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Abstract— In recent times, multi-storey buildings in urban 

cities are required to have column free space due to shortage 

of space, population and also for aesthetic and functional 

requirements. For this buildings are provided with floating 

columns at one or more storey. These floating columns are 

highly disadvantageous in a building built in seismically 

active areas. The earthquake forces that are developed at 

different floor levels in a building need to be carried down 

along the height to the ground by the shortest path. Deviation 

or discontinuity in this load transfer path results in poor 

performance of the building. In the study the critical position 

of floating column will be analyzed for G+10 and G+15 RC 

buildings for zone II and zone V. Also the effect of size of 

beams and columns carrying the load of floating column has 

been assessed. The response of building such as storey drift, 

storey displacement and storey shear will be used to evaluate 

the results obtained using ETABS software. 

Keywords: ETABS software, RC Structure, Floating or 

Hanging Columns 

I. INTRODUCTION 

A. General 

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 storey 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. 

B. What is Floating Column 

A column is supposed to be a vertical member starting from 

foundation level and transferring the load to the ground. The 

term floating column is also a vertical element which (due to 

architectural design/ site situation) at its lower level 

(termination Level) rests on a beam which is a horizontal 

member. The beams in turn transfer the load to other columns 

below it. 

 
Fig. 1: Floating or Hanging Columns 

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. These open spaces may be required for 

assembly hall or parking purpose. The transfer girders have 

to be designed and detailed properly, especially in earth 

quake zones. The column is a concentrated load on the beam 

which supports it. As far as analysis is concerned, the column 

is often assumed pinned at the base and is therefore taken as 

a point load on the transfer beam. STAAD Pro, ETABS and 

SAP2000 can be used to do the analysis of this type of 

structure. Floating columns are competent enough to carry 

gravity loading but transfer girder must be of adequate 

dimensions (Stiffness) with very minimal deflection. 

Looking ahead, of course, one will continue to make 

buildings interesting rather than monotonous. However, this 

need not be done at the cost of poor behavior and earthquake 

safety of buildings. Architectural features that are detrimental 

to earthquake response of buildings should be avoided. If not, 

they must be minimized. When irregular features are included 

in buildings, a considerably higher level of engineering effort 

is required in the structural design and yet the building may 

not be as good as one with simple architectural features. 

II. OBJECTIVES 

1) To obtain the most effective structure to resist the lateral 

loads. 

2) To identify the most vulnerable building among the 

models considered for seismic action. 

3) To study the Bending moments effect due to floating 

column introduced in the structure. 

4) Efficiency of concrete structures with floating column 

respect to story displacement, drift, base shear and over 

turning moment are found out for all geometric 

configurations. 
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5) The effect of floating column in structure is summarized 

using the obtained results, by concluding the optimum 

location introduced in structure.  

III. METHODOLOGY 

The current analysis is an analytical study using ETABS by 

considering steel framed building of 10and 15 storey heights. 

Buckling factors shall be find out by performing a finite 

element buckling analysis in ETABS and all loading and 

design shall as per as Indian codes. Comparison in terms of 

buckling factors. The column c/s shall be varied to find out 

the effect of slenderness ratio of columns on buckle load on 

components. Different bracing (Inverted „V‟ Bracing, X 

Bracing and single diagonal Bracing) shall be adopted to 

compare the increase in buckling factor by the adoption of 

bracing. Foundation flexibility shall be modeled using linear 

springs as per Gazettes (1991) equation. The material and 

sectional properties in the analysis of different building 

compositions are as per IS 456:2000. Dead loads and live 

loads are compared as per IS 875 (part 1):1987 and IS 

875(part 2):1987 respectively. Lateral load parameters are 

considered confirming to IS 1893 (Part 1): 2002. The load 

combinations are considered as per IS 875 (Part 5): 1987 

A. Material Properties 

Young’s Modulus (E)  

for M30 Concrete  = 27.376x106kN/m2 

Density of Concrete   = 25KN/m2 

Density of Masonry Unit= 20KN/m2 

Poisson’s Ratio = 0.2 

B. Member Properties 

Slab thickness= 150mm 

Column Size = 250X500mm 

Beam Size = 250X500mm 

Glass Thickness = 5mm 

Support Type = Fixed 

C. Loads Considered 

Live Load = 3.00 KN/m2 

Live Load on Roof = 1.50 KN/m2 

Floor Finish = 1.00 KN/m2 

D. Seismic Data 

Zone Factor = 0.1 and 0.36(Zone II and V) 

Importance factor = 1 

Response Reduction Factor = 3 

Soil type  = II 

E. Analysis Consideration  

1) Equivalent Static method 

The Equivalent Static method is the simplest method of 

analysis and requires less computational effort because the 

forces depend on the code based fundamental period of 

structures with some empirical modifier. The design base 

shear shall first be computed as a whole, and then be 

distributed along the height of buildings based on simple 

formulae appropriate for buildings with regular distribution 

of mass and stiffness. The design lateral force obtained at 

each floor level shall be distributed to individual lateral load 

resisting elements depending upon floor diaphragm action. 

