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Abstract— Open first story and Floating column are typical
features in the modern multi-storey constructions in urban
India. Such features are highly undesirable in buildings built
in seismically active areas; this has been verified in
numerous experiences of strong shaking during the past
earthquakes like Bhuj 2001. In this study an attempt is made
to reveal the effects of floating column & soft story in
different earthquake zones by seismic analysis. For this
purpose Push over analysis is adopted because this analysis
will yield performance level of building for design capacity
(displacement) carried out up to failure, it helps
determination of collapse load and ductility capacity of the
structure. To achieve this objective, three RC bare frame
structures with G+4, G+9, G+15 stories respectively will be
analyzed and compared the base force and displacement of
RC bare frame structure with G+4, G+9, G+15 stories in
different earthquake zones like Rajkot, Jamnagar and Bhuj
using-SAP-2000 14-analysis package.
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I. INTRODUCTION

A. Soft Storey:

Many urban multistory 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 stories. The upper stories have brick unfilled wall
panels. The draft Indian seismic code classifies a soft storey
as one whose lateral stiffness is less than 50% of the storey
above or below [Draft IS: 1893, 1997]. For the upper
storey’s, however, the forces in the columns are effectively
reduced due to the presence of the Buildings with abrupt
changes in storey stiff nesses have uneven lateral force
distribution along the height, which is likely to locally
induce stress concentration. This has adverse effect on the
performance of buildings during ground shaking. Such
buildings are required to be analyzed by the dynamic
analysis and designed carefully. Reinforced concrete (RC)
frame buildings with masonry infill walls have been widely
constructed for commercial, industrial and multi-family
residential uses in seismic-prone regions worldwide.
Masonry infill typically consists of brick, clay tile or
concrete block walls, constructed between columns and
beams of a RC frame. These panels are generally not
considered in the design process and treated as architectural
(non-structural) components On the other hand, negative
effects can be caused by irregular positioning of the infill’s
in plan.

B. Floating Columns:

A columns are supposed to be a vertical member starting
from foundation level and transferring the load to the
ground. The term floating columns are also a vertical
element which at its lower level (termination Level) rests on
a beam which is a horizontal member. The beams are turn
transfer the load to other columns below it.

L]

Fig. 1: Floating Columns (Source: Earthquake Tips)
C. Gujarat Seismic Zone Map:

The term earthquake may be used to described any kind of
seismic event which may be either natural or initiated by
humans, which generates seismic waves. Earthquake is
caused commonly by rupture of geological faults; but they
may be triggered by other events like volcanic activities,
mine blasts, landslides and nuclear tests. An abrupt release
of energy in the Earth's crust which is creates seismic waves
results in what is called an earthquake.

According to the Seismic Zoning Map of 1IS: 1893-
2002, Gujarat is divided into four zones on the basis of
seismic activities. They are Zone Il, Zone Ill, Zone 1V and
Zone V.
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Fig. 2: Gujarat Earthquake Zones Map
(Source: Google Map)

Il. METHODOLOGY

There are various methods to analyse structure for dynamic
loading conditions like earthquake or blasting or other
dynamic features like industries handling vibrating
machines. This includes following:

1) Seismic coefficient method,

2) Response spectrum method,

3) Pushover analysis method,

4) Time history analysis method

For the Present study Standard pushover analysis
method describes in FEMA 356 is adopted.

A. Pushover Analysis:

Pushover analysis is nonlinear static analysis in which
provide ‘capacity curve’ of the structure, These are plot of
total base force vs. roof displacement. The analysis are
carried out up to failure, it helps determination of collapse
load and ductility capacity of the structure. The pushover
analysis are method to observe the successive damage state
of the building.

A

Deformation

Fig. 3: Force-Deformation for Pushover Hinge (Habibullah.
Et Al., 1998)

Point A corresponds to unloaded conditions and
point B represents are yielding of the element. The ordinate
at C is corresponds to nominal strength and abscissa at C is
corresponds to the deformation at which significant strength
degradation begins. The drop from C to D is represents the
initial failure of the element and resistance to lateral loads
beyond point C is usually unreliable. The residual resistance
is from D to E allows the frame elements to sustain gravity
loads. Beyond point E, the maximum deformation capacity,
gravity load is no longer be sustained. Hinges are to be
assigned at any number of locations (potential yielding
points) along the span of the frame element as well as
element ends. Uncoupled moment (M2 andM3), torsion (T),
axial force (P) and shear (V2 and V3) force-displacement
relations may be defined. As the column axial load changes
under lateral loading, there are also a coupled P-M2-M3
(PMM) hinge which yields based on the interaction of axial
force and bending moments at the hinge location.
(Habibullah. et al., 1998)

B. Immediate Occupancy Level:

Immediate Occupancy, means the post-earthquake damages
state in which only very limited structural damages have
been occurred.

