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 Abstract 

As per the codal provisions, a soft storey is defined as the storey in which the stiffness is less than 70% of the storey above or less 
than 80% of the combined stiffnesses of the three storeys above. It is the general practice in the multistoreyed buildings to 
accommodate parking facilities for the vehicles of the occupants of the building. As we know that the soft storey in a building 
structure causes stiffness irregularity in a structure, due to this the structure undergoes unequal storey drifts, formation of the 
plastic hinges and then finally resulting into the collapse of the structure.This research work purely interacts with the effect of the 
soft storeys in the analysis of RC framed structures as entitled above, and in this work the soft storeys positions has been provided 
at different levels as shown in the analytical modelling. All the models are analyzed by using the ETABS software. The seismic 
analysis performed consists of the Equivalent static analysis (ESA), response spectrum analysis (RSA), and the push over analysis 
(PA). The seismic base shear forces, storey drifts, and the displacements has been compared with the three analysis methods as 
listed above. With the aid of the push over analysis the values of the ductility and the response reduction factor have been 
obtained. Apart from these, the performance point parameters such as spectral acceleration(Sa) , spectral displacement (Sd), 
Base shear(V) and the roof displacement(D) has been also illustrated in this work  and a detailed information of several stages of 
the hinge formation  (A,B,IO,LS,CP,C,D,E)  has also been illustrated.. 
 Keywords: Soft Storey, Stiffness, Storey Drift, Storey Displacement, Earthquake, RC Frames. 
---------------------------------------------------------------------***--------------------------------------------------------------------
I.  INTRODUCTION  
1.1 General 
The basic fundamental earthquake resistant design concept 
is the strong columns-weak beams criteria, so as to ensure 
safety of the occupants, i,e during earthquake the beams 
yield before the columns get collapsed. From the past 
earthquake we see that many building structures that 
collapsed exhibited the opposite strong beam-weak columns 
behaviour i,e the columns failed before the beams yielded 
this is so because of the effects of the soft storeys provision. 
The behavior of the structure and degree of damages of the 
multistoreyed buildings depends on the capacity of 
structural members undergoing the process of deformations 
in elasticity during seismological ground motions. Taking 
into consideration the above points, the structural building 
frames must be evaluated, designed as per the inelastic 
deformations due to the effect of earthquakes, leaving the 
stresses induced by the equivalent static force as mentioned 
in various seismic codes The normal practice these days for 
the purpose of seismic forces resistant building design is 
dependable on fundamental principles of force based 
earthquake resistant building design. there were been 
various effort to consider & use the actual conceptual data of 
deformation  based  seismic  design  as well as evaluation in 
the earthquake resistant design of structural frame buildings. 
Using the studies of  the inelastic earthquake response of 
building help us  to improvize the codal provisions and also 

the guidelines regarding the reduction of the  potential 
damages occurred during ground motion of buildings as well 
as it also helps in imparting economic design using reserved 
strength that which the building is  experienced during  
inelastic deformations.  
 
All the buildings designed based upon the now a day’s 
existing codes of seismology imparts minimum safety of life 
of the citizens / occupants in a high magnitude earthquake.   
 
1.2 OBJECTIVES THE PRESENT STUDY  
1.2.1objectives  
 The top most priority is to perform lateral load analysis 

on the different structural building models based on the 
changes in the models as per the Indian codal provisions.  Lateral load analysis with and without the provisions of a 
particular shape of a shear wall.  Lateral load analysis of the models in particular with the 
soft storeys at various levels of the building models.  To study the aspects with regard to the provision of core 
wall and its effects.  To study seismicity behavior in various building models 
regarding the provision of with and without the 
masonary infill.  To obtain the storey drifts & displacements at each one 
of the storeys using equivalent static analysis method, 
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response spectrum method and the famous non linear 
static method.  Comparing the results from different methodologies.  Accessing the performance point of the building thus 
coming to the conclusion with regard to the performance 
levels of the structure. 

 
1.2.2 Scope of the Study 
The purpose of this hypothetical study is to evaluate the 
seismic properties and characteristics for multistoreyed 
residential building structures. The main aspect of this 
analysis is to obtain the sustainability of the building 
regarding the performance of the buildings by using the aid 
of capacity and the demand of the structure for a designed 
strong motion earthquake characteristics using the 
equivalent static method, response spectrum method, and 
push over methods of analysis. 
 
