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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.

Key words: Stadd.pro, Seismic Analysis , Floating Columns , Rcc Buildings

LINTRODUCTION 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

www.ljiemr.org

assumptions, Structure is rigid.e Perfect fixity
exit between structure and foundation.e
During ground motion every point on the
structure  experience same accelerationse
Dominant effect of earthquake is equivalent to
horizontal force of varying magnitudee over
the height. Approximately determines the
total horizontal force (Base shear) on the
structuree 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 i\? e
termed as earthquake-proof design. Instead, .

the earthquake demand is estimated only based \‘gf
-4

on concepts of probability of exceedence, and j $
the design of earthquake effects is termed as a 7
earthquake-resistant  design  against the \‘-. I""
probable value of the demand. As per the i == !
Indian Seismic Code IS:1893 (Part 1) - 2007, v o
Design Base Shear VB is given Figure: Sketch of Seismic Zone Map of India:
Vp = AxW sketch based on the seismic zone of India map
ZIS, given in IS:1893 (Part 1) — 2007
"SRy

Response Reduction Factor R of buildings as

where Z is the Seismic Zone Factor , I the
per IS:1893 (Part 1) — 2007

Importance Factor , R the Response Reduction

Factor , and Sa/ g the Design Acceleration Lteral Lo Resisting System | R |
. Biilding Franie Systemms |
Spectrurn Value given by: Ordinary RC moment resisting frame (OMRF) | 30
Special RC moment-resisting frame (SMRF) 0
Steel frame with '
—— {a) Concentric braces 40
[ | 25 000<T <0.40 N cooas ) B b 50 |
{1100 5 407 <40p forSoil Typel:rocky or hard soil sites (b) Eccentric braces P2
“ T ¢ ; ; Steel moment resisting franie designed as per SP b (6) | 30
2 000<T <055 ri x T : |
g | 136 o ox 1 .app forSoil Type I : medium soil sites I'irrrfdrrlgs .mn‘al.‘Jurr Walls : |
i |77 e S Ordinary reinforced concrele shear walls | 30 |
25 0.00<T <067 o 3 [
| | 167 067 <T < 4.00 for Soil Type 11 : soft soil sites ”m.m‘ shear “d“:‘ | 40 |
{ | 1 SRS = Butllings with Dual Systems
Ordinary shear wall with OMRF | 30
Figure; Sa/g Values Ordinary shear wall with SMRF | 40 |
. . . . Ductile shear wall with OMRF 45
in which T is the fundamental translational Ductile shear wall with SMRF 50

njdturél period of 'the bul‘ldlr%g in the considered T
direction of shaking. Seismic Zone Factor Z as
per 1S:1893 (Part 1) - 2007 of the site where

the building to be designed is located 3

Seisic Zore V \f I l
B
Note:

The 2ome i ohich o buiding i ot o b dentfied from the Seisic Zome Map o di
gioe in I5:1893-2007 skched in Figure

Soil Type il
Soil Type Il
Soil Type |

Design Acceleration Spectrum (S ,,/g)

Figure 3.3: Seismic Zone Factor 5
Importance Factor Z of buildings as per IS: 0 1 2 3 4
1893 (Part 1) _ 2007 Fundamental Translational Natural Period T (s)

Blliflflllx hllpt'ﬂtlllu’ Figure: Design Acceleration Spectrum
Foctor This is based on fundamental translational
Normal Buldings 10 natural period T of the building; this is defined
lmportdnl Builtlings 15 in the following In the above equation, W is
g, Crcal ldins it euchonalafean otk the seismic weight of the building. For the
Liin s s with ot ke walr,pover o) | purpose of estimating the seismic weight of

the building, full dead load and part live load
Figure: Importance Factor of buildings 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 1S:1893-2004

Inpos Uty Distbotd oo Lowds | Perentog o pose Lond
(kN
Uptoandinclding 30 b
Above3) i

Figure 38: Live Loads

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 SOFTWARE:s 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

www.ljiemr.org

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

Plan of G+5 & G+105tructure
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Elevation process in analysis of Staadpro by considering
nominal sizes for beams and columns and safe
sizes are as show in the table below.

Beam Column
E (m) (m)
i G+10 0.23x0.40 | 0.40x0.40
= G+5 0.23x0.35 | 0.35x0.35

dm

Material properties of the building are like
M20 grade of concrete, FE415 steel and 13800

=] =R, - N/mm2 of modulus of elasticity of brick
Elevation of G+5 Floating column masonry in the buildings.
Dead Load:

Floor finish : 1.5kN/m2
Internal wall load : 2.7x0.15x20 = 8.1KN/m

b || External wall load : 2.7x0.23x20 =12.42KN/m
g Parapet Wall : 1x0.15x20=3KN/m

:: ] Live load:

B For typical floors : 3kN/m2

pom 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

Elevation of G+10 Floating column

&
B w ¥l [
] & &
(s e a [ ]
3D Model - L [ P
"N rul NN
L
)
Member and Material Properties et
Dimensions of the beams and columns are
determined on the basis of trial and error 3.d structure
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ii) Supports
The base supports of the structure were
assigned as fixed.

