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ABSTRACT

The lack of ground motion recorded from moderate-to-large earthquakes in
Korean Peninsula necessitates the use of simulated ground motions derived by GMM
for the development of ground motion prediction equation and engineering design for
Korea. Ground motion model (GMM) as a function of magnitude and distance is the
essential component of stochastic simulations. It is defined as the product of source,
path and site effects operators.

Ground motion data recorded from Gyeongju (M,, 5.4,2016.09.12) and Odaesan
(M, 4.72,2007.01.20) earthquakes are used to examine the parameters of GMM. For
the earthquake source, the equivalent point-source model with 1-corner frequency is
adopted. The values of stress parameter for Gyeongju and Odaesan earthquakes are
proposed by the spectral values observed near the source, and given by 831 bars and
50 bars, respectively. For the path effect, geometrical spreading of R™*2 within 70 km
proposed by Atkinson (2004) is adopted, and The anelastic attenuation with Q(f) from
the recorded data of Gyeongju earthquake is modeled by 210/°%¢%*. For the site effect,
the high-frequency decay factor k, for Gyeongju and Odaesan earthquakes is given
by 0.0144 sec, and 0.0142 sec, respectively. The site condition is assumed to be
generic rock (Vs 30 = 760 m/s).

The synthetic earthquake accelerograms, when M,, >6.0 earthquakes would
occur, are simulated using GMM derived from 2016.9.12 Gyeongju earthquake records.
RSA by 200 synthetic accelerograms are compared with design spectrum of KBC. The
characteristics of earthquake ground motions with M,, 6.5 for near source distance
expected in Korean peninsula can be summarized as follows: (1) RSAs at the short
periods can be twice as large as the KBC accelerations. (2) RSDs at the long periods
larger than 1.5 sec are bounded by some value, such as 6 cm for soil condition, Sg.
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1. INTRODUCTION

Engineers require predictions of earthquake ground motions for future events to
determine the earthquake-driven forces and deformations for structural design. Ground
motion model (GMM) is widely used to develop ground-motion prediction equations
(GMPEs) as an alternative to empirical methods, particularly in stable continental
regions where empirical data are limited (e.g., Atkinson and Boore, 1995, 2006). GMM
is a useful tool in engineering seismology due to their simplicity and success in
predicting ground motions at frequencies of common engineering interest.

The M,, 5.4 Gyeongju earthquake of September 12 2016 (35.74N, 129.18E) was
strike slip event at depths of range between 11 and 16 km (Hong, et al. 2017). It was
felt over an epicentral distance of approximately 300 km, producing the strongest
shaking ever felt in Seoul (epicentral distance of approximately 250 km). Gyeongju
earthquake is the largest event since 1978, occurred in Korean Peninsula. Before
Gyeongju earthquake occur, The M,, 4.72 Odaesan earthquake of January 20 2007
was the largest event. With an epicentral intensity of 8 (Hong, et al. 2017), Gyeongju
earthquake caused damage to several structures and non-structures in the epicentral
area. This event provides a unique opportunity to examine the properties of moderate
earthquakes in Korean Peninsula.

The purpose of this study is to propose the appropriated values of the GMM
parameters for Korean Peninsula using recorded data from Gyeongju (M,, 5.4, Sep. 12,
2016) and Odaesan (M,, 4.72, Jan. 20, 2007) earthquakes, and estimate strong
ground motions with M,, > 6.0. The 5% damped response spectral accelerations of
the strong ground motions simulated using GMM derived from Gyeongju earthquake
records are compared to KBC design spectrum.

2. DESCRIPTION OF THE STOCHASTIC GROUND MOTION MODEL

In the stochastic simulations method, the ground motion is modeled as filtered
white noise (Gaussian) modulated by a deterministic envelope function with a specified
set of seismological parameters (Boore 2003). The parameters are determined by
matching the properties of empirically defined spectra for strong ground motions with
theoretical spectral shapes or using reliable physical characteristics of the earthquake
source and propagation media (Hanks and McGuire 1981, Boore 1983, 2003). Boore
(2005) developed the stochastic point-source model SMSIM to simulate synthetic
accelerograms for the use of the development of ground motion prediction equation
(GMPE) and probabilistic seismic hazard analysis (PSHA).

