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Abstract: 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
ends (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. Such columns where the load was considered as point load. Theoretically such structures can
be analyzed and designed. 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 these 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. 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. In the present study multistoried building with
floating column is analyzed by ETABS. Here G+12 structure is analyzed with and without
floating columns by using response spectrum method and time history method under earthquake
load in zone II and compared with parameters like lateral loads, storey displacements, storey
drifts, storey shears, storey stiffness and base shears. From the results it is observed that the
storey displacements, storey drifts and storey shears are more for a building without floating
columns when compared with a building with floating columns.
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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 bulding 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
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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
mitiated in that storey. Many buildings with
an open ground storey intended for parking
collapsed or were severely damaged in
Gujarat during the 2001 Bhyj 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.

A. 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.
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Figure.1: Hanging or floating 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 detailled 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 behaviour 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 buldings, a
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considerably higher level of engneering
effort is required in the structural design and
yet the building may not be as good as one
with simple architectural features.

Hence, the structures already made with
these kinds of discontinuous members are
endangered in seismic regions. But those
structures cannot be demolished, rather
study can be done to strengthen the structure
or some remedial features can be suggested.
The columns of the first storey can be made
stronger, the stiffness of these columns can
be increased by retrofitting or these may be
provided with bracing to decrease the lateral
deformation.

2.0OBJECTIVE

The objective of the present work is to study
the behaviour of g+12 buildings with and
without floating columns under earthquake
excitations. Finite element method is used to
solve the dynamic governing equation.
Response  spectrum analysis and time
history analysis is carried out for the multi-
story buildings under different earthquake
loading of varying frequency content. The
base of the building frame is assumed to be
fixed.

3. MODELLING AND ANALYSIS

The building structures with and without
floating columns is analyzed using response

spectrum method and time history method in
ETABS 2016.

A. Building Data

1 | Details of the building

1 Structure OMRF

i | Number of stories G+12
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ii | Type of building Regular
and
Symmetr
ical n
plan
iv | Plan area 85 m x
8.5m
v | Height of the| 36 m
building
vi | Storey height- | 3.0 m
Bottom story
30m
Typical story
vi | Support Fixed
vi | Seismic zones I
i
2 | Material properties
1 Grade of concrete M30
i | Grade of steel Fe415
i | Density of | 25 kN/m’
reinforced concrete
iv | Young’s  modulus | 2738612
of M30 concrete,| 7.87
E. kN/m’
v | Young’s  modulus | 2 X
steel, E; 10%kN/m
2
3 | Type of Loads & therr
ntensities
1 Floor finish 1.5
kN/m’
i | Live load on floors | 3 kN/n’
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i | wall load on beams | 3.9 o, e |
kN/m’ A I, i ‘J sl
L]
. | Al i
iv | Parapet wall load | 1 kN/m” L BN B amm b
; RS
8 e
4 | Seismic Properties O - { Lr 1,4 i ;1‘[ I
: e
Zones Ehi
i L e e e ix:q%
m[0.10 il
J B - Ly
ii | Importance factor (| 1 " ‘ Y
1)
— = %7 Figure.3: Model of G+12 building with
m €sponsc ° floating columns
reduction factor (  —————— . .
R ) A B c D EF |
iv | Soil type I - = == S
v | Damping ratio 0.05 - - - -
vi | Time history | Elcentro | _
finction |- - . =
Table.1 Description of the Building data 5 . -+ =
e 0Ly, LI Teet Figure.4: Plan of story 1 of the building with
%”;W A ¢ D] EF - floating columns
g‘ i%: ’ B ‘ HI‘ 1 1‘ [l _ [ Plan View - Story2 - Z= 6 (m), 1 - X
5 e ._.—l_. [ ! | 1‘ [ 15 gr) 25¢m) 25¢m n 25¢m a5 ¢v)
0 RN _
: M e
: BRI | 3
o I B R e |
i ‘ilM g
: | il = == = .
L i =
e 0- 2= ¥ XEER VA 2% (e viGd v b % !x - - -

Figure.2: Model of G+12 building without
floating columns Figure.5: Plan of story 2 of the building with
floating columns
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From the figures 3, 4 and 5 it is clear that the
floating columns are provided in story 1 and
the remaining storeys column placement is
same as the normal building.

4. RESULTS & DISCUSSIONS

A. Results of Building without floating
columns

a. Lateral Loads

Auto Lateral Load to Storles

» 0o o om am w0 s
Force, kN

Figure.6: Lateral loads on stories m X-

direction for a buiding without floating
columns

Auto Lateral Load to Stories

4"’[‘fm

[T wm  m m W om

m
Force, kN

Figure.7: Lateral loads on stories in Y-

direction for a buiding without floating
columns
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The lateral loads on a building with floating

columns are 45% less than the building
without floating columns.

b. Story Displacements

Maximum Story Dispiacement

i

rrreer

i

i

we  wo PR PR
splacement, mm

Figure.8: Storey displacements of a building
without floating columns for EQ X

Maximum Story Displacement

Displacement, mm

Figure.9: Storey displacements of a building
without floating columns for EQ Y

The storey displacements of a building
without floating columns are 50% more than
the building with floating columns.

