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Abstract Countermeasures against earthquake disasters such as the seismic capacity evaluation and/or retrofit schemes of 
buildings, especially existing low-rise reinforced concrete buildings, have not been fully performed since Korea had not experienced 
many destructive earthquakes in the past. However, due to more than 1200 earthquakes with low or moderate intensity in the 
off-coastal and inland of Korea during the past 20 years, and due to the recent moderate earthquakes in Korea, such as the 2016 
Gyeongju Earthquake with M=5.8 and the 2017 Pohang Earthquake with M=5.4, the importance of the future earthquake 
preparedness measures is highly recognized in Korea. The main objective of this study is to provide the basic information regarding 
seismic capacities of existing low-rise reinforced concrete buildings in Korea. In this paper, seismic capacities of 14 existing low-rise 
reinforced concrete public buildings in Korea are evaluated based on the Japanese Standard for Evaluation of Seismic Capacity 
of Existing Reinforced Concrete Buildings. Seismic capacities between existing buildings in Korea and those in Japan is compared, 
and the relationship of seismic vulnerability of Korean buildings and Japanese buildings damaged due to severe earthquakes are 
also discussed. Results indicated that Korean existing low-rise reinforced concrete buildings have a narrow distribution of seismic 
capacities and they are relatively lower than Japanese buildings, and are also expected to have severe damage under the earthquake 
intensity level experienced in Japan. It should be noted from the research results that the high ductility in Korean existing low-rise 
buildings obtained from the Japanese Standard may be overestimated, because most buildings investigated herein have the hoop 
spacing wider than 30 cm. In the future, the modification of strength and ductility indices in the Japanese Standard to propose the 
seismic capacity evaluation method of Korean buildings is most needed.
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1. INTRODUCTION

In Korea, countermeasures against earthquake disasters 
such as the seismic capacity evaluation and/or retrofit 
schemes of buildings, especially existing low-rise reinforced 
concrete (referred to as RC subsequently) buildings, have
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not been fully performed since Korea had not experienced 
many destructive earthquakes in the past. However, due 
to more than 1200 earthquakes with low or moderate 
intensity in the off-coastal and inland of Korea during the 
past 20 years, and due to the recent moderate earthquakes 
in Korea, such as the 2016 Gyeongju Earthquake with 
M=5.8 and the 2017 Pohang Earthquake with M=5.4, 
the importance of the future earthquake preparedness 
measures is highly recognized in Korea.

The main objective of this paper is to provide the basic 
information regarding seismic capacities of Korean 
buildings. This paper will focus on 1) seismic capacity 
evaluation of 14 existing low-rise RC public buildings in 
Korea based on the Japanese Standard for Evaluation of 
Seismic Capacity of Existing Reinforced Concrete Buildings 
(JBDPA, 2001; JBDPA, 2005), 2) the relationships of 
seismic capacities between typical RC buildings in Korea 
and those in Japan and 3) the relationships of seismic 
capacities between RC buildings in Korea and those of 
damaged buildings due to severe earthquakes in Japan.
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Table 1. Outline of investigated Korean buildings

Building
ID

No. of
Stories

Span (m) Design 
strength of 
concrete 
(N/mm2)

Yield strength of main 
reinforcing bars in 

columns (Hoop bars) 
(N/mm2)

Typical cross section of columns
Longitudinal 

Direction
Transverse 
direction

1 3 7@4.5 2.5+7.5 15 240 (240) 40x40 ( 8-D19, hoop: D10@28cm)
1 3 7@4.5 2.5+7.5 15 240 (240) 40x40 ( 8-D19, hoop: D10@28cm)
2 3 15@4.5 2.5+7.5 18 240 (240) 40x40 ( 8-D19, hoop: D10@33cm)

3 3 11@6.0 6.3+6.6+6.6 21 400 (240) 40x50 ( 8-D22, hoop: D10@30cm)
4 3 7@4.5 6.0+6.0+6.0 21 400 (240) 40x40 ( 8-D22, hoop: D10@30cm)
5 4 14@4.5 2.5+7.5 15 240 (240) 45x40 ( 8-D19, hoop: D10@25cm)

6 4 12@4.5 2.5+7.5 18 240 (240) 40x40 ( 8-D19, hoop: D10@33cm)
7 4 14@4.5 2.5+7.5 18 240 (240) 40x40 ( 8-D19, hoop: D10@34cm)

8 4 8.0+10@4.0 4.2+2.4+8.1 21 400 (240) 40x40 ( 8-D19, hoop: D10@30cm)
9 4 19@4.5 2.4+3.6+3.9 21 400 (240) 40x40 ( 8-D19, hoop: D10@33cm)
10 4 8@4.4 9.9 21 400 (240) 40x40 (16-D22, hoop: D10@30cm)