C. Life Safety Performance Level:

Life Safety, means the post-earthquake damages state in
which significant damages to the structure have been
occurred, but some margin against either partial or total
structural collapse remains.

D. Collapse Prevention Performance Level:

Collapse Prevention, means the buildings are on the verge of
experiencing partial or total collapse. (ATC, 1997a)

I1l. STRUCTURAL MODELLING

In this paper, cash study of G+4 (Sadguru Complex), G+9
(Aalap Tower) and G+15 (Kingstone height) situated in
Rajkot are to be carry out. Here, the types of buildings are
described as below.

1) Existing Buildings

2) New Building
A. Existing Buildings:
G+4 (Sadguru Complex) and G+9 (Aalap Tower) are to be
carry out as a existing buildings.
1) Geometrical Data of G+4 (Sadguru Complex) Building:
In this G+4 Building, Ground floor has a soft storey and

above ground floor two columns are floating columns. This
building is situated in zone-3

Fig. 4: Beam And Column Position G+4 Storey Building
(Sadguru Complex-Rajkot)

Design Data
No. Of floors G+4
305x686 mm
Size of column 610610 mm
Circular column — 762 mm diameter
230%305 mm
Size of beam 381x381 mm
457762 mm
Slab 127 mm and 150 mm thick
Type of Building Commercial Building
Grade of concrete M 20 and M 30

Live load 4.0 kN/m? at typical floor
1.0 kN/m’ on terrace
Floor finish 1.0kN/m’
Earthquake load As per IS — 1893 : 2002
Type of soil Type I, Medium
Story height 3.0m
Walls 230mm thick masonry wall

Seismic zone Zone lll, 1V, V

Table 1: Design Data of G+4 (Sadguru Complex)

2) Geometrical Data of G+9 (Aalap Tower) Building:

In this G+9 Building, Ground floor has a soft storey and
above ground floor four columns are floating columns. This
building is situated in zone-3.
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(Aalap Tower -Rajkot)

Design Data

No. Of floors

G+9

Size of column

305 x 915 mm for ground floor
230 x 915mm for 1 to 10 storey

Size of beam 230x415 mm
230x535 mm
Slab 150 mm thick

Type of Building

Residential Building

Grade of concrete

M 20 and M 25

Design Data

No. Of floors

G+15

Size of column

305 x 915 mm for ground floor
230 x 840 mm

230 x 720 mm
Size of beam 230%415 mm

230535 mm
Slab 150 mm thick

Type of Building

Residential Building

Grade of concrete

M 25 and M 30

Live load 3.0 kN/m? at typical floor
1.0 kN/m? on terrace
Floor finish 1.0kN/m?

Earthquake load

As per IS — 1893 : 2002

Type of soil

Type I, Medium

Story height

3.0m

Walls

230mm thick masonry wall

Seismic zone

Zone lll, IV, V

Table 3: Design Data of G+15 (Kingstone Height)

IV. RESULTS AND DISCUSSIONS

Live load 3.0 kN/m? at typical floor
1.0 KN/m? on terrace
Floor finish 1.0kN/m?

Earthquake load

As per IS — 1893 : 2002

Various building models were developed and pushover

analysis was performed. The

results obtained after

Nonlinear Static analysis are, Pushover curve (Base Shear
Vs Roof Displacement), Performance Point, Tabular format

Type of soil

Type 11, Medium

Story height

3.0m

of Pushover curve.

A. Results of G+4 (Sadguru Complex) building in different
EQ zones:

Walls

230mm thick masonry wall

G+4 Existing Building (Sadguru Complex)

Seismic zone

Zone lll, IV, V

Table 2: Design Data of G+9 (Aalap Tower)

B. New Building:

G+15 (Kingstone height) is to be carry out as a New
building

1) Geometrical Data of G+15 (Kingston Height) Building:
In this G+15 Building, Ground floor has a soft storey and

above ground floor two columns are floating columns. This
building is situated in zone-3.

