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ABSTRACT

Seismic hazard curves and scenario earthquakes based on Probabilistic Seismic Hazard Analysis (PSHA)
are evaluated for a site in Korea. Moreover, dominant seismic sources for the site are identified from the
contribution factors of the seismic sources. Furthermore, the seismic hazard curves for eight sites in Korea
are evaluated to grasp the regional difference of the seismic hazard, and the more detailed information on
seismic hazard for Korean sites are obtained.

Keywords: Seismic Hazard, Hazard deaggregation, Probabilistic Scenario Earthquakes, Contribution fac-
tor

1 INTRODUCTION

Conventional Probabilistic Seismic Hazard Analysis (PSHA) gives seismic hazard curves which show the
relationship between seismic intensity such as PGA (Peak Ground Motion) and its exceedance probability
per one year (Cornell,1968). The hazard curve is useful for engineering purpose because it can determine
seismic intensity corresponding to exceedance probability of seismic intensity (hazard level). Therefore,
the seismic hazard curve gives information on earthquake ground motion intensity, which can be used in
performing seismic PSA (Probabilistic Safety Assessment). However, we cannot obtain definite informa-
tion on earthquakes for generating such seismic intensity at site. Therefore, it is also important to evaluate
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Fig.1 Seismic source models

scenario earthquakes corresponding to hazard level in determining design earthquakes or design spectrum
for important structures. KAERI (Korean Atomic Energy Research Institute) and CRIEPI (Central Re-
search Institute of Electric Power Industry) have been conducting joint research on development of seismic
capacity evaluation and enhancement technology considering near-fault effect since 2002. In the research,
both probabilistic and deterministic methods have been investigated for evaluating earthquake ground
motions for Korean sites. Earthquake motions evaluation based on the deterministic approach can be
referred to the literature (Shiba et al., 2005). In the frame of the probabilistic method, one method of
hazard deaggregation has been performed.
Although several numbers of studies have been made based on conventional seismic hazard evaluation for
Korea (e.g., Yun et al.(1999), Seo et al.(2002), Choi et al.(2003)), there are few researches as to evaluation
of scenario earthquakes for Korea based on PSHA.

The objective of this study is to show the applicability of the concept of the Probabilistic Scenario
Earthquakes proposed by Ishikawa and Kameda(1994) and Kameda et al.(1998) for Korean site.

2 ANALYTICAL MODELS AND CONDITIONS

2.1 PSHA Method

In Korea, at the present time active faults are not definitely identified as seismic sources which can
generate earthquakes, and data on recurrence time for specified earthquakes have been not obtained.
Therefore, we used the Poisson typed PSHA method developed by Cornell(1968) in which all earthquakes
are assumed to occur according to the stationary Poisson Process in the time domain.

2.2 Seismic source models

In this analysis, two kinds of seismic source models for Korea are adopted which were developed by
Seo et al.(1999). Figure 1 shows the polygon-shaped source areas characterizing earthquakes occurring
randomly, and we call the left model A and call the right model C respectively. In each source-area,
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Table 1 Seismicity parameters of seismic sources (Model A)

Source No. | a | b ‘ Mnin j Mo

RS1 4.28 | 1.12 3.8 7.1

RS2 3531092 38 7.4 a : a-value of G-R equation
RS3 2.59 | 0.69 3.8 7.6 b : b-value of G-R equation
RS4 2341066 | 38 7.9 M,,;», : minimum magnitude
RS5 3.10 | 0.87 | 3.8 7.6 Mpma: : maximum magnitude
RS6 2.12 | 0.66 3.8 7.2

RS7 1.70 | 0.59 3.8 7.7

Table 2 Seismicity parameters of seismic sources (Model C)

Source No. a | b I Min I Mo
- 500 los | 35 63 : a-value of G-R equation
' - ' ' b ¢ b-value of G-R equation

RS2 298| 0.8 3.5 7.0 .. .

Mpin @ minimum magnitude
RS3 251 (07| 3.5 6.5 . .

