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Abstract— Masonry infilled RC frames are the most 

common type of structures used for multi-storeyed building 

in the developing countries, stiffness contributions of these 

masonary infill walls are ignored in the lateral loads 

analysis. RC frame building without infill wall is known as a 

soft storey. These soft storeys can be at any height of the 

building. From the past earthquake it has been observed that 

a building with discontinuity in the stiffness and mass 

subjected to lateral loads may leads to the failure of 

members collapse of structure. From the literature survey it 

can be confirmed that shear walls can reduce the effect of 

soft storey. Hence in this paper study carried out on the 

performance of a building with soft storey in two different 

locations of building with floating columns, different type of 

shear wall and curtailment of shear wall in seismic prone 

areas are studied. Analysis is carried out by ETABS 

software. Storey displacement, story drift and Storey 

acceleration is calculated by time history analysis (THA) 

compared for all models. The results shows that the infill 

wall and shear walls gives the better performance in seismic 

analysis of building and curtailment of the shear wall can be 

done up to the top of intermediate soft storey. 
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Underneath Satellite Bus Stop 

I. INTRODUCTION 

Satellite bus stop is the new term that has come in the recent 

years in cities like bengaluru because, due to increasing 

population and the land value since the past few years bus 

stands in populated cities is a matter of major problem. So 

that constructions of multi-storeyed buildings with open first 

storey is a common practice in metropolitan cities. Hence 

the trend has been to utilize the ground storey of the 

building for the moment of the busses and people can use 

this as bus terminals. These type of buildings having no 

infill walls in ground storey, but all upper storeys infilled 

with masonry walls are called soft storey. Soft storeys at 

different levels of structure are constructed for other 

purposes like lobbies conference halls and for the service 

storeys. This storey is known as weak storey because storey 

stiffness is lower compare to above storeys. So, importance 

to be given for the earthquake resistant design.  

Consideration of infill and shear walls and correct shape can 

improve the performance of the building in analysis. 

II. DESCRIPTION OF STRUCTURAL MODEL 

In the present study 10 different models of 12 storey which 

is having 5 bays of 10m in x- direction and 7 bays of 8m in 

y direction with the plan dimension of 50m X 56m and a 

storey height of 7m, 3.1m 3.65m of storey 1, storey 7and 

remaining all storey respectively considered. 

DATA VALUES 

zone 5 

soil strength Medium 

Importance factor 1 

Response reduction factor 5 

E of M30 27.386x10
6
kN/m² 

E of brick masonary 3500x10³kN/m² 

density of brick masonry 20kN/m³ 

grade of concrete 
 

for beams and slabs 25 N/mm² 

for columns and shearwalls 35 N/mm² 

loads 
 

floor finishes 1.5kN/m² 

imposed loads 4KN/ m² 

slab thickness 
 

storey 1 to 7 0.150m 

storey 8 to 12 0.125m 

Column size 
 

From storey 1 to storey 4 1m x 1m 

storey 4 to storey 8 0.8m x 0.8m 

storey 9 to storey 12 0.8m x 0.4m 

Floating columns 0.8m x 0.4m 

Beam size 
 

From storey 1to storey7 0.4m x 0.8 m 

storey 8 to storey 12 x-direction 0.4mx0.8m 

storey8tostorey12 Y-direction 0.4m x0.6m 

storey 7
th

 in X direction 1m x 1m 

Thickness of wall 0.23m 

Thickness of concrete wall 0.20m 

Table 1: Description of Structural Model 

III. MODEL CONSIDERED FOR ANALYSIS  

Following 10 models are analyzed by equivalent static 

method response spectrum method and time history analysis 

method using ETABS software. 

 Model 1: Bare frame model, however masses of brick 

masonry infill walls are included in the model.  

 Model 2: Building model has full diagonal strut that 

replaces brick masonry infill in all the stories excluding 

ground storey. 

 Model 3: Building model has no diagonal strut in 

ground storey and 7
th

 storey but has full diagonal strut 

that replaces brick masonry infill in remaining stories. 

 Model 4: Building model is same as in model 3 Further, 

L- type of shear wall is provided at corners (shear wall 

will be up to top storey). 

 Model 5: Building model is same as in model 3 Further, 

L- type of shear wall is provided at corners(height of 

shear wall will be up to 7
th

 storey, i.e., till a 

intermediate soft storey). 
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 Model 6: Building model is same as in model 3 Further, 

swastik- type of shear wall is provided at corners. 

 Model 7: Building model is same as in model 3 Further, 

U- type of shear wall is provided at corners. 

 Model 8: Building model is same as in model 3 Further, 

C- type of shear wall is provided at corners. 

 Model 9: Building model is same as in model 3 Further, 

H- type of shear wall is provided at corners. 

 Model 10: Building model is same as in model 3 

Further, I- type of shear wall is provided at corners. 

