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Abstract—Building loss estimation methodologies which have 

been advanced considerably in recent decades are usually used to 
estimate socio and economic impacts resulting from seismic structural 
damage. In accordance with these methods, this paper presents the 
evaluation of an annual loss probability of a reinforced concrete 
moment resisting frame designed according to Korean Building Code. 
The annual loss probability is defined by (1) a fragility curve obtained 
from a capacity spectrum method which is similar to a method adopted 
from HAZUS, and (2) a seismic hazard curve derived from annual 
frequencies of exceedance per peak ground acceleration. Seismic 
fragilities are computed to calculate the annual loss probability of a 
certain structure using functions depending on structural capacity, 
seismic demand, structural response and the probability of exceeding 
damage state thresholds. This study carried out a nonlinear static 
analysis to obtain the capacity of a RC moment resisting frame 
selected as a prototype building. The analysis results show that the 
probability of being extensive structural damage in the prototype 
building is expected to 0.01% in a year. 
 

Keywords—Expected annual loss, Loss estimation, RC structure, 
Fragility analysis. 

I. INTRODUCTION 

EISMIC fragility studies of building structures have been 
increasingly carried out to estimate the earthquake losses 

resulting from their structural damage. The seismic loss 
estimation requires to identify the seismic vulnerability of a 
building structure and to describe resulting structural 
performance quantitatively.  

There are numerous low-rise reinforced concrete (RC) 
buildings in Korea. Such low-rise RC buildings could be 
vulnerable to horizontal ground accelerations and suffered 
serious structural damages, which causes significant 
national-wide seismic losses. This paper has evaluated a 
probability of expected annual loss for low-rise RC moment 
resisting framed building. The annual seismic loss probability 
is calculated by the fragility curve of a building and seismic 
hazard in a certain area.  
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II. DESCRIPTION OF PROTOTYPE BUILDING  

A. Design of Example Building and Analytical Model 

A prototype structure, a 5-story reinforced concrete framed 
building shown in Fig. 1 is chosen to expect the annual loss 
probability of typical RC intermediate moment-resisting frames 
(IMRF). The plan of prototype building consists of three 10 m 
bays and the height of each story is 3.6 m. The building is 
seismically designed according to a current Korean building 
code, KBC 2009 [1]. For gravity loads, uniform dead loads of 5 
kPa and live loads of 4 kPa are applied to each floor. It is 
assumed that the building is located in Seoul, Korea of which 
the site class is assigned to SD. The design spectral response 
acceleration parameters at short period, SDS and at 1s period, SD1 
are, respectively, 0.50, and 0.29. The response amplification 
factor, R of the prototype RC IMRF is 5.0. It is found from a 
preliminary eigenvalue analysis that the first mode period of the 
building, T1 is 1.29 second. Using these values, the design base 
shear, Vd is calculated as 500.6 kN that is vertically distributed 
according to a rule prescribed in KBC 2009 [1] which is similar 
to the American seismic design code, ASCE 7 [2]. Table I 
summarises structural dimensions and reinforcement 
arrangement of column and beam members of which the 
locations are shown in Fig. 1. The compressive strength of 
concrete is 28 MPa and the yield strength of a steel rebar is 400 
MPa. 

The prototype two-dimension (2D) RC IMRF is modeled 
using a non-linear analysis simulation software, Ruaumoko 2D 
[3]. The strength and stiffness degradation according to the 
corresponding ductility are adopted using a modified Takeda 
hysteresis rule. Reinforced concrete beam-column joints are 
modeled according to a hysteretic rule suggested by [4] which 
has been long known to properly capture the shear behavior of 
RC beam-column joints. 

 

 

Fig. 1 Elevation of the prototype building 
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