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Abstract— In the last few decades, there has been a growing 

trend to utilize reliability-based methods of seismic 

evaluation for assessing the vulnerability of structures subject 

to ground motion vibrations. The traditional deterministic 

approach for seismic assessment of structures was found to 

be inadequate owing to the uncertainties and randomness 

commonly encountered under the effect of an earthquake. 

With the advent of digital technology, accuracy of seismic 

analysis increased which paved way for probabilistic 

approaches which offer a more realistic and rational 

approach. Fragility analysis is one such approach which 

correlates demand and capacity to establish the probabilistic 

characterization of the demands with respect to certain limit 

states. Developing mega cities leads to increase population in 

the city and there are not sufficient spaces provided by large 

number of buildings to accommodate the increasing 

population. High-rise buildings address this challenge as one 

of the solutions for the developing countries and mega cities. 

In addition, high-rise buildings give aesthetic to cities and 

they are signs of modern development. Comparatively, lower 

high-rise buildings (approximately 8~20 stories) are more 

common than super high-rise buildings (usually more than 30 

stories) over the worlds. Although it is imperative to know 

structural behavior of both buildings including their seismic 

performances. High-rise buildings exhibit far more complex 

dynamic properties that require careful study and a complete 

understanding before they can be confidently resided in. 
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I. INTRODUCTION 

1) High-rise buildings have recently become the essential 

form of building structure constructed extensively in 

densely populated countries or urban areas. 

2) High-rise building with transfer floor system involves 

structure below transfer system that houses functional 

areas for a shopping mall, a large lift lobby, parking, 

commercial markets, multi-purpose halls, etc. And the 

structure above transfer floor, is used as office and 

residential units using more economical and shorter span 

design. To achieve these results, layout of podium 

structure uses spaced columns with long span design 

while the upper floor implies columns with short span.  

3) In principle, the development of fragility curves will 

require synergistic use of the following methods: 

1) Professional judgment 

2) quasi-static and design code consistent analysis 

3) utilization of damage data associated with past 

earthquakes and  

4) Numerical simulation of the seismic response of 

structures based on dynamic analysis. 

Through advances in computer analysis techniques as the 

computer technology, nonlinear structural analysis becomes 

possible. Moreover, probabilistic analysis could be added in 

to the seismic assessments, which makes the analyses more 

accurate and more dependable. In structural behavior 

assessment analysis, with the technological developments in 

computing in civil engineering, the deterministic assessment 

methods are thought to be insufficient to define structural 

behavior under earthquake effect. 

Due to the uncertainty and random variables in the 

analysis it is necessary to include probabilistic assessment 

into the analysis. Including the probabilistic approaches into 

the analyses for definition of seismic structural behavior will 

give more rational results.  

A probabilistic methodology is realized for using to 

make a rehabilitation decision according to seismic hazard 

and system performance. 

Earthquakes are one of the major catastrophes faced 

by mankind, which can even cripple the economy of agnation. 

Hence reliable estimation of seismic performance of 

structural systems is essential to prepare the nation to face the 

eventuality and reduce the loss of life due to such an event. In 

recent decades, fragility analysis is emerging to be an 

impeccable tool for seismic risk assessment of structures.  

The fragility curves thus developed are empirical 

conditional probability functions that define the likelihood of 

exceedance of damage as a function of ground motion 

parameters with respect to a specific limit state. In recent 

decades, the literature related to research on development of 

fragility curves are more focused on estimating the post-

earthquake damage assessment of critical infrastructure.  

These studies are subsequently utilized for devising 

various rehabilitation strategies necessary to restore the 

functionality of the infrastructure. On the contrary, fragility 

analysis tool can also be utilized for studying the seismic 

evaluation capability of existing infrastructure.  

This helps in quick assessment of structures 

capability for the eventuality, thereby facilitates quick 

restoration of deficient structures with minimal investment. 

Further, this tool can be used by the designer to 

visualize the behavior of the structure during design phase 

itself which facilitates rectification of flaws rather than opting 

for expensive rehabilitation. 

II. QUICK VIEW OF IMPORTANT PROPERTIES 

A. Physical Overview: 

These buildings generally showed conventional elastic 

behavior for frequent earthquake but suffer extensive crack in 

the vicinity of transfer floors for rare earthquake. However, 

for design purposes the numerical modeling of high-rise 

building adopts reduced stiffness for the vertical elements for 

strength analysis and full stiffness for serviceability and drift 

analysis. 