 
Model1        Model2          Model3     

  
Model4               Model5           Model6 

 
Model7  Model8    Model9  Model10 

Fig. 1: Models 

IV. RESULTS AND DISCUSSION 

A. Comparison of Model 4 and Model 5 

An attempt has been made to compare the model 4 with 

model 5, because the shear wall height curtailed up to the 

soft storey for model 5 and for model 4 the shear wall 

considered up to the top storey of the building. Comparisons 

of models were carried out for all the parameters by 

Equivalent static analysis. 

Parameters Model4 Model 5 

Time period 0.872 0.879 

Base shear 34928.3 34845.4 

Storey drift 0.00072 0.000698 

Storey displacement 24.4 24.6 

Storey acceleration 1044.57 1039.36 

Table 2: comparison of results of all parameters of model 4 

and model 5 

From the above table it can be seen that, the 

percentage of increment in time period of model 5 is 0.80% 

when compared to model 4, base shear has percentage of 

decrement of 0.23%, storey drift has percentage of 

decrement of 0.57%, storey displacement has percentage of 

increment of 0.82% and storey acceleration has percentage 

of decrement of 0.49% of model 4 when it compared with 

model 5.    

From above results it is can seen that there is 

negligible amount of change in results of all parameters of 

model 4 when it compared with model 5. So it can be 

concluded that the curtailment of shear wall can be done for 

the height up to the intermediate soft storey, by this the 

building can be economized. 

Storey model 1 model 2 model 3 model 4 model 5 model 6 model 7 model 8 model 9 model10 

1 0.00281 0.00383 0.00349 0.00113 0.00113 0.00056 0.00091 0.00039 0.00092 0.00049 

2 0.00386 0.00269 0.00247 0.0013 0.00131 0.00078 0.00106 0.00052 0.00107 0.00068 

3 0.00384 0.00193 0.0018 0.00133 0.00134 0.00085 0.00112 0.00057 0.00111 0.00077 

4 0.00405 0.00177 0.00166 0.00133 0.00134 0.0009 0.00116 0.0006 0.00115 0.00083 

5 0.00443 0.00182 0.00174 0.00138 0.00137 0.00094 0.00122 0.00063 0.00121 0.00088 

6 0.00392 0.00166 0.00183 0.00142 0.0014 0.00096 0.00123 0.00063 0.00122 0.0009 

7 0.00238 0.00127 0.00221 0.0015 0.00148 0.00099 0.0013 0.00064 0.0013 0.00093 

8 0.00111 0.00076 0.00085 0.00114 0.00136 0.00104 0.00135 0.00074 0.00135 0.00098 

9 0.00119 0.00073 0.00074 0.0011 0.00145 0.00112 0.00146 0.00084 0.00146 0.00104 

10 0.00093 0.00056 0.00057 0.00098 0.00118 0.00092 0.00119 0.00068 0.00119 0.00084 

11 0.00062 0.00039 0.0004 0.00085 0.00083 0.00065 0.00084 0.00047 0.00084 0.00059 

12 0.00032 0.00023 0.00024 0.00072 0.00047 0.00038 0.00048 0.00026 0.00048 0.00035 

Table 2: Comparison of storey drift between all models for time history analysis in x-direction direction 

Storey model1 model2 model3 model4 model5 model6 model7 model8 model9 model10 

1 19.7 26.8 24.5 7.9 7.9 3.9 6.4 2.7 6.4 3.4 

2 33.2 36.7 33.5 12.7 12.7 6.8 10.2 4.6 10.4 5.9 

3 46.4 43.7 40 17.5 17.6 9.9 14.3 6.7 14.4 8.7 

4 58.6 50.2 46.1 22.3 22.5 13.1 18.5 8.9 18.6 11.7 

5 71.8 56.8 52.4 27.2 27.4 16.5 23 11.1 23 14.9 

6 84.6 62.9 59 31.9 32.1 19.9 27.4 13.4 27.4 18.1 

7 91.3 66.8 65.7 36 36.2 23.5 31.4 15.4 31.3 21 

8 94.8 69.6 68.8 39.6 39.7 26.9 35.9 17.7 35.9 24.2 

9 98.4 72.2 71.5 43 43.9 30.4 40.6 20 40.6 27.6 

10 101.2 74.3 73.5 46.1 47.9 33.2 44.3 21.9 44.3 30.3 

11 103.1 75.6 74.9 48.8 50.6 35.1 46.8 23.3 46.8 32.2 
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12 104 76.5 75.7 51.2 52.2 36.3 48.3 24.2 48.3 33.4 

 Table 3: Comparison of storey displacement between all models for time history analysis in x-direction direction 

Storey model 1 model 2 model 3 model 4 model 5 model 6 model 7 model 8 model 9 model 10 
 