M4 maximum magnitude
RS4 1.55 [ 0.6 | 3.5 6.3

magnitude-frequency relationship is assumed to follow the Gutenberg-Richter relation (Gutenberg, 1944),
and the hypocenters are assumed to be distributed uniformly and randomly. In Korea, there are few
studies on the depth of seismic sources which can generate earthquakes, therefore focal depth of all seismic
sources are set as 0(km). Table 1 and Table 2 show the seismicity parameters of seismic sources for each
model.

2.3 Attenuation equations of earthquake motions

In this analysis, peak ground acceleration and spectral acceleration are considered as indices of earth-
quake ground motion intensities.
[Attenuation equation 1]

The peak ground acceleration (PGA (cm/sec?)) equation developed by Baag et al.(1998) is used in this
analysis. The equation is described as follows;

ImPGA = 0.4+12M —0.761n R — 0.0094R (1)
R = /R%2.+4102 (2)

epi
where M is the local magnitude and R,,; is the epicentral distance (km).
[Attenuation equation 2]

The PGA(cm/sec?) and response acceleration S4(em/sec?) equations developed by Toro et al.(1997)
are used in this analysis. The equations are described as follows;

InPGA = Ci+Co(M—6)+Cs(M —6) ~ CslnR— (Cs — Coymax (In1=,0) —CsR  (3)

100°
InSx = Ci+Co(M —6)+Cs(M —6)2 — CylnR — (Cs — Cy) max (ln 1—1;0,0) _CsR (4
R = /R, +C2 (5)

where M is the local magnitude, R,,; is the epicentral distance (km) and C; ~ C; are the coefficients
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Table 3 Coefficients of attenuation equation by Toro et al.(1997)

Index | C; | Cy | C5 | Co | Cs | C5 | Co
PGA 2.07 | 1.20 | 0.00 | 1.28 | 1.23 | 0.0018 | 9.3
Sa(1.0s) | -0.12 | 2.05 | -0.34 | 0.90 | 0.59 | 0.0019 | 6.8
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Fig.2 Attenuation curves

of the equation. Period of 1.0sec is considered regarding the response acceleration. Table 3 shows the
coefficients of the equations whose index is response acceleration of period 1.0sec.

Uncertainty involved in the equations is assumed to follow the logarithmic normal distribution with stan-
dard deviation (=0.5 in both equations in this analysis. Figure 2 shows the attenuation features by each
equation.

3 PROBABILISTIC SCENARIO EARTHQUAKES

As is mentioned before, PSHA is useful in earthquake engineering because it is capable of determining
the earthquake motion intensity corresponding to a target hazard level such as annual probability of ex-
ceedance. However, the result of PSHA does not give the information on the physical characteristics of
earthquakes such as magnitude and epicentral locations. As the demand for dynamic seismic design of
structures is increasing recently, the time histories of earthquake motions are needed in addition to the
intensity of earthquake motions such as PGA, PGV. It is therefore desirable to specify the magnitude and
epicentral locations of typical earthquakes under the target hazard level.

In order to overcome the above problem, the concept of "Probabilistic Scenario Earthquakes (PSE) ”
have been proposed and developed by Ishikawa and Kameda(1994), Kameda et al.(1997). This method-
ology makes it possible to evaluate magnitude of earthquakes and site-source distance, which are corre-
sponding to the hazard level, for individual seismic source and all seismic sources. The magnitude M (pg)
and the distance A(pg) of PSE, which are defined as the conditional expected value of the magnitude and
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Fig.3 A schematic illustration of ”Probabilistic Scenario Earthquakes” methodology

the distance corresponding to each annual probability of exceedance pg, are computed by the following
equations respectively;

Y Ex(M|Y > y(po)) - we(po)
M(py) = = % (6)
Zwk(ﬂ])
k=1

> Ex(AlY > y(po)) - wi(po)
A(po) = = = (0
Zﬂ?k(ﬁo]
k=1

Figure 3 shows a schematic illustration of ”Probabilistic Scenario Earthquakes” methodology. Further-
more, this methodology is characterized by the parameter "contribution factors of seismic sources”. The
contribution factor of a seismic source is defined as the conditional probability that an earthquake occurs
in that seismic source given that the seismic intensity exceeds a certain value at a site. The contribution
factor Ci(po) is calculated from the following equation;

