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ABSTRACT 

 

Parking lot for residential building in inhabited cities become a major draw backs owing 

to rising population. For that in construction of building use of first open story now widely 

used. This structure have infill masonry walls at ground floor and for above to ground floor is 

filled with masonry walls, define as soft story or open grounded story.  According to safer 

design of building plastic hinges developed in column at soft story is not allowable .if the soft 

story is at higher level so we can eliminated the displacement. For the irregular building, soft 

story shifted to above level, the effective story drift and displacement will decrease as compare 

to regular building. And moreover, if we increase the size of the column it reduces the drift but 

found increased shear force and bending moment in first level. To reduce the effect of stiffness 

and bending moment, shear wall and cross bracing system is more effective. As researcher 

found, that soft story is less effective against the strong shaking of ground. So the ultimate 

solution to this problem by increasing stiffness of first story of building 
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Chapter-1                                                                                             Introduction 

 

1.1 Soft Storey 

Population increase since the last decade has been enormous, the automotive parking 

lot for residential residences in inhabited cities has become a matter of major drawback. Thus 

constructions of multi-storeyed buildings with open initial floor has become a standard observe 

within the world. The traditional method has been to utilize the bottom floor of the building 

itself for parking or reception lobbies within the initial floor. These forms of buildings 

possessing walls without brick infill ground floor, however entire higher storeys infilled with 

masonry walls are referred to as “Soft storey” or “Open Ground Storey Building”. The poor 

and destructive response of such buildings in various countries during earthquakes posed 

challenges for the construction of buildings with soft 1st story. This floor is understood as weak 

floor as a result of its stiffness is in contrast to higher floors, thus it simply collapses by 

earthquake. Owing to wrong construction practices and cognitive content for earthquake 

resistant style of buildings in our country, most of the prevailing buildings are at risk of future 

earthquakes. So, prime importance ought to run to the earthquake resistant design. According 

to IS 1893(Part-I): 2002, “a storey of a building is being said soft storey if it has 70 % less 

stiffness of the above storey or 80% less of the average of above three storey” 

 

Fig 1:-A Soft Storey Building 
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The higher storeys have wall panels infilled with bricks. Apparently, because of no 

infill wall panels in the first storey makes most of the buildings to possess first storey as soft 

storey. The overall dynamic base shear due to earthquake on a building depends on the natural 

period. The dynamic force distribution on a building depends on it is stiffness and mass 

distributed over the building height. The buildings having first storey soft, the up storeys having 

stiffer behaviour show lesser inter storey displacement, while the displacement in the first soft 

storey is observed to be enormous. It is observed that for every third building the strength in 

columns in first storey is high which is due to the maximum shear in the first storey. The force 

distribution in the lateral direction is non uniform on the buildings in which the stiffness in the 

storeys tend to change suddenly. This has detrimental impact on the response of building during 

dynamic excitation. These building are needed to be assessed by performing dynamic analysis 

and should be designed with utmost care. Past earthquakes have proved critical damage aspects 

with the building having soft storeys such as the Northridge 1994, San Feranando 1971 and 

Bhuj 2001. The earthquake in Jabalpur proved the lacking of design aspects in the indian 

building codes with respect to the buildings with soft storey. 
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Chapter-2                                                                  Scope and Objective of the Study 

2.1 Scope 

1. Using the concept of Soft Storey enough spacing can be safely utilized for different purposes. 

2. The purpose of durability and ductility of the structure in seismic zone concerned can be 

achieved. 

3. After taking the effective measures soft storey structures can be used in highly seismic zone. 

 

2.2 Objective 

1. Analyse the behaviour of building in case of dynamic loading. 

2. Remedial measure to decrease the seismic vulnerability of building. 
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Chapter-3                                                                                         Literature Review 

 

1. Suchita Hirde and Ganga Tepugade(2014), Discussed the performance of a building 

with soft storey at different levels along with ground level. The past earthquakes have 

manifested that if in a building there are concentration of forces and deformation due to 

discontinuity in the stiffness and mass may cause the failure of structural members which 

eventually may cause the collapse of the building. The nonlinear static pushover analysis 

is carried out. They have observed that in the columns of the ground level soft storey the 

plastic hinges were developed which is not considered safe for the design of the building. 

It has been observed that the displacement reduces when the soft storey is provided at 

higher level. They concluded that after the provision of shear walls to the building in 

consideration there was no formation of hinges in the columns and the lateral displacement 

was also reduced. 

 

 

2. Hiten l. Kheni and Anuj K. Chandiwala(2014), They have suggested a weak beam and 

strong column for the earthquake resistant design of structures because it has been 

observed in the past earthquakes that the buildings that collapsed were mostly consisted of  

the opposite characteristics in which the columns yielded prior to beams and lead to 

collapse of the structure. They have observed that the displacement according to the lateral 

load patterns with codal provisions are smaller for the upper stories and the displacement 

patterns of the considered building is independent of the no of stories. They have observed 

that the displacement is more accurate with the first model lateral load pattern but 

simultaneously they have observed that as the number of stories increased the deviation in 

the results of the lateral load patterns decreases. 

