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Abstract— India is considered as one of the most disaster 

prone countries in the world. It has experienced several 

devastating earthquakes in the past which have resulted in a 

large number of deaths, injuries and severe property damage. 

There is a direct relationship between the damage of civil 

structures such as buildings to the number of casualties. 

Vulnerability of building is one of the major factors 

contributing to earthquake risk. As per National Building 

Code of India, half of the total money spent on construction 

is spent on buildings for various usage purposes. The frequent 

occurrence of damaging earthquakes clearly demonstrates the 

urgent need of study of earthquake risk assessment methods 

for disaster mitigation, disaster management, and emergency 

preparedness. In the present thesis seismic design of low-rise, 

mid-rise and high-rise buildings is carried out for zone V 

considering hard soil, medium soil and soft storey as per IS 

1893 (Part1):2002, respectively. Pushover analysis is been 

performed using SAP2000 V17. Damage states are defined. 

Peak Ground Acceleration is taken as a hazard parameter and 

the demand statistics in terms of displacement are obtained 

for different sets of ground motion records which help to 

obtain a response matrix. A procedure for developing seismic 

fragility curves is been studied. The procedure for developing 

fragility curves can be explicitly performed using the 

Microsoft EXCEL. The fragility curves are used to represent 

the probabilities that the structural damages, under various 

level of seismic excitation, exceed specified damage states by 

means of earthquake intensity-damage relations and in turn 

will be helpful for can be utilized for prioritizing retrofit, pre-

earthquake planning, and loss estimation tools such as cost-

benefit analysis. 

Key words:  RC Frame Structures, Pushover, Damage State, 

Hazard Parameter, Fragility Curve 

I. INTRODUCTION 

Earthquakes can create serious damage to structures in terms 

of deaths, injuries, economic loss as well as loss of function. 

Earthquake risk is associated with seismic hazard, 

vulnerability of structure to buildings and its exposure. 

Seismic vulnerability assessment is an important parameter 

to understand behaviour of a structure and its probability of 

failure (i.e. probability of repairs after seismic hazard) to 

different intensity earthquake. Seismic fragility analysis is 

one of the most powerful and vital tool which estimates the 

performance and damage state of a structure or its 

components, the interruption and the losses due to damage in 

terms of fragility curves. From structural point of view, 

fragility curve represents the probability that the structural 

damage of a structure, under various levels of seismic ground 

motion, exceed specified damage state.  

 
Fig. 1: Limit States & Damage States (SYNER-G D3.1) 

Damage state may be classified as IO, LS and CP 

(FEMA 356, ASCE, 2000). In accordance with the 

displacement bound limits, damage states have been 

classified into four major categories: serviceable (I), 

repairable (II), near collapse (III) and complete collapse (IV), 

respectively. Thus, the analysis helps in improving the 

performance of a structure by estimating its repair cost and 

operational status. Many countries have developed EQ loss 

analysis system such as HAZUS, TELES to estimate the 

damage probabilities of the components in the system.  

Relationships between earthquake size and damage 

are essential tools in estimating regional damage for the 

purposes of developing earthquake preparedness plan and 

making decisions about allocations of resources for structural 

rehabilitation, hazard mitigation, post-earthquake recovery 

and earthquake insurance. In this study the development of 

fragility functions for reinforced concrete framed buildings is 

presented. 

II. METHODOLOGY 

In the construction of fragility curve there is no definitive 

method or strategy. A great degree of uncertainty is involved 

in each step of the procedure. This uncertainty is due to the 

variability in ground motion characteristics, the analytical 

modelling, the materials used and the definition of the 

damage states. Moreover, it also depends on whether the 

damage data used for their generation are derived mainly 

from observed post-earthquake surveys, proficient opinion, 

analytical simulations or combination of these. In this study 

fragility curves are derived using analytical method. 

Analytical fragility curves are derived in three main steps : 

a) Determination of response parameters of the structure.  

b) Response estimation using the Response Database.  

c) Construction of fragility curves with various limit states. 

III. R.C. FRAMED BUILDINGS 

Classification of buildings is mainly into done into four types 

such as:   
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 Low-rise: A low-rise is a building which is only a few 

stories tall and is smaller than mid-rise building.  

