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Abstract
The Earthquake resistance design of structures be in need of that the structure should safe and risk free from any
ground motion intensity. Probabilistic based risk assessment of structure now a day is becoming more
acceptable. The Seismic Fragility analysis of structure is the indispensable part of the seismic risk assessment.
The most accurate method for estimating the seismic fragility of structure for strong ground motion is using the
large number of time history analyses for different Peak Ground Acceleration (PGA). The method is not
computationally efficient. So, we need some time efficient reliable method that would ensure a reliable structural
assessment subjected to seismic loading. An approximate method based on the static pushover analysis is
recommended for seismic fragility assessment. A four-story reinforced concrete frame building is considered for
Pushover analysis. After that, seismic fragility parameters are calculated using the data from pushover analysis.
The seismic risk of structure can be assessed by integrating the seismic fragility and seismic hazard for a specific
site which can play a significant role for seismic risk management or decision making. The method shows
significant computational and statistical efficiency.
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1 Introduction
A popular method for the determination of the seismic response parameters, which are of high interest in
performance-based earthquake engineering (PBEE), is the incremental dynamic analysis (IDA) (Vamvatsikos
and Cornell 2002). It is a parametric analysis method, which involves nonlinear dynamic analysis. Although it is
extensively used for research purposes, its practical application is limited since the method is computationally
demanding. In order to reduce computational effort, a number of different approximate methods have recently
emerged. In most practical approximate methods for IDA analysis, the nonlinear dynamic analysis is replaced by
a combination of a pushover analysis of a multi-degree of freedom system (MDOF) and a nonlinear dynamic
analysis of a single-degree of freedom system (SDOF). For example, Vamvatsikos and Cornell (2006) developed
SPO2IDA software tool that is capable of recreating the seismic behavior of oscillators with complex
quadrilinear backbones. Han and Chopra (2006) used modal pushover analysis (MPA) for the determination of
approximate IDA curves. They have shown that accuracy of a MPA-based approximate procedure is satisfactory
for estimating the structural capacities for different limit states although higher modes effects had important
influence on the response of the buildings which were investigated. Previously also the N2 method (Fajfar 1996),
which had been developed at the University of Ljubljana and implemented in Eurocode 8 standard, was used for
determination of approximate IDA curves of infilled reinforced concrete frames (Dolšek and Fajfar, 2005).
All of the above research work have a common theme like to get the efficient fragility function of structure. In
this study, a nonlinear static pushover analysis is performed and the Incremental Dynamic Analysis is used to
assess the seismic fragility. The method is computationally efficient comparing with the fragility curve from
dynamic analysis.
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2 Summary of HAZUS earthquake loss estimation methodology
The HAZUS earthquake loss estimation methodology for building structure is schematically shown in figure 1.
In this methodology, the seismic hazard and site response effect, response of building to seismic ground motion
are taken into consideration. They classified the damage into the four group and mentioned it in figure 1.

Figure 1. HAZUS earthquake loss estimate methodology for buildings.
3 Building Loss Functions
Building loss function is divided into 4 limit state following the HAZUS earthquake loss estimate methodology
from slight damage to complete damage as shown in figure 2. The results of base shear corresponding roof
displacement have been taken from nonlinear static push over analysis. The limit state 1 to 4 indicate the slight
damage, moderate damage, extensive damage and complete damage respectively.

Figure 2. Building loss function.
4 Nonlinear static pushover analysis
In this study, nonlinear static pushover analysis is performed for estimation seismic fragility parameters which
are very pivotal component for seismic risk assessment. Pushover analysis was introduced in the mid-1970s for a
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quick evaluation of the vulnerability of naval constructions (Freeman et al. 1975) and for seismic engineering.
The pushover analysis is a technique by which a building is subject to monotonically increasing forces with a
predetermined unvarying distribution, until a target displacement is reached. The structural resistance is
evaluated and the stiffness matrix is updated at every increment of the lateral force, until convergence.
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5 Fragility curve from nonlinear static pushover analysis
Nonlinear static analysis is a common structural analysis strategy, and is generally conducted to check the
nonlinear structural analysis model. Vamvatsikos and Cornell (2005) provide a fast method, SPO2IDA, which
uses pushover analysis results to infer nonlinear dynamic response by establishing connections between pushover
curves and incremental dynamic analyses (IDA) curves. In this study, we use this method to obtain an initial
estimate of the collapse response of the structure. Nonlinear static analysis is not computationally demanding and
is generally conducted before any dynamic analyses.
The 4-story frame structure is analyzed using nonlinear static analysis. Using the software for SPO2IDA, we
obtain estimates of 16, 50 and 84% fractal IDA curves as shown in Figure 3. Dynamic instability, which is
characterized by the zero slope of an IDA curve, is observed at ductility values around 4.

Figure 3. Pushover and 16, 50 and 84% fractal IDA curves obtained using the method by Vamvatsikos and
Cornell (2005).
6 Case Study: A four-story RC Building
A four-story reinforced concrete structure was selected to demonstrate the proposed procedure. The elevation
and plan of the building as shown in figure 2. A simple structural model is chosen in this analysis.
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Figure 4. The elevation and Plan of RC building.
6 Results and Discussions
The nonlinear static pushover analysis of four-story RC building is performed for analysis seismic risk
assessment using fragility curve. Base shear vs Displacement curve is obtained from pushover analysis which is
shown in figure 5.

Figure 5. Base shear corresponding roof displacement curved obtained from pushover analysis.
Using the software SPO2IDA, we obtain estimates of 16, 50 and 84% percentile IDA curves as shown in figure 5
and 6. In case of figure 6, the IDA curve is plotted corresponding roof displacement. On the hand, IDA curve is
plotted for figure 7 is considering the maximum inter story drift ratio.

Figure 6. 16, 50 and 84% percentile IDA curves
corresponding roof displacement.

Figure 7. 16, 50 and 84% percentile IDA curves
corresponding maximum inter story drift ratio.
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Lognormal fragility function parameters are estimated from these estimated fractals IDA curves. The median
fragility functions of structure are calculated corresponding 4 limit state as shown in table 1.
Table 1. Median collapse fragility function corresponding 4 limit state.
Limit State

Roof Displacement (ft.)

LS 1
LS 2
LS 3
LS 4

0.22
0.40
0.65
1.60

Median Collapse fragility
parameter
0.30
0.65
1.0
2.12

Lognormal fragility curve of the structure is plotted using the median fragility parameter from above mention
table and standard deviation 0.28 whish is obtained using SPO2IDA tools is shown in figure 8. From figure 8, we
can clearly see that the probability of collapse is decreasing from limit state 1 to limit state 4 because of limit
state 1 is for slight damage. From figure, we can see that the probability of failure of structure is larger for small
ground motion parameters for slight damage and its failure probability is decreasing after the increasing limit
state.

Figure 8. Fragility curves corresponding 4 limit state.
6 Conclusion
This paper has recommended a practical procedure for establishing the building fragility curves for the
earthquake loss estimation. In case of fragility curve from dynamic analysis, usually we need to perform large
number of numerical analysis for achieving the accurate results. Fragility curves obtained in this research from
modal pushover analysis have been improved significantly the computational and statistical efficiency. The
scenario of the probability of failure of structure corresponding ground motion parameters for different damage
state is obtained in this study which is very significant from decision making and risk management of structure.
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