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Abstract: Many Urban multistoried building in India today have open storey as an unavoidable 

features. This is primarily being adopted to accommodate parking or lobbies in open storey, 

such features are highly undesirable in building built in seismically active areas, and this has 

been verified in numerous experience of strong shaking during past earthquake. Though 

multistoried building with open (soft) ground floor is inherently vulnerable to collapse due to 

earthquake load, their construction is still widespread developing nation like India. Open storey 

at different levels of the structure for out-weighs the warning against such building from 

engineering community.  

In this paper we are concentrating on finding the best place for soft stories which is use for 

parking space and offices in high-rise building. Soft storey is one of the main reasons for 

building damage during an earthquake and has been mentioned in all investigation report. Soft 

storey due to increase storey height is well known subject. Infill are usually not considered as 

a part of load bearing system. This study investigates the soft storey behavior due to increase 

in storey height, of infill’s at ground floor storey by means of linear static and nonlinear static 

analysis for midrise reinforced concrete building displacement capacity at immediate 

occupancy, life safety and collapse prevision, performance level and storey drift demands. Soft 

storey behavior due to change in infill’s amount is evaluated in view of the displacement 

capacities, drift demand and structural behavior. 

Keywords: Pushover analysis, open ground storey, infill wall, Seismic analysis, Compression 

member. 

 

I. Introduction: 

 
An open-ground-storey building, having only columns in the ground storey and both partition 

walls and columns in the upper storeys as shown in figure 1, has two distinct characteristics. It 

is relatively flexible in the ground storey, i.e., the relative horizontal displacement it undergoes 

in the ground storey is much larger than what each of the storeys above it does. This flexible 

ground storey is also called soft storey. It is relatively weak in ground storey, i.e., the total 

horizontal earthquake force it can carry in the ground storey is significantly smaller than what 

each of the storeys above it can carry. Thus, the open ground storey may also be a weak storey. 
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It leads to stiffness irregularity along the floors of the building. The ground storey has lesser 

stiffness as compare to remaining floors due to which primary failure occurs at bottom storey. 

The presence of walls in upper storey makes them much stiffer than the open ground storey. 

Thus, the upper storey move almost together as a single block and most of the horizontal 

displacement of the building occurs in the soft ground storey itself. In common language, this 

type of building can be explained as one on chopsticks. Thus, such buildings swing back-and-

forth like inverted pendulums during earthquake shaking, and the columns in the open ground 

storey are severely stressed. If the columns are weak, which means that they do not have the 

required strength to resist these high stresses or that they do not have adequate ductility, they 

may be severely damaged, which may even lead to the collapse of the building. 

 

 

 

 

 

 

 

 

 

 

Figure1 Open ground storey of the building 

 

II. Methods: 

 

 The present study focuses on the linear and nonlinear performance assessment of building with 

open ground storey during earthquake shaking. 

a. Equivalent Static Analysis: The method is used in the design of structure assuming it as linear. 

It is used to calculate the lateral forces during the design basis earthquake. The provisions of 

the above method is given in IS 1893:2016 Part I. 

b. Response Spectrum Method: It is a linear dynamic analysis in which response spectra given 

by the code is used to calculate the earthquake forces. The soil properties and damping of the 

structure is used to get the lateral forces of the building subjected to vibrations. 
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c. Time History Analysis: It is non-linear dynamic analysis of structure in which it is subjected 

to real ground motions using past catastrophic earthquake data. Non-linear performance of the 

structure can be assessed using the above method. 

d. Non-Linear Static analysis: The method is also called pushover analysis. The structure is 

subjected to a predefined displacement and the base shear capacity of the curve is assessed. 

The variation of base shear and roof displacement gives the pushover curve, which gives the 

overall capacity of the structure. 

