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Abstract 

Multi-storeyed buildings with open (soft) ground floor are inherently vulnerable to collapse due to earthquake load, even then 

their construction is still widespread in the developing nations. An investigation has been performed to study the behaviour of the 

columns at ground level of multi-storeyed buildings with soft ground floor as satellite bus stop and floating columns in the upper 

stories subjected to earthquake loading. The structural action of masonry infill panels of upper floors has also been taken into 

account by modelling them as diagonal struts. Shear wall is one of the most commonly used lateral load resisting in high rise 

building. In this study building is modelled with different shapes of shear wall with top and bottom soft storey. Static and 

dynamic analysis is carried out by using ETABS 2013. The comparison of these models for different parameters like Storey 

shear and storey displacement is carried out.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Earthquakes are natural hazards under which disasters are mainly caused by damage or collapse of buildings. Objective of 

seismic analysis is stated as the structure should be able to endure minor shaking intensity without sustaining any damage, thus 

leaving the structure serviceable after the event. Lateral forces can produce the critical stresses in a structure and in addition 

cause lateral sway of the structure. Many buildings constructed in recent times have a special feature that the ground stories are 

left open for the purpose of parking, reception etc. Such buildings are often called open ground storey buildings or buildings on 

stilts. The strength demand on the column in the first storey for these building is large, upper stories move almost together as a 

single block and most of the horizontal displacement of the building occurs in the soft ground storey. However in the upper 

stories the forces in the columns are effectively reduced due to presence of brick infill walls which share the forces. 

Reinforced concrete building can adequately resist both horizontal and vertical load. Whenever there is requirement for a 

multistorey building to resist higher value of seismic forces, lateral load resisting system such as shear wall should be introduced 

in a building. Vertical plate like RC wall introduced in building in addition to beam, column and slab are called shear wall.  Shear 

walls are incorporated in building to resist lateral Forces and support the gravity loads. RC shear wall has high in plane stiffness. 

Positioning of shear wall has influence on the overall behaviour of the building. For effective and efficient performance of 

building it is essential to position shear wall in an ideal location. Many researchers have investigated on changing position of 

shear wall location to determine parameter like Storey shear, time period, storey acceleration and displacement. This analysis is 

done by using ETAB. It was observed that placing shear wall away from the centre of gravity resulted in increase in most of 

member forces. 

The main Objectives of the present study is 

 Effect of soft story on structural behaviour of high rise building. 

 To observe the structural performance of the building having equivalent diagonal strut and floating columns with soft 

storey when subjected to lateral loads. 

 To know the effect of water pressure in the top soft storey of the building.  

 Seismic response of soft story structure with different shapes of shear wall. 

II. DESCRIPTION OF STRUCTURAL MODEL 

The plan layout for all the building models is same as shown below.  Study has been done on ten different models of a twelve 

storey building. Out of them one is bare frame model, fully infilled frame (only outer face), top soft storey, bottom and top soft 

storey and other six models with different shapes of shear wall. The member size at respective floors with grade of concrete is 

shown in below table 1. 
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Fig. 1: Plan at storey 1                                                       Fig. 2: Plan from storey 2 to 12 

Table - 1 

Member sizes 

Grade of concrete Member Size in mm Storey 

M35 Column 900x1000 1st  & 2nd 

M35 Column 700x900 3 to 9 

M35 Column 500x700 10 to 12 

M35 Floating column 300x500 2 to 12 

M35 Beam 900x1000 1st 

M35 Beam 300x500 2 to 11 

M35 Beam 300x400 12th 

M25 Slab 150 mm thick All storey 

In the top storey swimming pool is modeled with member properties as L = 24m, B = 14m , H = 2.7m , h = 2.3m. Thickness of 

wall (tw) = 0.3m, thickness of slab (ts) = 0.3m. Following data is used in the analysis of the RC frame building models. Density of 

Reinforced Concrete 25kN/m³ , Modulus of elasticity of brick masonry  4.66x106 kN/m²,  Density of brick masonry 20kN/m³,  

Poisson’s Ratio of concrete 0.2, Floor finishes 1.5kN/m²,  Imposed loads 4KN/ m², Roof live 1.5 KN/ m² , Thickness of wall  

0.23m, Zone –V, Zone factor, Z (Table2 of IS 1893-2002) – 0.36, Importance factor, I (Table 6 of IS 1893-2002) – 1.0, 

Response reduction factor, R (Table 7 of IS 1893-2002) – 5.00, Soil type (figure 2 of IS 1893-2002) – Type II (Medium 

soil),Storey heights: Bottom storey    = 8m, 2 to 11th storey   = 3.7m, Top storey          =2.7m 

III. MODEL CONSIDERED FOR ANALYSIS 

Following ten models are analyzed in ETABS 2013 as special moment resisting frame using equivalent static analysis, response 

spectrum analysis and time history analysis. 