In the point-source model, the total Fourier amplitude spectrum (FAS) of the
horizontal ground motion due to the shear-wave propagation in an elastic half-space
can be modeled as the Eq. (1) (Boore 2003):

A(M,, f,R) = E(M,, f)P(R, F)G(HI(f) 1)

where M,is the seismic moment (dyne-cm), R is the source-to-site distance (km), f is
the frequency (Hz), E(M,,f) is the source spectrum, P(R,f) is the path attenuation
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factor, G(f) is the site-response factor. The type of ground motion is controlled by
1(f), defined as (2rfi)", where i =+/—1 and n =0, 1, or 2 for displacement, velocity,
or acceleration, respectively. The moment magnitude, M,,, is usually used rather than
the seismic moment, M,, as more familiar measure of earthquake size. M,, has a
unique relationship with M, (Hanks and Kanamori, 1979):

2
M, = glogM0 -10.7 (2)

2.1 The source
Brune (1970) proposed a simple model, S(f), for the earthquake source, which

can generate the Fourier amplitude spectrum for the displacement of seismic shear
waves as given in Eq. (3). The corresponding Fourier amplitude spectrum for specified
magnitude is derived as given in Eq. (4).

1
1+ (F/f,)? @)

E(M,, f) = CMoS(f) = % 4)

S(f) =

where the corner frequency f. (Hz) can be related to the stress drop, Ac (bar).
Following Brune (1970 and 1971), the corner frequency is given by the following Eq. (5):

f. =49 x 10°B(Ac/M,)*/3 (5)

where f. isinHz, g (the shear-wave velocity in near the source) in km/s, Ao in bars,
and M, indyne-cm. Mid-crust scaling factor, C,introduced in Eq. (4), is given in below:

__RpVF ©
4mpB R,

where R, is the wave radiation pattern (= 0.55), V is the partition of total shear-wave
energy into horizontal components (= 1/+/2), F is the effect of the free surface (taken
as 2 in this study), p is the density in the vicinity of the source, and R, is a reference
distance, usually set equal to 1 km. p and g is assumed to be 2.7 gm/cc and 3.5
km/sec for Korean Peninsula, respectively. Readers should be careful to convert all

guantities into common unit of parameters. Fig. 1 shows the example of source
spectrum with M, 6.5.
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Fig. 1. Fourier amplitude spectrum for  Fig. 2. Geometrical spreading proposed by
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acceleration (gs) using Brune (1970) model Atkinson (2004)
(Eq. (4)
2.2 The path

The path effect is advisable to represent the effects of the path by simple
functions that account for geometrical spreading, anelastic attenuation, and the general
increase of duration with distance due to wave propagation and scattering. The
simplified path effect P(R, f) is given by the multiplication of the geometrical spreading
R™ and Q(f) = Q,f" functions.

P(R,f) =R™ exp (;:{f;) (7

In this study, R™ can be assumed to decay with the proposed trilinear
relationship of Atkinson (2004) (Fig. 2):

R13 R <70
R" = 70~13(R/70)°2 70 <R < 130 8)
70713(130/70)°2(R/130)™°5 130 <R

Boore et al. (2010) note that the R™!? rate of Atkinson (2004) in based on empirical
regression of a large ENA databased of Fourier spectra from small-to-moderate events.
These data provide compelling evidence that the geometrical spreading rate within 70
km is faster than R

The anelastic attenuation factor includes all the losses which have not been
accounted for by the geometrical spreading factor. The Q factor depends on the wave-
transmission quality of rock in the region and hence it is not unique, and has to be
determined by seismological monitoring.

The distance-dependent duration is an important function, for the peak motions
decrease with increasing duration, all other things being equal. Although the Fourier
amplitude spectrum of the ground motion Eq. (1) is not dependent on the duration, it is
definitely a function of the path, as well as the source. The effective earthquake

durations, T,,,, can be predicted using the relationship:



The 2017 World Congress on
Advances in Structural Engineering and Mechanics (ASEM17)
28 August - 1 September, 2017, llsan(Seoul), Korea

Ty = To + bR 0 (

where T, is the source duration and bR represents a distance-dependent term that
accounts for dispersion. The source duration was assumed that T, = 1/(2f.). The
distance dependence of duration model is proposed by Atkinson and Boore (1995) as
trilinear, using the transition distances 70 and 130 km for consistency with the
attenuation model; the slope b is0.16 for10 < R <70 km, -0.03for70 < R <130 km,
and 0.04 for 130 km < R. The duration function affects on the shape and amplitude of
time-histories and response spectra of synthetic ground motions.