On the contrary, fragility analysis tool can also be 

utilized for studying the seismic evaluation capability of 

existing infrastructure. This helps in quick assessment of 
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structures capability for the eventuality, thereby facilitates 

quick restoration of deficient structures with minimal 

investment. Further, this tool can be used by the designer to 

visualize the behavior of the structure during design phase 

itself which facilitates rectification of flaws rather than opting 

for expensive rehabilitation. 

Code provisions and many researchers had clearly 

defined the structural irregularity. Codes of practice such as 

UBC (1997), ASCE 7-10 (2010) and IBC (2009) share a 

general definition for these buildings as the structures which 

have significant physical discontinuities in configuration or 

in their lateral force resisting systems. However, ASCE 7-10 

provides more details in describing this irregularity, and the 

corresponding instructions of dealing with these cases. 

According to both UBC 1997 and ASCE 7-10, vertical 

irregularity has to be considered in many cases; the following 

discussion is only related to this vertical irregularities. Inter-

storey stiffness reduction (soft-storey) is one of the major 

vertical irregularity sources; it exists if the lateral stiffness of 

one storey is less than 70% of that in the storey above it, or 

less than 80% of the average stiffness of the three stories 

above it (UBC 1997). In addition, the ASCE 7-10 defines 

extreme soft story irregularity in which the lateral stiffness of 

one story is less than 60% of that of the story above it, or less 

than 70% of the average stiffness of the three stories above it. 

B. Objectives 

1) Design and analysis 16 storey building with optimal 

configuration 

2) Applying dynamic loading and checking the design 

parameters 

3) Checking the Parameters with the national and 

international codes 

4) Generating fragility curves for the building configuration 

5) Applying checks and rectifying flaws in the design 

6) Applying corrective measures and giving suggestion 

C. Design basis: 

Design and analysis of 16 storey building with podium and 

transfer slab. In this project, an attempt is made to check the 

design and safety requirement of live project of 16 floor 

multi-storied building with transfer slab located in Mumbai. 

The building has unique features and complex 

geometry, which needs assistance from both, Experts 

working on practical environment and Experts with deep 

knowledge and insight of structural engineering. Hence, to 

optimally and safely design the proposed structure the 

Fragility Analysis is going to play an important role to assess 

the situation which of course going to be my project work.  

1) PHASE 1: 

1) Literature survey 

2) Identifying supporting research work for the problem 

given 

3) Submission and approval of synopsis 

2) PHASE 2: 

a) Data collection: 

 General information about the project 

 Technical data pertaining to site and structure 

b) Codes:  

 IS 1893 2016 

 American code FEMA 

 EURO code 

c) Modelling: 

 G+16 building in ETABS 

 Static and Dynamic analysis of structure 

d) Publication: 

 Review paper submission to national/international 

journal or conference presentation. 

3) PHASE 3: 

 Application of Time history of past earthquakes 

 Analyzing data obtained from time history analysis  

 Defining damage states of the structure 

 Developing fragility curves for the structure 

4) PHASE 4: 

 Results interpretation 

 Applying checks and rectifying flaws in the design 

 Applying corrective measures and giving suggestion 

III. CONCLUSIONS & RECOMMENDATIONS  

In many high-rise buildings, architectural requirements may 

result in a variable configuration for the vertical structural 

elements between the stories of the building. 

In order to accommodate such discontinuity of the 

vertical structural elements, a "transfer" floor conveying the 

vertical and lateral loads between upper and lower stories 

must be introduced. 

The transfer system is divided to deep girders or 

thick plates while structural irregularity are divided into mass, 

stiffness and geometrical irregularity; where limitations for 

each of the type of these irregularities are specified in codes 

of practice to prevent the phenomena of soft story 

mechanism.  

Transfer system deformation is still ignored and 

assumption of rigid diaphragm is adopted in design, this 

concept is not quite correct and simulation in 3-D model 

should be done using solid element which will lead to stiff 

transfer system with high shear and flexural stiffness which 

reduces the deformation of the transfer system under lateral 

loads. However, the effect of solid element can be 

accommodated by increasing the design shear load at the 

shear walls above the transfer structure by about 20%. Drift 

limitations is one of the governing concern in design of high 

rise building with transfer floor; where stiffness irregularities 

are presented, story drift demands increases in the soft-story 

and decreases in most of the other stories. 

Irregularity in upper stories would have a little effect 

on the floor displacements, while, irregularity in lower stories 

would have a significant effect on the height-wise distribution 

of floor displacements. 

Vertical location of transfer floors with respect to 

total height of the building has a significant effect on high rise 

buildings performance; introduction of the transfer floor in 

the lower part of the structure (20-30% of the total height of 

the structure from its foundation) is better than having it in a 

higher location. 
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