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Abstract - Structural engineering can be considered as the science of designing and building structures that are
economical, long-lasting, and invulnerable to damage. To design and build such structures, visionary thinking following
structural engineering concepts is required. The behaviour of structures during normal occupational use and under
disastrous circumstances should be permissible and within the allowable limits per recent codal provisions. This research
aims to learn modelling techniques for multiple towers with common podium-type structures. To comprehend the real and
accurate behaviour of multiple towers with a common podium under horizontal forces while taking into account the
backstay effect, as specified in 1S:16700 (2017), is also one of the scopes of this research. Different models are prepared in
this study by varying the podium height and the number of towers in the structure. A comparative study is also done on the
single tower with a Podium and multiple towers with a common Podium with a shear wall at the periphery of the podium
and without the shear wall at the periphery of the podium by changing the number of podium storeys and the number of
towers in structure. The equivalent static method and Response spectrum method are used to analyze structures; ETABS is
used in this study to analyse single towers with Podiums and multiple towers with common podium-type structures.

Keywords - Backstay effect, Equivalent static method, Podium, Response spectrum method, Seismic analysis.

1. Introduction
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Fig. 1.1 Tower with podium structure
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The demand for tall structures is increasing daily due
to rising population and land scarcity in metropolitan
regions. Tall structures are becoming more popular in
developing nations, including India. After a certain amount
of horizontal development, no more land is accessible for
growth in any city, especially in metro cities. As a result,
multistory towers became popular as a way to maximise
land utilisation. High-rise buildings cannot be designed in
the same manner that low and medium-rise structures are
designed. Tall buildings are extremely complex
engineering projects, so the most sophisticated design
methods are required in tall structures. To satisfy the
demand of increasing population as well as to satisfy the
demand for the minimum parking space for such types of
buildings under current bye-laws, Architects and Engineers
proposed/put forward the new concept of Podium kind
structures. The bottom few storeys have bigger plan
dimensions than towers in many tall structures. These
lower few stories of the building can be used for different
purposes such as parking, retail shops, etc. A podium is a
term used to describe the base of a tall building. Podium in
architecture is any of various elements that form the foot or

Interior tower wall

base of a structure and have a low wall supporting
columns, or the structurally or decoratively emphasized the
lowest portion of a wall. A building’s basement story is
sometimes used as a podium. In many multi-functional tall
buildings, this type of configuration is seen.

A large number of basement floors most typically
represent the condition of the podium. Still, the floors
above ground can also serve as a podium if it has extra
seismic features that do not extend up to the whole height
of the structure. A podium may be authorized to be 1000
square meters or larger. According to DCPR 2034, a
podium with a ramp may be approved in one or more
levels if the total height of podium stories does not exceed
32 m above ground level.

The assembly of the tower-podium type of structure is
shown in Figure 1.1. In Figure 1.2 Bombay stock exchange
building is shown, which is also a (tower+podium)type
building.
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Fig. 1.2b Backstay action in a podium-tower sub-assemblage
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Following are the main structural elements of the
podium:

Supporting soil and foundation

The RC peripheral walls at the below-grade levels
Diaphragms at the ground and below-ground levels
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Following are the main functions of the podium slab :

It works as a fire separation between different building
occupancy categories.

» The podium slab serves as a diaphragm or the transfer
slab for the transfer of lateral loads from the above
superstructure and main lateral load resisting element
in the tower to the structural walls and columns within
the podium level.

The diaphragm is the horizontal system that transmits
lateral forces to a vertical force-resisting element. A
podium’s floor and roof slabs are critical components. In
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shear and flexure, they act as diaphragms, which spread
forces to the vertical components of the lateral load
resisting system. Collectors in the diaphragms accumulate
forces and aid in transferring forces to walls and frames by
operating in axial tension and compression.

