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Introduction 

In India many urban multi-storey buildings nowadays 
have open ground storey (first story). This provision 
is being adopted primarily as to accommodate 
parking or as reception lobbies in the first storeys. 
Brick infilled wall panels have been given in upper 
storeys. The draft Indian seismic code (Draft IS: 1893, 
1997) classifies the soft storey as one whose lateral 
stiffness is less than 50% of the storey below or 
above. This classification makes most Indian 
buildings, to be buildings with soft first storey, 
without masonry infill walls in first storey. 

During an earthquake, the building experiences the 
total seismic base shear, is dependent on its natural 
period; the seismic force distribution is dependent 
on the mass along its height and distribution of 
stiffness. In case of buildings with soft first storey, the 
upper storeys being stiff undergo smaller inter-
storey drifts whereas, the inter-storey drift in the soft 
first storey is large. As the shear in the first storey is 
maximum, strength demands on the columns of the 

first storey for third buildings are also large. Due to 
the presence of the abrupt changes in the storey 
stiffnesses for the upper storeys the forces in the 
columns are effectively reduced have uneven lateral 
force distribution along its height, which is likely to 
locally induce stress concentration which may lead to 
adverse effects on the performance of buildings 
during ground shaking. Such buildings are required 
to be designed carefully by doing dynamic analysis.  

The main objective of this paper is to study the 
behavior of ground open RC frame buildings during 
strong earthquake shaking. And also to carry out the 
effect of the infill walls, shear walls and steel bracings 
in ground storey for linear time history analysis as 
per IS 1893:2002 and IS 456:2000. The result was 
taken by comparing for different models of G+6 
Story RC frame buildings. 

 

Abstract 

The open ground storey is an unavoidable functional requirement of all the urban multistorey RC 
buildings and hence it cannot be eliminated. Studies from past earthquakes shows that RC frame 
buildings with open ground storeys are recognized to perform poorly during in strong earthquake 
shaking. In this study, ten Models of G+6 RC frame buildings were modelled and analaysed by linear 
time history method in ETABS 2015 software. And Model-I (ground open RC building) was compared 
with other nine Models comprising of open ground storey stiffened with masonry infill walls, RC 
shear walls and steel bracings with different patterns. The results obtained from the analysis depicts 
that by increasing stiffness of the open ground storey in RC building, the storey displacements, 
storey drifts, maximum bending moments and maximum shear force in columns will be reduced 
considerably. It can be also concluded that if at least periphery RC shear wall or steel braces are 
provided, then soft storey effect can be minimized. It is better to provide masonry infill walls, shear 
walls or steel bracings in ring pattern, as it will not affect the parking of vehicle and it reduces the 
maximum soft storey effect.  

Keywords: Multistorey RC buildings, linear time history, storey displacements, and storey drifts, soft 
storey etc. 
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Figure 1: Consequences of open ground storeys in 
RC frame buildings – severe damage to ground 
storey columns and building collapses. 2001 Bhuj 
Earthquake. (IITK-BMTPC Earthquake Tip 21) 

Method of Analysis 

Data taken for modelling of RC frame buildings in 
ETABS 2015 Software:- 

Table 1: Geometrical and material properties of 
models. 

 

 

Modelling of Infill masonry wall 

The masonry infill walls were modelled as a double 
diagonal bracing as per FEMA 356 (Federal 
Emergency Management Agency). The elastic in-
plane stiffness of a solid unreinforced masonry infill 
panel prior to cracking shall be represented with an 
equivalent diagonal compression strut of width, a, 
given by Equation (1). The equivalent strut shall have 
the same thickness and modulus of elasticity as the 
infill panel it represents. 
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Figure 2: Infill modelling as a single diagonal strut 

(FEMA 356) 

1   = Coefficient used to determine equivalent width    
of infill strut. 

colh  = between centerlines of beams the height of 
column, in. 
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infh = Infill panel’s height, in. 

feE = Expected modulus of elasticity of frame 
material, ksi 

meE = Expected modulus of elasticity of infill 
material, ksi 

colI = Moment of inertia of column, in4. 

infL =Length of infill panel, in. 

infr = Infill panel’s length in diagonal, in. 

inft = Thickness of infill panel and equivalent strut, in. 

    = Angle whose tangent is the infill height-to 
length aspect ratio, radians 

Types of Models 

Ten different structural models were used for 
analysis. The differences adopted in each model with 
the specification are explained below. 

MODEL I: Ground Storey open and other Storeys 
with Infill Walls. 

MODEL II: Ground storey with periphery masonry 
infill wall and other Storeys with masonry Infill Walls. 

MODEL III: Ground storey with a central core 
masonry infill and other Storeys with masonry Infill 
Walls. 

MODEL IV: Ground storey with periphery and central 
core masonry infill wall and other Storeys with Infill 
Walls. 

MODEL V: Ground storey with periphery RC shear 
wall and other Storeys with masonry Infill Walls. 

MODEL VI: Ground storey with a central core shear 
wall and other Storeys with masonry Infill Walls. 

MODEL VII: Ground storey with periphery and central 
core RC shear wall and other Storeys with Infill Walls. 

MODEL VIII: Ground storey with periphery steel 
bracings and other Storeys with masonry Infill Walls. 

MODEL IX: Ground storey with a central core steel 
bracings and other Storeys with masonry Infill Walls. 

MODEL X: Ground storey with periphery and central 
core steel bracings and other Storeys with Infill Walls. 

Seismic analysis was done by adopting Elastic Time 
History Analysis as per IS 1893:2002 using ETABS 
2015 software. The storey displacement, storey drift, 
base shear, maximum moments on columns, 
maximum shear force on columns and overturning 
moments were obtained from the analysis. All the 
above said parameters were taken from all the ten 
models that were modelled in the software and were 
compared. 