11 4 13@4.5 2.5+7.5 18 240 (240) 40x40 ( 8-D19, hoop: D10@40cm)
12 5 22@4.4 4.0+9.9 21 400 (240) 50x50 (16-D22, hoop: D10@30cm)

13 5 11@8.8 7.5+7.5+7.5+2.7 21 400 (240) 40x50 (14-D25, hoop: D10@25cm)
14 5 10@8.1 6.0+3.3+8.4 24 400 (240) 50x50 (12-D25, hoop: D10@30cm)

2. INVESTIGATED BUILDINGS

Table 1 shows the outline of investigated buildings in Korea. 
They are 14 existing RC public buildings having 3 through 5 
stories, which were constructed before the code revision in 
1988. Since seismic design provisions for Korean building

SAC： Column area, £A& Wall area, EAf: Total building floor area 
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Figure 1. Column and wall ratios in the first story of investigated buildings

structures were introduced in 1988, those investigated herein 
were not designed to seismic loads. Most of the design strengths 
of concrete were 18 N/mm2 (180 kgf/cm2) and 21 N/mm2 (210 
kgf/cm2), and the typical cross section of columns was 400 mm x 
400 mm, whose hoop was arranged at the spacing of more than 
300 mm.
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The structures are RC frames with a few or no shear walls both 
in the longitudinal (referred to as X-direction subsequently) and 
transverse 击rection (referred to as Y-direction subsequently), as 
shown in Figure 1.

3. S티SMIC CAPACITY OF EXISTING 
RC BUILDINGS IN KOREA

3.1 Basic Concept of the Japanese Standard
The Japanese Standard for Evaluation of Seismic Capacity 

of Existing Reinforced Concrete Buildings (JBDPA, 2001; 
JBDPA, 2005) evaluates the seismic capacity at each story 
and in each direction of a building by the following seismic 
capacity index Is：

Is = Eo x Sd x T (1)

In equation (1), EO is the basic structural performance index 
calculated by ultimate horizontal strength, ductility, number of 
stories and story level concerned. Sd shows the sub-index on 
the structural design to modify E°-index due to the irregularity 
of building shape and the distribution of stiffness along the 
building height. T is the sub-index on the time-dependent 
deterioration of a building to modify E°-index due to the 
deterioration of strength and ductility.

The standard values of S。- and T-index are 1.0. E°-index 
for a single structural system can be expressed by the 
product of the ultimate horizontal strength index in terms 
of story shear coefficient (C), ductility index (F) and story 
index (①).①-index at the first story level is 1.0. E°-index at 
the first story level of a simple structure, therefore, can be 
defined as:

Eo = C x F (2)

The Standard consists of three level procedures; first, second 
and third level procedure. In the first level procedure, F-index in 
Eq. (2) is 0.8 or 1.0 neglecting member ductility. In the second 
and third level procedures, F-index is 0.8 or 1.0 for brittle 
columns and 1.27 to 3.2 for ductile columns depending on the 
shear span-to-depth ratio, shear-to-flexural strength ratio etc.

Either phase screening procedure among the first, second, or 
the third may be available to estimate the I$- index. However, 
basically the higher level procedure applied, the more reliable 
estimation obtained. Each level procedure is featured as follows. 

without shear wall may be underestimated below the actual 
seismic performance of the building.

(2) The second level procedure
The capacity and the ductility of columns and walls should be 

calculated on the basis of ultimate strength theories, so that the 
failure mechanism of a structural member should be assumed 
for the estimation of E°-index. However, the beams composing 
the frame may be assumed to be rigid. The rather complicated 
procedure to estimate Sd- or T-index should be applied in 
comparison with the first level procedure.

This procedure is feasible for the application to the building 
which features as the weak column and strong beam structural 
system. The result obtained must be generally more reliable than 
by the first level procedure.

(3) The third level procedure
The possible all failure mechanism of structure, including the 

behavior of a beam and the rotational behavior of a wall due 
to the deformation of foundation, should be discussed for the 
estimating the E°-index. The technique to estimate the S。- or 
T-index may be the same as the second level procedure.

3.2 Assumptions in Seismic Evaluation
To evaluate the seismic capacities of each building shown in 

Table 1, the following assumptions are employed：

(1) The location of the yield hinge of each member was 
assumed to be in accordance with JBDPA (2001, 
2005) and AIJ (2010).

(2) The yield hinge of the columns without hanging and 
spandrel walls was assumed to be at the end of the 
beam. If the columns included hanging and spandrel 
walls, the hinge location was set to DJ2 from the 
edge, where D, is the column width.