The stiffness of flat slab frames should now be
neglected in horizontal load resistance in all seismic zones,
according to IS 16700-2017, clause 7.3.11. i.e., In tall
buildings, slabs are regarded as absolutely stiff, and
horizontal force is transferred 100% to vertical elements of
the structure without any deformation. So in slabs of tower
construction, no planar stresses and out-of-plane bending
moments have been observed. To accomplish this in
structural analysis and design tool ETABS, the modelling
type of Slab is defined as ‘membrane,” and a ‘Rigid’
diaphragm is assigned to it.
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Shear walls are generally considered as simple
cantilever beams fixed at the bottom. For podium + tower

back span to include the consequences of large stiffness of
Podium (Refer figure 1.3).

Backstay effects must be evaluated in the context of two
seismic load paths, which are:-

(Refer to figure 1.4)

structure, a more logical and valid correlation would be
cantilever with

1. Direct load path: In this path, the overturning resistance
is provided by the foundation beneath the seismic-force
resisting components of the tower.

2. Backstay load path: In this path, the resistance is
provided by planar forces in the podium diaphragms.

=

tower core wall

/—main backstay diaphragm

. : i i podium levels
Force path 2: backstay {§ SE i P
L T s "
Force path 1: foundation | rrrmsremrsrrrmsrmrsrereresty, 10UNAALON
overturning undemeath M T~

tower core wall

Fig. 1.3 Backstay action in a podium-tower sub-assemblage

It should be noted that Podium and backstay effects are
not limited to tall buildings only, Low and mid-rise
buildings can be subject to the same effects, and similar
effects can occur wherever along with a building’s height
where the stiffness of lateral elements is reduced, such as a
building setback or step backs.

¢ Objectives of current work are as follows:-
» To comprehend the phenomena of backstay observed in

multiple towers with a common podium by referring to
the guidelines in IS 16700: 2017.
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» To carry out a comparative study on the single tower
with a Podium and multiple towers with a common
Podium with a shear wall and without a shear wall at
the periphery of the podium by changing no. of podium
storeys and no. of towers.

To investigate the effect of increasing the number of
podium storeys on backstay effect and behaviour of
buildings.

To investigate the effect of changing the number of
towers in a structure on the backstay effect and on
behaviour of buildings.
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2. Numerical Study

For the current work, the construction is a building
with 15 stories. The plan dimensions of the tower are 25m
X 25m, and the podium is 80m x 80m. The work is done on
different  structural  formations of  tower-podium
construction by varying the number of podium
storeys/podium height and the number of towers in the
structure. 16 different models are prepared and analysed in
the structural analysis and design tool ETABS. Structures
are analysed by Static earthquake analysis and Response
spectrum analysis. The sectional properties, and Loads &
seismic factors are given in table-2.1 & table-2.2

Table 2.1 Sectional properties of the model

SECTIONAL PROPERTIES

Size of Beam 230mm X 450mm,

300mm X 550mm

Size of Column Lé%%mﬁ%%m
Core wall thickness 350mm
Shear Wall thickness 150mm

Slab thickness 125mm, 150mm
Grade of concrete M30, M40

Grade of Steel Fe550

Table 2.2 Loads and seismic factors of Models

LOADS AND SEISMIC FACTORS

Dead Load 1.5 kN/m?
Live Load 5 kN/m2, 3 kN/m?
Wall Load 14.03 kKN/m
Parapet Wall Load 4.6 KN/m
Seismic Zone i
zone factor 0.16
Response Reduction factor 5
Importance Factor 1.2
Soil Conditions Medium
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++ The following 16 Models are prepared for the Present

