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Abstract: The increase in population, parking spaces is a major problem for the apartments of the cities. Hence fresh trend 
is making use of the open ground storey for parking. Also, for office, shop spaces, or conference hall etc., soft story at 
different levels of structure is construction. In the beyond (past) earthquake has shown that the buildings with simple 
(unsophisticated) and uniform configurations are subjected to less damage. The regularity and continuity of stiffness in 
the horizontal planes as well as in vertical direction is very important from earthquake safety point of view. A building with 
discontinuity is subjected to concentrated of forces and deformations at dot of the discontinuity which may leads to the 
failure of members at the junction and collapse of building. Open first storey is a typical feature in the modern multi-
storey constructions in metro city India. Such as the features highly unacceptable of the buildings built in seismically 
active areas; as a been verified of numerous experiences the strong shaking during the past earthquakes. It is the thought 
of multi-storey buildings with soft ground floor are inherently vulnerable to breakdown due to earthquake load, their 
construction is still widespread in the developing nations like India. It is the social and functional demand to provide car 
parking space at ground level and for offices open stories at other level of structure away out-weighs the warning against 
such buildings from engineering community. The ground soft story for office space open floor is required on other levels 
of building. In present work we are concentrating on finding the best place for soft stories in high rise buildings.  
Keywords: Population Increase, Parking Problem, Open Ground Storey, Office Space, Earthquake, Structural Safety. 
 

I. INTRODUCTION 
In recent years, the rapid growth of tall residential and commercial buildings, particularly slender structures, has made the 
consideration of lateral loads such as wind, earthquakes, and blast forces a primary concern in structural design. Unlike earlier 
practices where buildings were mainly designed for vertical loads and lateral forces were checked later, modern engineering 
requires a thorough understanding of how these forces affect overall structural behavior and individual components. Seismic design, 
in particular, focuses on ensuring structural safety during major earthquakes while also addressing serviceability and economic loss. 
Earthquake loading differs significantly from gravity and wind loading because it induces large inelastic deformations, requiring 
detailed analysis to ensure acceptable performance beyond the elastic range; most codes allow controlled structural damage to 
dissipate energy without collapse. The devastating January 26, 2001 earthquake in the Kutch region of Gujarat highlighted the 
severe consequences of inadequate earthquake-resistant construction, as many traditionally built structures of stone, brick, adobe, 
and wood collapsed, causing heavy loss of life and property. Earthquake damage depends on factors such as ground motion 
intensity, soil conditions, and construction quality, making it essential to enforce seismic regulations for new buildings and to 
evaluate and strengthen existing ones. Buildings must possess adequate strength, ductility, and integrity to withstand large 
deformations and remain stable as a unit. Observations from past earthquakes reveal that properly designed buildings often remain 
intact while poorly designed adjacent structures may collapse, creating additional hazards and limiting access. To address such 
issues, performance-based engineering is recommended, where tools like static pushover analysis are used to achieve predefined 
performance objectives such as Immediate Occupancy, Life Safety, or Collapse Prevention, thereby enhancing urban resilience and 
ensuring safer, more reliable built environments during seismic events. 
 

II. MATERIAL AND METHOD 
In the Present work six building models of G+1, G+3, G+5, G+7, G+9, G+11 has been developed for RCC, for different position of 
soft storey situated in zone V with subsoil. Type medium -II were analyzed in ETAB software. All the buildings are subjected to 
same earthquake loadingto check their seismic behavior for same storey and storey height. For the analysis of these models’ various 
methods of seismic analysis are available but for present workLinear dynamic, linear static and non-linear static method is used. 
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Details of the methods are as given below. 
 
A. Pushover Analysis 
Pushover analysis is a nonlinear static analysis method used in structural engineering to evaluate the seismic performance and 
capacity of a structure. In this method, a building model is subjected to gradually increasing lateral loads (representing earthquake 
forces) applied in a predefined pattern until a target displacement is reached or the structure reaches failure. 
Pushover analysis which is an iterative procedure is looked upon as an alternative for the conventional analysis procedures. 
Pushover analysis of multi-story RCC framed buildings subjected to increasing lateral forces is carried out until the present 
performance level (target displacement) is reached. The promise of performance based seismic engineering (PBSE) is to produce 
structures with predictable seismic performance. The pushover analysis is more convenient than full dynamic analysis because of 
computational time. With pushover analysis, results took considerably much lesser time than dynamic analysis. Thus, pushover 
analysis is more practical for use in a design office. After the structure has been designed or retrofitted using appropriate codes or 
design guidelines, is that it yields additional information on the limit states, the plastic hinge sequence and the force redistribution 
caused by a seismic event. 