2.3 The site
The modification of seismic waves by local site conditions can be separated the
diminution and amplification, as follows:

G(f) = D(HA(f) (10)

The diminution, operator D(f) in Eq. (10) accounts for the path-independent
decay of high-frequency in the ground motions.

D(f) =e ™™ ¥ (11)

D(f) has similar expression with anelastic attenuation factor. Some studies notes
these two factors as follows:

high frequency decay factor = e~ (Kot xgR) (12)

where k, is 1/Qp.
The change in amplitude of seismic shear waves crossing the boundary between

two mediums (from A to B) is in accordance with the principle of the conservation of
energy. The amplification factor A(f) has been defined by the following relationship

(Boore and Joyner, 1997):

PaBa

A= Pz Be

(13)

where p,, pg,and B,, [ are the densities and the shear wave velocities respectively
for the two mediums. In this study, site conditions at all stations in South Korea are
assumed to be generic rock (Vs3o = 760 m/s).
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3. THE EARTHQUAKE EVENT IN KOREAN PENINSULA

3.1 Seismicity of Korean Peninsula

A seismological model based on stochastic methods such as SMSIM (Boore,
2005) was used to determine the appropriate values of the seismological parameters in
Korean Peninsula by benchmarking recorded ground accelerograms from recent 15-
years Korean earthquakes whose magnitudes are M, 4.5to 6.0 earthquakes including
the Gyeongju (M,, 5.4,2016.09.12) and Odaesan (M,, 4.72,2007.01.20) earthquakes.
The epicenters of earthquakes whose M,, are larger than 4.5 in recent 15 years in
Korean Peninsula listed in Tablel is shown in Fig. 3. M,, and distance distribution of
those data is shown in Fig. 4. M, values are reported by KMA (Korea Meteorological
Administration) and M,, values reported by USGS. The first three earthquakes in
Table 1 are fore- (No. 3), main (No. 2), and aftershock (No. 1) of Gyeongju earthquake
events, respectively.

Table 1. Earthquakes with magnitude M,, =4.5in the last 15 years in Korea

No.  MM/DD/YY HH:MM:SS Latitude (°N) Longitude (°E) M, My,
1 09/19/16 20:33:58 35.74 129.18 45 46 Inland
2 09/12/16 20:32:54 35.76 129.19 58 5.4 Inland
3 09/12/16 19:44:32 35.77 129.19 51 49 Inland
4 07/05/16 20:33:03 35.51 129.99 5.0 -
5 04/01/14 04:48:35 36.95 124.50 5.1 -
6 05/18/13 07:02:24 37.68 124.63 4.9 -
7 04/21/13 08:21:27 35.16 124.56 4.9 -
8 01/20/07 20:56:53 37.68 128.59 48 472  Inland
9 05/29/04 19:14:24 36.80 130.20 5.2 -
10 03/30/03 20:10:53 37.80 123.70 5.0 -
11 03/23/03 05:38:41 35.00 124.60 4.9 -
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Fig. 3. Map of stations and epicenters of Fig. 4. M, and distance distribution
earthquake whose M,, =4.5 inrecent 15 years. of data listed in Table 1.

3.2 Gyeongju earthquake
The M,, 5.4 Gyeongjuearthquake of September 12 2016 (35.74N, 129.18E) was

strike slip event at depths of range between 11 and 16 km (Hong, et al. 2017). It was
felt over an epicentral distance of approximately 300 km, producing the strongest
shaking ever felt in Seoul (epicentral distance of approximately 250 km). Gyeongju
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earthquake is the largest event since 1978, occurred in Korean Peninsula. With an
epicentral intensity of 8 (Hong, et al. 2017), Gyeongju earthquake caused damage to
several structures and non-structures in the epicentral area. Fig. 5 shows the damages
during Gyeongju earthquake. The brittle shear failure occurred at short columns under
the roof of the temple as shown in Fig. 5(a). Many nonstructural failures occurred such
as falling of oriental-roof tiles, glass breakage at the stores as shown in Fig. 5(b) and
(c). Because Gyeongju is the ancient capital of Silla during 1st to 9th centuries, many
cultural heritages were damaged or deformed as shown in Fig. 5(d).