 Mid-rise: A mid-rise is a building which is taller than 

low-rise and smaller than high-rise building.  

 High-rise: A high-rise is a building which is smaller than 

skyscrapers and taller than mid-rise building.  

 Skyscraper: Buildings higher than high-rise buildings are 

called skyscrapers. Generally, Buildings with 40 or more 

stories are skyscrapers.  

For the purpose of study, low-rise, mid-rise and high-rise 

buildings as 5 storey (G+4), 10 storey (G+9) and 15 storey 

(G+14) have been used respectively. 

The finite element analysis software SAP2000 V17, 

Nonlinear is utilized to create 3D models and run all analyses. 

The software is able to predict the geometric nonlinear 

behaviour of space frames under static or dynamic loadings, 

taking into account both geometric nonlinearity and material 

inelasticity. The software accepts static loads (either forces or 

displacements) as well as dynamic (accelerations) actions and 

has the ability to perform nonlinear static pushover. 

Type of building considered for our study is a Residential 

building in Zone V. The building were designed for gravity 

loads (as per IS 456 : 2000), wind loads (as per IS : 875 ( Part 

3 ) – 1987 ) and seismic loads ( as per IS : 1893 ( Part 1 ) : 

2002. Plan Area of building is 16m x 25m. Four bays in x-

direction having bay width of 4m and five bays in y-direction 

having bay width of 5m. Plan and Elevation details for the 

hypothetical buildings are shown below. The same geometry 

are been used for all the three buildings in hard soil, medium 

soil and soft soil respectively. Thus, in total we have nine 

models for Zone V constituting of low-rise, mid-rise and 

high-rise for hard soil, medium soil and soft soil respectively. 

 
Fig. 2: Typical Plan 

 
Fig. 3: Elevation (G + 4) 

 
Fig. 4: Elevation (G + 9) 
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Fig. 5: Elevation (G + 14) 

ASSUMED DATA 

Grade of Steel Fe415  

Grade of Concrete M25  

Density of Concrete 25 kN/m3 

Density of Brick 20 kN/m3 

Floor 

Finish 

Slab 1.50 kN/m2 

Terrace 2.00 kN/m2 

Live 

Load 

Slab 2.00 kN/m2 

Terrace 1.50 kN/m2 

Wall 

Load 

Periphery (230 mm thk.) 11.73 kN/m 

Interior (115 mm thk.) 5.87 kN/m 

Parapet (115 mm thk.) 2.30 kN/m 

Table 1: Parameters for Dead Load and Live load 

The above mentioned specifications are same for all 

the models. Beam size and Column size have been designed 

for all the models of hard soil separately allowing maximum 

percentage of steel of 1.5% and 2.5%, respectively. The same 

beam sizes and column sizes have been adopted for medium 

soil and soft soil for the study purpose.    

The column as well as beam sizes are shown below 

in the tabulated form for all the 9 models (i.e.  Low-rise, mid-

rise and high-rise buildings for hard soil, medium soil and 

soft soil). 

 

ZONE V 

Soil 

Type 

Elemen

t 

Building (storey) 

Low-rise Mid-rise High-rise 

W D W D W D 

(mm) 

Hard 

Mediu

m Soft 

C 
35

0 

57

5 

42

5 

65

0 

47

5 

75

0 

B 
23

0 

45

0 

23

0 

50

0 

30

0 

55

0 

Table 2: Column Size and Beam Size 

* C=Column, B=Beam, W=Width, D=Depth 

IV. SELECTION OF GROUND MOTION RECORDS 

Equivalent linear ground response analyses are conducted to 

evaluate the soil surface ground motions.  Three different soil 

conditions hard soil, medium soil and soft soil are considered 

as per IS 1893 (Part 1): 2002. The target spectrum for hard 

soil, medium soil and soft soil for DBE of Zone V have been 

created and used as an input. Hard soil, medium soil are 

consider as type D and soft soil is consider as type E of 

NEHRP with varying average shear wave velocity from 180 

m/s to 370 m/s and 0 m/s to 179 m/s. Ground motion records 

are selected for oblique/reverse fault type, 6 to 8 magnitude, 

R_JB (km) = 25 to 100, R_rup (km) = 25 to 100. The above 

mentioned information has been used as an input in peer 

ground motion database to obtain the real earthquake 

histories. On the basis of the least variance 10 earthquakes 

were been selected. The demand spectra of ten selected 

earthquakes are shown in the Figure 6. 