R s —

| Tt -y
ot o | v e | b | e oy

Assigning wall load

ADDIZHIIE YWau ivau

Defining Supports
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

C R A ) S L

——ry

»

SIE

' nt
M Ja
Rt TRt SRR e RT
m o R Y

W v
it AN L L
a0 e M T R
R gy Rk TRAAL Rt Ry R
& R
W

R
R peBh Rt
N, L T T i
A of TR et al ﬂa‘ﬂﬁ o (3] .
il Rafftk oy R B
R oy gt mm’u L] wflt | Rl Ml
i g R 7 e
PO T A Mt L [T
] ﬂ""u.’ it L mﬁ': ‘E n 3] & Type 15 1233 . 20022008 [T inciude Accidentsl Loat
. _t R
& e RIR R & [ inchade 1850 Pt & e
| A ] i & =
& | S Paameters vawe | om | a
| e

Property definition Assigning cross-section

seconen
secorcn

iv) Loading
The loadings were calculated manually and

rest was generated by stadd.pro. The loading o] [
caseswere categorized as: Defining Seismic load definitions
» Seismic Load Definitions Self weight:
> EQxand EQy ) The self weight of the structure can be
» Dead Load: Self Welgh‘f’ Member generated by STAAD.Pro itself with the self
load, Floor Load, Floor Finishes. weight command in the load case column.

> Live Load: Floor load
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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.

= - - o :
| 2
| | Pedfom Impedection Analyss | Pedomn Bucking Analyss | Pedomn Pushaver Analysis
Changs | Perdom Drect Analyss Genauefborsm um. |theu1’ndy=s
Perfom Analyss PDeka Analysis | Peadom Cabie Analysa
Print Option
@ No Pant
Load Data
Statics Check
Statics Load
Mode Shapes
Both
A
phocCmert [_ads ]| ceocn |[ Cows || Heb ]

Print analysis command

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

www.ljiemr.org

design purpose.

Tt dreeghlor man 015000 | b2
renforcement sisst i

MMAcs Farsabs. s the serforcemant used in bot
et i

M Corent [ A | Cose || Hep

Input window for design purpose

ey caava i tears Ay 1w

Tha comwand s nc s3ktore paarwien

S e [ ] o

Design Command

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

Stucure o
Fiin olumn

Stctre i oo ol

Bise e KN
Baseshear KN

Moy | 1 gy | ® o 3
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structure  than  comparison of  storey

Base Shear displacement.By the application of lateral
10 'E?;E:Mum” loads in X and Z directions the structure can
‘ be analysed for variousload combinations
- " i given by clause 6.3.1.2 of IS 1893:2002. For
ot Gl : ‘ the given load combinationsmaximum
Ing Lolumn Ml
) znnegs il displacement at each floor is noted in and are
! { b shown below in the form oftables and graphs
Table 5.3Comparision of displacements of
Comparison of Base Shear (G+3) G+S5 for different Zones
Table 5.2Comparision of base shear of G+10 Sty Level | Structue vithout Structure with Floating column
for different Zones Hloatng column ,
Displacements (rm)
Structure without Structure with Floating column .
Fhatg ol Displacements um)
Base shear (kN)
b () DS | Tmed | Toe]

Tone 3 Toned Tone

Sabcmaps | W ™| W | Cromd Flor |+ 464 416 Ll I3

First oot 24 T8 8 Bl

Second Flor 199 IH? 08 i3
Base Shear B Floating Column in
1200 4 Zone 5 .
p o Thid Floor %) LAY W 6319
B Floating Column in
800 + Zone 4
o 1 FoatngCola Fourth Floor bt A 11309 164
400 + Ione3
200 | ‘ ] ;
: - Fih Floor i %2 [328 ik
1
Comparison of Base Shear (G+10)
From the above results it was observed that
base shear increases for the floating column
buildings as compared to without floating G+5 Displacements
column building.Also the base shear found to PR, 6

