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/] ABSTRACT /

Recently, some of the most destructive earthquakes have occurred in South Korea since earthquake observations began in 1978. In
particular, the soil liquefactions have been reported in Pohang as a result of the ML 5.4 earthquake that occurred in November 2017.
Liquefaction-induced ground deformations can cause significant damage to a wide range of buildings and infrastructures. Therefore, it is
necessary to take practical steps to ensure safety during an earthquake. In the current seismic design in South Korea, the Hachinohe
earthquake and Ofunato earthquake recorded in Japan, along with artificial earthquakes, have been generally used for input motions in
dynamic analyses. However, such strong ground motions are only from Japan, and artificial earthquake ground motions are different from
real ground motions. In this study, seven ground motions are selected, including those recorded in South Korea, while others are
compatible to the current design spectra of South Korea. The effects of the newly selected ground motions on site response analyses and
liquefaction analyses are evaluated.
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Fig. 1. Acceleration time series and response spectra of the ground motions used in the current seismic design process
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Table 1. Information of ground motion records selected in this study

Earthquake Country Year Magnitude (M) | Distance (Km) PGA (g) |Mean Period (sec)
1 Gyeongju Korea 2016 5.8 9.1 0.41 0.15
2 Pohang Korea 2017 54 9.5 0.27 0.48
3 Hokkaido Japan 2018 6.7 26 0.17 0.52
4 N. Palm Spring USA 1986 6.06 16.55 0.13 0.15
5 Kozani_Greece-01 Greece 1995 6.4 14.13 0.21 0.28
6 Sierra Madre USA 1991 5.61 10.36 0.28 0.25
7 L'Aquila (aftershock 1) _ ltaly Italy 2009 56 14.95 0.14 0.32
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Fig. 2. Acceleration time series of the seven raw ground motions recorded in the directions of (a) East-West and (b) North-South
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Table 2. List of relationships between VS and N-value and soil/rock type used in the study

Researcher

Proposed equation

Soil type

VS = 82.01*N*3* Sand

VS = 78.63*N**'

Gravel

Sun et al. (2008) [13]

VS = 75.76*N**""

Weathered soil

VS = 107.94*N*4®

Weathered rock

VS = 65.64*N>47 All
Sun et al. (2012) [14] VS =1300 Hard rock
VS =650 Weathered rock
Sun et al. (2012) [14]
VS = 1300 Hard rock
VS = 151.2*N0%% Clay
VS = 173.9*N>'™® Sand
KLHC (2009) [15] VS = 175.6*N%'®! Gravel

VS = 163.9*N°2

Weathered soil

VS = 182.3*N*#*

Weathered rock

Sun et al. (2012) [14]

VS = 1300

Hard rock

Table 3. Site classes for South Korea [3]

Criteria
Classification Description
Bedrock depth, H (m) Average Vs of soil layer, Vs,soil (m/s)

Sy Rock H<1 -

S . 1<H=<20 260 < Vs,soil

Shallow and stiff layer -
Ss3 Shallow and soft layer Vs,soil <260
Sy ) 20<H 180 < Vs,soil
Deep and stiff layer -

Ss Deep and soft layer Vs,soil < 180
Ss Need specific calculations
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Table 4. PGA at the bed rock and ground surface with different
input motions for a return period of 500 years

. PGA (g)
Earthquake Site class
Bed rock Surface
S2 0.143
) S3 0.154
Hachinohe 0.113 ——
S4 0.106
S5 0.150
S2 0.163
S3 0.156
Ofunato 0.111 —
S4 0.104
S5 0.113
S2 0.185
e 83 0.156
Artificial 0.118 ——
S4 0.098
S5 0.098
S2 0.168
. S3 0.139
This study 0.164 S —
S4 0.092
S5 0.094
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Fig. 9. Estimated PGA with depth for the four selected sites
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prediction results (Recurrence period: 500 years)
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