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Abstract—Buildings are representation of modern city and as such are an achievement of structural engineering. The seismic behavior of a
building during earthquakes depends on its shape, size and geometry, in addition to how the earthquake forces are carried to the ground. Hence,
the structural engineers must work to make sure that the features which are not favorable are avoided and a good building configuration is
chosen at the planning stage itself. Nowadays multi-storey buildings in urban cities are required to have column free space due to shortage of
land, population and for functional and aesthetic requirements. Floating columns are an important feature in today’s world of multi-storeyed
buildings in urban India and are highly unsafe in buildings built in seismically active areas. In this paper analysis using response spectrum
method is done for a multi-storeyed building with and without floating columns. This paper presents comparative study of a G+06 storied
building with external and internal floating columns and regular columns with seismic behavior. This work includes the analysis and design of
the floating column and regular column structures by using STAAD pro software.
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.~ INTRODUCTION Table I: Details of the Structure
Earthquake is movements within the Earth’s crust which Type of Structure RC G+6 Building
cause stress to build up at points of weaker zone and rocks to Lenath of Buildi 252
deform. Large scale damage occurs during several moderate ength of Burlding <m
earthquakes in recent years which indicate, despite such early Width of Building 16.0m
gains, earthquake risk in the country has been increasing Storey Height 2.8m
alarmingly. In high earthquake regions of the country most of Height of Building 16.8m
the buildings continue to be built without appropriate
earthquake resistant features. Base Area 2552m X16m
India is divided into different seismic zones. As per IS Type of Soil Medium
1893:1984 Code India is divided from Zone | to Zone V. But Earthquake Zone and N
as per 1S 1893:2002 Code it has been divided from Zone Il to _ —
Zone V. Zone | has been discarded. Late:ra_l Load Ordinary Moment Resisting
Resisting System frame (OMRF)
I[l.  MODEL OF THE PROJECT Response Reduction | 3.0 (OMRF)
factor (R)
Live Load on 3 KN/m2
Building
Dead Load For 0.3 mm thick wall -16 KN/m
For 0.15 mm thick wall — 7
KN/m
6.000m The following Fig. shows the elevation of the building in

which length of the building is 25.2 m, total height of the
building is 16.8 m and storey height at each floor is 2.8 m.

(Fig-2)

25.200m
Figure-1 Plan of Structure

The above Fig. shows the plan of the structure in which the
width of the building is 16m and length of the building is
25.2 m. (Fig-1)
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Figure-2 Elevation of Structure

The following Fig. shows the 3D model of the structure
prepare in STAAD Pro. software. It is the normal RC
building without Floating Column (Case 1) (Fig-3)

Figure-3 3D view of Structure (case 1)

11l.  METHODOLOGY

The building treated as OMRF .Response Reduction
Factor 3. The analysis is carried out on the same
configuration of building for all earthquake Zones as

1) Zonell
2) Zone Il

As per the IS 1893 (Part 1) — 2002, Analysis parameters
considered in the comparison of Ordinary Moment Resisting
frame (OMRF) in zone Il and 111 are

1) Displacementin X and Z Direction
2) Shear in Z-direction (Fz)

3) Axial Force in X-direction (FX)

4) Moment in X- direction (MXx)

5) Moment in Z- direction (Mz)
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For analysis of structure, 7 load combinations were
considered

1) 1.5(DL+LL)

2) 1.2(DL+LL+EQX)
3) 1.2(DL+LL+EQZ)
4) 1.5(DL+EQX)

5) 1.5(DL+EQZ)

6) 0.9DL+1.5EQX

7) 0.9DL+1.5EQZ

Depending on orientation of columns, 1.5(DL+EQX) or
1.5(DL+EQZ) these 2 load combinations are critical for
columns.

In the STAAD-Pro precautions is taken to take response
reduction factors and adequate zone factor depending on
case.