 Model 1: Bare frame model with floating columns and swimming pool (at top storey), however masses of brick masonry 

infill walls(230 mm) thick are included in the model.    

 Model 2: Building model has full brick masonry infill in the form of diagonal strut only on the outer face. 

 Model 3: Building model is same as model 2, but there is no infill in the top storey. 

 Model 4: Building model has no brick masonry infill in ground and top storey, but has full brick masonry infill in the form 

of diagonal strut only on the outer face in rest of all storeys. 

 Model 5: Building model is same as model 4, further L shape shear wall is provided at corners. 

 Model 6: Building model is same as model 4, further T shape shear wall is provided at corners. 

 Model 7: Building model is same as model 4, further swastika shape shear wall is provided at corners. 

 Model 8: Building model is same as model 4, further channel section shear wall is provided at corners. 

 Model 9: Building model is same as model 4, further I section shear wall is provided at corners. 

 Model 10: Building model is same as model 4, further plane shear wall is provided at centre of outer face building.  

 
Model 1                           Model 2                          Model 3                            Model 4                              Model 5 
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Model 6                               Model 7                        Model 8                             Model 9                              Model 10 

Fig 3: 3D Building Models 

IV. MODELLING OF MASONRY INFILL IN ETABS 

Infilled RC frames have been used in many parts of the world over a long time. It is a structural composite system which consists 

of a reinforced concrete frame with masonry or concrete panels filling the planar rectangular voids between lower and upper 

beams and side columns. In these structures, the infill walls are typically considered as non-structural elements and are often 

overlooked in the structural analysis and design. For modelling infills, several methods have been developed. They are grouped 

in two main categories: macro-models, and micro-models. The first one is based on the equivalent strut method and the second is 

based on the finite element method. The single strut model is most widely used as it is simple and evidently most suitable for 

large structures. The basic parameter of these struts is their equivalent width, which affects their stiffness and strength. 

A large number of researchers have studied the behaviour of infilled frames, starting with Polyakov (1960), and Holmes 

(1961) , which were the first in replacing the infill wall by an equivalent pin-jointed diagonal strut. Using the stiffness parameter 

λh, Mainstone and weeks obtained the following expression 

W=0.175[λH]
^-0.4 

*√(H
2
+L

2
) 

λ = (Emtsin2ϑ/4EcIch)
^1/4

 

Where   t=thickness of masonry infill 

             h=height of masonry infill 

             H=height of column 

             L=length of the frame 

             Em=modulus of elasticity of masonry infill 

             Ic = Moment of inertia of the column 

             Ө = tan-1(h/L) 

V. RESULTS AND DISCUSSIONS 

Equivalent static analysis, response spectrum analysis and time history analysis has been performed as per IS 1893 (part-1) 2002 

for each model using ETABS 2013 software. 

 Base Shear A.

Table - 2  

Maximum Base Shear 

Model No 
EQS RSA THA 

X Y X Y X Y 

1 15586.9998 15586.9998 7678.2745 7086.2573 22582.1818 19133.8218 

2 36205.4873 34980.9642 11149.978 11315.7419 24910.7834 24613.7009 

3 36116.7167 34895.1959 11143.809 11305.3136 24908.1623 24516.5154 

4 36024.2456 34805.8523 10755.2973 10916.2807 20928.5419 21445.965 

5 36882.16 35634.747 19155.2 15335.0249 73018.87 63857.3981 

6 37013.5786 35761.7246 17538.9263 13701.3756 65612.5272 41290.7476 

7 38471.1018 37169.9522 22198.5373 16941.4142 94663.331 59089.939 

8 37017.1666 35765.1913 14592.4886 15745.6832 67947.4312 67966.4418 

9 37737.1371 36460.8114 20923.0089 16593.87 94486.4916 61752.6512 

10 36604.9404 35366.9072 15376.8215 16485.2689 65390.6188 61758.9247 
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Fig. 1: Chart 1: Comparison of Base Shear between ESA,RSA And THA for Various Models along X Direction 

