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Abstract : The damage to the buildings during recent earthquakes in 
India has demonstrated the need of seismic risk assessment of the 
building that is capable of predicting the probability of damage of the 
building. This paper focuses on the generation of fragility curve 
which is the graphical representation of the seismic risk of a 
structure. For the development of fragility curve guidelines given by 
HAZUS technical manual have been used. For the study, RC building 
models with bare frame and infilled frame are considered. The infill 
wall is modeled as an equivalent diagonal strut in which width of the 
struts for each infill panel is evaluated by using the guidelines given 
in FEMA 356.The RC buildings modeled in SAP-2000 considering IS 
456:2000 and IS 1893(Part 1):2002 by using M 25 concrete and Fe 
415 reinforcement steel. The structure was designed for only gravity 
load. Non-linear analysis of the building models have been done by 
using pushover analysis. The results of the capacity curve were used 
to plot the fragility curve. The fragility curves developed from this 
study were used to compare the seismic performance of the building 
models.  

1.  INTRODUCTION 

Earthquakes occur periodically in different parts of the 
country, which causes damages to the vulnerable structures 
and loss of the lives. Therefore, evaluation of  seismic 
vulnerability of buildings before occurrence of an earthquake 
is essential step in preventing damages to the building and loss 
of lives. The seismic vulnerability of the building can be 
evaluated by using the fragility curve. Fragility curve is the 
graphical representation of the seismic risk of a structure. It 
describes the probability of reaching or exceeding structural 
damage states for the particular range of spectral 
displacements. This curve distributes damages in terms of 
slight, moderate, extensive and complete damage states. 
Fragility curve can be obtained from the empirical or 
analytical methods, based on the source of the data and the 
type of analysis. Empirical fragility curve is based on the 
interpretation of post-earthquake damage data and engineering 
judgment. Analytical fragility curve is based on the analysis of 
structural models under increasing lateral loads. In this paper 

analytical procedure as per the guidelines of HAZUS has been 
used. 
2.   MODELING 

The plan considered in the present study is of residential 
building. The building plan is having approximately regular, 
identical plan geometry and is modeled in SAP 2000 as a two 
and four storey. The plan is symmetrical in longitudinal and 
transverse direction (Fig.1). The building models are 
considered with bare frame and infilled frame. The infill wall 
is modeled as an equivalent diagonal strut in which width of 
the struts for each infill panel is evaluated by using the 
guidelines given in FEMA 356.  

 

 
      
 

Figure 1. Plan of the building model 
 
     The following parameters are considered in the analysis 
and design of the building model: 
 

Height of each storey 3.5 m 
Grade of steel Fe 415 
Grade of concrete M25 
Thickness of outer wall 0.230 m 
Thickness of inner wall 0.115 m 

20 m 

9
m 
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Density of Reinforced 
concrete members 25.0 kN/m3 

Density of Brick 20.0 kN/m3 
Live load for the floors 3.5 kN/m2 

 
Flexural hinges were assigned to all the beams and columns 

by using the auto hinge property of SAP 2000. SAP 2000 does 
not have auto hinge tool for modeling the infill. So manually 
hinge properties assigned to the infill.  The slab thickness is 
assumed as 120mm.  
 
3. DEVELOPMENT OF FRAGILITY CURVES 

 
There has been numerous works in the literature for the 
evaluation of the fragility curves of the structures, however 
there is no unified approach available. For the development of 
fragility curves, guidelines given by HAZUS technical manual 
have been used. HAZUS methodology was developed for 
FEMA by National Institute of Building Science (NIBS) to 
reduce seismic hazard in United States. HAZUS technical 
manual provides the procedure for deriving the fragility curves 
for different types of structures. 

Building fragility curves are lognormal functions that 
describe the probability of reaching, or exceeding, structural 
and non-structural damage states, given median estimates of 
spectral response, for example spectral displacement. These 
curves take into account the variability and uncertainty 
associated with capacity curve properties, damage states and 
ground shaking. (HAZUS, FEMA 2003) 

The conditional probability of being in or exceeding a 
particular damage state, ds, given the Spectral displacement Sd 
and is defined by Eq. (1) 
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Where,  
Sd is the spectral displacement defining the threshold of a                  
particular damage state, 
Sd,ds is median value of spectral  displacement at which the 
building reaches the threshold of damage states, can be 
calculated by various damage state models, 
βds is standard deviation of natural logarithm of spectral 
displacement for damage state, ds and  
ɸ is standard normal cumulative distribution function. 
 
3.1. Development of Damage state Variability (βds) 
 
      The lognormal beta or standard deviation describes the 
total variability of the damage states. The variability 
associated with the capacity curve, βC, demand spectrum, βD, 
and the variability associated with the discrete threshold of 
each damage state, βTds are to be accounted while calculating 

the total variability. The demand spectrum and capacity curves 
are inter dependent, the variability accounted by both are 
combined by convolution process. The third component βTds is 
mutually independent from the first two variability 
components and its effect is considered by combining it with 
the results of CONV process using SRSS method. 
  