For the comparison, Following beams and columns are

selected
1) Corner Column

2) Corner Beam
3) Internal Column
4) Internal Beam

The following Fig. shows the Building with external
Floating column (Case 2) (Fig-4)

Figure-4 External Floating Column (case 2)

The following Fig. shows the structure where floating
columns are placed at internal column.(Case 3) (Fig-5)
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Figure-5 Internal Floating Column (case 3)

The following Fig. shows the building having external and
Internal Floating column. (case 4) (Fig-6)

Fig-6 External and Internal Floating Column (case 4)

IV. SEISMIC ANALYSIS RESULT

Exclusive data of analysis for these Beams and columns is
exported to excel for further analysis and comparison. Based
on the data graphs are plotted.
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Figure-7 X displacement for Zone 11 (Corner Column)
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The above graph shows the variation in X displacement
for the corner column in zone Il with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents X displacements in mm.

(Fig. 7)
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Figure-8 X displacement for Zone I11 (Corner Column)

The above graph shows the variation in X displacement
for the corner column in zone 111 with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents X displacements in mm.

(Fig. 8)
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Figure-9 X displacement for Zone I1 (Intermediate Column)

The above graph shows the variation in X displacement
for the Intermediate column in zone Il with respect to all the
floors in all the 4 cases. X axis represents the floor levels of
the structure and Y axis represents X displacements in mm.

(Fig. 9)
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Figure-10 X displacement for Zone Il (Intermediate Column)
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The above graph shows the variation in X displacement
for the Intermediate column in zone 111 with respect to all the
floors in all the 4 cases. X axis represents the floor levels of
the structure and Y axis represents X displacements in mm.
(Fig. 10)
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Figure-11 Z displacement for Zone I (Corner column)

The above graph shows the variation in Z displacement
for the corner column in zone Il with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Z displacements in mm.

(Fig. 11)
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Figure-12 Z displacement for Zone 11 (Corner column)

The above graph shows the variation in Z displacement
for the corner column in zone 111 with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Z displacements in mm.
(Fig.12)
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Figure-13 Z displacement for Zone Il (Intermediate Column)
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The above graph shows the variation in Z displacement
for the Intermediate column in zone Il with respect to all the
floors in all the 4 cases. X axis represents the floor levels of
the structure and Y axis represents Z displacements in mm.
(Fig. 13)
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Figure-14 Z displacement for Zone I11 (Intermediate Column)

The above graph shows the variation in Z displacement
for the Intermediate column in zone 111 with respect to all the
floors in all the 4 cases. X axis represents the floor levels of
the structure and Y axis represents Z displacements in mm.
(Fig. 14)
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Figure-15 Axial Force Fx for Zone 1l (Corner Column)

The above graph shows the variation in Axial force Fx
for the corner column in zone Il with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Force in kN.

(Fig.15)
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Figure-16 Axial Force Fx for Zone 111 (Corner Column)



The above graph shows the variation in Axial force Fx for
the corner column in zone Il with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Force in kN.(Fig.16)
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Figure-17 Axial Force Fx for Zone Il (Intermediate Column)

The above graph shows the variation in Axial force Fx for
the intermediate column in zone Il with respect to all the
floors and in all the 4 cases. X axis represents the floor levels
of the structure and Y axis represents Force in kN.(Fig.17)
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Figure-18 Axial Force Fx for Zone 11 (Intermediate Column)

The above graph shows the variation in Axial force Fx for
the intermediate column in zone Il with respect to all the
floors and in all the 4 cases. X axis represents the floor levels
of the structure and Y axis represents Force in kN.(Fig.18)
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Figure-19 Shear Force Fz for Zone Il (Corner Column)
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The above graph shows the variation in Shear force Fz for
the corner column in zone Il with respect to all the floors and
in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Force in kN.(Fig.19)
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Figure-20 Shear Force Fz for Zone Il (Corner Column)

The above graph shows the variation in Shear force Fz for
the corner column in zone Il with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Force in KN.(Fig.20)
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Figure-21 Shear Force Fz for Zone Il (Intermediate Column)

The above graph shows the variation in Shear force Fz
for the Intermediate column in zone Il with respect to all the
floors and in all the 4 cases. X axis represents the floor levels
of the structure and Y axis represents Force in KN.(Fig.21)

Variation in Force Fz Floorwise
140 Zone Il
120 ¢
100
B0

60

Forcein KN

40

20
Floor Level

o 1 2 3 4 5 6 7
—#—Casel —#—Case 2 Case 3 —+—Cased

Figure-22 Shear Force Fz for Zone Il (Intermediate Column)