(@) (Lee 2017)
Fig. 5. Damage and

To obtain the spectral decay parameter k, Fourier transforms of the shear waves
were computed from recorded accelerograms. Hanks (1982) suggests that, in general,
the acceleration spectrum is decays rapidly above the corner frequency, f..- Fi0. 6
shows a predominantly exponential decrease in spectral amplitude. By analogy to Fig.
6, one would pick f, ., atabout 10 Hz for the spectrum. Frequencies higher than 25
Hz were considered potentially unreliable on some of these records in these
earthquake data. The resulting parameters of high-frequency decay factor for the
Gyeongju earthquake listed in Table 2 are shownin Fig. 7. To calculate the hypocentral
distance, the focal depth was assumed to be 10 km. The minus value of Kk in Table 2 is
treated as error and are not considered. The k values for Gyeongju earthquake can be
described by equation as follows:

K=Ky— KqR = 0.0144 — 0.0000725R (14)
0.1 « 008
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Fig. 6. Fourier amplitude spectrum of the Fig. 7. Values of k for the frequency
EW component of ground motion recorded band 10 to 25 Hz derived from

at USN station during the Gyeongju EQ. Gyeongju earthquake accelerograms.
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Table 2 Gyengju earthquake: seismic stations used in validation of characteristic of
high-frequency decay

No Station Ryye K No Station Ruyp K No Station Ryve K

ADOA 78  0.0274 | 22 GIC 127 0.0058 || 43 PHA 53 0.011
AMD 330 0.0144 || 23 GMDB 286 0.0343 | 44 PORA 300 0.0306
BAR 556 0.0721 | 24 GOS 430 0.055 | 45 PUA 276  0.0338
BSA 76  0.0256 | 25 GUM 114 0.0433 || 46 PYC 201 0.0119
BUS 58 0.002 26 HACA 116 0.0336 || 47 SAJ 136 0.0114
CEJA 218 0.0333 || 27 HALB 418 0.0678 | 48 SCHA 231 0.0291
CHO 227 0.0296 || 28 HCNA 116 0.0222 | 49 SGP 409  0.0416
CHR 82 00175 || 29 HWCA 322 0.032 || 50 SUCA 233 0.0214
9 CJD 380 0.0473 | 30 IJAA 276 0.0423 | 51 TEJ 214  0.0422
10 CSO 72 0.0473 | 31 IMSA 213 0.0272 || 52 TOHA 195 0.0073
11 DAC 550 0.0184 | 32 INCA 344 0.0408 || 53 ULDB 276 0.0219
12 DAG 34  0.0095 | 33 JINA 146  0.0307 || 54 USN 14  0.0297
13 DAU 66 -0.0182 | 34 JJIU 392 0.0392 | 55 YAPA 270 0.0329
14 DDC 336 0.0738 || 35 JNPA 215 0.0221 | 56 YAYA 257  0.0489
15 DEI 382 00364 || 36 KMSA 194 0.0333 | 57 YCH 129  0.0333
16 DKJ 25 00175 || 37 KUJA 117 0.0192 || 58 YESA 198 0.0123
17 ECD 360 0.0408 | 38 MAN 332 0.0377 | 59 YKDB 163 0.0283
18 EUS 87 0.0132 | 39 MIYA 50 0.0257 || 60 YNDB 214 0.0298
19 GAHB 375 0.0544 | 40 MKL 12 0.0142 | 61 YOC 37  0.0089
20 GBI 416 0.0281 | 41 MOP 330 0.0582 | 62 YOD 90  0.0369
21 GGDB 491 0.0497 | 42 OYDB 351 0.0303 || 63 YPDB 439 0.0541

1
2
3
4
5
6
7
8

The Q(f) function was modeled by using GMM with determined parameters
such as geometrical spreading, and site effects, and assumed stress parameter = 200
bars which is reasonable value for intraplate regions. And site amplification factor is
also assume to be same value for generic rock in ENA proposed by Atkinson and
Boore (2006). This inversion technique using GMM (Eq. 1) is described as follows:

_ﬂfR)z OBS/ CMo(2nf)” ne-mfkg %

Wil T+ G/ (onBs (15)

-

The resulting parameters of anelastic attenuation for the Gyeongju earthquake
with reference distance, 40 km are shown in Fig. 8,and Q(f) for Gyeongju earthquake

is described as follows:

Q(f) = Q,f" = 2100664 (16)

A Stress parameter is determined to simulate the ground motion of Gyeongju
earthquake at the near-source distances. Because the losses caused by Gyeongju
earthquake were near to the epicenter, and far-distance ground motions of moderated-
size earthquake do not usually cause damage to structures.