 

3. Rakshit Gowda K.R. and Bhavani Shankar(2014),  They compared the behaviour of 

multi storeyed RC  frame regular building and vertically irregular building(stepped 

building). They have proided the soft storeys at various levels of building for different load 

combinations. They have analysed all the building models in seismic zone V and have 

analysed them for static and dynamic earthquake loading. They have compared the result 

of the frame with infill, bare frame and the building with different position of soft storey. 

They have observed that the dynamic behaviour of the building with infill improves 

compared to soft storey provided. They have concluded that the building with complete 

infill exhibits minimum displacement subjected to both static and dynamic loading, while 

the bare frame exhibit maximum displacement subjected to similar nature of loading. In 

vertically irregular structure it was observed that the inter storey drift was maximum 

compared to that of regular structure. The base shear in the frsme with complete infill was 

observed to be more compared to that of bare frame model in both X and Y direction. If  

the soft storey is provided in the 5th floor in case the building can not be provided with 

complete infill, it has been observed to be sustainable compared to that when the soft storey 
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is provided in the 10th floor as the displacement is more in this case. For the time period 

mode-1, it is observed that the displacement is more in the irregular building compare to 

regular building. 

 

 

4. Miss Desai Pallavi T. and Prof. Mrs A. Ranjan(2013),  They have worked on the effect 

of soft storey on RC structures. They change in lateral stiffness and ductility of buildings 

having soft storey poses the structural vulnerability to dynamic loading. Hence the 

assumption of effective stiffness during RC frame member modelling is significant for 

seismic design as it directly effects the period and dynamic response of the building. The 

soft storey tends to increase the seismic horizontal load and induced moment in the 

columns. Moreover it increases the axial force in certain columns which creates 

complicated column behaviour. In the study four models have been considered in which 

Model 1 includes RCC column with 3m Storey height, Model 2 includes composite  

column with 3m height ground storey, Model 3 includes composite column of 3m height 

at ground and 1st storey and Model 4 includes composite column with 4m height ground 

storey. They have concluded that the stiffness in Model 2 is higher than Model 1. Also it 

has been observed that the stiffness of the storey above the ground storey is less 

comparatively. Model 2 and Model 4 analysis indicate having higher stiffness compared 

to Model 3. 

 

 

5. Amit S. Gawande  (2013), has studied the seismic response of ground soft storey of a 

building. He has investigated the seismic response of a building with ground soft storey 

under dynamic excitation along with design of masonry infill RC structure. The objective 

of the study has been to analyse the response of RC frame with respect to its storey 

stiffness, storey drift, fundamental natural period moment and shear with the help of 

equivalent static and dynamic analysis using ETABS. 
 

 

6. Nikhil Agrawal, et. al (2013), They discussed about masonry infill with opening and 

without openings in RC frame buildings to increase the stiffness and the strength of RC 

frame structures. They have taken a G+5 storey college building in seismic zone III. The 

stiffness of infilled frames have been calculated by modelling the infill using “Equivalent 

diagonal strut method”. They have analysed the models including bare frame, strut frame, 

and strut frame with centre and corner openings in proportion to 15% by using STAAD-

Pro. They observed the stiffness of the structure has increased with infill panels. Maximum 

deflection is found more while providing openings in centre compare to the openings at 

corners. It has also been observed that the deflection in infilled frame is less compared to 

that of bare frame. In case of frame infilled panel with centre opening the axial load 

carrying capacity of column increases. With the increase proportion of openings the 

stiffness decreases. From the analysis the result indicates that the deflection drastically 

reduces in case of infill frame with opening as compare to bare frame. However the 

deflection is found more in the top storey because the effect of seismic force is more on 

this storey. 

 

 

 



 
 

6 
 

7. Dande P.S. and Kodag P.B.(2013), They discuss about that we can improve the strength 

of the soft storey and they give two ways for it; (a) By provision of more stiffness to the 

column and (b) By provision of infill wall panel in the building frame at each corner. The 

modified soft storey provision has been compared with respect to the complete infill wall 

frame and bare frame models. They have concluded that the columns of the first storey in 

a building with soft ground storey are subjected to larger Shear Force and Bending 

Moment. However after providing the infill wall panels to the soft ground storey, the 

strength of columns in the first storey is seen to be improved and the Shear Force and 

Bending Moment reduced. It has been that the fundamental time period of a bare frame 

model is more as compared to the fundamental time period provided by the code. This 

indicates that the analysis of a bare frame model is inappropriate. It is observed that when 

lateral load applied to bare frame model each floor’s mass acts independently and each 

floor is observed to drift with respect to adjacent floor. Due to this action the building 

behaves in a ductile manner and shear force is distributed to each floor. But when infill is 

provided the mass of each floor acts as single mass the drift of each floor is reduced and 

the magnitude of lateral force is seen to act as a base shear to a large extent and the shear 

in the columns of the ground storey is observed to increase. 

