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ABSTRACT At present buildings with floating column is a typical feature in the modern multi-storey 

construction in urban India. There are many projects in which floating columns are adopted, 

especially above the ground floor, where transfer girders are employed, so that more open space is 

available in the ground floor. As the load path in the floating columns is not continuous, they are more 

vulnerable to the seismic activity. Sometimes, to meet the requirements these type of aspects cannot 

be avoided though these are not found to be of safe. Hence, an attempt is taken to study response of a 

G+5 and G+10 RC buildings with Floating Columns in different Zones. Finally, analysis & results in 

the high rise building such as storey drifts, storey displacement, and Base shear were shown in this 

study. Design and Analysis was carried out by using Staad.pro software. This study is to find whether 

the structure is safe or unsafe with floating column when built in seismically active areas and also to 

find floating column building is economical or uneconomical.  
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1.INTRODUCTION Many urban multi-

storey buildings in India today have open first 

storey as an unavoidable feature. This is 

primarily being adopted to accommodate 

parking or reception lobbies in the first storey. 

Whereas the total seismic base shear as 

experienced by a building during an 

earthquake is dependent on its natural period, 

the seismic force distribution is dependent on 

the distribution of stiffness and mass along the 

height. The behaviour of a building during 

earthquakes depends critically on its overall 

shape, size and geometry, in addition to how 

the earthquake forces are carried to the ground. 

The earthquake forces developed at different 

floor levels in a building need to be brought 

down along the height to the ground by the 

shortest path; any deviation or discontinuity in 

this load transfer path results in poor 

performance of the building. Buildings with 

vertical setbacks (like the hotel buildings with  

 

a few storeys wider than the rest) cause a 

sudden jump in earthquake forces at the level 

of discontinuity. Buildings that have fewer 

columns or walls in a particular storey or with  

unusually tall storey tend to damage or 

collapse which is initiated in that storey. Many 

buildings with an open ground storey intended 

for parking collapsed or were severely 

damaged in Gujarat during the 2001 Bhuj 

earthquake. Buildings with columns that hang 

or float on beams at an intermediate storey and 

do not go all the way to the foundation, have 

discontinuities in the load transfer path. This 

type of construction does not create any 

problem under vertical loading condition. But 

during an earthquake a clear load path is not 

available for transferring the lateral forces to 

the foundation. Lateral forces accumulated in 

upper floors during the earthquake have to be 

transmitted by the projected cantilever beams. 

Overturning forces thus developed overwhelm  
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the columns of the ground floor. Under this 

situation the columns begin to deform 

&buckle, resulting in total collapse. This is 

because of primary deficiency in the strength 

of ground floor columns, projected cantilever 

beams & ductility of beam- column joints. The 

ductile connection at the exterior beam-

columns joints is indispensible for transferring 

these forces. Fig shows damage in residential 

concrete building due to floating columns. 

This is the second most notable &sepectular 

causes of failure in buildings. The 15th August 

Apartment and Nilima park apartment’s 

buildings in Ahmadabad are the typical 

example of failure in which, infill walls 

present walls in the upper floors are 

discontinued in the lower floors. In this study, 

two cases of building model G+3 and G+5 

were used for whole analysis. 2. 

METHODOLOGIES There are different 

methods available for the analysis of framed 

structures subjected to earthquake loads. The 

methods of analysis can be broadly classified 

into the following types. 1. Gravity Analysis 2. 

Linear Static Method (Equivalent Static 

Method ) 3. Linear Dynamic method 

(Response Spectrum and Linear Time History 

Method) 4. Non-Linear Static Method 

(Pushover Analysis) 5. Non-Linear Dynamic 

Method (Non-linear Time History Analysis) 

Out of these four methods, Gravity analysis 

and Linear static method, is considered for the 

Analysis and Design of regular & Irregular 

G+8 Structure. EQUIVALENT STATIC 

METHOD The equivalent static method is the 

simplest method of analysis because the forces 

depend on the code based fundamental period 

of structures with some empirical modifiers. 