2. METHODS OF SEISMIC ANALYSIS  
2.1 General 
The purpose of the carrying out the process of seismic 
analysis is to find actually the several parameters which 
purely includes the force, the deformation, capacity of each 
of the components in the building structure. These analysis 
methodologies are listed in a hierarchical order as follows: 
  Linear static analysis.   (ESA)  Linear dynamic analysis.  (RSA)  Non linear static analysis.  (push over) 
 
2.1.1 Linear Static Analysis  
(Equivalent Static Method) 
This is one of the simple most analysis procedures which 
makes ease for the structural designer to perform and carry 
out the design process. This analytical method is also 
prescribed in almost all the codal formats used for 
seismological analysis and is used mostly for the building 
which has some regular parameters of components for the 
purpose of design. This method is also popular by the name 
lateral forces method as the effects in this method of seismic 
motion are purely assumed to be the similar one as that 
which becomes as a result from the static transverse loads. 
The different codal provisions gives their own methods to 
obtain and to distribute the static forces so that to obtain the 
effects of seismic ground motion on the structural frames. 
Generally the expression is initially defined to set a 
prescribed value of the minimal lateral seismic force, which 
is also named as the base shear force. The single basic 
general requirement for the building structure with respect to 
the application of this methodology is purely that the natural 
vibration period of the building structure must be limited to 
a maximal values, which certainly results to a minimal 
values of frequency or the stiffness. This is because of fact 
that the often response is primarily controlled by it’s the first 
modes of vibrations. Resulting therefore in minimal values 
of frequency the contribution of the higher modes can be 
generally neglected. 

2.1.2 Linear Dynamic Analysis  
(Response Spectrum Analysis) 
The linear dynamic method of analysis has been proved to 
be the efficient ever design methods and almost mostly used 
and suggested by the structural designers for the purpose of 
analysis and design of the RC framed structure and their 
respective components. 
 
When we carry out the dynamic analysis, the inelastic 
response is empirically purely reviewed, As the non linear 
behavioural properties of the buildings which purely govern 
the designing under the strong ground motion. Due to these 
reasons the designers suggests and they too prefer the 
simplex methodology to carry out the analysis with the help 
of the elastic dynamic analysis methods. The consideration 
of the  modal contributions of each modes is the very 
important parameter in case of the multistoreyed buildings. 
A unique deformation possess at each single modes. The 
several important factors of the building structures are 
purely depends on the contributions from these vibration 
modes. The modal contributions resulting from the higher 
modes is smaller for the seismic response of a short to 
medium rised buildings because of the influencing property 
of the fundamental mode is very larger that is in the range of 
about 70-90% . 
 
Here in this method it is mostly important to consider the 
vibrations at the initial stages so that we get the results in a 
almost nearer exactly conditions. 
 
2.1.3 Non-Linear Static Analysis 
(Pushover Analysis) 
The non linear statically analysis is static method technique 
in a non linear methodology. In this method when the 
loadings are imposed or acted in a vertical manner  and also 
the laterally application of loadings are both applied in a 
increments which gives the forces resulting from the seismic 
motions of the ground that is the earthquake. 
 
In this method after the analysis is carried out we will 
certainly get from the results a graph of base shear V/S 
displacements which gives the bending failures. This 
methodology of analysis is donned until we get failure 
points. This failure point gives a pathway to obtain the loads 
which are acting purely on the building during the time of 
collapse. 
 
There will be a decrease in the stiffness followed after the 
loads are applied in the equal quantities increment and also 
due to this the hinges will also be eventually developed. 
The pushover methods of analysis are of the two types as 
illustrated below: 
 