Ch(mo) = —2Po) (8)

> wi(po)

where wi(po) is the annual occurrence rate of earthquakes which occur in the seismic source k and generate
a seismic intensity exceeding a certain value at a site for the target hazard level py. Thus seismic sources
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with greater contribution factor can be chosen as the possible sources for scenario earthquakes, once target
hazard level is determined. It should be noticed that this important information cannot be obtained by
the other method (e.g. U.S.NRC(1997)) of hazard deaggregation.

4 SEISMIC HAZARD EVALUATION FOR WOLSUNG

In this section, probabilistic seismic hazard for Wolsung site is evaluated. The site is located in the
south-eastern part of Korea as shown in Fig.1.

4.1 Index of earthquake motions: PGA

Figure 4 shows the PSHA result in the case where the PGA equation by Baag et al.(Equation 1) and
model A are used. As Fig.4(a) indicates, PGA corresponding to po = 1072 and py = 10~ is about
150(cm /sec?) and 480(cm/sec?) respectively. Figure 4(b) and Fig.4(c) are the magnitude of PSE and the
distance of PSE respectively when all seismic sources are considered. The hazard-consistent magnitude
increases gradually from 5.8 to 7.3 and the hazard-consistent distance decreases from 45(km) to 16(km)
as po is smaller.

Figure 5 shows the PSHA result using the same equation and model C. As Fig.5(a) indicates, PGA cor-
responding to pp = 10~* and py = 10~° is about 90(em/sec?) and 240(em/sec?) respectively. Figure 5(b)
and Fig.5(c) are the magnitude of PSE and the distance of PSE respectively when all seismic sources are
considered. The hazard-consistent magnitude increases gradually from 5.7 to 6.3 and the hazard-consistent
distance decrease from 48(km) to 8(km) as pp is smaller.

Figure 6 indicates the contribution factors of seismic sources in the case of using model A and model
C, respectively. In the case of model A, seismic source No.7 (RST) which contains the site within its area
is dominant for the seismic hazard. In the case of model C, seismic source No.4 (RS4) which contains the
site within its area is dominant for the seismic source. For both models, the nearest seismic source is most
dominant for all hazard level.

4.2 Index of earthquake motions: Sa

Figure 7 is a series of three diagrams showing the PSHA result in the case where the S, (Period 1.0sec)
equation by Toro et al.(1997) is adopted and model A are considered. As Fig.7(a) indicates, S4 corre-
sponding to pg = 1072 is about 100(cm/sec?). The hazard-consistent magnitude increases gradually from
6.7 to 7.3 and the hazard-consistent distance decreases from 90(km) to 10(km) as pp is smaller. It should
be noticed that the hazard-consistent magnitude is larger and the hazard-consistent distance is smaller
when compared with the magnitude and the distance in Fig.4(b)(c). This indicates that the seismic sources
with large magnitude affects the seismic hazard even though the source is located far away from the site
when S4(1.0sec) is adopted as index.

Figure 8 shows the PSHA result using the same equation and model C. As Fig.8(a) indicates, S4 cor-
responding to pp = 107° is about 120(cm/sec?). The hazard-consistent magnitude increases from 6.2 to
6.4. The hazard-consistent distance decreases from 67(km) to 5(km) as pg is smaller.

Figure 9 indicates the contribution factors of seismic sources in the case where model A and model C
are considered. In the case of using model A, the contribution factor of seismic source No.5 (RS5), No.6
(RS6) and No.7 (RS7) are larger than 20% when the py is larger than 10~2, and seismic source No.7 (RS7)
is getting dominant as po is smaller. This indicates that several scenario earthquakes should be considered
in case that pg = 1072 is referred as hazard level in determining design earthquakes or design spectrum.
In the case of model C, seismic source No.4 (RS4) is dominant for the seismic source as same as in using
model A (Fig.9(b)). It is for this reason that the maximum magnitude of the seismic sources in model C
is relatively small, therefore the seismic hazard is determined by the nearest seismic source.