 

III. Literature Review: 

 

Dya A. F. C. and Oretaa A. W. C. (2015) it is assumed that the properties and number of 

structural members for each story is constant. Thus, soft stories may be defined by simply 

determining the height of the stories. The study is also limited to a single soft story at the first 

story. The severity of the soft story is varied by increasing the height of the soft story. A static 

pushover analysis is utilized to determine the performance of the building under different 

irregularity conditions. The output of the study may be used to improve existing level 1 seismic 

risk assessments. Due to the limitations of a static pushover analysis, the study only covers 

low-rise buildings as permitted by the NSCP. Though it is recognized that a dynamic time 

history is more suitable, a pushover analysis is sufficient due to the preliminary assessment 

nature of the objective. The study has found that one of the primary concerns in vertical 

irregularities is the localization of seismic demand. For soft story buildings, the concentration 

of seismic demand is where the soft story is located. Data from the pushover analysis is 

translated into score modifiers for the varying soft story severity which may be used for 

preliminary risk assessment tools. 

Jennings E., Lindt J. W., Ziaei E., Mochizuki G., Pang W. and Shao X. (2014) studied 

about a seismic retrofit methodology for a soft-story wood frame building was presented. The 

methodology utilizes seismic response modification devices that consist of a compact steel 

section for energy dissipation and shape memory alloy (SMA) wire for re-centering capability, 

should that be needed. The device can be installed within a scissor-jack brace which is known 

for its compact footprint and high displacement magnification factor. These characteristics 
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make it suitable mainly because of the need for placement in or near short wall segments 

characteristic of the bottom floor of soft-story wood frame buildings. The retrofit methodology 

using the SMA-steel device in a scissor-jack brace was developed and exemplified on a three-

story soft-story wood frame building. Nonlinear time history analysis was conducted to 

quantify the performance of the retrofitted building for a suite of earthquakes. Experimental 

validation consisted of a full-scale hybrid test of the three-story building with the seismic 

retrofit represented numerically in the first-story serving as the numerical substructure, and the 

upper two stories represented physically in the laboratory. The results of the full-scale hybrid 

test are presented thereby validating the proposed seismic retrofit using SMA-steel devices in 

scissor-jack braces. 

Sahoo D. R. and Rai D. C. (2013) studied about presents a design procedure and analytical 

evaluation of two strengthening techniques to improve the seismic performance of the existing 

non-ductile RC frames with soft-story at the ground story level. The first technique, termed as 

column retrofit (CR), uses only partial steel jacketing (or caging) to enhance the lateral strength 

and plastic rotational capacities of the deficient columns at the ground story level. The later 

technique, termed as full retrofit (FR), considers the aluminum shear links as supplemental 

energy dissipation devices in addition to the strengthened ground story columns. Steel collector 

beams and chevron braces are used to transfer the lateral load from the RC frame to these 

dissipating devices. Performance-based plastic design approach is used to proportion various 

elements of the strengthening techniques. Nonlinear static and dynamic analyses are carried 

out to evaluate the performance of the existing and the strengthened frames. The main 

parameters investigated are (a) inter story drift, (b) residual drift, (c) yield mechanism, (d) 

energy dissipation, and (e) lateral strength. The FR frame effectively controlled the drift 

response by avoiding the soft-story collapse because of the significant energy dissipation in the 

shear links. Moreover, the FR frame achieved the desired yield mechanism without exceeding 

the design target drift level. 

Kirac N., Dogan M. and Ozbasaran H. (2011) studied about the seismic behavior of weak-

storey is studied. Calculations are carried out for the building models which are consisting of 

various stories, storey heights and spans. Some weak-storey models are structural systems of 

existing buildings which are damaged during earthquakes. The results are compared with the 

current earthquake code. The ratio of buildings which have weak-storey irregularity is 

determined for both Ankara and Eskisehir regions. It is observed that negative effects of this 

irregularity can be reduced by some precautions during the construction stage. Also, some 

recommendations are presented for the existing buildings with weak-storey irregularity. 
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Hejazi F., Jilani S., Noorzaei J., Chieng C. Y., Jaafar M. S. and Abang Ali A. A. (2011) 