The above graph shows the variation in Shear force Fz
for the Intermediate column in zone 111 with respect to all the
floors and in all the 4 cases. X axis represents the floor levels
of the structure and Y axis represents Force in kN.(Fig.22)
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Figure-23 Moment Mx for Zone 1l (Corner Column)

The above graph shows the variation in Moment Mx for
the Corner column in zone Il with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Moment in kN-m. (Fig.23)
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Figure-24 Moment Mx for Zone 111 (Corner Column)

The above graph shows the variation in Moment Mx for
the Corner column in zone Il with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Moment in kN-m. (Fig.24)
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Figure-25 Moment Mx for Zone Il (Intermediate Column)
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The above graph shows the variation in Moment Mx for
the Intermediate column in zone Il with respect to all the
floors and in all the 4 cases. X axis represents the floor levels
of the structure and Y axis represents Moment in kKN-m.
(Fig.25)
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Figure-26 Moment Mx for Zone 111 (Intermediate Column)

The above graph shows the variation in Moment Mx for
the Intermediatecolumn in zone Il with respect to all the
floors and in all the 4 cases. X axis represents the floor levels
of the structure and Y axis represents Moment in kN-m.
(Fig.26)

Variation in Moment Mz Floorwise
140 Zone ll

100
80
1]
10
20
Floor Level
3 4

a 1 2 5 ] 7
—+—Casel —4+—Case 2 Caze 3 —4—Case 4

Moment in KNm

Figure-27 Moment Mz for Zone 1l (Corner Column)

The above graph shows the variation in Moment Mz for
the Corner column in zone Il with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Moment in KN-m. (Fig.27)
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Figure-28 Moment Mz for Zone 111 (Corner Column)



The above graph shows the variation in Moment Mz for
the Corner column in zone Il with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Moment in kN-m. (Fig.28)
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Figure-29 Moment Mz for Zone Il (Intermediate Column)

The above graph shows the variation in Moment Mz for
the Intermediate column in zone Il with respect to all the
floors and in all the 4 cases. X axis represents the floor levels
of the structure and Y axis represents Moment in KN-m.
(Fig.29)
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The above graph shows the variation in Moment Mz for
the Corner Beam in zone Il with respect to all the floors and
in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Moment in KN-m. (Fig31)
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Figure-32 Moment Mz for Zone I11 (Corner Beam)

The above graph shows the variation in Moment Mz for
the Corner Beam in zone 111 with respect to all the floors and
in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Moment in KN-m. (Fig.32)
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Figure-30 Moment Mz for Zone 111 (Intermediate Column)

The above graph shows the variation in Moment Mz for
the Intermediate column in zone Il with respect to all the
floors and in all the 4 cases. X axis represents the floor levels
of the structure and Y axis represents Moment in kN-m.
(Fig.30)
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Figure-31 Moment Mz for Zone Il (Corner Beam)
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Figure-33 Moment Mz for Zone Il (Intermediate Beam)

The above graph shows the variation in Moment Mz for
the IntermediateBeam in zone Il with respect to all the floors
and in all the 4 cases. X axis represents the floor levels of the
structure and Y axis represents Moment in kN-m. (Fig.33)
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Figure-34 Moment Mz for Zone {11 (Intermediate Beam)



The above graph shows the variation in Moment Mz for

the Intermediate Beam in zone Il with respect to all the
floors and in all the 4 cases. X axis represents the floor levels
of the structure and Y axis represents Moment in kN-m,
(Fig.34)
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V. CONCLUSIONS

In case 4(External and Internal Floating column),
increases the Mx and Mz value at all the floor for both
the zones i.e. Zone Il and Zone III.

Provision of Case 4 (External and Internal Floating
columns) and case 3(Internal Floating Columns) may
increase Axial Force Fx and Shear in z direction (Fz) at
all floors.

1.5(DL+EQZ) or 1.5(DL+EQX) these load combinations
are found critical, depending on position of floating
columns.

Provision of Case 2 (External Floating columns) and
Case 4 (External with Internal Floating columns) may
increase displacements at various nodes.
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