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Simulation of Ground Motions from Gyeongju Earthquake using
Point Source Model
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/] ABSTRACT /

In low to moderate seismic regions, there are limited earthquake ground motion data recorded from past earthquakes. In this regard, th
e Gyeongju earthquake (M=5.8)occurred on September 12, 2016 produces valuable information on ground motions. Ground motions w
ere recorded at various recording stations located widely in Korean peninsula. Without actual recoded ground motions, it is impossible t
o make a ground motion prediction model. In this study, a point source model is constructed to accurately simulate ground motions rec
orded at different stations located on different soil conditions during the Gyeongju earthquake. Using the model, ground motions are ge
nerated at all grid locations of Korean peninsula. Each grid size has 0.1°(latitude)x0.1°(longitude). Then a contour hazard map is constr
ucted using the peak ground acceleration of the simulated ground motions
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(a) Roof tiles falling off

(b) Damage to concrete fence

(c) Damage to concrete wall

Fig. 1. Example of Gyeongju earthquake damage
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Table 1. Parameters for A(f) [Equation (1)]

C, Scaling factor
XFXV
C= LX l
4mpB’ v

R, : radiation pattern averaged over an appropriate range

Equation

of azimuth and take-off angle (=0.63)
F': free surface effect (=2)
V. partition of a vector into horizontal component( =0.707)
p - soil density (=2.7 glcm?)
(3 : shear wave velocity (=3.5 km/s)
~ : distance scaling factor accounting for geometric spreading
of body waves radiated from a point source

Parameters

S(f), Source spectral function
M,

SH =13 (/1.

M, : seismic moment

Equation

M, seismic moment magnitude[= %logl% —10.7]
Parameters (M, =5.4 for Gyeongju earthquake )
1, : comer frequency[=4.9 < 10°3(Aa/ M, )'/?]
Ao : stress drop[ = 100bar] (Jo and Baag, 2001)
D(f), Diminution function
D(f) = exp(*miqu) xexp(—mk, f)
k : spectral decay parameter[= r, +r, X R]
K, = 16107 (£3.9107 %)
Kk, = 1.4x1073(£3.8 <10 %)
(Noh and Lee, 1994)
I(f), Shaping factor
I(f) = @2rf)

p: 0,1, and 2 for displacement, velocity and acceleration,
respectively

Equation

Parameters

Equation

Parameters
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Fig. 2. Epicenter of Gyeongju earthquake and record stations

Table 2. Epicentral distance and PGA for each record station

station site latitude | longitude epicenter PGA(g)
name distance
MKL [Myeonggye—ri| 35.7322 | 129.2420 5.86 0.4335
USN Ulsan 35.7024 | 129.1232 8.23 0.6161
DKJ | Deokjeong-ri| 35.9468 | 129.1089 22,15 0.1293
MIYA Miryang 35.4916 | 128,7444 | 50.03 0.0473
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Table 3. Soil profiles near each record station

Alluvium  Weatered rock soft rock

Vo (m/s) 350 650 1700

Density (kg/m®) 1900 2100 2300
MKL Station

Depth(m) | 50 16 9.8
USN Station

Depth(m) 6.5 4.0 0.0

52 9.8 1.0

7.9 0.0 0.0

52 4.6 0.0

9.0 0.0 0.0

6.5 35 0.0

10.0 0.0 0.0
DKJ Station

Depth (1) 35 6.5 0.0

8.5 1.5 0.0

4.4 0.0 1.0

6.5 0.0 1.5

55 1.0 1.0

55 1.3 1.0
MIYA Station

Depth(m) 0.1 15.0 0.0

0.1 74 1.0

0.1 20.0 0.0

0.1 30.0 0.0

0.1 22.0 0.0

16.8 3.2 0.0

17.3 27 0.0

12.0 0.0 0.0

13.0 0.0 1.0

18.3 47 20
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Fig. 3. Soil amplification factor for each record station
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Fig. 4. Accelerations of simulated and recorded ground motions for each record stations

Table 4. PGAs for simulated and recorded ground motions

PGA(g)
station site recorded ground motion
name simulated ground motion
EW component NS component

MKL Myeonggye-ri 0.2881 0.3437 0.2644

USN Ulsan 0.4398 0.4649 0.4042

DKJ Deokjeong-ri 0.0813 0.0729 0.1068

MIYA Miryang 0.0263 0.0333 0.0309
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Fig. 5. Response spectra of simulated and recorded ground motions

Table 5. PGAs of ground motions for record stations (site class SB)

PGA(g)
site record station site class simulated recorded ground motion
ground motion | EW component NS component

(@) Daegu DAG2 SB 0.0484 0.0510 0.0486
(b) Uljin UJN2 SB 0.0086 0.0069 0.0053
(c) Chungju CHJ2 SB 0.0055 0.0041 0.0041
(d) Jeonju CHO SB 0.0048 0.0032 0.0053
(e) Suncheon SCH SB 0.0045 0.0029 0.0030
() Gongju KOJ2 SB 0.0042 0.0033 0.0029
(9) Cheonan CEA SB 0.0040 0.0025 0.0035
(h) Goheung KOHB SB 0.0038 0.0030 0.0039
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