The design base shear is to be computed as 

whole, and then it is distributed along the 

height of the building based on some simple 

formulae appropriate for buildings with 

regular distribution of mass and stiffness. The 

design lateral force obtained at each floor shall 

then be distributed to individual lateral load 

resisting elements depending upon the floor 

diaphragm action. Inherently, equivalent static 

lateral force analysis is based on the following  

 

assumptions,  Structure is rigid.  Perfect fixity 

exit between structure and foundation.  
During ground motion every point on the 

structure experience same accelerations  
Dominant effect of earthquake is equivalent to 

horizontal force of varying magnitude over 

the height.  Approximately determines the 

total horizontal force (Base shear) on the 

structure However, during an earthquake 

structure does not remain rigid, it deflects, and 

thus base shear is disturbed along the height. 

EARTHQUAKE DEMAND ON BUIDINGS 

SEISMIC DESIGN FORCE: Earthquake 

shaking is random and time variant. But, most 

design codes represent the earthquakeinduced 

inertia forces as the net effect of such random 

shaking in the form of design equivalent static 

lateral force. This force is called as the 

Seismic Design Base Shear VB and remains 

the primary quantity involved in force-based 

earthquake-resistant design of buildings. This 

force depends on the seismic hazard at the site 

of the building represented by the Seismic 

Zone Factor Z. Also, in keeping with the 

philosophy of increasing design forces to 

increase the elastic range of the building and 

thereby reduce the damage in it, codes tend to 

adopt the Importance Factor I for effecting 

such decisions (Figure 1.12). Further, the net 

shaking of a building is a combined effect of 

the energy carried by the earthquake at 

different frequencies and the natural periods of 

the building. Codes reflect this by the 

introduction of a Structural Flexibility Factor 

Sa/g. Finally, as discussed in section 1.2 of 

Chapter 1, to make normal buildings 

economical, design codes allow some damage 

for reducing cost of construction. This 

philosophy is introduced with the help of 

Response Reduction Factor R, which is larger 

for ductile buildings and smaller for brittle 

ones. Each of these factors is discussed in this 

and subsequent chapters. In view of the 

uncertainties involved in parameters, like Z 

and Sa/g, the upper limit of the imposed 

deformation demand on the building is not 

known as a deterministic upper bound value.  
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Thus, design of earthquake effects is not 

termed as earthquake-proof design. Instead, 

the earthquake demand is estimated only based 

on concepts of probability of exceedence, and 

the design of earthquake effects is termed as 

earthquake-resistant design against the 

probable value of the demand. As per the 

Indian Seismic Code IS:1893 (Part 1) - 2007, 

Design Base Shear VB is given  

                          
where Z is the Seismic Zone Factor , I the 

Importance Factor , R the Response Reduction 

Factor , and Sa/ g the Design Acceleration 

Spectrum Value given by: 

 
              Figure: Sa/g Values 

in which T is the fundamental translational 

natural period of the building in the considered 

direction of shaking. Seismic Zone Factor Z as 

per IS:1893 (Part 1) - 2007 of the site where 

the building to be designed is located 

 
Figure 3.3: Seismic Zone Factor  

Importance Factor Z of buildings as per IS: 

1893 (Part 1) – 2007 

 
Figure: Importance Factor of buildings 

 
Figure: Sketch of Seismic Zone Map of India: 

sketch based on the seismic zone of India map 

given in IS:1893 (Part 1) – 2007 

 

Response Reduction Factor R of buildings as 

per IS:1893 (Part 1) – 2007 

 

 
This is based on fundamental translational 

natural period T of the building; this is defined 

in the following In the above equation, W is 

the seismic weight of the building. For the 

purpose of estimating the seismic weight of 

the building, full dead load and part live load 

are to be included. The proportion of live load 

to be considered is given by IS:1893 (Part 1)  
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as per Table 2.4; live load need not be 