Study:-

Model: 1:- (1t+1p+ps): Single tower with 1 storey

podium with Shear wall at the periphery of Podium

Model : 2:- (1t+2p+ps): Single tower with a 2-storey

podium with a Shear wall at the periphery of the

Podium

Model :3:- (1t+3p+ps): Single tower with a 3-storey

podium with a Shear wall at the periphery of the

Podium

Model: 4:- Single tower without Podium

Model : 5:- (4t+1p+ps): 4 towers with a common 1-

storey podium with a Shear wall at the periphery of the

Podium

Model : 6:- (4t+2p+ps): 4 towers with a common 2-

storey podium with a Shear wall at the periphery of the

Podium

Model : 7:- (4t+3p+ps): 4 towers with a common 3-

storey podium with a Shear wall at the periphery of the

Podium

Model: 8:- (4t+1p+wps): 4 towers with a common 1-

storey podium without a Shear wall at the periphery of

the Podium

9) Model : 9:- (4t+2p+wps): 4 towers with a common 2-
storey podium without a Shear wall at the periphery of
the Podium

10) Model: 10:- (4t+3p+wps): 4 towers with a common 3-
storey podium without a Shear wall at the periphery of
the Podium

11)Model : 11:- (3t+1p+ps) : 3 towers with a common 1-
storey podium with a Shear wall at the periphery of the
Podium

12)Model : 12:- (3t+2p+ps) : 3 towers with a common 2-
storey podium with a Shear wall at the periphery of the
Podium

13)Model : 13:- (3t+3p+ps) : 3 towers with a common 3-
storey podium with a Shear wall at the periphery of the
Podium

14)Model: 14:- (3t+1p+wps) : 3 towers with a common 1-
storey podium without a Shear wall at the periphery of
the Podium

15)Model : 15:- (3t+2p+wps) : 3 towers with a common 2-
storey podium without a Shear wall at the periphery of
the Podium

16)Model: 16:- (3t+3p+wps) : 3 towers with a common 3-

storey podium without a Shear wall at the periphery of

the podium

1)

2)

3)

4)
5)

6)

7)

8)

«» Plan & 3D views of all 16 models are as follows:-
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Fig. 2.6 4t+2p+ps

Fig. 2.3 1t+3p+ps
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Fig. 2.13 3t+3p+ps

Fig. 2.15 3t+2p+wps

Fig. 2.14 3t+1p+wps

3. Result & Discussion

The results of the top storey displacement, Storey
shear at the main backstay diaphragm level, Reversal of
shear force at the main backstay diaphragm level, and
Reduction in the overturning moment due to the Backstay
effect are taken for each of the structural models prepared
in structural analysis tool ETABS. The study outcomes are
graphically represented after evaluating various parameters
using the equivalent static technique and response
spectrum approach.
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Fig. 2.16 3t+3p+wps

3.1. Comparison of results of Top storey displacement for
different models

Top Storey displacement in X Direction
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Fig. 3.1 Comparison of Top Storey Displacements For 4 Towers with
common Podium type structures in X Direction
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Top Storey displacement in Y direction
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Fig. 3.2 Comparison of Top Storey Displacements For 4 Towers with
common Podium type structures in Y Direction

Fig. 3.5 Comparison of Top Storey Displacements For single Tower
with Podium type structures in X Direction

Top Storey displacement in X direction
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Top Storey displacement in Y direction
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Fig. 3.3 Comparison of Top Storey Displacements For 3 Towers with
common Podium type structures in X Direction

Top Storey displacement in Y direction
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Fig. 3.4 Comparison of Top Storey Displacements For 3 Towers with
common Podium type structures in Y Direction
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Fig. 3.6 Comparison of Top Storey Displacements For Single Tower
with Podium type structures in Y Direction

As shown in the above figures, the top storey displacement
in X-direction and Y-direction for both equivalent static and
Response spectrum approaches are compared for 4 towers with
the common podium, 3 towers with a common podium, and a
single tower with podium-type structures.