To determine the stress parameter for Gyeongju earthquake, Synthetic
accelerations are simulated at the distance of the nearest 3 stations. And a residual,
defined as log(RSA,gs /RSAg,,), was computed for records of the nearest 3 stations for
a given stress parameter using the point source simulation program, SIMSM (Boore,
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2005). When the average value of residuals is to be zero, the given stress parameter
has suitable value. The stress parameter for each earthquake was determined from
short-period RSA (0.2 sec). Fig. 9 shows a distribution of residual values with the best
fit to the records at the near source distances. By the same procedure, stress
parameters of foreshock (M, 4.9) and aftershock ( M,, 4.6) of the Gyeongju
earthquake are determined to be 304 bars and 31 bars, respectively.
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Fig. 8. Anelastic attenuation factor, Q(f)  Fig. 9. Distribution of residual values with
for the Gyeongju earthquake with the best fit value of Ac = 831 bars.
reference distance, 40 km.

Response Spectral accelerations (RSA’s) of the synthetic earthquake
accelerograms are compared with RSA’s obtained from those of Gyeongju earthquake
in Fig. 10. Since the value of stress parameter was determined to match the near-
source accelerogram, RSA’s at 12 km, 14 km, and 25 km distances are similar between
the synthetic and real accelerograms. But the estimation by synthetic accelerograms
are very conservative atthe far distance.
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Fig. 10. Comparison of RSAs with Gyeongju EQ records and simulated seismograms.
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Fig. 11 compares the

recorded accelergorams and the synthetic at the

hypocentral distances, 12 km, 14 km, and 25 km. some cases such as that of 12 km
distance, the synthetic record shows a larger PGA than the recorded over all synthetic
accelerograms simulate well the recorded in shape and duration.
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Fig. 11. Comparison of near source ground motions of Gyeongju earthquake and
synthetic ground motions corresponding to Gyeongju earthquake.

Fig. 12 (a) shows the comparison of PSA (T = 0.2 s) obtained from Saguenay
earthquake (M,, =5.8) which have the magnitude similar to Gyeongju earthquake, and
the attenuation curves by the several models. The model A0O4 presented the value of
stress parameter, 2161 bars. Fig. 12 (b) compares the GMM attenuation curve with the
PSA (T = 0.2 s) obtained from Gyeongju earthquake, where the GMM attenuation for
Gyeongju match well those from recorded ground motion, but in the conservative side
at the long distances. With this GMM, the synthetic accelerograms for the larger
magnitude earthquake are generated.

(a) Saguenay earthquake (Boore, et al, 2010)
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Fig. 12. Observations and predictions versus distance for (a) the 1988 Saguenay
earthquake and (b) the Gyeongju earthquake.
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3.3 Odaesan earthquake

The M,, 4.72 Odaesan earthquake of January 20 2007 (37.68N, 128.59E) was
strike slip event at depths of range between 3 and 10 km (Kim and Park. 2010). It is
second largest inland earthquake in Korean Peninsula. The resulting parameters of
high-frequency decay for the Odaesan earthquake listed in Table 3 are shown in Fig.
13. The minus values of k in Table 3 are treated as errors, and not considered. The k
values for Odaesan earthquake data can be described by equation as follows:

kK =Ky —k,R=0.0142 - 0.0000899R (17)

Table 3 Odaesan earthquake: seismic stations used in validation of characteristic of
high-frequency decay.
No Station Ruyp K No Station Rpuyp K No Station Rpyp K

1 AND 147  0.0506 24 HAN 414 0.0623 47 PHA 187  0.0432
2 ANM 282  0.0333 25 HOC 79 0.0346 48 POR 272 0.043

3 BON 154  0.0032 26 HUK 483 0.0644 49 SAC 265  0.0569
4 BRD 433  0.0471 27 ICN 138  -0.0028 | 50 SAJ 150 0.0264
5 BUS 277  0.0441 28 IMS 272 0.0437 51 SEO 187  0.0283
6 BUY 243  0.0237 29 INC 220 0.0342 52 SES 258  0.0165
7 CEA 176  0.0073 30 JAH 381 0.0443 53 SKC 68 0.008