Floating Column in
Zone 5

be higher in G+10 building than G+5 building. o8 onne 5

From which wecan conclude that as height = Floating Coumn in

increases base shear increases. e _f;::g —_—
COMPARISION OF DISPLACEMENTS kv o :ﬂ’a Zone3
Storey displacement is the lateral movement of f’;m; :a: —:’;mtﬂuatins
the structure caused by lateral force. The et

deflectedshape of a structure is most important _ ’ B _I:!is_PI;caeommt_ s

and most clearly visible point of comparison

forany structure. No other parameter of Comparisom of Displacements

comparison can give a better idea of behaviour Table 5.4Comparision of displacements of

of the G+10 for different Zones
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graph.Comparision of storey drifts of G+5 for
Structure without . . different Zones
) Structure with Floating column
Floating column
Storey Level
Displ i Storey Level Structure without Structure with Floating column
|spl:{:mm)mns Displacements (mm) Floating column Drifts (mm)
Zone § Zone 4 Zone 3 Drifts (mm)
Ground Floor 15 12 3063 94 Zone3 Zone Zone 3
Ground Floor 4.64 46.16 30.8 203
H il
First Floor 39 8073 538 4012 Tt Floor s T T 3
Second Floor 64 115.152 7.7 704 Second Floor 1.6 32.98 2 147
"Third Floor 7 .07 219 14.69
Third Floor 88 151 1006 907
Fourth Floor 55 3033 20339 1341
Fourth Floor 11.25 187.01 1246 115.14 Fifth Floor 34 261 17.761 11.8
Fifth Floor 134 M4 148.28 1372
Sixth Floor 1531 256.62 171.08 1588
G+5 Storey drifts
Seventh Floor 16.3 2889 1926 1795 6
\ \ \ ——Floating Column in
Fighth Floor 179 31894 226 199 5 \ \ Zone5
-4 Floating Coumn in
Ninth Floor 186 3605 206 a : \ ) Zoned
23
R g / / = Floating Column in
Tenth Floor 19.14 3054 11 m g, Jone3
1 \ \n ——Without Floating
0
, 0 0 20 30 40 0
i (+10 Displacements Drifts
1 ' — Floating Column Comparison of Storeydrifts (G+5)
. inZong 5
8 | Comparision of storey drifts of G+10 for different Zones
E 7 Floating Column
[N inZoned
E : f = Floating Column SI::“C:,"” w:thonl Structure with Floating column
I ! 0ating column
1 7| inZone3 4 Storey Level ¢
) ===\ithout Flnating . .
Drifts (mm) Drifts (mm)
1 column &
& & W Zone § Zone 4 Zone 3
! ﬁa% *'55% it Ground Floor 15 492 33063 94
0 W Displgggment n o ﬁﬁmﬂeﬁ%&hd
i First Floor 24 3153 0737 1972
Comparison of Displacements
Second Floor 25 AL 79 218
From the observation of the results it was Third Flpor 2 3585 G n3
observed that displacement of the building Fourth Floor 245 301 % 14
increases from lower zones to higher zones Fith Floor 25 o " ik
because the magnitude of intensity will be
. Sixth Floor 191 3419 28 26
morefor higher zones.

COMPARISION OF STOREY DRIFTS Seventh Floor 149 1B 13 7
Storey drift is the relative displacement of the Fighth Floor 11 £l » 195
floor. The results variation of storey drift due )

. ) ) Ninth Floor 071 5706 18 18

to floating column in different zones are
. . Tenth 054 2449 165 16

tabulated in below tables, also variation of

storeydrifts are shown through
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G+10 Storey Drifts

10 s~ Floating Column
g | inZone 5

Floating Column
inZone 4

= Floating Column
in Zone 3

I m——Without Floating
Column

0 20  Drifts 40 60

Story Level

L= R AL - -
-

| et

Comparison of Storey drifts (G+10)

COMPARISION OF STOREY SHEAR
Comparision of storey Shear of G+5 and G+10
for different Zones

Storey Level | Structure without Structure with Floating column
Floating column )
Storey Shear
Storey Shear
” (kN
(k)
Tone 5 Tong 4 Tone 3
(round Floor i 95 b A
First Floor 179 108 5 116
Second Floor 103 §06 07 082
Third Floor nl 1592 106.19 07
Fourth Floor 11215 58 1659 11062
Fifth Floor 1507 145 05 1487
51::"]1:::‘ 1;;;:]‘:::‘ Structure with Floating column
Storey Level
Storey Shear Storey Shear
(KN) (kN)
Zone 5 Zone 4 Zone 3
Ground Floor 08 3.599 23 3
First Floor 3.336 15.175 10.117 11
Second Floor 7.507 34.145 2276 22
Third Fleor 13.345 60.702 40.46 36
Fourth Floor 20.852 94.847 63.23 54
Fifth Floor 30.027 136.57 91.05 76
Sixth Floor 40.870 1859 12393 101
Seventh Floor 53382 2428 161.87 129
Eighth Floor 34.353 307.304 204.86 162
Ninth Floor 226 379.387 25292 197
Tenth 21.688 104.74 69.8 155

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 comparede to
building without floating column.

2.By the application of lateral loads in X and
Y direction at each floor, the lateral
displacementse 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 thate
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
thee 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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