As the no. of podium storey increases, the top storey
displacement in X-direction and Y-direction increases for
Equivalent Static and Response spectrum methods. Maximum top
storey displacement is observed in structures with 3-storey
podiums, and minimum top storey displacement is observed in
structures with a single-storey podium.
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Comparison of top storey displacements for
structures with 3 storey Podium
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Fig. 3.7 Comparison of top storey displacements for structures with 3
storey Podium
Comparison of top storey displacements for
structures with 2 storey Podium
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Fig. 3.8 Comparison of top storey displacements for structures with 2
storey Podium
Comparison of top storey displacements for
structures with 1 storey Podium
60
53.67
49.69

50 47.38
£
< 40 343
2 30.27 31.75
=
=30
I
=]
a 20
o
'_

10

0
4t+1p+PS 3t+1p+PS 1t+1p+PS
mEQX mEQY

Fig. 3.9 Comparison of top storey displacements for structures with 1
storey Podium
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As the no. of towers increases, the top storey
displacement in X-direction and Y-direction decreases for
the Equivalent Static method. Maximum top storey
displacement is observed in structures with a single tower,
and minimum top storey displacement is observed in
structures with 4 towers.

3.2. Comparison of results of Storey shear at main
backstay diaphragm level for different models

Storey Shear at main backstay diaphragm level for 4
towers with common podium type strutures

—~

4t+3p+PS
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Storey Shear at main backstay
diaphragm(kN)

4t+2p+PS 4t+1p+PS

EQ X EQY RS X RSY

Fig. 3.10 Comparison of Storey Shear at main backstay diaphragm
level for 4 towers with common podium type strutures (with shear
wall)

Storey Shear at main backstay diaphragm level for 4
towers with common podium type strutures
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Fig. 3.11 Comparison of Storey Shear at main backstay diaphragm
level for 4 towers with common podium type strutures (without shear
wall)
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Storey Shear at main backstay diaphragm level for 3
towers with common podium type strutures
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Fig. 3.12 Comparison of Storey Shear at main backstay diaphragm
level for 3 towers with common podium type strutures (with shear
wall)

Storey Shear at main backstay diaphragm level for 3
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Fig. 3.13 Comparison of Storey Shear at main backstay diaphragm
level for 3 towers with common podium type strutures (without shear
wall)

Storey Shear at main backstay diaphragm level for single
tower with podium type strutures
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Fig. 3.14 Comparison of Storey Shear at main backstay diaphragm
level for single tower with podium type strutures (with shear wall)
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As the number of podium storey increases, the mass
of the structure increases, which leads to a proportional
rise in storey shear, it is observed that structures with 3-
storey podiums have the maximum storey shear at the main
backstay diaphragm level and structures with a single
storey podium have the minimum storey shear at main
backstay diaphragm level.

3.3. Comparison of results of Shear force reversed at
main backstay diaphragm level for different models

Shear force reversed at main backstay diaphragm level
for 4 towers with common podium type structures
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Fig. 3.15 Comparison of Shear force reversed at main backstay
diaphragm level for 4 towers with common podium type structures
(with shear wall)

Shear force reversed at main backstay diaphragm level
for 4 towers with common podium type structures
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Shear force reversed at main backstay

Fig. 3.16 Comparison of Shear force reversed at main backstay
diaphragm level for 4 towers with common podium type structures
(Without shear wall)
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Shear force reversed at main backstay diaphragm level ) As shown in fig, As the number of poQium stories

for 3 towers with common podium type structures increases, Shear force reversed at the main backstay
diaphragm level also increases. In the structures with 3
storey podium, the maximum shear force is reversed at the