8 CEJ 173 0.023 31 JAS 255 0.0473 54 SOD 181  0.0223
9 CHC 87 0.0082 32 JEC 73 0.0317 55 SWO 184  0.0038

10 CHJ 113  0.0076 33 JES 29 0.0197 56 TBA 74 0.0123
11 CHO 261  0.0577 34 JEU 306 0.0298 || 57 TEJ 199  0.0504
12 CHR 238 0.063 35 JIN 287 0.0577 58 TOH 63 0.0306
13 CHS 153  0.0596 36 JJU 525 0.0182 59 TOY 316  0.0278
14 CHY 90 0.012 37 KAN 33 -0.0001 | 60 uULJ 142 0.0371
15 CwO 127  0.0258 38 KOH 371 0.042 61 ULL 260 0.0703
16 DAG 216 0.0428 39 KOJ 210 0.0238 || 62 ULS 228 0.061

17 DDC 172 0.0332 40 KUJ 311 0.015 63 WAN 423  0.0816
18 DGY 9.4 -0.0034 41 KWJ 332 0.0443 64 wWJu 67 0.0066
19 EUS 146 0.0365 42 MAS 279 0.0129 65 YAP 124  0.0206
20 GUM 164  0.0404 43 MOP 403 0.0613 66 YJD 239  0.0678
21 GUS 272 -0.0029 44 MUS 204 0.0522 67 YOC 194  0.0384
22 HAC 240  0.0543 45 NAH 327  -0.0016 | 68 YOD 157  0.0454
23 HAD 300 0.0761 46 NAW 284 0.0252 69 YOJ 90 0.0193
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Fig. 13. Values of k for the frequency band Fig. 14. Distribution of residual values
10 to 25 Hz derived from Odaesan with best fit value of Ac =50 bars.

earthquake accelerograms.
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Stress parameter for Odaesan earthquake is determined by the same procedure
of the Ao determination of Gyeongju earthquake. Fig. 14 shows distribution of residual
values with best fit value of Ac = 50 bars for Odaesan earthquake. The duration of
window function, t,, used in stochastic simulations of time series of SMSIM is

represented as follows:
ty = 1y X Tgm (18)
where, T,,, is the ground motion duration depicted in Eq. (9), and Boore (2003) find a

good comparison between response spectra computed using the box and exponential
windows if ngm= 2.0. Fig. 15 shows rms durations of records from Gyeongju and
Odaesan earthquakes, and the duration model ¢,. The rms durations of simulated
accelerograms corresponding to t, model are also compared in Fig. 15. Example of
determination of rms duration is described in Fig. 16. The t, model provides good fits
to the earthquake data in Korean peninsula. The computed 5% damped acceleration
response spectra of the synthetic earthquake accelerograms are compared with RSA’s
obtained from those of Odaesan earthquake in Fig. 17. RSA’s at near-source distances

are similar between synthetic and real accelerograms. In general, the point-source
model provides a good match to the spectra computed from the recorded motions.
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Fig. 15. Comparison of ¢, model and Fig. 16. Estimation of rms duration of
the rms durations of records from acceleration for a record at station ADO
Gyeongju and Odaesan earthquakes. (EW component of Gyeongju EQ).
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Fig. 17. Comparison of RSAs with Odaesan EQ records and simulated seismograms.
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4. EVALUATION OF THE EFFECT OF THE MAGNITUDE AND DISTANCE ON
DESIGN EARTHQUAKE

The synthetic earthquake accelerograms, when M, 6.5 earthquake would occur,
are shown in Fig 18(a) and the RSA of this synthetic record is compared with RSA of
1985 Nahanni earthquake in Canada (M,, = 6.9) in Fig. 18 (b). In spite of small
difference in M,,, these records have similar values of RSA.