considered on the roofs of buildings in the 

calculation of design earthquake force. While 

there is lesser control on design acceleration 

spectrum value Ah, designers can consciously 

reduce seismic weight W though the mass of 

the building. Choosing light materials and 

efficiently using the materials together help 

reducing the source of design earthquake force 

on the building. Also, the distribution of this 

mass in plan and elevation of the building 

renders earthquake-induced inertia forces to be 

uniformly distributed throughout the building, 

instead of being localized at a few parts of the 

building. Proportion of Live Load to be 

considered in the estimate of Seismic Weight 

of buildings as per IS:1893-2004 

 
3. MODELLING OF G+5 and G+10 

STRUCTURES In this study, analysis is made 

for multi-storeyed G+5 and G+ 10 structures 

with floating column. These are analyzed for 

gravity loads and seismic loads in the software 

as per IS 1893(Part-1):2002 condition of 

analysis. OVERVIEW OF SOFTWAREs List 

of software’s used 1. Staad pro(v8i) STAAD 

PRO (V8i) Staad is powerful design software 

licensed by Bentley .STAAD stands for 

Structural Analysis And Design Any object 

which is stable under a given loading can be 

considered as structure. So first find the 

outline of the structure, where as analysis is 

the estimation of what are the type of loads 

that acts on the beam and calculation of shear 

force and bending moment comes under 

analysis stage. Design phase is designing the 

type of materials and its dimensions to resist 

the load. This we do after the analysis. To 

calculate shear force diagram and bending 

moment diagram of a complex loading beam it  

 

takes about an hour. So when it comes into the 

building with several members it will take a 

week. Staad pro is a very powerful tool which 

does this job in just an hour. Staad is a best 

alternative for high rise buildings. Now a days 

most of the high rise buildings are designed by 

staad which makes a compulsion for a civil 

engineer to know about this software. This 

software can be used to design Reinforced 

Concrete Structure, steel Structure or bridge, 

truss etc. according to various country codes. 

STAAD EDITOR: Staad has very great 

advantage when compared to other software’s 

i.e., staad editor. Staad editor contains 

programming. This program can be used to 

analyse other structures also by just making 

some modifications, but this requires some 

skills. So load cases created for a structure can 

be used for another structure using staad 

editor. Limitations of Staad pro: 1. Huge 

output data 2. Even analysis of a small beam 

creates large output. DESIGN 

CONSIDERATIONS He G+5 and G+ 10 

structures with floating column is considered 

for the present study. Plan and Elevation view 

of the frame model considered for the study 

are shown below. The present study deals with 

2-different kinds of Building models 1. G+5 

model with floating column 2. G+10 model 

with floating column 

 Plan 
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Elevation 

 

 

 
Member and Material Properties 

Dimensions of the beams and columns are 

determined on the basis of trial and error  

 

process in analysis of Staadpro by considering 

nominal sizes for beams and columns and safe 

sizes are as show in the table below. 

 
Material properties of the building are like 

M20 grade of concrete, FE415 steel and 13800 

N/mm2 of modulus of elasticity of brick 

masonry in the buildings. 

Dead Load: 

Floor finish : 1.5kN/m2 

Internal wall load : 2.7x0.15x20 = 8.1KN/m 

External wall load : 2.7x0.23x20 =12.42KN/m 

Parapet Wall : 1x0.15x20= 3KN/m 

Live load: 

For typical floors : 3kN/m2 

For top floor : 1.5kN/m2 

Load Combination: 

In this Project 13 Load Combinations are 

considered. 

i) MODELLING OF STRUCTURE IN 

STAADPRO 

Create a 3-d frame in structure wizard as 

shown in the plan 
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ii) Supports  

The base supports of the structure were 

assigned as fixed. 

 
iii) Member Property  

Generation of member property can be done in 

STAAD.Pro by using the window as shown 

below. Define property (Beam and column 

cross section) For example: 300x230mm 

 

 
Property definition Assigning cross-section 

 

iv) Loading 

The loadings were calculated manually and 

rest was generated by stadd.pro. The loading 

caseswere categorized as: 

 Seismic Load Definitions 

 EQx and EQy 

 Dead Load: Self weight, Member 

load, Floor Load, Floor Finishes. 

 Live Load: Floor load 

 

 

 

 
Self weight: 

The self weight of the structure can be 

generated by STAAD.Pro itself with the self 

weight command in the load case column. 
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Load combination 

The structure has been analyzed for load 

combinations considering dead load and live 

load Define design parameters then 

analyze/print analysis and run analysis. 