1. Force controlled push over analysis.  
2. Displacement controlled push over analysis. 
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3. ANALYTICAL MODELLING 
3.1description of Models  
Model 1: The model-1 is a bare frame model 
Model 2:  The building has full infill masonry all over the 
model. 
Model 3: The building consists of soft storeys in plinth as 
well as in ground storey and the remaining storeys consist of 
masonry infill. 
Model 4: The building has first and second storeys as soft 
storeys and all other storeys are masonry infilled including 
plinth. 
Model 5: The building model has soft storey’s from plinth 
till 3rd storey and remaining portion of the building model is 
masonry infilled. 
Model 6: The building has first storey, second storey, third 
storey, and top two storeys as soft storeys and all other 
remaining storeys as masonry infill. 
Model 7: The building has top two storeys as soft storeys 
and all other remaining storeys as masonry infill. 
Model 8: In this building model all storey’s is provided with 
masonry infill except for storey 1, 2, 3 where L shaped shear 
wall is provided only at corners.  
Model 9: In this building model storey 1,2,3 is provided as 
soft storeys and top 2 storey’s are glazed (glass load is 
applied from IS 875), all other remaining storeys as masonry 
infill but with the addition of a central core wall.  
Model 10: The building has full brick infill masonry with 
the inclusion of square shaped shear wall in the corner four 
grids.  
 

 Fig: 1 common plan for all models 
 
(5m spacing in X direction and 4m spacing in Y 
direction) 

         Fig:2 model-1 (bare frame)       Fig:3 model-2                         

              Fig:4 model-3                         Fig:5 model-4 
 

                   Fig:6 model-5                       Fig:7 model-6 
 

                   Fig:8 model-7                           Fig:9 model-8 
 

                        Fig:10 model-9                              Fig:11 model-10 
 
3.2 Design Data 
3.2.1 General  
Occupancy= Residential 
Height of each storey=3.5m 
Depth of foundation=2.0m 
 
3.2.2 Loads 
Live load= 3.0 KN/m2 
Floor finishes= 1.0 KN/m2 
Wall load= 12.627 KN/m 
 
3.2.3 Seismic Data: 
Zone factor (table  2 of IS: 1893-2002)= 0.24 (Zone IV) 
Importance factor (table 6  IS :  1893-2002) = 1.0  
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Response reduction factor (table 7 IS: 1893-2002)= 5 
(SMRF) 
Soil type (figure 2 of  IS 1893-2002)=Type II (Medium soil) 
 
3.2.4 Member Properties: 
Thickness of RC slab= 0.150 m 
Column size= (0.3X0.8) m 
Beam size= (0.3X0.6) m 
Thicknesses of brick masonry wall= 0.230 m 
Thicknesses of RC shear wall= 0.230 m 
 
3.3 Assumptions  
1. The material is elastic linearly. 
2. The material is homogenous and isotropic. 
2. The supports to the columns are taken as fixed at the 
foundation.  
3. The tensile strength of concrete is ignored in sections 
subjected to bending. 
4. Pushover hinges are assigned to all the member ends. In 
case of Columns PMM hinges are provided at ends, but as in 
case of beams M3 hinges are provided at both ends. 
5.  The analysis of the superstructure is carried out 
independent from the foundation as well as the soil medium 
6. Due to rigidity of structure the floor acts as diaphragm. 
 
4. ANALYTICAL RESULTS AND 

DISCUSSIONS 
The results obtained are of various parameters such as 
fundamental natural time period, storey drifts, storey 
displacements, and  the design seismic base shear etc. where 
as the pushover analysis parameters such as the performance 
point parameters such as spectral acceleration(Sa), spectral 
displacement(Sd), Base shear(V) and the roof 
displacement(D) are also obtained. 
 
4.1 Fundamental Natural Time Period 

Chart no-1 

  

Table-1 Fundamental natural time period for different 
building models 

Model No  T in sec 
1 2.5852 
2 0.958 
3 1.3319 
4 1.6454 
5 2.1828 
6 1.8495 
7 0.8920 
8 1.1299 
9 1.3302 
10 0.6641 

 
While comparing all the models the model no 10 has a smallest 
value as compared to all other models, where as model no 01 
has the highest value. And also model no 2,3,4,7,8,&9 has the 
small values and model no 5,6 has higher values. 
 
Therefore we can easily come to conclusion that the provision 
of infill and also the shear wall reduces the fundamental natural 
period of the building. 
 