    
22, TdsDCCONVds  

              (2)           
 
Where, 
βTds is the lognormal standard deviation parameter that 
describes the total variability of damage state, ds, 
βC is the lognormal standard deviation parameter that describes 
the variability of the capacity curve, 
βD is the lognormal standard deviation parameter that 
describes the variability of the demand spectrum (values of βD 
= 0.45 at short periods and βD = 0.50 at long periods) 

The βds values can also be taken directly from the tables 
given in HAZUS technical manual by choosing appropriate 
values of degradation or Kappa factors and βC and βD values 
for different types of buildings. The variability values shown 
in table 1 and table 2 are used for the two storey and four 
storey respectively considering the moderate cases of 
degradation. 

 
Table 1. Variability Values used for two storey model  

 
Damage 

State 
Kappa 

Factor (к) 
Degradation values for 

Damag
e (βTds) 

Capacity 
Curve 
(βC) 

Total 
(βds) 

Slight 

Minor 
Degradatio

n 
(0.9) 

Modera
te 

(0.4) 

Moderate 
(0.3) 

0.80 

Moderat
e 

Major 
Degradatio

n 
(0.5) 

Modera
te 

(0.4) 

Moderate 
(0.3) 0.95 

Extensiv
e 

Extreme 
Degradatio

n 
(0.1) 

Modera
te 

(0.4) 

Moderate 
(0.3) 

1.05 

Complet
e 

Extreme 
Degradatio

n 
(0.1) 

Modera
te 

(0.4) 

Moderate 
(0.3) 1.05 
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Table 2. Variability Values used for four storey model  
 

Damage 
State 

Kappa 
Factor (к) 

Degradation values for 
Damag
e (βTds) 

Capacity 
Curve 
(βC) 

Total 
(βds) 

Slight 

Minor 
Degradatio

n 
(0.9) 

Modera
te 

(0.4) 

Moderate 
(0.3) 

0.7 

Moderat
e 

Major 
Degradatio

n 
(0.5) 

Modera
te 

(0.4) 

Moderate 
(0.3) 0.8 

Extensiv
e 

Extreme 
Degradatio

n 
(0.1) 

Modera
te 

(0.4) 

Moderate 
(0.3) 

1 

Complet
e 

Extreme 
Degradatio

n 
(0.1) 

Modera
te 

(0.4) 

Moderate 
(0.3) 

1 

 
3.2. Building Capacity Spectrum: 
 

In the present study, fragility curves have been obtained on 
the basis of capacity spectra which are obtained from pushover 
analysis. These capacity spectra are used to obtain the yield 
spectral displacement (Sdy) and ultimate spectral displacement 
(Sdu). The values of the yield spectral displacement and 
ultimate spectral displacement are used to obtain the values of 
medians at different damage states.  
 
3.3. Damage state model for median value of spectral 
displacement (Sd,ds)  
 
 Many researchers have proposed damage state models, out of 
which a model proposed by Giovinazzi and Lagomarsino has 
been used in the current study. The values of median at 
damage states as per given model are shown in the Table 2. 

 
Table 3. Proposed Damage state model 

 

Damage States Spectral Displacement (m) 
(Sd,ds) 

Slight 0.7 Sdy 

Moderate 1.5 Sdy 

Extensive 0.5 (Sdy+Sdu) 

Complete Sdu 

3.4. Generation of fragility curves  
 

The fragility curves are plotted by using the HAZUS method 
for different damage states such as slight, moderate, extensive 
and complete or collapse for the two and four storey building 
models are as follows: 
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Figure 2. Fragility curves for two storey without
infill
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Figure 3. Fragility curves for two storey with 
infill
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Figure 4. Fragility curves for four storey without 
infill 
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Figure 5. Fragility curves for four storey with 
infill 
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       The probability of damage or the probability of 
exceedance for the four limit states i.e. immediate occupancy 
(IO), life safety (LS), collapse prevention (CP) and Collapse 
(C) can be read from the fragility curves. Table 4 shows the 
probability of exceedance of limit states for the spectral 
displacement value equal to 0.05m. 
 
 
 
 

Table 4. Probability of Exceedance Damage Limit States 
 

Storey IO LS CP C 

Two 

Without 
infill 0.9 0.78 0.3 0.12 

With 
infill 0.84 0.5 0.21 0.1 

Four 

Without 
infill 0.98 0.82 0.65 0.48 

With 
infill 0.97 0.81 0.39 0.2 

 
4.   SUMMARY AND CONCLUSIONS 

 
In this study, HAZUS methodology for the generation of the 
fragility curves is discussed and the fragility curves are 
generated for low-rise and mid-rise reinforced concrete 
structures considering with infill and without infill. Results 
meet the expectations in the sense that it is only possible to 
obtain a rough estimate of the actual damage distribution due 
to the employment of such simplified fragility analysis. 

Considering the fact that the results are based on the 
analytical data and guidelines given in the HAZUS technical 
manual, the following conclusions can be stated:  

 
i) The increase in stiffness and strength is significant in both 
two and four storey buildings due to the addition of the infill 
walls when compared with the corresponding values of the 
bare frame building. 
 
ii) For a specified level of spectral displacement, bare frame 
(compared to infilled frame) and four storey building 
(compared to two storey) has more probability of damage. 
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