors 

that should be considered in the designing of an earthquake 

resistant structure includes an understanding of the physics 

of earthquakes, the properties and configuration of the 

structure, study on the behaviour of structures in past 

earthquakes and also recommendations and codes provided 

by the relevant authorities. Vibration of the earth's surface 

is a net consequence of motions, vertical as well as 

horizontal caused by seismic waves that are generated by 

energy release at each material point within the three-

dimensional volume that ruptures at the fault. These waves 

arrive at various instants of time, have different amplitudes, 

and carry different levels of energy. Thus, the motion at any 

site on the ground is random in nature, its amplitude and 

direction varying randomly with time. In the present work, 

the complete assessment of the response parameters of an 

idealized 15 storey modelled (frame) structure subjected to 

various combinations of soft storey locations was analyzed 

using the computer program ETABS and compared with 

manual calculations. The R.C frame consisted of M25 

concrete and Fe 415 grade steel reinforcement, having 

characteristic properties as per IS 456: 2000.The structure 

was then modelled in the ETABS and analyzed to determine 

the seismically induced lateral force distribution and 

response of the structure in seismic zone 5. In accordance 

with 1893(Part 1): 2002, the structure is categorized as 

irregular, therefore linear dynamic analysis was preformed, 

however, the result from this analysis was compared with 

that of linear static analysis. The response of the structure 

including sway, inter-storey drift, stresses and deformation 

in members, particularly those in the soft storey, were 

compared by varying the location and combination of the 

soft storeys. 

Key Words: Seismic Response, Irregular structure, stiffness 

irregularity, soft storey, Response Spectrum Analysis 

 

I. INTRODUCTION 

Irregular buildings constitute a large portion of the modern 

urban infrastructure. The group of people involved in  

 

constructing the building facilities, including owner, 

architect, structural engineer, contractor and  local  

authorities,  contribute  to  the  overall  planning,  selection  

of  the structural  system,  and  to  its configuration. This 

may lead to building structures with irregular distributions in 

their mass, stiffness and strength along the height of 

building. When such buildings are located in a high seismic 

zone, the structural engineer’s role becomes more 

challenging. Therefore, the structural engineer needs to have 

a thorough understanding of the seismic response of irregular 

structures. In recent past, several studies have been carried 

out to evaluate the response of irregular buildings. 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 become really important.  Height-wise changes in 

stiffness and mass render the dynamic characteristics of these 

buildings different from the regular buildings. 

IS-1893 definition   of   Irregular Structures: 

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 

become more complicated.  

There are two types of irregularities. 

 Plan Irregularities 

 Vertical Irregularity. 

Vertical Irregularities are mainly of five types- 

i) 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 three storeys above. 

ii)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 needs not be considered. 

iii)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. 
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iv)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. 

v) 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. 

Buildings are designed as per Design based earthquake 

(DBE), but the actual forces acting on the structure is far 

more than that of DBE. So, in higher seismic zones ductility 

based design approach is preferred as ductility of the 

structure narrows the gap. The primary objective in designing 

an earthquake resistant structure is to ensure that the building 

has enough ductility to withstand the earthquake forces, 

which it will be subjected to during an earthquake.  

 

