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Abstract—The seismic performance of buildings with irregular 
distribution of mass, stiffness and strength along the height may be 
significantly different from that of regular buildings with masonry 
infill. Masonry infilled reinforced concrete (RC) frames are very 
common structural forms used for multi-storey building construction. 
These structures are found to perform better in past earthquakes owing 
to additional strength, stiffness and energy dissipation in the infill 
walls. The seismic performance of a building depends on the variation 
of material, structural and geometrical properties. The sensitivity of 
these properties affects the seismic response of the building. The main 
objective of the sensitivity analysis is to found out the most sensitive 
parameter that affects the response of the building. This paper presents 
a sensitivity analysis by considering 5% and 95% probability value of 
random variable in the infills characteristics, trying to obtain a 
reasonable range of results representing a wide number of possible 
situations that can be met in practice by using pushover analysis. The 
results show that the strength-related variation values of concrete and 
masonry, with the exception of tensile strength of the concrete, have 
shown a significant effect on the structural performance and that this 
effect increases with the progress of damage condition for the 
concrete. The seismic risk assessments of the selected frames are 
expressed in terms of reliability index.  

 
Keywords—Fragility curve, sensitivity analysis, reliability index, 

RC frames. 

I. INTRODUCTION 

NFILL walls confined by RC frames on all four sides play a 
vital role in resisting the lateral seismic loads on buildings. It 
has been shown experimentally that infill walls have a very 

high initial lateral stiffness and low deformability. Thus 
introduction of infill walls in RC frame changes the lateral-load 
transfer mechanism of the structure from predominant frame 
action to predominant truss action which is responsible for the 
reduction in bending moments and increase in axial forces in 
the frame members. Infill walls are used in RC frames in almost 
all types of building construction in many parts of the world 
because of low cost material, good sound and heat insulation 
properties and local availability. 

The response of infilled RC frame at the design stage is 
difficult to predict with certainty due to its non-linear nature 
and uncertain input parameters [12]. 

With regard to the structural analysis, there are a number of 
uncertainties involved in the estimation of the performance of 
the building for given levels of intensity. These uncertainties 
concerned both the capacity modelling of the examined 

 
Avadhoot Bhosale, Ph. D Scholar, Robin Davis P., Assistant Professor, and 

Pradip Sarkar, Associate Professor, are with the National Institute of 
Technology Rourkela, India, 769008 (e-mail: avadhoot11@gmail.com, 
robind@nitrkl.ac.in, sarkarp@nitrkl.ac.in). 

building and the demand modelling. The most sensitive 
variables (structural properties and loading conditions) that can 
affect the performance of the structure can be found out from 
the sensitivity analysis [14]. In the present study to examine the 
most sensitive random variable, Pushover analysis was carried 
out for infilled RC frame using OpenSees software [15]. To 
study the variation in response of a building, 5%, mean and 
95% probability value of random variables are considered. 
Based on the Tornado Diagram Analysis (TDA) method, it can 
be easily determined how changes in that variable will impact 
the structural response of a building. In addition to these, the 
effects of probability of exceedance of damage are expressed in 
terms of a reliability index for the selected frames.  

II. LITERATURE REVIEW 

An extensive literature review has been conducted to 
understand the subject and to know the current status of the 
research in this area. Literature review has been divided in two 
different parts as discussed below: 

A. Literature Review on Sensitivity Analysis 

Evaluation of seismic risk assessment of RC Masonry 
infilled frames involves a sensitivity study and modelling of 
infill walls. Kwon and Elnashai [7] studied the sensitivity of 
random variables, compressive strength of concrete (fck) and 
yield strength of steel (fy) as random variables using a tornado 
diagram (TD). Celik and Ellingwood [10] considered additional 
parameters, such as modulus of elasticity of steel (Es), damping 
ratio (), bond slip factor, joint shear strength, shear strain of 
concrete at first cracking, yielding, maximum and residual 
levels. Kim et al. [9] conducted a sensitivity study for steel 
frames using pushover analysis and the variable yield strengths 
of steel (fy) and damping ratio. Mitropoulou et al. [11] studied 
sensitivity analysis for an “L” shaped RC frame structure using 
random variables as the mass of the structure. Celarec and 
Dolsek [13] conducted sensitivity analysis for infilled frame 
and bare frame by considering additional infilled parameters, in 
addition to bare frame like shear cracking strength (τcr), 
Modulus of elasticity of masonry (Em), Shear modulus of 
masonry (Gm). Panandikar and Narayan [17] performed 
sensitivity analysis for capacity curve considering material 
strength and geometric modelling parameters. 

B. Literature Review on Seismic Risk Assessment  

Structural fragility curves are said to be the key component 
while quantifying the seismic risk assessment. Fragility curves 
are usually defined as the probability of exceeding a specific 
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