(3) Building weight per unit area is assumed 10 kN/m  
(1.0 tf/m ).

12
2

(4) The dimension of structure is determined according 
to the structural drawings.

(5) T-index which signifies deterioration after 
construction is assumed 1.0.

(6) Non-structural elements such as brick walls are 
neglected in evaluating seismic capacities.

(7) The seismic capacities are evaluated by the first and 
the second level procedure in the Japanese Standard 
for Evaluation of Seismic Capacity of Existing 
Reinforced Concrete Buildings (JBDPA, 2001； 
JBDPA, 2005), using the computational program 
(SPRC Committee, 1980) coded according to the 
Japanese Standard.

(1) The first level procedure
The ultimate strength of frames may be calculated briefly 

using the shear strength assumed for the concrete and the cross
sectional area of columns and walls. The ductility of a frame is 
specified assuming the shear failure of wall. The estimation for 
the index Sd- or T-index will be briefly carried out.

This procedure is feasible for the application to the building in 
which the comparatively many walls are arranged. The seismic 
performance of a building by the moment resisting frame

3.3 Seismic Capacities of X- and Y-direction
Figure 2 depicts the evaluation results, i.e. Is-indices in 

X- and Y-directions, of seismic capacities of 14 existing 
low-rise RC Korean buildings shown in Table 1. Figure 3
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Figure 2. IS-indices in X- and Y-directions of seismic capacities of 14 existing low-rise RC Korean buildings
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Figure 2. Continued

and Figure 4 show the relationships of seismic capacities 
between X-direction and Y-direction, where k-indices 
in the first story of Korean buildings by the first and the 
second level procedures are respectively plotted, together 
with those of Japanese RC buildings shown in Table 2.

IS-indices of Japanese buildings were investigated by Lee 
et al. (1996a). They are 21 existing RC public buildings 
having 1 through 6 stories, which were constructed before 
the seismic code revision in 1971.

Table 2. Results of seismic capacity indices (Is values) 
of investigated buildings in Japan (Lee et al., 1996a)

Building 
ID

No. of
Stories

Is-indices in the first story
The first level 

Procedure
The second level 

procedure
1 2 0.37 (1.61) 0.57 (1.09)
2 3 0.34 (1.62) 0.47 (1.85)
3 6 0.23 (0.67) 0.26 (0.75)
4 5 0.46 (0.31) 0.68 (0.56)
5 5 0.51 (0.75) 0.69 (0.87)
6 3 0.77 (0.65) 1.31 (1.05)
7 5 0.49 (0.79) 0.94 (0.93)
8 3 1.95 (1.95) 0.75 (1.18)
9 1 1.60 (1.82) 1.96 (1.64)
10 1 0.60 (0.86) 0.63 (0.75)
11 1 1.69 (4.51) 1.60 (5.08)
12 1 2.45 (2.22) 2.72 (2.73)
13 3 0.92 (1.15) 1.01 (1.20)
14 3 1.05 (1.45) 0.71 (1.53)
15 3 0.98 (1.47) 0.63 (1.42)
16 3 0.74 (1.40) 0.74 (1.50)
17 3 1.02 (1.17) 1.04 (1.26)
18 2 1.16 (1.41) 1.24 (1.25)
19 2 0.46 (1.91) 0.57 (1.92)
20 3 0.33 (1.36) 0.58 (1.37)
21 5 0.44 (0.67) 0.53 (0.86)

Note: The parenthesis shows Is-index in the transverse direction.

Figure 3. Seismic capacities of the first level procedure 
by the Japanese Standard in X-direction and Y-direction

Figure 4. Seismic capacities of the second level procedure 
by the Japanese Standard in X-direction and Y-direction
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As shown in the figures, Korean buildings have 
approximately equal seismic capacities in both X- and 
Y-direction, while Japanese buildings generally have higher 
capacity in Y-direction than X-direction. This is because 
Korean buildings have few walls in both X- and Y-direction 
as shown in Figure 1, while Japanese buildings have more 
walls in Y-direction than in X-direction.

3.4 Distribution of Seismic Capacities
Figure 5 shows the distribution of seismic capacity of Korean 

and Japanese buildings, where IS-indices by the second level 
procedure in both directions of each building are plotted. As 
can be found in the figure, Korean buildings have a narrower 
distribution of seismic capacities and they are relatively lower 
than Japanese buildings.

RC 효ublic buildings in Korea
[Mean : 0.40 STDV: 0.135] 

P/Z/l RC Public buildings in Japan
[Mean : 1.05 STDV: 0.439]

Is-index (Second Level Procedure)

Figure 5. Distribution of seismic capacities

Korean and Japanese buildings show higher seismic capacity 
indices by the second level procedure than by the first level 
procedure when they have low wall ratios. In particular, 
7 Korean buildings without shear walls (14 data) show 
significantly higher capacities in the second level procedure than 
in the first level procedure.