 

 

 

8. Narendra Pokar, et al., In this paper they discussed about the effect of soft storey with 

small scale     model. It is essential for testing a scale model for optimal analytical model 

and the provision of special design for those structures. They have taken 2 bay G+4 stories 

RC frame model for behaviour of soft storey by using SAP software.  

     They have taken 5 models;  

1. Full Scale RC model without infill in all floors. (M1) 

2. Full Scale RC model with infill in 1st, 2nd, 3rd and 4th floor. (M2) 

3. Full Scale RC model with infill in 1st, 2nd, 3rd, 4th floor and bracing at ground floor. 

(M3) 

4. Small Scale RC model with 1/16.66 scale without infill at ground floor. (M4) 

5. Small Scale Steel model with 1/16.66 scale without infill at ground floor. (M5) 

The data of Bhuj earthquake 2001 has been taken for Time history analysis for Model M1, 

M2 and M3 at different load combination and Response spectrum analysis also been used 

for the analysis. Model M4 and M5 are analysed as per similitude rule with scaled time 

history. It is observed that displacement slope changes in X direction when the upper floors 

of the building are provided with masonry infill which increases the stiffness of the 

building. This tends to decrease the strength of the ground story columns which is 

overcome by increasing the size of the columns at the ground story. Moreover the stiffness 

of these columns can be increased by providing the masonry infill in the ground storey on 

all four sides. 

 

 

 

9. P.B. Lamb and Dr R.S. Londhe(2012), The vertical stiffness irregularity in a building is 

the main cause for the formation of soft storey in a building. They have taken a multi-

storey building with soft ground storey in zone IV and observed the response of building 

including drift, shear force, bending moment and stiffness by using SAP2000. They 

observed that the provision of shear walls & cross bracings has proved to decrease the 

stiffness irregularity and bending moment in columns and the higher column size also 

helps to decrease the drift but due to the higher size of columns, shear force and bending 
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.moment increases in the first storey. It is observed that infill with masonry is not helpful 

to reduce the demand of strength in first storey columns. However stiffness irregularity 

reduces to a large extent. The provisions of bracings enhances the stiffness in the first 

storey. It is observed that the drift profile of the lateral displacement reduces after 

providing bracings. The provision of shear walls has effectively decrease the drift and 

stiffness irregularity but simultaneously it has increased the shear force and bending 

moment in the first storey. They have observed that the light weight masonry infill 

increases the first storey stiffness and enhances the strength of the columns in the first 

storey. 
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Chapter-4                                                                                                 Methodology 
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Chapter-5                                                                                   Modelling and Analysis 

 

5.1 Plan of Building 
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5.2 Front Elevation of Building 
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5.3 Side Elevation of the Building 
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5.4 Model of the Building 
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5.5 Design 
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5.6 Analysis of Model 

Model analysed for- 

Zone- V 

Soil Type – Medium Soil 

S.M.R.F. 

Importance Factor= 1 

Size of beam =200mm X 400mm 

Size of Column= 500mm X 500mm 

 

1. Base shear = Ah X w 

           Ah= (Z/2) X (I/R) X (Sa/g) 

           Sa/g= inv(0.075 h^0.75)= (0.075 X 38.5^0.75)^-1 = 0.86 

           So, Ah= (0.36/2) X (1/5) X (0.86)  = 0.031 

 So Now Base Shear (Calculated) = 0.031 X 95859.89 = 2971.66 kN         

Base Shear (Analytical)    = 977.6 kN 

            Base Shear analytical should be less than calculated, hence safe. 

 

2. Storey drift(Ground Soft Storey)= 0.2605 (Analytical) 

     Storey drift (Ground Soft Storey)=0.004X3.5=0.014 (As per IS 1893 2002) 

       Analytical Ground Soft Storey drift is greater than the drift as per IS 1893 2002, hence 

ground soft storey displacement is not appropriate and needs to be strengthened. 
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Chapter-6                                                                                Discussion and Conclusion 

1. If soft storey is shifted to above storey the storey drift and displacement 

will decrease and it is also found more in irregular structure comparatively 

regular structures. 

2. The displacements due to lateral loads as per codal provisions are less in 

the storey near the ground and more on the stories away from the ground 

level. 

3. The higher size of columns is effective in reducing the drift, but it increases 

the shear force and bending moment in the first storey. Shear wall and cross 

bracings are found to be very effective in reducing the stiffness irregularity 

and bending moment in the columns.  

4. Soft Storey buildings exhibit poor performance during a strong shaking. 

The solution to this problem is in increasing the stiffness of the first storey. 
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