II. NEED FOR PRESENT INVESTIGATION 

It has been largely accepted that soft storey (stiffness 

irregularity) influences the dynamic characteristics and 

seismic performance of reinforced framed concrete 

structures. Many studies have been theoretically conducted to 

predict the response of various structural models subjected to 

earthquake excitation, however it was evident that many such 

studies and literatures have ignored the fact that soft storey 

can practically be located or created at any story level of a 

reinforced concrete structures, and not only exist at the first 

storey alone. It is important to note that soft stories may be 

created at the inception to satisfy the functional requirement 

of the structure such as, taller storeys that facilitate parking, 

lobbies and mechanical floors. As the storey level increase 

changes in column dimensions may be required due to the 

gradual reduction of gravity loadings, this change in column 

dimensions alter the lateral stiffness property of the structure 

creating a soft story at that level. Soft stories may be created 

as a direct consequence of vibration, that is, the damage 

induced to walls by either corner crushing or shear failure at 

a particular storey level, and results for the reduction of the 

lateral stiffness at some point after initial excitation. The 

formation is therefore, unpredictable, especially for 

reinforced concrete buildings where the in-filled walls are 

non structural. It is therefore, necessary to better understand 

the effects that the presence of soft stories on a 15 storey 

structure chosen as a reference for RC structures in 

developing rural areas, and taking into account the probable 

occurrence of soft storey at a single level or a combination of 

levels. 

 

Problem Definition  

With urbanization, demand for aesthetics in structures to 

satisfy their functions, and the increasing unbalance of 

required space to availability, it is becoming imperative to 

satisfy these requirements, which in most cases is to provide 

either open or taller storey in commercial and residential 

buildings. These provisions reduce the stiffness of the lateral 

load resisting system and a progressive collapse becomes 

unavoidable in a severe earthquake of such buildings due to 

soft storey. In a Soft storey the columns are unable to 

provide adequate shear resistance during the earthquake, 

since less resistance or stiffness or inadequate ductility 

(energy absorption capacity) is there, and the structure 

cannot satisfactorily resist the induced stresses. This 

behaviour exhibits higher stresses in the columns and the 

columns fail as the plastic hinges are developed, if the soft 

storey is formed as a result of failing infill walls, plastic 

hinges may not form at predetermined positions. Thus, the 

vulnerability of soft storey effect has caused structural 

engineers to rethink the design of a soft storey building in 

areas of high seismicity. In the present work, the complete 

assessment of the response parameters of an idealized 15 

storey modelled (frame) structure subjected to various 

combinations of soft storey locations was analyzed using the 

computer program ETABS and compared with manual 

calculations. Parametric studies on displacement, inter storey 

drift, storey shear and storey moments was conducted and a 

series of response charts plotted using both equivalent static 

analysis and dynamic analysis as per the Indian Seismic 

Codes, to investigate the influence of these parameters on the 

behaviour of buildings with soft storey at varying levels. The 

outcome of the investigation will help us to idealize the 

response of RC Structures and to take necessary precautions 

when designing structures in earthquake prone areas. 

 

III. OBJECTIVE IF THE PRESENT WORK 

A. Modelling of the Structure  

To idealize the actual structure for analysis:  

Determine building configuration (storey height, element 

dimensions etc..)  

B. Propose soft storey location and combination  

Construction materials and structural element properties  

Establish Loadings and load functions 

C. Analysis of Idealized Model  

To analyze the idealized structural models subjected to 

dynamic loadings, using the finite element software ETABS.  

To analyze the idealized structural models subjected to 

dynamic loadings, and conduct manual calculations.  

 Review of models  

To make notable observations and conclusions from the 

outputs of the analysis, so as to understand in detail the 

effects of the irregularities on the response of reinforced 

concrete structures. 

 
IV. METHODOLOGY 

To satisfy the objectives and achieving the aim of the study, 

the following was carried out:  

Objective-1: Modelling of Structure  

Structure Type and Form: The building was idealized as a 3-

Dimensional, Reinforced Concrete Moment resisting framed 

Structure. The lateral load resisting system was chosen since 

the framework of a R.C building consist of elements 

monolithically connected and resist lateral forces primarily 

by flexure, this is considered as the fundamental structural 
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system .Since relative displacements (inter storey drifts) are 

proportional to the shear distribution and shear forces, and on 

the limitation of drift, this system is recommended for 

structures up to thirty- storeys. The modeled structure is just 

fifteen storey tall and based on the recommendations on drift 

limitations, dual systems consisting of moment resisting 

frame either braced or with shear walls was not considered in 

study.  