4.2 Design Seismic Base Shear: 

Table-2 Design seismic base shear for all models in both     
directions 

Model No  Design seismic base 
shear in KN 
(Longitudinal 
direction) 

Design seismic base 
shear in KN 
(Transverse 
direction) 

1 2890.87 3332.82 
2 16468.12 13193.71 
3 9114.98 9742.32 
4 7209.29 8071.99 
5 5205.38 6037.07 
6 5782.83 6651.20 
7 16244.94 13298.66 
8 12129.55 10366.44 
9 10131.71 8967.72 
10 24159.28 19789.04 
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From above chart no-2 we see that the base shear values in 
both the longitudinal as well as transverse direction are at its 
peak (highest) in the model no-10. Also we see that the 
model no-2 and the model no-7 has significant values of 
base shear as in comparison to the other models. Here we 
found that the bare frame model i,e model no-1has the 
lowest values of base shear in both longitudinal and 
transverse direction. In the model no-5 & 6 the base shear 
values in both directions have almost the nearer values. 
 4.3 Displacement and Base Shear At Yield Point  
Table-3 displacement and base shear at yield point along X 

direction 
Model No  Base shear at 

first hinge(KN) 
Displacement at 
first hinge(mm) 

1 1308.51 0.0177 
2 59553.58 0.0458 
3 6282.77 0.0104 
4 3088.06 0.0074 
5 2458.51 0.0102 
6 2604.16 0.0100 
7 18000.75 0.0181 
8 10237.99 0.0108 
9 5222.78 0.0077 
10 60130.55 0.0238 

 
Table-4displacement and base shear at yield point along Y 

direction 
Model No  Base shear at 

first hinge(KN) 
Displacement at 
first hinge(mm) 

1 2801.55 0.0295 
2 41387.53 0.0533 
3 10764.96 0.0199 
4 6024.88 0.0142 
5 4315.73 0.0154 
6 4806.91 0.0156 
7 32231.66 0.0448 
8 10218.14 0.0159 
9 7317.35 0.0151 
10 66071.25 0.0407 

 

 Chart -3  

Chart -4 
 As seeing the table 3 & 4 and chart 3 & 4 we see that the 

displacement at first hinge is at its peak for model no-2 in 
both directions  and then the model-7 & 10 has the 
significant values of displacement in transverse direction, 
regarding the base shear at first hinge  the model-10 has the 
highest values of base shear in boyh directions and then 
model-2 has the significant values .   The above result shows 
that due to shear wall increases base shear and further which 
reduces the displacement of the building. 
 
4.4 Story Drifts 

 Chart -5  

 Chart -6 
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Chart -7 
 

Chart -8 
 

Chart -9 
 

Chart -10 

Chart -11 
 

Chart -12 
 

Chart 13  

Chart -14 
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Chart -15 
 

Chart -16 
 

Chart -17 
 

Chart -18 

Chart -19 
 

Chart -20 
 

Chart -21  

Chart -22 
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Chart -23 
 

Chart -24  
From the chart 5 & 6, it can be seen that the bare frame 
model (model 1) yields higher drift values as compared to 
other models .The drift values gradually increases from 
storey level 2 to storey level 7 then starts decreasing from 
storey 7 in the both the directions as shown in the chart 
5.0&6.0. Also the storey drift in both the directions satisfy 
the permissible limit i.e. 0.004*h =0.004*3.5 =0.014m 
=14mm. 
 
 From the chart 7 to 24, it can be seen that the storey drift 
has higher values for models with soft storey as compared to 
that for models with full infill due to the fact that the infill 
presence increases the stiffness which results in decrease of 
storey drift. It is noticed that the storey drift curve of 
pushover analysis lies above that of equivalent static and 
response spectrum analysis in models with infill i.e. models 
2 ,7 and  10 whereas for models 3,4,5 6 and 9th model  the 
storey drift curve  of pushover lies below that of ESA and 
RSA because of the soft storey. We also see, the model 8 
and  model 10 yields in which shear wall is present yields 
comparatively lesser storey drifts than models without shear 
walls i.e. models 2,3,4,5,6,7,9 Hence it can be concluded 
that providing shear wall at the core, and also at the corners 
in x & y directions will significantly reduces the drifts in the 
storeys.  
 
