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ABSTRACT: Earthquakes cause various seismic hazards such as ground motion, liquefaction, landslides, and
surface rupture. We focused on potential seismic landslide hazard assessment in Busan Metropolitan City, Korea.
The study area is the largest city close to the epicenter of a recent series of mid-scale earthquakes (Gyeongju and
Pohang earthquakes). Three faults of the Yangsan fault system pass through the city, and there are many steep slopes
in the city. We chose the Newmark displacement model for estimating, which is known to best match the
earthquake-induced landslides. The results reveal that the ‘very high’ grade areas are concentrated in Mt.
Geumjeong, Mt. Backyang, Mt. Seunghak, and the slopes of Cheolma-myeon in the north-central part of the study
area. We used parameters such as saturation, cohesion, unit weight, and soil thickness in the Newmark model based
on reference and estimation. Therefore the parameters have estimation uncertainties and spatial variability, and
the results imply uncertainty. Accurate geological and geotechnical data are required for reliable seismic landslide
assessment, which can be useful for mitigating the risk of seismic landslides and for policy.
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(Huang et al., 2002; Wang ef al., 2014; Zhang et
al., 2014; Chen et al., 2017a, 2017b; Fan et al.,
2017; Ferrario, 2019). ©]2{3t X|AA] AALE= o
e Qluise AT shE Fuksty) gie] 1
o8)E Fol7] $istel ARAA| Ale] B WY
AH(Jibson et al., 2000), 2| A 2E-L 0] 83} X
A3 AR A-E(Dreyfus et al., 2013), A 24 At
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2011; Guo and Hamada, 2013), A4 AbALE] &
¥ WA Y (Huang et al., 2012) 5 o2 A4}
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(Lee et al., 2013; Seo et al., 2019). A7 A A7 2
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G (Um, 2019) 20169 BFA (M, 5.8)0]] 9
St A9 A2 A (Kim and Lee, 2019)9]
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(Jeon et al., 2014; Lee et al., 2014), AFA]F(Cho
et al., 2003)0]| A Newmark ¥ 222 F3+ A+
7t 2o it gik SR, olF A7 A% Akl
& drem o AE 7 Bellie A
S}717} ol 2ol 217] ot Al AHlolAle] BEH
AR L AN T2l Qgich uebA o]
H A= oA ARALE F ool 7MY =2 F
ARFAAIE AGS o2 AXLAYA] A==
AR ASlE EAlskaL, FeFR ol sl 3 A
Ay 2 mhof 7] ofsfarzt gt

2. 84 7]

=

HI

Newmark ¥} &2 X ZEMIA] APAR}2]7} o
Abel= uly] EA|(sliding mass)S b EHEHA
E-Z(sliding rigid-block) 2.2 7[435} AlHS] H Y
£ A5k oIt E 1a%} 1b). @A ES
o] o] AR 74 (0) S F M (critcal
acceleration, « )2} g o], | AEAYA] SEHAEE
2ol ZR83= 7= (a(t), g7t FEVISEHET I
E50| AFAE wet wiEgo] TR (Newmark, 1965;
Jibson et al., 2000)(L& 1b%} 1¢). o]uj, ApHI} &
BHEEE A2 AHel SEjo|S ),
7HEE7F FEIIEE ofstE HojHk £271 09]
2 uj7ka] AABo] A, o|F 7idwr} o)
BrlsES 2] ARs SRR ¥
23} 50| W, of7| 4 Fidrl FErlEE
£ 27l 7710 el 0|5 M R0 2 WS 78



ARILEA AFH HR{ S-S

4= QUtK(Seed et al., 1978)(2F lc). ©]% Wilson
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Jibson and Keefer (1993), Xu et al. (2012) S 2
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Fig. 1. Newmark displacement analysis approach. (a)
Sliding mass representation of actual slope during an
earthquake. (b) Sliding rigid-block analysis concept in
the Newmark displacement model during the earth-
quake (Kramer, 1996). (c) Development of displace-
ment for earthquake ground motion by critical accel-
eration (Wilson and Keefer, 1983).
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3 AL e Aole TARE FHTFO 2 3
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Fig. 2. (a) Location of Busan with major mountain ranges in South Korea. (b) Simplified geological map with major
mountains in Busan (modified from Lee and Kang, 1964; Lee and Kim, 1964; Park and Yoon, 1968; Son et al.,
1978; Chang et al., 1983; Cho et al., 2011). YF: Yangsan Fault, DF: Dongnae Fault, IF: llgwang Fault.
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1:5,000 =2 X F = E o]-&3}o] DEM (digital el-
evation model) = &, AAIEE EASIFtH1E
4b; 3t 2). FARFHA] A Q] HALE EA o A= A
® BA2Eo] 0-10°7F 50% o]4HE Ax|shes ol
TR A ] A B 417k o} WA B4
Fof 917] tjRolck. £4jo] ofel AU} F
gt Yoz EAF Ax, 20-30°9] APH0| 33%=
3 CEEEERECE SRR PR
7|5kt B30 BAE AR @A AR
Wol 14§83k, Alie) QAL S, A2 Sel
AFA 203} A7 291, ¥4 a3 22 A
oro] wharh, Eg 71 F s =4 2
2 )9 BERel Zzte] B4 Ro} ws
(4], 20-50 cm, 50-100 cm) & A1 TE7] wjEo] AR
o B7Psahc 3, W AT Aol EAL
E3Y Az 7Pt AbHY] QheS A st
on, B4 33RHE o gsle] B39 ZolE %
Bst71= Fot kA o AFolA= HAESE
EAY AHBAE St BEAS ASsten, 4
By} Fujel T Rateke AR A USGS
O] A|RFAN(4] 5)& &G THMin et al., 2005; 1