z L4000 main backstay diaphragm levels observed. The minimum
(2] - - .
< 12000 shear force is reversed at the main backstay diaphragm
< o 10000 level in structures with a single-story podium.
X 8000
= 3 6000 3.4. Comparison of Shear force reversed at main
B e 4000 backstay diaphragm level for 4 towers with common
g tci.? 2000 podium and_ 3 towers with common podium type of
S 4 structures with and without shear wall:-
3.
s” 3t+3p+PS 3t+2p+PS 3t+1p+PS
§ Comparison of shear force reversed at main backstay
S diaphragm level for 4 towers with common podium
=@==FQ X ==@=FEQY . type of structures with and without shear wall
[
Fig. 3.17 Comparison of Shear force reversed at main backstay %
diaphragm level for 3 towers with common podium type 8 __
structures(with shear wall) = é 16000 15652.94
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58 2000 Fig. 3.20 Comparison of shear force reversed at main backstay
3 § 0 diaphragm level for 4 towers with common 3 storey podium
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[=]
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Fig. 3.18 Comparison of Shear force reversed at main backstay
diaphragm level for 3 towers with common podium type
structures(without shear wall)
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Fig. 3.19 Comparison of Shear force reversed at main backstay
diaphragm level for Single tower with podium type structures(with
shear wall)
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Comparison of shear force reversed at main backstay
diaphragm level for 4 towers with common podium type
of structures with and without shear wall

10000 9085.39
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Shear force reversed at main backstay

Fig. 3.22 Comparison of shear force reversed at main backstay
diaphragm level for 4 towers with common single storey podium
structures with and without shear wall

Comparison of shear force reversed at main backstay
diaphragm level for 3 towers with common podium type
of structures with and without shear wall
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Fig. 3.23 Comparison of shear force reversed at main backstay
diaphragm level for 3 towers with common 3 storey podium
structures with and without shear wall

Comparison of shear force reversed at main backstay
diaphragm level for 3 towers with common podium type
of structures with and without shear wall
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shear force reversed at main backstay
diaphragm level(kN)

Fig. 3.24 Comparison of shear force reversed at main backstay
diaphragm level for 3 towers with common 2 storey podium
structures with and without shear wall
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Comparison of shear force reversed at main backstay
diaphragm level for 3 towers with common podium
type of structures with and without shear wall
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shear force reversed at main backstay
diaphragm level(kN)

Fig. 3.25 Comparison of shear force reversed at main backstay
diaphragm level for 3 towers with common single storey podium
structures with and without shear wall

As shown in the above figures, in 4 towers with a
common podium and 3 towers with a common podium
with a shear wall and without the shear wall, a significant
difference is not observed in shear force reversed at the
main backstay diaphragm level. The difference in shear
force reversed at the main backstay diaphragm level for
structures with a shear wall and without a shear wall is
very small such as (3 to 6%).

3.5. Comparison of Shear force reversed at main
backstay diaphragm level for structures with 3 storey
podium, 2 storey podium and single storey podium

Comparison of Shear force reversed at main backstay
diaphragm level for structures with 3 storey podium
18000
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Fig. 3.26 Comparison of Shear force reversed at main backstay
diaphragm level for structures with 3 storey podium
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Comparison of Shear force reversed at main backstay
diaphragm level for structures with 2 storey podium
>
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Fig. 3.27 Comparison of Shear force reversed at main backstay
diaphragm level for structures with 2 storey podium

Comparison of Shear force reversed at main backstay
diaphragm level for structures with 1 storey podium
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Fig. 3.28 Comparison of Shear force reversed at main backstay
diaphragm level for structures with single storey podium

As shown in the above figures, As the number of
towers increases, Shear force reversed at the main backstay
diaphragm level also increases. It is observed that in
structures with 4 towers, the maximum shear force is
reversed at the main backstay diaphragm level. The
minimum shear force is reversed in structures with a single
tower at the main backstay diaphragm level.
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3.6. Comparison of results of reduction in overturning
moments due to backstay effect for different models

Reduction in overturning moment due to Backstay effect
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Fig. 3.29 Comparison of Reduction in overturning moment due to
Backstay effectin EQ X & EQ Y
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Fig. 3.30 Comparison of Reduction in overturning moment due to
Backstay effectin RS X & RS Y
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Fig. 3.31 Comparison of Reduction in overturning moment due to
Backstay effect in EQ X & EQ Y
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Reduction in overturning moment due to Backstay effect
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As shown in the above figures, As the number of
podium stories increases, the reduction in the overturning
moment due to the backstay effect increases. It is observed
that in structures with 3 storey podium, the maximum
reduction in the overturning moment due to the backstay
effect is there, and in structures with a single-storey
podium, the minimum reduction in the overturning
moment is there. And in all cases, 4 towers with a common
podium, 3 towers with a common podium, and the single
tower with a common Podium, similar behavior is
observed.

