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Abstract - This research examines the seismic response of 
high-rise multi-functional buildings with attached podium 
structures, emphasizing the backstay effect as outlined in IS: 
16700 (2017). A structural model was developed using ETABS 
to study the behavior of a tower-podium configuration 
subjected to lateral seismic forces. Two analytical approaches 
equivalent static analysis and response spectrum analysis 
were applied. The findings reveal that the presence of the 
podium significantly influences shear force distribution and 
induces differential displacements among structural walls, 
underlining the importance of meticulous design strategies to 
reduce potential negative impacts on overall structural 
integrity. 
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1. INTRODUCTION  

In high-rise construction, the lower section of the structure 
is commonly known as the podium. This portion typically 
features a larger floor area and offers greater resistance to 
seismic forces compared to the tower it supports. Critical to 
the podium’s performance are the floor and roof slabs, which 
function as diaphragms by transmitting shear and flexural 
forces to the vertical structural elements. Within these 
diaphragms, collector elements operate under axial tension 
and compression to gather and direct the seismic forces 
toward walls and frames, facilitating effective load transfer. 

SHEAR REVERSAL:  

 

     FIGURE-1: SHEAR EFFECT WITHOUT PODIUM 

 
            FIGURE-2: SHEAR EFFECT WITH PODIUM 

The "backstay effect" refers to the transfer of lateral seismic 
forces from the tower’s primary seismic-resisting elements 
into additional structural components located within the 
podium. This force transfer typically occurs through one or 
more floor diaphragms. The podium contributes to resisting 
seismic overturning moments by distributing lateral forces 
through these diaphragms, which enhances the overall 
stability of the structure. This mechanism is analogous to the 
back-span in a cantilever system and is sometimes referred 
to as "shear reversal," since the direction of shear forces in 
seismic-resisting elements may invert at the podium levels. A 
common example involves a structural system with a 
reinforced concrete core wall above ground and a 
subterranean podium structure. The interaction between the 
tower and the below-grade floor diaphragms and perimeter 
walls is what gives rise to the backstay effect. This 
phenomenon is common in many high-rise building designs. 

1.2 Objectives 

 Study how the top of multi-tower buildings moves 
when lateral forces act on them, using different 
podium heights, based on IS 16700:2017. 

 Find the best place to position towers on the 
podium by checking how the structure behaves 
when towers are in the center or off to the side.  

 Check how different tower and podium setups 
handle side forces and wind loads, and see if they 
improve building stability. 
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 Use the results to help design safer and stronger 
high-rise buildings that can better resist wind and 
other lateral forces. 

2. Literature Review 

(1) Mehair Yacoubian , Nelson Lam , Elisa 
Lumantarna  , John L. Wilson , Effects of podium 
interference on shear force distributions in tower 
walls supporting tall buildings, Engineering 
Structure . 

This study explores the impact of podium structures on the 
structural behavior of coupled tower walls in tall buildings. 
The presence of a podium can create varying levels of 
restraint, which disrupts uniform lateral displacement and 
induces in-plane strut actions in the floor slabs near the 
podium-tower connection. Notably, the analysis revealed that 
shear forces tend to concentrate in the inner tower wall just 
above the podium junction, a direct result of the podium’s 
constraining effects. To illustrate the importance of 
accurately assessing shear demands, a comprehensive 
nonlinear model was employed. This model highlights the 
critical shear behavior and the complex interplay between 
axial loads, flexural response, and shear forces in the planar 
walls of podium-supported towers. 

 

           Figure 3: Plan Layout and 3d Model 

(2) Hardik B. Rangani1 and Dr. Vinubhai R. 
Patel2,Benefits of Backstay Effect in Design of 
Podium Structure for Tall Building as Per IS 
16700:2017, International Journal of Advanced 
Research in Science, Communication and 
Technology (IJARSCT). 

This research investigates the influence of podium 
structures located at the base of high-rise buildings on their 
seismic response. It focuses on how podiums contribute to 
lateral force resistance through the backstay effect, 
impacting both displacement patterns and force distribution 

within the tower. Through simulation-based analysis, the 
study evaluates various configurations by altering podium 
and tower heights, as well as tower positioning (central 
versus offset), to assess their effect on structural 
performance during earthquakes. The objective is to 
determine optimal design strategies that minimize lateral 
movement and enhance seismic resilience. The inclusion of a 
backstay diaphragm increases the building's overall mass, 
resulting in higher base shear an effect that is more 
significant in taller buildings than in shorter ones. In systems 
with a three-story podium, accounting for the backstay effect 
has been shown to reduce lateral displacement by 
approximately 20–25% compared to a standalone tower. 
The addition of retaining walls further enhances this effect, 
maintaining story drift within allowable limits (roughly 
0.004 times the floor height). Moreover, as the podium 
height increases, so does the magnitude of the backstay force 
at the interface between the podium and the tower. 