Building Configuration  

The fifteen storey reinforced concrete framed structure was 

kept symmetrical in both orthogonal directions in plan, to 

avoid tensional response under lateral excitation. Buckling 

response was also avoided by providing appropriate plan and 

vertical dimensions that is by providing a height to base ratio 

(slenderness ratio) of less than four. 

Structural elements such as columns, beams and slabs were 

assumed preliminary dimensions with regards to permissible 

limits for slenderness and serviceability limit state as 

recommended by IS 456: 2000.  

Since walls, both internal partition and external cladding can 

alter the storey stiffness as well as the lateral load 

distribution, they were not considered in the analysis. 

Function and Loading  

In India, multi storied buildings of similar configurations as 

assumed for the analysis are found mostly in city areas.  

These structures function primarily as either residential or 

office buildings, however they often provide multiple 

functions consisting of a combination of occupancy 

classification. 

 In this study, the concept of form follows function was 

implemented and the structure was assumed to function as an 

office building, subjected to designed loads in accordance 

with IS: 875-1987 for dead and imposed loads. Seismic 

loadings and load combinations were considered in 

accordance with IS: 1893(Part 1): 2002. 

Construction Materials and Structural Element Properties:  

The R.C frame consisted of M25 concrete and Fe 415 grade 

steel reinforcement, having characteristic properties as per IS 

456: 2000.  

Masonry walls, contribute to the loadings on the structure 

however they were not modeled in to the structure for 

analysis since their behavior is unpredictable.  

 

Objective 2: Analysis of Idealized Model:  

The structure was then modeled in the program ETABS and 

analyzed to determine the seismically induced lateral force 

distribution and response of the structure in seismic zone 5. 

In accordance with 1893(Part 1): 2002, the structure is 

categorized as irregular, therefore linear dynamic analysis 

was preformed, however the results of this analysis was 

compared with that of linear static analysis.  

Since we are considering concrete buildings the value of 

damping was taken as 5 percentage of critical, and building 

was assumed to be founded on a site having soil of type two ( 

medium soil).  

P-∆ effect was taken into consideration in the analysis.  

The response of the structure including sway, inter storey 

drift, stresses and deformation in members particularly those 

in the soft storey, were compared by varying the location and 

combination of the soft storeys. 

The load combinations were as per 1893(Part 1): 2002 and 

seismic forces were considered in one direction 

simultaneously.  

Objective 3: Review of models: 

Observations and Conclusions after completing the analysis 

of the 3-D framed models subjected to different combination 

of soft storey locations, the models were reviewed for any 

discrepancies that may have occurred.  

Results from the analysis were presented as required in a 

favourable manner so as to be able to make generalized 

observations about the response of the structure as well as 

rational conclusions and recommendations for the design of 

R.C structures with soft storey. 

Data:  

Loadings:  

Dead loads : 

Finishes : 1.5 KN/m
2
  

Reinforced Concrete Elements : 25KN/m
3
  

Cladding Wall 20 KN/m
3
   

Live loads: 2 KN/m
2
 on all floors and 3KN/m

2
 imposed on 

roof. 

Lateral loads : Earthquake load as per IS 1893(Part 1): 2002  

Material Properties  

Concrete Grade : M 25  

Steel Grade : Fe 415  

Soil Condition:  

Medium  

Importance Factor of Structure:  

Importance factor =1  

Zone factors:  

Seismic Zone III : 0.16 g 

     General Building Configuration  

15 Storey R.0 Moment Resisting Framed building to both 

orthogonal directions in plan.  

27.15 m x 28.67 m plan dimensions  

48 m total height  

7 Bay in each direction of with different length ranging from 

4.77 meters to 2.87 meters span 

 Storey Height 3.2 meter  

Assumed Element Dimensions:  

Columns: 400mm x 400 mm  

                 415mm x 415mm 

                 375mm x 375mm 

                 350mm x 350mm 

  Beams:  230mm x 230mm 

                500mm x 230mm 

                500mm x 300mm 

Floor and Roof Slabs: 125 mm  

 

NOTE:  We consider the above data for both regular and 

irregular structures, in order to achieve the stiffness property 

and design we have taken few considerable changes at the 

location where the stiffness is varying. 