 

Figure 3: Matched time historey for response spectra        
of seismic zone V (ETABS 2015) 

 

Figure 4: Plan of the model-1 (ETABS 2015) 
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Figure 5: 3D view of model-1 (ETABS 2015) 

Results and Discussions 

The maximum storey displacements of ten models 
along X-direction with their corresponding graphs 
are combined and presented below. 

 

Figure 6: Maximum storey displacements along the 
X-direction of all the models 

The maximum storey displacements of ten models 
along Y-direction with their corresponding graphs 
are combined and presented below. 

 

Figure 7: Maximum storey displacements along the 
Y-direction of all the models 

Table 2: Percentage reduction of maximum storey 
displacements compared to model-I. 

Along X-direction Along Y-direction
I I 14.13% 5.38%

III 5.43% 1.08%

IV 21.74% 10.75%

V 38.04% 30.11%

VI 30.43% 27.96%

VII 39.13% 31.18%

VIII 32.61% 23.66%

IX 19.57% 10.75%

X 34.78% 32.26%

Percentage reduction of maximum story 
displacements  compared to model-IModel

 

From table 2 it is clear that by providing outer 
periphery wall with masonry wall, RC shear wall and 
steel bracings the maximum storey displacements 
are reduced along X-direction by 14.13%, 38.04% 
and 32.61% respectively. Similarly along Y-direction 
maximum displacements are reduced by 5.38%, 
30.11% and 23.66% respectively. The results shows 
that models IV, VII and X are having less maximum 
storey displacements compared to model I.  

The maximum storey drifts of ten models along X-
direction with their corresponding graphs are 
combined and presented below. 

 

536



Abdul Vajid P et al. International Journal of Science, Engineering and Technology, 2016, Volume 4 Issue 3 
ISSN (Online): 2348-4098 , ISSN (Print): 2395-4752  

 

Figure 8: Maximum storey drifts along the X-
direction of all the models. 

The maximum storey drifts of ten models along Y-
direction with their corresponding graphs are 
combined and presented below. 

 

Figure 9: Maximum storey drifts along the Y-
direction of all the models. 

 

 

 

Table 3: Percentage reduction of maximum storey 
drifts compared to model-I. 

Along X-direction Along Y-direction
II 33.81% 24.03%
III 17.49% 11.26%
IV 43.97% 32.79%
V 47.16% 36.55%
VI 43.62% 35.79%
VII 48.46% 37.17%
VIII 49.65% 41.80%
IX 43.03% 33.17%
X 51.06% 46.43%

Model
Percentage reduction of maximum story 

drifts  compared to model-I

 

In Table 3, it is shown that the same results are 
obtaining when compared to maximum storey 
displacements results obtained from analysis. 
Maximum storey drifts results also prove that model-
IV, model VII and model X are having less maximum 
storey displacements compared to model I. 

The maximum bending moment and maximum shear 
force of the ten models in their columns are given 
below. 

Table 4: Maximum bending moments and shear 
force in columns in each model 

Model Maximum Bending 
Moment, KNm 

Maximum Shear 
Force, KN 

I 71.33 39.2 

II 48.57 29.88 

III 59.43 35.67 

IV 43.07 25.65 

V 42.87 27 

VI 38.11 24.33 

VII 38.18 23.062 

VIII 37.35 23.86 

IX 42.43 25.6 

X 37.37 23.94 
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Table 4 shows that the maximum bending moment 
and shear force in model I is considerably more than 
compared to other models. Minimum bending 
moments are obtained for model IV, model VII and 
model X. 

Conclusions 

The result of the present study shows that RC frame 
buildings with open ground storeys are recognized 
to perform poorly during in strong earthquake 
shaking. The open ground storey is an unavoidable 
functional requirement of all the urban multistorey 
RC buildings and it cannot be eliminated. Hence 
some alternate measures have to be taken for this 
specific situation. In this study ten models were 
prepared for linear time history analysis and results 
of models ie. Ground storey with masonry infill walls, 
RC shear walls and steel bracings with different 
patterns were compared. The analysis results 
obtained from ETABS 2015 software are 

1) By increasing stiffness of the open ground storey 
in RC buildings, the storey displacements, storey 
drifts, maximum bending moments and shear force 
in columns are reduced considerably. 

2) By providing outer periphery with masonry wall, 
RC shear wall and steel bracings the maximum storey 
displacements are reduced along X-direction by 
14.13%, 38.04% and 32.61% respectively. Similarly 
along Y-direction maximum displacements are 
reduced by 5.38%, 30.11% and 23.66% respectively. 

3) Further by increasing the stiffness of open 
ground storey with masonry wall, RC shear wall and 
steel bracings in core portion in addition to the outer 
periphery, the maximum storey displacements are 
reduced along X-direction by 21.74%, 39.13% and 
34.78% respectively. Similarly, the maximum storey 
displacements are reduced along Y –direction 
10.75%, 31.18% and 32.26 % respectively. 

4) The maximum bending moments and shear force 
in columns of the Model VII and Model X are 
reduced by almost 40% when compared to Model-I 
(ground open building). 

It can be also concluded that if at least periphery RC 
shear wall or steel braces provided, then soft storey 
effect can be minimized. It is better to provide 
masonry infill walls, shear walls or steel bracings in 
ring pattern, as it will not affect the parking of vehicle 
and it reduces the maximum soft storey effect. 

Recommendations 

 For existing ground open storey buildings, at 
least outer periphery shear wall or steel bracings in 
ground storey should be provided to reduce the soft 
storey effect. 

 For new buildings masonry infill walls, RC shear 
walls or steel bracings in ring pattern have to be 
provided in ground storey to reduce the soft storey 
effect and also it could not to affect the parking of 
vehicle. 
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