1 803.26 585.65 599.58 1386.31 1196.54 1049.36 1119.28 1071.43 1102.96 1025.48 
 

2 828.3 817.53 786.72 1644.06 1430.92 1213.02 1467.14 1221.38 1486.53 1156.95 
 

3 891.99 1051.75 1022.52 1821.19 1772.43 1428.27 1804.88 1341.97 1827.94 1255.72 
 

4 816.29 1261.66 1239.01 1961.35 2098 1676.15 2035.17 1429.9 2064.91 1454.48 
 

5 869.81 1424.94 1387.39 2168.63 2393.33 1885.28 2181.09 1491.01 2203.71 1655.14 
 

6 801.02 1512.49 1395.9 2329.58 2627.18 2040.84 2349.36 1629.19 2390.99 1882.69 
 

7 810.42 1550.37 1408.87 2414.56 2762.38 2263.14 2568.74 1778.34 2613.49 2075.53 
 

8 826.1 1584.81 1458.77 2711.27 2535.49 2379.23 2712.96 2030.08 2732.33 2219.31 
 

9 814.38 1627.26 1511.54 3003.69 3044.97 2458.59 2920.09 2348.48 2898.18 2342.24 
 

10 964.68 1679.14 1555.32 3375.82 3603.26 2618.14 3193.04 2438.4 3182.54 2607.27 
 

11 1144.51 1742.58 1609.65 3729.62 4133.81 2832.82 3714.01 2772.53 3707.36 2803.92 
 

12 1241.29 1789.5 1652.49 4037.97 4497.02 3200.63 4077.7 3161.2 4067.05 3106.36 
 

Table 4: Comparison of storey Acceleration between all models for time history analysis in x-direction direction

 
Fig. 1: Chart 1: Storey drift Vs. Storey for different models along x-direction direction by THA. 

 
Fig. 2: Chart 2: Storey displacement Vs. Storey for different models along x-direction direction by THA. 
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Fig. 3: Chart 3: Storey Acceleration Vs. Storey for different models along x-direction direction by THA. 

Table 2 shows the comparison of the drift values of 

all the model in x-direction of all storeys by THA, from that 

it can be seen that the storey drift in all storey for models 

(with shear wall) has lower values as compare to that for 

models (with without shear wall). When masonry infill 

stiffness taken into consideration, Model 2 (full brick infill 

excluding bottom storey) shows considerable reduction in 

storey drift, For model 3 drift is maximum at bottom storey 

and goes on reducing at storey 7 it increases suddenly due to 

introduction of another soft storey (intermediate short 

service storey).It is observed that, the model with shear wall 

yields comparatively lesser storey drift. Hence it can be 

concluded that providing shear wall at corners in X and Y 

direction significantly reduces the drift in the storeys. Model 

8 with C type of shear wall yield considerable lesser drift 

than other types of shear wall .It is represented in chart 1 

Table 3 shows the comparison of the drift values of 

all the model in x-direction of all storeys by THA, from that 

it can be seen that the storey drift in all storey for models 

(with shear wall) has lower values as compare to that for 

models (with without shear wall). When masonry infill 

stiffness taken into consideration, Model 2 (full brick infill 

excluding bottom storey) shows considerable reduction in 

storey displacement, For model 3 displacement is almost 

same up to storey 6 and goes on increasing at storey 7 

suddenly due to introduction of another soft storey 

(intermediate short service storey). Model 8 with C type of 

shear wall yield considerable lesser displacement than other 

types of shear walls. It is represented in chart 2 

Table 4 shows the comparison of the acceleration 

values of all models in x-direction of all storeys by THA, 

the acceleration values are lower for the bare frame model 

as compare to the other models. When masonry infill 

stiffness taken into consideration, Model 2 (full brick infill 

excluding bottom storey) shows considerable increase in 

storey acceleration than model 1, For model 3 acceleration 

is almost same as model 2.It is observed that, the model with 

shear wall yields comparatively greater storey acceleration. 

It is represented in chart 3 

V. CONCLUSIONS 

1) The storey drifts are found within the limit as  specified 

by the code IS 1893(Part-1):2002. 

2) The presence of floating in upper storeys reduces the 

storey drift suddenly because of increase in the 

stiffness. 

3) C shaped shear wall shows considerably lesser storey 

drift by THA method of analysis is considered.  

4) More than 50% reduction in storey displacement 

observed by introduction of any type of shear wall. 

5) C shaped shear wall shows considerably lesser storey 

displacement. 

6) The acceleration increases when effect of infill wall and 

shear walls are considered. 

7) The soft story effect is less at intermediate location of 

the building. A service storey of lesser height can be 

safer for building at higher level. 

8) Providing shear wall at all end corners of the building in 

X and Y direction significantly improves all parameters 

in the analysis. 

9) The soft story effect can be optimized by using the 

shear walls at corners without effecting the functional 

aspect of the building.  

10) Consideration of stiffness of masonry infill and shear 

wall, greatly influences the overall 

11) performance of the structure. Simply they cannot be 

neglected. 

12) For modeling the infill wall the equivalent diagonal 

strut method can be effectively used. 

13) Since the effect of shear wall height is very less the 

curtailment of shear wall can be done up to the 

intermediate soft storey, so the building can be 

economized. 

14) Effect of floating columns is less when we provide it in 

the upper storey levels so, providing the floating 

column is advantageous in the upper floor. 
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