 
Fig. 1 Pushover Curve 

 
III. MODEL AND RESULTS 

A. Problem Data 
1) We are taking plan of structure and doing modeling in ETABS software. After modeling we are doing design and then we are 

performing pushover analysis. 
2) But in our research work we are making a soft-story at different level of building and then perform pushover analysis and let us 

see how results will vary. How react a soft story during earthquake at different level of structure. 
3) We are making 6 model of same plan of structure and design it. 
4) After design we are making soft story at G+1, G+3, G+5, G+7, G+9 and G+11 of the building. 
5) Consider soil type-2 
6) Zone factor-5 
7) Response reduction factor-4 

 
 
 
 
 
 
 
 
 
 
 
                                        
 

Fig: Plan 
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1) Model 1: Soft Storey at 1st Storey Level: 
 If story stiffness variation is more than 70% that story reacts like a soft story. 
 In this case at G+1 story stiffness variation is around 92% so G+1 story act like soft story. 
 Let us perform pushover analysis. 

 
 
 
 
 
 
 
2) Model 2: Soft Storey at 3rd Storey Level: 
 If story stiffness variation is more than 70% than particular story reacts like a soft story. 
 In this case at G+3 story stiffness variation is around 84% so G+3 story act like soft story. 
 Let us perform pushover analysis. 
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3) Model 3: Soft Storey at 5th Storey Level 
 If story stiffness variation is more than 70% than particular story react like a soft story. 
 In this case at G+5 story stiffness variation is around 142% so g+5 story act like soft story. 
 Let us perform pushover analysis. 
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4) Model 4: Soft Storey 7th Storey Level 
 If story stiffness variation is more than 70% than particular story reacts like a soft story. 
 In this case at G+7 story stiffness variation id around 128% so G+7 story act like soft story. 
 Let us Perform pushover analysis. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5) Model 5: Soft Storey 9th Storey Level 
 If story stiffness variation is more than 70% than particular story reacts like a soft story. 
 In this case G+9 story stiffness variation is around 132% so G+9 story act like soft story. 
 Let us perform pushover analysis. 
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6) Model 6: Soft Storey 11th Storey Level 
 If story stiffness variation is more than 70% than story reacts like a soft story. 
 In this case G+11 story stiffness variation is around 132% so G+11 story act like soft story. 
 Let us perform pushover analysis. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
IV. COMPARISON 

A. Comparison of Damping Ratio at Performance Point 
→ Thus, effective damping ratio value at performance point. 
→ Its soft story shift high to low rise effective damping ratio will increase and it will be good for structure during lateral loading. 
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B. Comparison of Effective Time Period in Second (Teffective) 
→ If Soft Story high to low rise effective time will decrease and time should not be much more if time is more than structure will 

more time to stable during seismic event and it will be good for structure during lateral loading if time is less.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C. Comparison of Base Shear at Performance Point: 
→ In structure Base Shear is dominate major role during ground shaking. If Base Shear is less so it will beneficial for structure. 

But majority dependency of Base Shear is on structure weight and earthquake parameters. 
→ In this study we can be if we shift the soft story from low level to higher level of structure then base shear will be reduced and it 

will be good for structure. 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

V. CONCLUSION 
In the present study, the nonlinear response of a reinforced concrete (RC) high-rise frame building with a soft storey located 
at different levels, in addition to the ground floor, was analyzed using ETABS under seismic loading. The main objective was 
to evaluate the variation in the load–displacement behavior and to determine the maximum base shear and displacement of the 
frame when the soft storey is placed at different elevations. The formation of plastic hinges was examined for configurations 
with a ground-floor soft storey and with soft storeys at higher levels, and hinge development was observed at various 
displacement stages. In a well-planned building without a soft storey irregularity, plastic hinge formation typically initiates at 
the beam ends and base columns of the lower storeys, then gradually propagates to the upper storeys, followed by yielding of 
interior intermediate columns in the upper levels, maintaining a desirable ductile mechanism.  
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However, the comparison of models in this study reveals that the pattern of plastic hinge formation changes significantly with 
the location of the soft storey. When the soft storey is positioned at lower levels, hinge formation is more intense and severe, 
whereas shifting the soft storey to higher levels reduces the concentration and severity of hinges within that storey. 
Since the modeled building in this study is relatively stiff, only a limited number of hinges formed, and most remained within 
the Life Safety (LS) performance level. In less stiff structures, hinges may propagate up to the Collapse Prevention (CP) level 
or even beyond, indicating more severe damage. The results show that when the soft storey is located at the bottom of the 
building, hinge severity and the number of hinges are significantly higher compared to cases where the soft storey is placed at 
upper levels. As the soft storey is shifted upward, both the number and severity of hinges decrease, which is beneficial for 
structural performance. Additionally, moving the soft storey from lower to higher levels results in a reduction in overall 
structural displacement and base shear. In terms of effective damping, shifting the soft storey upward leads to a decrease in 
effective damping, which corresponds to reduced structural damage. Therefore, when the soft storey is located at lower levels, 
the structure experiences maximum damage, while placing it at higher levels results in comparatively less damage. Based on 
these observations, it is advisable to provide a soft storey at higher levels rather than at the bottom of the structure to achieve 
improved seismic performance. 
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