 
Fig. 6: Sa–T plot of selected 10 EQ histories 

Peak Ground Acceleration is chosen as a hazard 

parameter to represent the ground shaking intensity. The 

selected earthquake events are normalized to 0.l g and then 

scaled to 10 PGA levels of 0.1–1.0 g. The spectrum after 

normalization is shown in Figure 7. 
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Fig. 7: Normalized Sa–T plot of selected 10 EQ histories 

V. ANALYSIS METHOD 

In this study performance points in terms of base shear, 

displacement and effective damping ratio are obtained by 

nonlinear pushover analysis. Pushover analysis is an 

approximate analysis method in which the structure is 

subjected to monotonically increasing lateral forces with an 

invariant height-wise distribution until a target displacement 

is reached. Pushover analysis allows tracing the sequence of 

yielding and failure on member and structural level as well as 

the progress of overall capacity curve of the structure. 

Pushover analysis is of two types, (i) force controlled or (ii) 

displacement controlled.  

Frame nonlinear properties are used to define 

nonlinear force-displacement and/or moment rotation 

behaviour that can be assigned to discrete locations along the 

length of frame elements. These nonlinear hinges are only 

used during static nonlinear analysis. For all other types of 

analysis, these hinges are rigid and have no effect on the 

linear behaviour of element. There are three types of hinge 

properties in the software: Auto hinge property, User defined 

hinge property and generated hinge property. The generated 

hinge properties are used in the analysis. They can be viewed, 

but they cannot be modified. Different types of deformation 

controlled (Ductile) hinges are used in pushover analysis such 

as axial hinge (P), shear hinge (V2, V3), torsion (T), moment 

hinge (M2, M3) and axial-moment hinge (P-M2, P-M3 and 

P-M2-M3). The suffix 2, 3 indicates the direction of local axis 

of the member. In the present study two types of the nonlinear 

hinges like Moment hinge (M3), axial-Moment hinge (P M2 

M3) are used. For beam elements M3 hinges are assigned 

while for column element P-M2-M3 hinges are assigned at 

both ends of the member. 

VI. RESPONSE DATABASE 

A fragility function represents the probability of exceedance 

of the selected Engineering Demand Parameter (EDP) for a 

selected structural limit state (LS) for a specific ground 

motion intensity measure (IM).For each PGA level, the 

performance points of the structure due to the selected 

earthquake events are calculated. Collecting all the roof 47 

displacements of the 10 selected events, each with ten PGA 

levels, produces a 10 X 10 response matrix. For each column 

in the matrix (i.e., being at the same PGA level), the 

displacement responses can be further assumed to be a 

lognormal distribution with the probability density function 

(PDF) as follows: 

𝑓(𝑥) =  
1

(√2𝜋)𝜍𝑥
𝑒𝑥𝑝 [−

1

2
(

ln 𝑥− 𝜆

𝜍
)

2

], 0 ≤ x < ∞ 

where,λ and ζ are the two parameters of the 

lognormal distribution of variable x. They can be calculated 

from the two parameters of the normal distribution: the mean 

(μ) and the standard deviation (σ) of the sample population as  

below: 

𝜆 = 𝑙𝑛µ −
1

2
𝜍2 

𝜍2 = 𝑙𝑛[1 +  𝛿2] 

VII. DAMAGE STATE DEFINITION 

Realistic and comprehensive limit state determination and 

thus performance level identification is one of the significant 

steps of fragility curve construction because these indicators 

affect resulting fragility curves directly. Due to its simplicity, 

displacement is the most commonly used parameter for the 

determination of limit states and also suggested by seismic 

codes and guidelines. However, displacement based 

structural damage limits are an oversimplification because 

the damage level of the structure is based on several other 

factors like structural system, spatial damage distribution and 

loading effects. 