The design lateral force or design base shear and the 

distribution are given by some empirical formulae given in 

the IS 1893. 

2) Design Seismic Base Shear 

The total design lateral force or design seismic base shear 

(VB) along any principal direction shall be determined by the 

following expression: 

VB = Ah X W  

Where, 

Ah = horizontal acceleration spectrum. 

W = seismic weight of all the floors. 

3) Fundamental Natural Period 

The approximate fundamental natural period of vibration 

(T,), in seconds, of a moment-resisting frame building 

without brick in the panels may be estimated by the empirical 

expression:  

T = 0.075 h0.75 for RC frame building  

T = 0.085 h0.75 for steel frame building 

Where, 

h = Height of building, in m. 

This excludes the basement storey, where basement walls are 

connected with the ground floor deck or fitted between the 

building columns. But it includes the basement storey, when 

they are not so connected. The approximate fundamental 

natural period of vibration (T), in seconds, of all other 

buildings, including moment-resisting frame buildings with 

brick lintel panels, may be estimated by the empirical 

Expression.  

T=0.09h/√d 

Where, 

h= Height of building 

d= Base dimension of the building at the plinth level, in m, 

along the considered direction of the lateral force. 

4) Distribution of Design Force 

Vertical Distribution of Base Shear to Different Floor Level 

The design base shear (V) shall be distributed along the 

height of the building as per the following. 

Qi = 
VB Wihi

2

ΣWjhj
2(4.5)

 

Expression:- 

 Qi=Design lateral force at floor i. 

 Wi= Seismic weight of floor i. 

 Hi= Height of floor i measured from base. 

 n=Number of storey in the building is the number of levels 

at which the masses are located. 

Distribution of Horizontal Design Lateral Force to 

Different Lateral Force Resisting Elements in case of 

buildings whose floors are capable of providing rigid 

horizontal diaphragm action, the total shear in any horizontal 

plane shall be distributed to the various vertical elements of 

lateral force resisting system, assuming the floors to be 

infinitely rigid in the horizontal plane. In case of building 

whose floor diaphragms cannot be treated as infinitely rigid 

in their own plane, the lateral shear at each floor shall be 

distributed to the vertical elements resisting the lateral forces, 

considering the in-plane flexibility of the diagram. 
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F. Plan, Elevation and 3D View of Different Models 

Considered 

1) Plan  

 
Fig. 2: Plan of structure 

2) Vertical Elevation  

 
Fig. 3: Elevation of 10 storied building 

3) 3D model 

 
Fig. 4: 10 Storied Bare Frame Model in Zone II & V 

 
Fig. 5: 10 Storied Model with Floating Column in Zone II & 

V 

 
Fig. 6: 15 Storied Bare Frame Structure in Zone II & V 

 
Fig. 7: 15 Storied Model with Floating Column in Zone II & 

V 

IV. RESULTS AND DISCUSSIONS 

In this chapter the behaviour of each model is captured and 

the results are tabulated. The variation of systematic 

parameters like lateral Storey displacement, Story drift, Over 

turning moment and Base shear has been studied for linear 
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static analysis method. The results of all the models are 

observed and comparing the results of each model. 

A. Lateral Storey Displacement 

It is total displacement of ith storey with respect to ground and 

there is maximum permissible limit prescribed in IS codes for 

buildings. 

The lateral displacements obtained for equivalent 

static method (EQS) for G+10 and G+15 storey building 

models of Zones II and Zone V, along both X and Y 

directions are listed in the tables below. 