 
 

4.5 Displacements 

Chart -25 
 

Chart -26 
 

Chart -27  

Chart -28 
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Chart -29 
 

Chart -30  

Chart -31  

Chart -32 

Chart -33 
 

Chart -34  

Chart -35  

Chart -36 
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Chart -37 
 

Chart -38  

Chart -39  

Chart -40 

Chart -41 
 

Chart -42  

Chart -43  

Chart -44 
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The bare frame (model 1) yields the higher values of 
displacement for ESA compared to other   methods   in 
which the ESA curve lies above the curves obtained of RSA 
and Pushover. From the charts 27 to 44, for model 2 to 
model 10, it is observed that, the displacement values for 
models are smaller in comparison to model 1. Also the 
displacement in the transverse direction is more that the 
corresponding displacement in the longitudinal direction. 
Comparing soft storey models i.e. models 3,4,5, 6,7 and 9  
with other  models  with infill  it is seen that the 
displacement values form pushover analysis are less 
compared to values obtained from ESA and RSA and the 
curve lies below that of ESA and RSA. Further by providing 
shear walls in   different   patterns   the displacement values 
are further reduced. From the above observations we at this 
position can say that as soon as we see that infill stiffness 
increases we also see there the displacement decreases. 
 
4.6 Ductility Ratio () and Response Reduction 
Factor (R) 

Chart-45 Ductility ratio for all building models in both 
directions 

 

Chart-46 Response reduction factor for all building models 
in both      directions 

 
From the above charts it can be observed that the bare frame 
model yields highest values for µ and R in both directions. 
whereas comparing the other models, model 10 gives 
significant values of µ and R. Hence it can be concluded that 
as the infill stiffness increases ductility ratio and response 
reduction factor increases.  

CONCLUSIONS  
1. The fundamental natural time period is observed to be 

the less for the models   with full infill   as compared to 
the models with soft storey. 

2. It has also been noticed that the time period decreases 
when the infill walls are included and also when the 
concrete shear walls are provided. 

3. It is seen that By providing the infill the storey drifts 
and the respective displacement are considerably 
reduced. 

4. In the bare frame the performance level of the building 
under the study reaches to collapse level denoted by the 
letter [C]. But as when the performance levels is at 
immediate occupancy denoted by the letter [IO] to the 
life safety level denoted by the letter [LS].This implies 
that the infill has the structure implications and cannot 
be neglected in the RC buildings designs. 

5. The models such as soft basement / soft basement + soft 
storey there we come to a conclusion that there is a 
significant  decrease in base shear as well as the 
respective displacement values of soft storey as in 
comparison to the other storeys. 

6. The performance of the building structure is affected 
directly or indirectly due to the presence of the soft 
storey. As the initial hinge that is the first hinge is not 
formed initially in full infilled model as to those 
compared with the model containing the soft ground 
and basement.  

7. After carrying out the analysis and the results we came 
the conclusion that the infill walls are solution in order 
to the  reduce drift at the basement , 

8. In the case of full infilled model building we came to 
observe and note that all of the hinges are produced in 
linked beams therefore which represents the local 
damages to building structure. But where as in case of 
the models consisting of the soft ground storey the 
hinges are formed also in the columns giving rise to the 
global damages to the structural frames. 

9. The response reduction factor denoted by [R] is found 
to be higher in bare frames as we compared to the 
infilled frames. 

10. From the analytical point of view we came to a 
conclusion that the ductility ratio value for bare frame is 
maximum and is reduced as we consider the effect of 
soft storeys.  

 
5.1 Scope for Future Study  
1. Further the studies can be done on tall building structures 

having a definite irregularity in plan as well as in mass 
and the stiffness.  

2. Studies can also be made by providing the duo systems 
that is the braced wall with the inclusion of shear walls 
or single system of shear wall by providing the shear 
wall at other different positions. 

3. The ductility can also be enhanced in prolongness by 
carrying out the study at the beam column junctions. The 
procedures as prescribed in the FEMA 273 or ATC 40 
can also be applied to the other existing buildings for the 
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purpose of carrying out the seismic evaluation of the 
structure. 

4. The study can also be extended with various other 
provisions of utilities such as swimming pools, fitness 
centres etc. 

5. In this study an extension can be made further with the 
provision of glazed walls at select storeys or the whole 
building. 

6. The study can also be applied for the analysis of the 
structures located on the sloping grounds in hilly 
regions/ terrains. 

7. The study can be extendable by using the provisions of 
damping and also the base isolation systems which 
isolates the building from its foundation during the 
ground motion. 
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