3.7. Comparison of reduction in Overturning moment
due to backstay effect in 4 towers with the common
podium, 3 towers with the common podium, and the
single tower with podium type structures

Fig. 3.32 Comparison of Reduction in overturning moment due to
Backstay effectin RS X & RS 'Y

Reduction in overturning moment due to Backstay effect

INEQX &EQY

80
° 70.41
= 70
>
; 60
g 46.4
Eg 50 4452
£ <
5 40
SE
S 30 24.02
£
55
23 20 13.59
28 58
@ 10 :
S 0 [ |
3 1t+3p+PS 1t+2p+Ps 1t+1p+Ps
[}
o

mEQX ®mEQY

Fig. 3.33 Comparison of Reduction in overturning moment due to
Backstay effectin EQ X & EQ Y
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Fig. 3.34 Comparison of Reduction in overturning moment due to
Backstay effectin RS X & RS 'Y
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Comparison of reduction in Overturning moment due to
backstay effect in structures with 3 storey podium
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Fig. 3.35 Comparison of reduction in Overturning moment due to
backstay effect in structures with 3 storey podium

Comparison of reduction in Overturning moment due
to backstay effect in structures with 2 storey podium
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Fig. 3.36 Comparison of reduction in Overturning moment due to
backstay effect in structures with 2 storey podium



Nirav Bhatu et al./ 1JCE, 9(6), 47-61, 2022

Comparison of reduction in Overturning moment due to
backstay effect in structures with single storey podium

16 13559 13.59 13.61 13.59

12 3.55 857
10

8 58 58

6

4 .82

2

0

EQ X EQY RS X

3.72 351

!
RSY

Reduction in Overturning moment due
to Backstay effect (%)

m4t+1p+Ps  m3t+1p+Ps 1t+1p+Ps

Fig. 3.37 Comparison of reduction in Overturning moment due to
backstay effect in structures with single storey podium

As shown in fig, one interesting observation is that, for
all the load cases, the reduction in the overturning moment
due to the backstay effect is nearly the same for the
structures with the same no. of podium stories. In other
words, we can say that if the no. of podium stories is
constant, then if we increase no. of towers, it will not affect
the reduction in an overturning moment due to the

displacement of the structure increases in both X and
Y directions.

By increasing no. of towers from the single one with a
podium to multiple towers with common podium-type
structures, the top-storey displacement of the structure
decreases.

The increase in the height of podiums in towers with
podium type of structures leads to an increase in
Storey Shear at the main backstay diaphragm level.
With an increasing number of podium stories, Reverse
shear increases at the main backstay diaphragm level.
It is observed that in Multiple towers with a common
podium with a shear wall at the periphery of the
podium and without a Shear wall at the periphery of
the podium, the difference in Reversal of Shear is
small such as (3 to 6)%.

When the number of towers increases, the Reversal of
Shear at the main backstay diaphragm level increases.
When the number of podium storey increases, the
reduction in an overturning moment due to the
backstay effect increases.

It is observed that the reduction in an overturning
moment for all the load cases due to the backstay
effect is nearly the same for the structures with the
same number of podium stories.

backstay effect.

4. Conclusion

>

» It is observed that the Ratio of Weights of structures
and Ratio of Shear force reversed at the main backstay
diaphragm level are the same. It shows that an
increase in Reversal of shear is proportional to the

With an increase in the height of the podium in the increase in weight of the structure.

Tower-Podium  configuration, the top Storey
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