This result is consistent with the commentary found in the 
references (JBDPA, 2001; Etawa et al., 1998; Kubo et al., 1998; 
Kubo et al., 1999) that the first level procedure which neglects 
member ductility may underestimate seismic capacities of 
buildings when they have few shear walls.

3.6 Distribution of ductility index
Figure 7 shows the distribution of ductility index (F) of 14 

Korean buildings by the second level procedure. As shown in 
the figure, the ductility index of buildings with higher wall ratio 
is generally lower than that with lower wall ratio, because shear 
walls are expected to fail in a brittle manner (F = 1.0) and their 
capacities are highly contributing to the overall seismic capacity

The Standard defines the ductility index (F) of a building by 
the expected ductility which is primarily based on the shear-to- 
flexural capacity ratio (VSu/VMu). The result found in Figure 7 
shows that F-index for half buildings investigated in this study 
varies from 1.8 to 2.6, which corresponds to 卩=1.6 to 3.3.

It should be pointed out, however, that the ductility expected 
in these buildings may need to be re-examined, since most 
buildings investigated herein have the hoop spacing wider than 
30 cm, and such high ductility calculated by the Standard may 
be overestimated. This may result in lower seismic capacities and 
higher seismic vulnerability of Korean buildings than presented 
in this paper.

10
3.5 Seismic Capacities of First and

Second Level Procedure
Figure 6 compares the seismic capacity indices by the first 8 

level procedure with those by the second level procedure. Both 7

.6

.2.8

.4

.0 

L
 

L

O.
O.
0. 

(
Q
m
p
o
o
o
j
d

T5A
U

、
I
 ROODS)

 X
D
P
U
T
S
I

0.0 0.4 0.8 1.2 1.6 2.0
Is -index (First Level Procedure)

Figure 6. Seismic capacities by the first and second level procedures
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3.7 Seismic Capacities
Figure 8 shows the relationship of ^-indices between buildings 

in Korea and those in Japan damaged by 1968 Tokachi-oki 
(AIJ, 1968; Shiga et al., 1968; JBDPA, 2001; JBDPA, 2005), 
1978 Miyakiken-oki (Shiga et al., 1968; JBDPA, 2001; JBDPA, 
2005), 1978 Izuoshima-kinkai (Okada, 1985; JBDPA, 2001;
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Figure 8. Relationship between IS-indices of Korean buildings and Japanese damaged buildings

JBDPA, 2005) and 1995 Hyogoken-Nambu (Lee et al., 1996b) 
earthquakes in Japan.

As shown in the figure, Japanese buildings within the shaded 
area had high possibility of severe damage. Most of Korean 
buildings investigated herein fall in the shaded area, and they are 
expected to have severe damage under the earthquake intensity 
level experienced in Japan mentioned above.

4. CONCLUDING REMARKS

The seismic capacities of 14 existing RC public buildings 
in Korea are evaluated based on the Japanese Standard 
for Evaluation of Seismic Capacity of Existing Reinforced 
Concrete Buildings and the results are compared with those 
of Japanese buildings. The relationship of seismic capacities 
between Korean buildings and Japanese buildings damaged 
due to severe earthquakes is also discussed. The results can 
be summarized as follows.

Korean buildings have approximately equal seismic capacities 
in both X- and Y-direction, while Japanese buildings generally 
have higher capacity in Y-direction than X-direction. This 
is because Korean buildings have few shear walls in both X- 
and Y-direction, while Japanese buildings have more walls in 
Y-direction than in X-direction.

(1) Korean buildings have a narrower distribution of 
seismic capacities and they are relatively lower than 
Japanese buildings.

(2) From the relationship between IS-indices of buildings 
in Korea and those damaged due to severe earthquakes 
in Japan, Korean buildings investigated in this 
study are expected to have severe damage under the 
earthquake intensity level experienced in Japan.

(3) Half of Korean buildings investigated in this study 
have F-index ranging from 1.8 (卩=1.6) to 2.6 (卩二 

3.3). It should be pointed out, however, that the 
ductility expected in these buildings may need to 
be re-examined, since most buildings investigated 
herein have the hoop spacing wider than 30 cm, and 
such high ductility obtained from the Standard may 
be overestimated. This may result in lower seismic 
capacities and higher seismic vulnerability of Korean 
buildings than presented in this paper.

(4) These findings shown above reveal that the urgent 
development of seismic capacity evaluation method 
suitable for Korean buildings and technically sound 
and cost-effective seismic retrofit schemes is most 
needed.
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