3748 Copyright(©2005 by SMiRT18



Table 4 Target sites for PSHA

Code | Site name | Latitude(IN) | Longitude(E)
SEO Seoul 3749 126.92
BUS Busan 35.25 129.11
KWJ Gwangju 35.16 126.99
ULJ Uljin 36.70 129.41
WON Wonju 37.33 127.94
KUC Geochang 35.67 127.91
SOC Sokcho 38.24 128.57
TEJ Daejeon 36.37 127.37

As is illustrated in this section, scenario earthquakes for a Korean site are determined and the dominant
seismic sources can be specified quantitatively based on the concept of "Probabilistic Scenario Earth-
quakes”. Moreover, the above results make it clear that the dominating seismic sources for the site can
change according to the seismic source models and the attenuation equations of earthquake motions used
in the analysis.

5 SEISMIC HAZARD EVALUATION FOR EIGHT SITES IN KOREA

In this section, probabilistic seismic hazard for eight sites in Korea is evaluated. Figure 10 indicates the
locations of selected target sites, and Table 4 shows information on the site. As Fig.10 shows, target sites
are selected in order to evaluate the regional difference of seismic hazard. Selected sites are classified into
three groups by their locations; SOC,ULJ and BUS are eastern sites, WON and KUC are central sites,
SEO,TEJ and KWJ are western sites. We adopt Model C shown by Fig.1(b) as seismic source model in
this analysis because the model covers the whole of Korean peninsula.

Figure 11 shows the PSHA result for target sites in the case where the PGA equation by Toro et al.
(1997)(Equation 1) is used. The seismic hazard for SOC is highest among three site and the hazard for
ULJ is the same level compared to that for BUS in eastern area. In central area, the seismic hazard for
WON is higher than that of KUC. In western area, the seismic hazard for TEJ is highest among three sites
and the seismic hazard for SEO is as high as that for BUS. We can see that trend of seismic hazard curves
for eight sites are similar to each other. The PGA corresponding to pp = 10~ is about 250(cm/sec?) for
SOC, WON and TEJ when model C and the equation by Toro et al are used. However, There exists the
difference if seismic hazard which depends on the location.

Figure 12 shows the PSHA result for target sites in the case where the S4(T=1.0sec) equation (Equa-
tion 2) is used. The seismic hazard curves for three sites in the eastern area are almost the same and this
feature can be also found in the central sites and the western sites.

The above mentioned result indicates that the seismic hazard in Korea does not vary drastically cor-
responding to the locations although some difference is found among eastern sites in the case where the
equation respect to PGA is used. However, the important point to notice is that the seismic hazard
evaluation is greatly affected by the parameters of seismic sources such as maximum magnitude and earth-
quake occurrence rate per a year even though the same attenuation equation is used. As is mentioned
before, there are not sufficient data to evaluate the occurrence model of earthquakes whose magnitude and
hypocenters cannot be determined deterministically in Korea. Furthermore, it will be necessary to con-
sider the faults as seismic source models if the faults are evaluated as active faults based on a survey, and
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reevaluate the maximum magnitude of each seismic source. Therefore, it is necessary to develop seismic
source models and attenuation equations of earthquake motions in order to evaluate seismic hazard for
Korea more accurately.

6 CONCLUSION

The main results of this study is summarized as follows:
(1) PSHA is conducted and Probabilistic Scenario Earthquakes for Wolsung site is evaluated in the case
where PGA and S, are adopted as indices of earthquake motions. Furthermore, dominant seismic sources
for Wolsung site are specified.
(2) The seismic hazard for eight sites in Korea are evaluated by using the attenuation equations respect
to PGA and S,4. The seismic hazard curve is similar with each other and there is little difference in the
seismic hazard among the selected eight sites.
(3) A further investigation concerning earthquake motions models and seismic source models should be
required in order to improve accuracy of seismic hazard for Korea.
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