’ seismic hazard analysis

7 geotechnical data ‘ |
I |
v

seismic-related factors site classification

v

amplification factor

v
peak ground acceleration
]

I
factor of safety )—»( critical acceleration

Lseismic landslide hazard map]

Fig. 3. Flowchart of seismic landslide hazard assessment based on the prediction of the Newmark displacement.
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Table 1. Soil characteristics according to the lithological group of natural slopes in study area proposed by Kim (2007).

Descriptions Cohesion Frictional angle Specific gravity Void ratio
Symbol c o Gs e
Unit kg/cm’ ° - -
Group I 0.023 36.5 2.65 1.04
Group II 0.022 34.0 2.63 1.15
Group 11 0.018 32.4 2.64 0.97

N 35726'50.6” ™
NN

®

. . lithological group
‘ | I
|l

m
N 0 4km p N
N 34°59'04.9" T 2N 34°59'04.9"
N 3526'50.6" ™

0'72,59.921 3
@ 072,982} 3|

180 m/s
240 m/s

£ < I 280 m/s
3 ] 2 320 m/s
P r S 8 360 mis
2 ! 2 5% yomis
2 @6 520mis
S 620 m/s
£ g 760mis

nesses of soil and (d) site classification.
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Table 2. Distribution of slope angle in the study area.
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slope angle (°) Percentage all areas of Busan (%) Percentage of slopes (%)
0-10 51 19
10-20 20 30
20-30 19 33
30-40 9 16
greater than 40 1 2

Table 3. Site classification in study area with the mean Vs to determine amplification factors based on the site-specific

seismic response analysis in Korea (Sun, 2010).

G ) Criteria Amplification P
eneric Site Class Factors ercoentage
Description (%)
Vs, (m/s) VsDs (m/s) Fa Fv
rock B > 760 > 1760 Cs 1.00 1.00 53
weathered rock Cl > 620 > 620 Cs 1.28 1.04 21
shallow stiff soil c C2 > 520 >520Cs 1.45 1.09 11
) ) ) ) C3 > 440 > 440 Cs 1.65 1.13 7
intermediate stiff soil
Cc4 > 360 >360 Cs 1.90 1.19 3
D1 >320 >320Cs 2.08 1.23 2
D2 > 280 > 280 Cs 2.26 1.29 1
deep stiff soil D
D3 > 240 >240 Cs 2.48 1.36 1
D4 > 180 > 180 Cs 2.86 1.43 1
deep soft soil E < 180 < 180 Cs 1.50 2.00 0

Akl = (shear velocity, 75)& AW BE3F Lim
et al. (2020)2] AFZTE o] SIHATHIH 4d; &
3). AFd EA] €] Fdigho] 2.5 mE ¢ &7| wlio
27z7)0) ARt B7) o] A nke] ol
Acha gostel, AWNEEASE 9] SEAS
(Fa)Z ol&3teich. AR A} Eg S4o] ¥
oH XA wet U YO R FAstglom 12
7}, A4k B (Rock)7} 53%2 71 WL 49-S 247
3} A|HE C1 (weathered rock)©] 21%, A&t C2
(shallow stiff soil)7} 11% 2 2 Ve APHO &
e ukegith

4. 2| ZILEA| AFH 2] oS 23}
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Az 42 BUEY, A4}, BESFA S0
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2ol 7RG 9 LA F b2 vedit). 5
SE7h A ghe ESE A ok B
&8 gk 24 A3k dvAele) 3R 34
Ae] 53 Apei} soptte] NS AbE, Tgat
3} 34k Aol o] Aul Q12 Aol N 7147
ArjHoz 2o e Bt ofF AEe 35
o AAto] A3 1F o] LEshe 23} A7
gtk F A7 = Ao Qlo] =W WRIAA 7]
Z(MOCT, 2018)°)| A AXE 2,40082] 0.220 g
7|5kt 7R =R Ak, ANSEA LSS 5k
AR IEES ARSI IE Sb). 5D (deep
stiff soil)7} 323 T TS QL AHI S84
AR, 934t F7, Hubd QIS AFHOlA HR|
W7HE =7 A vebdt) E7RE=eF Z AR
7HEEE A 19] YEste] Newmark HE|E 4HE5}
Atk ==% Newmark H$]E Jibson and Micheal
(2009)7F AQket 47]9] SELE o] 17 63}
Zo] ZAI5FH. 01, Newmark H|e} AbALE] 2AY
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Fig. 5. Maps showing susceptibility to seismically triggered landslides in Busan. Susceptibility is portrayed in terms
of (a) critical acceleration (a.). The seismic scenario is portrayed in terms of (b) peak ground motion (PGA).
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Fig. 6. Map showing estimated Newmark displacement in the study area.
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