 
V) ANALYSIS 

In analysis part we have to find out the 

behaviour of the structure as well as element in 

terms 

of deflection diagrams and stress contours 

(axial stress, shear stress, bending stress) due 

to 

various external loadings. 

So after performing analysis output file will 

generate. Therefore we can check all the 

applied 

loads, node displacement values, structure 

deformations, support reactions, bending 

moments 

and shear force for beams& columns. 

DESIGN 

In this by means of analysis find out the 

respective members sizes and reinforcement 

details 

by means of various design parameters. 

The structure was designed for concrete in 

accordance with IS code. The parameters such 

as 

clear cover,Fy, Fc, etc were specified. The 

window shown below is the input window for 

the 

 

design purpose. 

 

 
4. RESULTS AND DISCUSSIONS 

COMPARISION OF BASE SHEAR Base 

shear is the horizontal reaction at the base 

against horizontal earthquake load. This base 

shear is acting at the base or supports of the 

structure or wherever structure is fixed. The 

variation in base shear dueto floating column 

and non-floating column are tabulated in 

below tables also variation in base shear is 

shown through graphs.  

Table 5.1 Comparison of base shear of G+5 

for different Zones 
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Table 5.2Comparision of base shear of G+10 

for different Zones 

 
 

 
From the above results it was observed that 

base shear increases for the floating column 

buildings as compared to without floating 

column building.Also the base shear found to 

be higher in G+10 building than G+5 building. 

From which wecan conclude that as height 

increases base shear increases. 

COMPARISION OF DISPLACEMENTS 

Storey displacement is the lateral movement of 

the structure caused by lateral force. The 

deflectedshape of a structure is most important 

and most clearly visible point of comparison 

forany structure. No other parameter of 

comparison can give a better idea of behaviour 

of the 

 

 

structure than comparison of storey 

displacement.By the application of lateral 

loads in X and Z directions the structure can 

be analysed for variousload combinations 

given by clause 6.3.1.2 of IS 1893:2002. For 

the given load combinationsmaximum 

displacement at each floor is noted in and are 

shown below in the form oftables and graphs 

Table 5.3Comparision of displacements of 

G+5 for different Zones 

 
 

 
Table 5.4Comparision of displacements of 

G+10 for different Zones 
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From the observation of the results it was 

observed that displacement of the building 

increases from lower zones to higher zones 

because the magnitude of intensity will be 

morefor higher zones. 

 COMPARISION OF STOREY DRIFTS 

Storey drift is the relative displacement of the 

floor. The results variation of storey drift due 

to floating column in different zones are 

tabulated in below tables, also variation of 

storeydrifts are shown through  

 

 

graph.Comparision of storey drifts of G+5 for 

different Zones 
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Comparision of storey Shear of G+5 and G+10 

for different Zones 

 

 

 
 

From the above results it states that the 

building with floating columns experienced 

more storey shear than that of the normal 

building. This is due to the use of more 

quantity of materials than a normal building. 

So the floating column building is  

 

uneconomical to that of a normal building 5. 

CONCLUSIONS 

The analytic study is carried out in order to 

compare the response of G+5 and G+10 RCC 

building with floating columns in different 

zones. The structures are designed using 

IS:456:2000 and IS 1893:2002 codes. From 

the study the following conclusions are 

obtained.   

1.It was observed that in building with floating 

column has less base shear as compared to 

building without floating column.   

2.By the application of lateral loads in X and 

Y direction at each floor, the lateral 

displacements of floating column building are 

more compared to that of a normal building 

and also displacement of the building increases 

from lower zones to higher zones because the 

magnitude of intensity will be more for higher 

zones. So the floating column building is 

unsafe for construction when compared to a 

normal building.   

3.By the calculation of storey drift at each 

floor for the buildings it is observed that 
floating column building in zone 5 will suffer 

extreme storey drift than normal building. The 

storey Drift is maximum at 1st and 2nd storey 

levels. Second Floor 7.507 34.145 22.76 22 

Third  

4.The building with floating columns 

experienced more storey shear than that of 

the normal building. This is due to the use of 

more quantity of materials than a normal 

building. So the floating column building is 

uneconomical to that of a normal building                      
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