studied about severe structural damage suffered by several modern buildings during recent 

earthquakes illustrates the importance of avoiding sudden changes in lateral stiffness and 

strength. Recent earthquakes that occurred have shown that a large number of existing 

reinforced concrete buildings are vulnerable to damage or even collapse during a strong 

earthquake. While damage and collapse due to soft story are most often observed in buildings, 

they can also be developed in other types of structures. The lower level containing the concrete 

columns behaved as a soft story in that the columns were unable to provide adequate shear 

resistance during the earthquake. Usually the most economical way of retrofitting such as a 

building is by adding proper bracing to soft stories. So, in this work occurring of soft at the 

lower level of high rise buildings subjected to earthquake has been studied. Also has been tried 

to investigate on adding of bracing in various arrangements to structure in order to reduce soft 

story effect on seismic response of building. It is lead to assess the vulnerability level of 

existing multi-storied buildings so that they can be retrofitted to possess the minimum 

requirements. This will help in minimizing the impending damages and catastrophes. 

Sarkar P., Prasad A. M., Menon D. (2010) studied about proposed a new method of 

quantifying irregularity in such building frames, accounting for dynamic characteristics (mass 

and stiffness). The proposed `regularity index' provides a basis for assessing the degree of 

irregularities in a stepped building frame. It was also proposed a modification of the code 

specified empirical formula for estimating fundamental period for regular frames, to estimate 

the fundamental time period of the stepped building frame. The proposed equation for 

fundamental time periods is expressed as a function of the regularity index. It has been 

validated for various types of stepped irregular frames. A measure of vertical irregularity, 

suitable for stepped buildings, called `regularity index', is proposed, accounting for the changes 

in mass and stiffness along the height of the building. This is simple in concept and is shown 

to perform better than existing measures. An empirical formula (modification of the existing 

code formula for regular RC framed building) is proposed to calculate the fundamental time 

period of stepped building, as a function of regularity index. This has been validated by free 

vibration analysis, performed on 78 stepped frames. A case study of an existing stepped 

building located at New Delhi demonstrates that the proposed correction to the code specified 

empirical formula results in an accurate estimate of the fundamental period, even for three-

dimensional building models. 

Athanassiadou C.J. (2008) studied about addressed multistory reinforced concrete (R/C) 

frame buildings, irregular in elevation. Two ten-storey two-dimensional plane frames with two 

and four large setbacks in the upper floors respectively, as well as a third one, regular in 
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elevation, have been designed to the provisions of the 2004 Euro code 8 (EC8) for the high 

(DCH) and medium (DCM) ductility classes, and the same peak ground acceleration (PGA) 

and material characteristics. All frames have been subjected to both inelastic static pushover 

analysis and inelastic dynamic time-history analysis for selected input motions. The assessment 

of the seismic performance is based on both global and local criteria. It is concluded that the 

effect of the ductility class on the cost of buildings is negligible, while the seismic performance 

of all irregular frames appears to be equally satisfactory, not inferior to (and in some cases 

superior than) that of the regular ones, even for motions twice as strong as the design 

earthquake. As expected, DCM frames are found to be stronger and less ductile than the 

corresponding DCH ones. The over strength of the irregular frames is found to be similar to 

that of the regular ones, while DCH frames are found to dispose higher over strength than DCM 

ones. Pushover analysis seems to underestimate the response quantities in the upper floors of 

the irregular frames. 

 

IV. Conclusion: 

 

Tremendous research in the field of earthquake engineering reveals that open ground storey 

proved to be fatal during seismic actions, since it leads to complete failure of the structure. The 

stiffness irregularity occurs since there are no infills at the bottom storey as compare to top 

storey. Loss of strength and ductility are the major reasons of failure at the time of earthquake. 

The study is very important so as to understand the detrimental effect of open ground storey 

during base excitation and suggesting some measure to reduce its effect.  
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