 

V. RESULTS AND DISCUSSION 

The plan, elevation and stiffness irregularities considered for 

seismic analysis are shown in the following Figures 3.1 to 

3.4. 
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STOREY STIFFNESS 

Table.3.1 Stiffness values of Reg & Irrg structure in X dir 

 
Table 3.2Stiffness ratio of Irrg structure wrt to Reg. structure 

in X dir 

 
Table 3.3 Time Period &Horizontal Acceleration Manual 

Calculation. 

 
Table 3.4 Modal Participation Ratio Calculated by ETABS 

for all the Modes 

 

Table 3.5 Time Periods for Regular& Irregular structure in 

both X & Y direction 

 
 

 
Fig. 3.8 Lateral Force plot: storey number Vs Lateral Force 

of Regular structure in X Dir 

 

 
Fig. 3.9 Lateral Force plot: Storey Number Vs Lateral Force 

of Regular structure.in Y Dir.  
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Table 3.6 Calculation of Seismic Weight of the Irrg @10
th

 

storey in Y Direction. 

 
 

 
Fig. 3.10 Lateral Force plot storey number Vs Lateral Force 

of both Reg & Irrg. in X Dir. 

 

 
Fig. 3.11 Lateral Force plot storey number Vs Lateral Force 

of both Reg & Irrg. in Y Dir. 

 
Fig. 3.12 Displacement plot Storey Number Vs 

Displacement of both Reg & Irreg. in X Dir. 

 

 
Fig. 3.13 Displacement plot Storey Number Vs 

Displacement of both Reg & Irreg. in Y Dir. 

 

 
Figure 3.14 Storey Drift Plot: Storey Number Vs Storey Drift 

of both Reg & Irreg Str. in X Dir 
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Figure 3.15  Storey Drift Plot: Storey Number Vs Storey 

Drift of both Reg & Irreg Str. in Y Dir 

 

From the results obtained from ETABS the following points 

were observed: 

 The lateral force is maximum and ground level and 

reduced with increase in floor number and reached 

minimum at 15th floor for both regular and irregular 

structures. 

 Displacement is zero at ground level but increases 

with floor number and reached maximum at 15th 

floor for both regular and irregular structures. 

 Starting at the 1st storey level, the curve gradually 

increase until maximum inter storey drift is reached, 

then gradually reduces to the some extent and then 

increases and at the 15
th

 floor the drift reaches it is 

minimum value for both regular and irregular 

structures. 

 

VI. CONCLUSIONS 

In the present work, the complete assessment of the response 

parameters of an idealized 15 storey modelled (frame) 