= 2 t Simulated seismogram, M,,=6.5, Ri;ypo = 10 kin N ' ‘ — . ;SIM’ ' ‘
E ! 7 Nahanni EQ, R = 9.6 km, EW | |
‘5 0 F A gm Nahanni EQ, R =9.6km, NS |
3 f @
8-+ . 1
< b
2 1 L — ———— —
0 5 .10 15 20 2 25 3 3.5 4
Time (sec) Period (sec)
(a) a sample accelerogram (b) Comparison with Nahanni EQ

Fig. 18. Estimation of ground motions with M, = 6.5 at source-to-site distance 10 km.

Fig. 19 compares RSA by 200 synthetic accelerograms using GMM based on
2016.9.12 Gyeongju earthquake records with design spectrum of KBC. The GMM uses
the value of stress parameter, 831 bars and it is shown in previous section that the
RSA by this GMM matches well the RSA by the Gyeongju earthquake records at near
source distances with RSA by this GMM being conservative at the far-source distance.
The soil condition assumed in GMM is NEHRP B/C boundary (Vsz3zo = 760 m/s) while
design spectrum is based on Sg (Vs30= 760 m/s ~ 1,500 m/s). RSA’s for median +10
by the synthetic ground motions generated for M,, = 6.5 and source-to-site distance =
30 km are twice larger than those by KBC 2016 (Korean Building Code) site: B in the
range of short periods with Sy being less than, or equal to 6 cm. The cross point
between ADRS by the synthetic and ADRS by KBC 2016 implies the second corner
period for constant displacement region, herein T = 1.3 sec, which is similarto T, =1.5
sec in the Australian code. The characteristics of earthquake ground motions for near
source distance expected in Korean peninsula can be summarized as follows:

(1) The accelerations at the short periods can be twice as large as the KBC
accelerations.

(2) The displacements at the long periods larger than 1.3 sec are bounded by some
value, such as 6 cm for Sg soil condition.

Another case for M,, = 6.0 and source-to-site distance = 20 km is shown also in
Fig. 19 (b). The trend is that the RSA in short periods become 20% higher and the Sqin
long period much lower than the precious case for M,, =6.5, source-to-site distance =
30 km.
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Fig. 19. Comparison of RSA by 200 synthetic accelerograms using GMM based on
2016.9.12 Gyeongju earthquake records and design spectrum of KBC.

5. CONCLUSIONS

In this study, GMM with appropriated parameters is used to estimate the strong
ground motions with M,, > 6.0 in moderate seismicity region such as Korean
Peninsula, Ground motion data recorded from Gyeongju (M,, 5.4, 2016.09.12) and
Odaesan (M,, 4.72, 2007.01.20) earthquakes are used to examine the parameters of
GMM.

For the earthquake source, the equivalent point-source model with 1-corner
frequency is adopted. The stress parameters for Gyeongju and Odaesan earthquakes
are proposed by the spectral values observed near the source. For the source model,
stress parameters of Gyeongju earthquake: foreshock (M,,= 4.9, 2016.09.12), main
shock (M,,= 5.4, 2016.09.12), and aftershock (M, = 4.6, 2016.09.19) and Odaesan
earthquake are given by 831 bars, 304 bars, 31 bars, and 50 bars, respectively. For the
path effect, geometrical spreading of R within 70 km proposed by Atkinson (2004) is
adopted, and The anelastic attenuation with Q(f) from the recorded data of Gyeongju
earthquake is modeled by 210/%¢*. For the site effect, the high-frequency decay
factor k, for Gyeongju and Odaesan earthquakes is given by 0.0144 sec, and 0.0142
sec, respectively. The site condition is assumed to be generic rock (Vszo = 760 m/s).
The duration model for ENA is evaluated the appropriateness for Gyeongju and
Odaesan earthquakes data. RSAs of simulated records matches well the RSAs by the
near source distances records of Gyeongju and Odaesan earthquakes.

The synthetic earthquake accelerograms, when M,, >6.0 earthquakes would
occur, are simulated using GMM derived from 2016.9.12 Gyeongju earthquake records.
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RSA by 200 synthetic accelerograms are compared with design spectrum (Sg site) of
KBC. The characteristics of earthquake ground motions with M, 6.5 for near source
distance expected in Korean peninsula can be summarized as follows: (1) RSAs at the
short periods can be twice as large as the KBC accelerations. (2) RSDs at the long
periods larger than 1.5 sec are bounded by some value, such as 6 cm for soil condition,
Ss.

In the further researches, the effects of the amplifications at different soll
conditions should be considered.
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