B. Lateral Storey Displacement in 10 Storey’s 

 
Fig. 8: Displacement along X direction 

 
Fig. 9: Displacement along Y direction 

C. Lateral Storey Displacement in15 Storey 

 
Fig.10: Displacement along X direction 

 
Fig. 11: Displacement along Y direction 

D. Observations and Discussions on Story Displacement 

By analyzing and comparing their values in fig. we can see 

that displacement increases as storey height increases. In the 

10 storey building wherever the floating column has been 

provided the displacement in a higher quantity. But in 15 

storey building the wherever the floating column has been 

provided the displacement is lightly higher when compare to 

the bare frame models. In both case along X direction and Y 

direction reinforced concrete cement structure. 

1) Storey Drift 

It is defined as ratio of displacement of two consecutive floor 

to height of that floor. It is very important term used for 

research purpose in earthquake engineering. 

Storey drift obtained for G+10 and G+15 storey all 

building models along both X and Y directions are listed for 

Equivalent static method in the below tables. 

2) Storey Drift in 10 storey’s 

 
Fig. 12: Storey Drift along X direction 

 
Fig. 13: Storey Drift along Y direction 
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3) Storey Drift in 15 storey’s 

 
Fig. 14: Storey Drift along X direction 

 
Fig. 15: Storey Drift along Y direction 

E. Observations and Discussions on Story Drift 

By studying and comparing their values in fig, we can see that 

variation in drift as storey height increases. The storey drift is 

higher in lower storeys and gradually decreases higher 

storeys levels along both directions X and Y. Reinforced 

concrete cement structure is showing lower drift as compare 

to floating column. But in the 15 storeys building very higher 

drift in the where floating column is provided. 

1) Base Shear  

It is the total lateral force acting on the building at its base, 

which is equal to storey shear of the bottom storey. and it is 

listed and tabulated below along X and Y direction with 

equivalent static and response spectrum analysis. 

Base Shear in 10 Storey building 

 
Fig. 16: Storey Shear along X direction 

 
Fig. 17: Storey Shear along Y direction 

2) Base Shear in 15 Storey building  

 
Fig. 18: Storey Shear along X direction 

 
Fig. 19: Storey Shear along Y direction 

F. Observations and Discussions on Base Shear 

By studying and comparing their values in fig. In the 10 

stories bare frame is showing higher base shear when 

compare to floating column in both the zones and in 15 

storied building bare frame showing the lesser base shear 

when compare to the floating column structures. And also by 

observing the base shear of the structure bare frame showing 

the less base shear when compared to floating column 

structure in both 10 and 15 storey structure. 
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G. Over Turning Moment 

1) Over Turning moment in 10 Storied 

 
Fig. 20: over Turning Moment along X direction 

 
Fig. 21: over Turning Moment along Y direction 

2) Over Turning moment in 15 Storied 

 
Fig. 22: over Turning Moment along X direction 

 
Fig. 23: over Turning Moment along Y direction 

H. Observations and Discussions on Over Turning Moment  

By studying and comparing their values in fig. In the 10 

stories and 15 storied building over turning moment is higher 

in the lower stories and however stories increases the 

overturning moments decreases in both zones and specially 

in the 10 storied structures in the both the zones there no much 

difference in the overturning moment. By observing both the 

storey level data bare frame structure showing less moment 

compared to floating column structure in both 10 and 15 

storey. 

V. CONCLUSION 

The present work is focused on the study of behavior of 

structure with floating column and without floating columns 

and displacement, drift, base shear and over turning moment 

are the parameters considered for analysis done. 

 From the above study we can observed that the lateral 

storey displacement is very high in the 15 storey floating 

column as compare to 10 storey  in the both direction X 

and Y. 

 From the above study we can observed that the storey 

drift is gradually increases along with storeys after 

certain level storey drift is gradually decrease in both the 

zone and along the both the axis X and Y respectively. 

 From the above study we can observed that the base 

shear is higher in bare frame as compare to floating 

column. 

 From the observing above study we can conclude that the 

over turning moment is very high in the lower stories and 

gradually decreases in the higher stories. 

 All the parameters consider for the present work is within 

the limit and only in the 10 storied displacement where 

floating column is provided, it is crossing the limit. 

VI. SCOPE FOR FUTURE WORK 

Within the limited scope of the present work, the broad 

conclusions drawn from this work have been reported. 

However, further study can be undertaken in the following 

areas: 

1) By considering different material property analysis can 

be done. 

2) By varying the story  

3) Varying the column and beam dimensions for same 

models can be analyzed.  

4) Consideration of soil interaction for height and 

increasing story number the analysis can be done for 

different zones & the model. 

5) Reinforced concrete structures are considered for 

analysis. 
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