structure subjected to various combination of soft storey 

locations was analyzed using the computer program ETABS 

and compared with manual calculations. Parametric studies 

on displacement, inter storey drift, storey shear and storey 

moments was conducted and a series of response charts 

plotted using both equivalent static analysis and dynamic 

analysis as per the Indian Seismic Codes, to investigate the 

influence of these parameters on the behaviour of buildings 

with soft storey at varying levels. The load combinations 

were as per 1893(Part 1): 2002 and seismic forces were 

considered in one direction simultaneously. The building was 

considered to be one of multiple functions and was kept 

symmetrical in both orthogonal directions in plan, to avoid 

tensional response under lateral excitation. Buckling response 

was also minimized by providing appropriate plan and 

vertical dimensions, and the analysis conducted as per IS 

1893(Part 1) :2002 provisions, for Linear Static and Dynamic 

analysis, assuming medium soil condition for seismic zone 5, 

also the effect of infill was not taken into consideration on 

the initial response of the structure. Under the assumption 

that the structure behaves as a sheared building, the resulting 

stiffness variations obtained by ETABS calculations are 

obtained in X direction & Y direction respectively. This 

assumption of structure stiffness is the fundamental criteria 

for the seismic coefficient and response spectrum analysis 

and shows that the stiffness changes occur only at the soft 

storey level. It shows that as the storey level increase, the 

stiffness decreases having maximum values at the first story 

and continuously decreasing towards the 15th. We 

considered the above data for both regular and irregular 

structures, in order to achieve the stiffness property and 

design, we have taken few considerable changes at the 

location where the stiffness is varying. The response of the 

structure, including sway, inter-storey drift, stresses and 

deformation in members, particularly those in the soft storey, 

were compared by varying the location and combination of 

the soft storeys. The outcome of the investigation will help 

us to idealize the response of RC Structures and to take 

necessary precautions when designing structures in 

earthquake-prone  areas. 

 

REFERENCES 

[1] Valmundsson and Nau, 1997, Seismic Response of 

Building Frames with Vertical Structural 

Irregularities, Journal of structural engineering, 

123:30-41.  

[2] Anibal G Costa, Carlos S. Oliviera, Ricardo T 

Duartze,1998, Influence of Vertical Irregularities on 

Response of Buildings  

[3] Lee Han Seon ,Dong Woo Kee, 2007, Seismic 

response characteristics of high-rise RC wall 

buildings having different irregularities in lower 

stories, Engineering Structures 29 (2007):3149–

3167  

[4] Sadjadi R, Kianoush M.R. , Talebi S , 2007, 

Seismic performance of reinforced concrete 

moment resisting frames, Engineering Structures 29 

(2007):2365–2380  

[5] Athanassiadou C.J, 2008, Seismic performance of 

R/C plane frames irregular in elevation, 

Engineering Structures 30 (2008):1250–1261  

[6] Karavallis, Bazeos and Beskos, 2008, Estimation of 

seismic inelastic deformation demands in plane 

steel MRF with vertical mass irregularities, 

Engineering Structures 30 (2008) 3265–3275  

[7] Sarkar P, Prasad A Meher, Menon Devdas, 2010, 

Vertical geometric irregularity in stepped building 

frames, Engineering Structures 32 (2010) 2175–

2182  

[8] Poonam, Kumar Anil and Gupta Ashok K, 2012, 

Study of Response of Structural Irregular Building 

Frames to Seismic Excitations, International Journal 

of Civil, Structural, Environmental and 

Infrastructure Engineering Research and 

Development (IJCSEIERD), ISSN 2249-6866 

Vol.2, Issue 2 (2012) 25-31  

[9] Ravikumar C M, Babu Narayan K S, Sujith B V, 

Venkat Reddy D, 2012, Effect of Irregular 

Configurations on Seismic Vulnerability of RC 

Buildings, Architecture Research 2012, 2(3): 20-26 

0.000000

0.001000

0.002000

0.003000

0.004000

0.005000

0.006000

0 3 6 9 12 15

ST
O

R
EF

Y
 D

R
IF

T 
(M

)

STOREY NUMBER

RE
GU
LA
R



International Journal For Technological Research In Engineering 

Volume 4, Issue 11, July-2017                                                ISSN (Online): 2347 - 4718 

 
 

www.ijtre.com                        Copyright 2017.All rights reserved.                                                                          2434 

DOI: 10.5923/j.arch.20120203.01  

[10] Haijuan Duana, Mary Beth D. Hueste, 2012, 

Seismic performance of a reinforced concrete frame 

building in China, Engineering Structures 41 

(2012):77–89  

[11] Shahrooz Bahrain M. and Moehle Jack P., Seismic 

Response And Design of Setback Buildings- Journal 

of Structural Engineering, Vol. 116, No. 5, May, 

1990 1423-1439  

[12] IS:13920-Ductility Design  

[13] IS:1893- Calculation of Seismic forces  

[14] IS:456-2000-Design of RC structures  

 

 