 

   Figure 4: Maximum Displacement in Both Direction 

(3) Kush Shah 1, Hiren Desai 2 and Dhara Shah 3, 
Effect of Backstay on 3B+G+20 Storey R.C.C 
Building, National Conference on Structural 
Engineering NCRASE – 2020 
This project involved the analysis of a 3B+G+20-story 
structure featuring a high-rise tower and a subterranean 
podium to evaluate its seismic performance. A total of six 
models were created using different stiffness modifiers to 
examine how the stiffer podium influences lateral force 
distribution, structural behaviour, and overall design. 
Particular emphasis was placed on the Backstay Effect, 
where the podium contributes to lateral load resistance, 
thereby altering the force transfer dynamics between the 
tower and the podium. The study also investigated the 
impact of diaphragm openings within the podium on stress 
patterns and force flow. The aim was to enhance 
understanding of how podium configurations influence 
seismic resilience. The findings indicate that whether the 
podium and tower are analysed jointly or independently has 
a substantial effect on the magnitude and direction of forces 
in key structural components such as diaphragms, beams, 
shear walls, and columns. Designing the podium and tower 
separately or limiting the analysis to a small area around the 
tower can result in either conservative or insufficient sizing 
of structural elements, potentially compromising safety and 
performance. Therefore, design decisions should be 
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informed by thorough sensitivity analyses to ensure accurate 
and reliable outcomes. 

 

Figure 5: Story Stiffness in EQ-Y Direction 

 

Figure 6: Shear Reversal in EQ-Y 

(4) Mohammed Danish and Prof.Sunil Kumar, 
Study on Effect of Podium Interference on High Rise 
Building for Seismic Loads, International Journal 
of Advanced Research in Science, Communication 
and Technology (IJARSCT)  

This research explores how podium structures influence the 
seismic behavior of high-rise buildings, particularly in 
developments featuring multiple towers. It underscores the 
importance of precise seismic design, especially in areas 
near the podium roof and tower base, where structural 
elements such as beams, columns, and walls require 
enhanced reinforcement to perform effectively during 
earthquakes. The study evaluates the ductility and 
performance of key components using ETABS software, 
employing linear static analysis and response spectrum 
methods to simulate various combinations of podium and 
tower heights. The results show that podiums—often 
broader at lower levels to accommodate mixed-use functions 
significantly affect shear force distribution and introduce 
differential restraints that can alter overall building 
response. By comparing buildings with and without 
podiums, the study provides a detailed understanding of 
how podium integration modifies top displacement and 

stress patterns within the structure. The outcomes highlight 
that rigorous design strategies and seismic code compliance 
are essential to ensure the structural integrity and durability 
of multi-tower configurations. Moreover, the findings 
reinforce the necessity for targeted reinforcement in critical 
zones to optimize the performance of concrete structural 
systems during seismic events. 

 

                           Figure 7: Story Drift  

 

                           Figure 8: Story Displacement 

(5) Kishan Champaneriya, Vishal B Patel, Effect of 
Backstay on Tall Structure with Podium Structure, 
International Journal of Advanced Research in 
Science, Communication and Technology (IJARSCT)  

The research explores the influence of podium structures on 
backstay forces in tall buildings, highlighting several critical 
findings. It reveals that the presence of a podium 
significantly reduces the overturning moment at the base of 
the structure, achieving reductions of about 88% with a 
perimeter wall and 15% without it compared to a standalone 
tower structure. Additionally, increasing the podium height 
and diaphragm thickness correlates with a reduction in top 
story displacement (approximately 30%) and an increase in 
backstay forces, particularly in structures with thicker 
diaphragms. The area of the podium also affects backstay 
forces, with larger podium areas leading to higher forces; for 
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instance, a 35 sq. meter podium area shows a 30% reduction 
in backstay forces compared to a 55 sq. meter area  

3. CONCLUSIONS 

1. Impact of Podium on Seismic Behavior: The presence of 
a podium in high-rise buildings plays a crucial role in 
altering seismic response, notably influencing how 
lateral forces are distributed and causing varying 
displacements at the connection zones between the 
tower and podium. 

2. Role of Backstay Effect: Seismic loads are partially 
transferred from the tower to the podium through 
horizontal floor diaphragms, a phenomenon known as 
the backstay effect. This results in reversed shear forces 
and changes in how loads travel through structural 
elements. 

3. Insights from Structural Analysis: Simulation results 
using ETABS, applying both static and dynamic analysis 
methods, show that variables like podium height and 
diaphragm rigidity significantly affect the building’s 
lateral movement and internal force distribution. 

4. Importance of Integrated Design: Designing the tower 
and podium as separate systems may lead to inaccurate 
force estimations. A unified approach to analysis 
ensures safer, more efficient structures by accurately 
reflecting interaction effects. 

5. Relevance of Design Standards: To achieve durable and 
earthquake-resistant buildings, it is essential to follow 
seismic design guidelines such as IS: 16700 (2017) and 
include the dynamic interplay between podium and 
tower in the engineering process. 
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