c. Story Dirifts

Maximum Story Drivs

Figure.10: Storey drifts of a building
without floating columns for EQ X

Volume 11, Issue 03, Mar 2021

ISSN 2581 - 4575

Page 174



International Journal For Advanced Research
In Science & Technology

ISSN: 2457-0362

Maximum Story Drifts

sz -
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|
I
I

Drift, Unitiess

Figure.11: Storey drifis of a building
without floating columns for EQ Y

d. Story Shears

Story Shears

,,,,,,

va2s e
Force, kN

Figure.12: Storey shears of a buiding
without floating columns for EQ X

The storey shears of a building with floating
columns in X-direction are increasing with
respect to Y-direction. The storey shears of a
building with floating columns are 48% less
than the building without floating columns.

Story Shears

orce, kN

Figure.13: Storey shears of a buiding
without floating columns for EQ Y

e. Storey Stiffness

Story Stiffness

ol weo oz o P 100 130E-8
Stiffness, kN/m

Figure.13: Storey stiffness values of a
building without floating columns for EQ X

Stary Stiffnoss
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Figure.14: Storey stiffness values of a
building without floating columns for EQ Y

f. Base Shear

LLLLLLL

Base FX, kN
=

Figure.15: Base shear values of a building

without floating columns at different time
periods
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The maximum base shear occurred in b. Story Displacements

building  without  floating  columns is
3333.67 KN at 3.5 sec.

Maximum Story Displacement

B. Results of Building with floating columns
a. Lateral Loads

Auto Lateral Load to Storles
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sssssss
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o
P
e
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Figure.18: Storey displacements of a
building with floating columns for EQ X

o 125 150 17
Force, kN Maximum Story Displacement

Figure.16 Lateral loads on stories in X-
direction for a buiding with floating
columns
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Figure.19: Storey displacements of a
building with floating columns for EQ Y

e 50 75 00 125 150 175 200 225 250
Force, kN

The storey displacements of a building with

Figure.17 Lateral loads on stories in Y- floating columns in  X-direction are
direction for a building with floating increasing with respect to Y-direction. The
columns storey displacements of a buiding with

floating columns are 50% less than the
building without floating columns.
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c. Story Drifts

Maximum Story Drifts
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Figure.20: Storey drifts of a building with
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Figure.21: Storey drifts of a building with

The storey drifts of a building with floating
columns in Y-direction are increasing with
respect to X-direction. The storey drifts of a
building with floating columns are 60% less
than the building without floating columns.
d. Story Shears

Figure.23: Storey shears of a building with

floating columns for EQ X
floating columns for EQ Y

Maximum Story Drifes

e. Storey Stiffness
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Figure.24: Storey stiffness values of a
building with floating columns for EQ X
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Figure.22: Storey shears of a building with
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Figure.25: Storey stiffness values of a

floating columns for EQ X 5 ; g
building with floating columns for EQ Y
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It was observed that building with floating
column is stiffer than the building without
floating columns.

f. Base Shear
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Figure.26: Base shear values of a building

with floating columns at different time
periods
The maximum base shear occurred in

building with floating columns is -283.4257
KN at 5 sec.

5. CONCLUSION

The behaviour of multi-storey buiding with
and without floating column is studied under
different earthquake excitation. The
compatible response spectrum, time history
and Elcentro earthquake data has been
considered. A finite element model has been
developed to study the dynamic behaviour
of multi -story frame. The static and free
vibration results obtained using present
finite element code is validated. The
dynamic analysis of frame is studied with
and without floating columns. It is
concluded that
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e The storey displacements of a building
with floating columns in X-direction are
increasing with respect to Y-direction.
The storey displacements of a building
with floating columns are 50% less than
the building without floating columns.

e The storey drifts of a building with
floating columns in Y-direction are
increasing with respect to X-direction.
The storey drifts of a building with
floating columns are 60% less than the
building without floating columns.

e The storey shears of a buiding with
floating columns in X-direction are
increasing with respect to Y-direction.
The storey shears of a building with
floating columns are 48% less than the
building without floating columns.

e [t was observed that buiding with
floating column has less base shear as
compared to building without floating
column. The maximum base shear
occured in  building with floating
columns is -283.4257 KN at 5 sec and
the maximum base shear occurred in
building without floating columns is
3333.67 KN at 3.5 sec.

e [t was observed that in buiding with
floating column has more time period as
compared to buiding without floating
columns.

e With increase in ground floor column
the maximum displacement, inter storey
drift values are reducing. The base shear
and overturning moment vary with the
change in column dimension.

e The lateral loads on a building with
floating columns are 45% less than the
building without floating columns.

e It was observed that buiding with
floating column is stiffer than the
building without floating columns.
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FUTURE SCOPE

This study can be extended by providing the
floating columns in different storeys and at
different locations. We can study in severe
earthquake  zones by providing the
earthquake resistant structural elements to
the building with floating columns.
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