Considering ESA it is observed that there is 56.94% increase in base shear for Model 2 compared to Model 1,while there is 

0.24% and 0.25% decrease in base shear when Models 2&3,3&4 are compared. Again the percentage increase in base shear for 

other Models 5,6,7,8,9,10 when compared to Model 4 are 2.32%,2.67%,6.36%,2.68%,4.54% & 1.58% along X direction. Similar 

percentage variation is observed in Y direction. From chart 1 it is observed that base shear increases when shear wall is added to 

building frame, also it is observed that Model 7 has the maximum base shear for all three analysis along X and Y direction, with 

THA having the maximum base shear. Therefore it has been found that calculation of earthquake forces by considering building 

by ordinary frame will leads to under estimation of base shear. 

 Storey Displacement B.

Table – 3 

Maximum displacement 

Model No 
EQS RS TH 

X Y X Y X Y 

1 121.8 153.3 43.9 48.6 134.3 125.4 

2 110.1 103.8 27 26.7 75.7 73.3 

3 109.7 103.6 26.9 26.7 75.5 73.1 

4 117.1 110.9 28.1 28 81.1 79.9 

5 37 58.8 16.1 20.5 68.4 93.6 

6 44.9 76.4 17.6 23.3 69.6 85.6 

7 29 51.8 14.3 19.3 60 70.2 

8 65.8 57.1 21.1 20.3 90.7 88.8 

9 31.1 51.6 14.7 19.3 57.4 79.4 

10 58.9 49.7 20.1 18.9 91.1 73 

   
Fig. 2: Chart 2: Comparison of Maximum Displacement between ESA, RSA and THA for various Models along X and Y Direction 

The displacement at each floor level with respect to ground is presented in respective tables corresponding values are presented 

in charts. From these values it observed that displacement is higher for bare frame model as compared to other models. Also 



Seismic Analysis of Multistorey Building with Underneath Satellite Bus-Stop having Floating Columns with Top Soft Storey  
(IJSTE/ Volume 2 / Issue 01 / 025) 

 

 All rights reserved by www.ijste.org 
 

132 

majority of the displacement in the Y direction is more than the corresponding displacement in the X direction. The displacement 

value varies linearly from ground to top floor in both the directions with highest in top storey. For ESA there is 9.6% reduction 

in maximum displacement for Model 2 when compared with Model 1 and 5.98% increase in maximum displacement value for 

Model 4 when compared with Model 2. Also it is observed that the storey displacement is considerably reduced for different 

models with concrete shear wall. When comparison is made for different building models with shear wall (5,6,7,8,9,10) the 

percentage reduction in storey displacement for top storey are 68.4%, 61.65%, 75.2%, 43.8%, 73.4%, 49.7% respectively for 

ESA in X direction as compared with Model 4. Similar variation is observed in case of RSA and THA. 

 Comparison between ETABS and Sap 2000 C.

Results are compared between ETABS and SAP software only for Equivalent static analysis. 

  
Fig. 3: Chart 3: comparison of results between ETABS and SAP 2000 

Chart 3 shows the comparison between ETABS and SAP for maximum base shear for equivalent static analysis along X 

direction. Similar variation is observed in Y direction. Similarly another chart shows the comparison for maximum displacement 

along X direction. 

VI. CONCLUSIONS 

From chart 1 it is clear that base shear is maximum for model with shear wall. Also model 7 with swastika shape shear wall has 

the maximum base shear in both X and Y direction. Therefore addition of shear wall to infill increases the strength and stiffness 

of the structure. From chart 2 it is observed that displacement values is higher for bare frame model when compared to other 

models. Also displacement values decreases with addition of shear wall. Swastika shape shear wall has shown the least 

displacement compared to other models. Results of base shear and storey displacement has been compared in ETABS and SAP 

software and it can be observed from chart 3 results are nearer to each other. It is concluded that inclusion of masonry infill and 

concrete shear wall will increase the strength and stiffness of the structure. 
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