At local level, member deformation plays an 

important role in the identification of damage. In accordance 

with the displacement bound limits, damage states have been 

classified into four major categories: serviceable (I), 

repairable (II), near collapse (III) and complete collapse (IV), 

respectively. At the serviceable level, the structure should 

have minor or no structural damage and the structure should 

continue to function. At the repairable level, the structural 

damage is controllable and repairable. At the level of near 

collapse and collapse, the structural damage is extensive and 

completely lost, respectively. In our study, damage states are 

defined using the formation of hinges as explained:  

 At respective step-x, the plastic rotation value of formed 

hinge is zero. Just after step-x, plastic rotation value of 

that particular hinge is non-zero, which shows some 

residual deformation. This is considered as limit for 

Damage state I.  

 Limit for Damage State III is taken at the ultimate limit 

state exceeds.  

 Limit for damage state II is taken out as the average of 

the two damage states defined above. 

ZONE V 

Drift (%) 

Damage State 

I II III 

Hard 

Low-rise 0.19 0.39 0.59 

Mid-rise 0.27 0.60 0.93 

High-rise 0.34 0.80 1.26 

Medium 

Low-rise 0.39 0.57 0.75 

Mid-rise 0.22 0.41 0.60 

High-rise 0.30 0.49 0.69 

Soft 

Low-rise 0.39 0.57 0.75 

Mid-rise 0.22 0.41 0.60 

High-rise 0.30 0.49 0.69 

Table 3: Displacement Bound as per Hinge Formation 
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VIII. FRAGILITY CURVE DEVELOPMENT 

According to the displacement bound of each defined damage 

state, the fragility curve for the damage state Si is the 

conditional probability that the building has a state of damage 

exceeding the damage state Si at a specific PGA level, as 

shown below: 

𝑃[𝑆 > 𝑠|𝑃𝐺𝐴]  = 𝑃[𝑋 > 𝑥𝑖|𝑃𝐺𝐴] 

                                    = 1 −  𝜙 [
ln(𝑥𝑖) −  𝜆

𝜍
] 

where,Ф( . ) is the standard  normal cumulative 

distribution function, xi is the upper bound for Si (i = I, II, 

III), and λ and ζ are as defined above in section. Sample of 

calculated spread sheet to find the fragility curve is shown.  

 
Fig. 8: Sample spreadsheet of fragility curve 

IX. RESULTS 

 

 
Fig. 9: Simplified Lognormal Fragility Curve of G+4 for 

Hard Soil 

 

Fig. 10: Simplified Lognormal Fragility Curve of G+4 for 

Medium Soil 

 

Fig. 11: Simplified Lognormal Fragility Curve of G+4 for 

Soft Soil 
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Fig. 12: Simplified Lognormal Fragility Curve of G+9 for 

Hard Soil 

 

 
Fig. 13: Simplified Lognormal Fragility Curve of G+9 for 

Medium Soil 

 

Fig. 14: Simplified Lognormal Fragility Curve of G+9 for 

Soft Soil 

 

 
Fig. 15: Simplified Lognormal Fragility Curve of G+14 for 

Hard Soil 
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Fig. 16: Simplified Lognormal Fragility Curve of G+14 for 

Medium Soil 

 

 
Fig. 17: Simplified Lognormal Fragility Curve of G+14 for 

Soft Soil 

X. CONCLUSION 

 As per study, time period found from the modal analysis 

is different with time period calculated using the 

empirical formula as stated in IS 1893 (Part 1) : 2002. 

So, time period is not only dependent on the geometry of 

the structure but it also depends on soil condition, 

structural member size and mass of the structure.  

 Results show that the probability of damage of structure 

for repairable (II), near collapse (III) and collapse (IV) 

damage states is increasing as we shift from the hard soil 

to medium soil and soft soil, respectively. Hence, 

repairing cost and damage to structure is highest in 

structure situated on soft soil, following medium soil and 

hard soil. 

 Results show that the probability of damage of structure 

for repairable (II) damage state in hard soil, medium soil 

and soft soil increases as we shift from the low-rise to 

mid-rise and further decreases from mid-rise to high-rise 

buildings. 

 Results show that the probability of damage of structure 

for near collapse (III) and collapse (IV) damage states in 

medium soil decreases as we shift from the low-rise to 

mid-rise and further increases from mid-rise to high-rise 

buildings. 

 It is important to go for site specific spectra to get more 

precise results. 

 Damage probability of structure from the actual behavior 

varies to a great extent from those obtained using 

HAZUS MH2.0, which shows that the latter’s direct 

applicability is of concern as it underestimates the result.  
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