Fig. 6: Beam And Column Position G+15 Storey Building

(Kingstone Height -Rajkot)

Displace Base No. of Hinges
Zones ment Shear Ato | Bto | IOto
(mm) (KN) B 10 LS
V 40.900 2473.623 | 552 278 -
v 36.273 2428.788 | 571 259 -
1] 32.091 2375.307 | 578 252 -
Table 4: Performance Level of Building in Different EQ
Zones
G+4 Actual Building {Sadguru complex)
z o
5w g
Displacement (m]}

Fig. 7: Graph For G+4 Building In Different EQ Zones
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Noment (M3)  Moment (M3) Anal Moment Axial Morment
(KNLm) (XN.m) Focce(P) {™3) Force{P) [M3)
[Ny (KNLm) (KN (KNm)
22691 226,773 1011053 1667141 436384 1294475
216,85 21548 104,3453 162562 47.539 123.58
200,368 200.587 11035 157,236 50754 116.35
Table 5: Hinge status of Floating columns and Beams in

Different EQ Zones

hinges is more in higher seismic zone and Repair or
Retrofitting works are required more in higher seismic zone.
Performance Level of G+9 existing building is in
the range of Life Safety level. Plastic moments in Beams are
more compare to the plastic moments in Floating Columns.
In Floating columns, Axial Forces are more in
lower zone compare to higher zone.

C. Results of G+15 (Kingstone Height) building in
Different EQ zones:

G+15 New Building (Kingstone Height)

1) Remarks:
The displacement and Base shear of the building increases
from lower zones to higher zones, because the magnitude of
intensity will be more for higher zones. Formation of Plastic
hinges is more in higher seismic zone and Repair or
Retrofitting works are required more in higher seismic zone.
Performance Level of G+4 existing building is in
the range of Immediate Occupancy level. Plastic moments in
Beams are more compare to the plastic moments in Floating
Columns.

B. Results of G+9 (Aalap Tower) building in Different
EQ zones:
G+9 Existing Building (Aalap Tower)
Displacement Base No. of Hinges
Zones p(mm) Shear Ato | Bto | 10to
(KN) B 10 LS
\% 56.422 3900.573 | 3247 | 290 41
v 47.357 3865.012 | 3180 | 398 -
1l 44,593 3315.405 | 3220 | 358

Table 6: Performance Level of Building in Different EQ

Zones

G+9 Actual Building {Aalap tower)

Base shear (KN)

Displacement (m})

Fig. 8: Graph for G+9 Building in Different EQ Zones

Displacement Base No. of Hinges
Zones p(mm) Shear Ato Bto | IOto
(KN) B 10 LS
\Y/ 101 6917.628 | 2633 | 1252 11
v 98 6816.485 | 2963 | 933 -
11 95 6105.323 | 3057 | 825
Table 8: Performance Level of Building in Different EQ
Zones
G+15 New Building {Kingstone Height)
_ ;
= p
_; P g a : .
s > o
[Lm‘d\cf ent {m)
Fig. 9: Graph for G+15 Building in Different EQ Zones
Moment {(M3]  Moment (M3) Axial Moment 2ol Moment
[KN.m) [XN.m} ForcefP) M3} ForcefP]  (M3)
{K) (KNLm) [XN) [KN.m}
785421 7769 5950636 1118802 38030835 14557
7258 72584 1783176 121583 1793878 154568
§7.8123 67.73 328049 1304314 341056 1831718

Moment {M3] Moment {M3) Azl Moment &al Moment
(XKN.m) {KN.m] Force{P) (™3} Force{P} {nM3)
(KN} [XN.m) (KN} (KN.m}
92.254 85.547 613.7518 1174377 330.3089 1213647
84258 80.258 2045.1756 128458 2125745 150.258
75.241 73.585 3524314 135254 312624 175254

Table 7: Hinge status of Floating columns and Beams in
Different EQ Zones

1) Remarks:

The displacement and Base shear of the building increases
from lower zones to higher zones, because the magnitude of
intensity will be more for higher zones. Formation of Plastic

Table 9: Hinge status of Floating columns and Beams in
Different EQ Zones
1) Remarks:
The displacement and Base shear of the building increases
from lower zones to higher zones, because the magnitude of
intensity will be more for higher zones. Formation of Plastic
hinges is more in higher seismic zone and Repair or
Retrofitting works are required more in higher seismic zone.
Performance Level of G+15 new building is in the
range of Life Safety level. Plastic moments in Beams are
more compare to the plastic moments in Floating Columns.
In Floating columns, Axial Forces are more in
lower zone compare to higher zone but moments are less
compare to the Axial Forces.

V. CONCLUSION

1) In existing G+4 building, First storey made with soft
storey and Floating column shows its performance in
Immediate Occupancy (10) range.
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2) In existing G+9 building, First storey made with soft
storey and Floating column shows its performance in
Immediate Occupancy (10) - Life Safety (LS) range.

3) In New G+15 building, First storey made with soft
storey and Floating column shows its performance in
Immediate Occupancy (IO) - Life Safety (LS) range.

4) At Soft Storey level, Most of hinges are in Life
Safety range.

5) Beams and Columns in the range of Life Safety are
required Beam jacketing and Column jacketing for
increasing the stiffness of members in existing
buildings.

6) In New building, Parking Area may be provided at
each floor levels or Basement to avoid soft storey
level in the buildings.
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