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Abstract Liquefaction is one of secondary damages after earthquake and has been rarely reported until earthquake
except Mw = 5.4 15 November 2017 Pohang earthquake in Korea. In recent years, Mw = 5.8 12 September 2016
Gyeongju earthquake and Mw = 5.4 15 November 2017 Pohang earthquake, which induced liquefaction, occurred in
fault zone of Yangsan City located at south-eastern part of Korea. This explains that Korea is not safe against
liquefaction induced by earthquake. In this study, the distance between the centroid of administrative district and the
epicenter located at Yangsan fault, peak ground velocity (PGA) induced by both Mw = 5.0 and 6.5, and liquefaction
potential index (LPI), which is calculated by using groundwater level and standard penetration test results of 274 in
the area of Gimhae city located in adjacent to Nakdong river and across Yangsan fault, have been estimated and then
kriging method using geographical information systems has been used to evaluate liquefaction effects on the damage
of facilities. This study presents that Mw = 5.0 earthquake induces a small and low level of liquefaction resulting
in slight damage of facilities but Mw = 6.5 earthquake induces a large and high level of liquefaction resulting in
severe damage of facilities.
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(b) Loma Prieta earthquake

(a) Niigata earthquake

Fig. 1. Earthquake-induced soil liquefaction[3-6]
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(c) Tohoku earthquake (d) Christchurch earthquake
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Table 1. Level of liquefaction severity[8]

LPI Severity
0 Very low
0<LPI<5 Low
5<LPI<15 High
15<LPI Very high
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Fig. 2. Flowchart to estimate LPI[12]
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Table 2. Distance from fault zone of Yangsan to

administrative district

Administrative district

Distance from fault zone of
Yangsan (Km)

Daedong-myeon 3.6
Saman-dong 10.1
Buram-dong 10.3

Sangdong-myeon 10.6

Hwalcheon-dong 11.9

Dongsang-dong 12.8
Buwon-dong 13.8
Bukbu-dong 14.2

Hoehyeon-dong 14.5

Chilsanseobu-dong 18.1
Naeoe-dong 18.8
Saengnim-myeon 18.8
Juchon-myeon 19.8
Hallim-myeon 21.7

Jangyu-myeon 24.8
Jillye-myeon 27.0

Jinyeong-eup 28.7
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Table 3. Application ratio of PGA attenuation relationships
for earthquake prevention systems[13-15]

Researcher Published year Application ratio(%)
Lee et al. 2000 30.0
Baag et al. 2003 40.0
Yun et al. 2005 30.0

Fig. 3. Distance from epicenter to the centroid of
Gimhae City
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Fig. 4. Estimation of distance from epicenter to Daedong-
myeon and the centroid of administrative areas
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Table 4. Parameters of attenuation relationship for PGA[14]
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Tunnel 15
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Sewage pipe (km) 1,502.0km
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Shelter outside a building 27
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(a) Spatial distribution of LPI for Mw = 5.0 earthquake

(b) Spatial distribution of LPI for Mw = 6.5 earthquake

100 94.0
-~ i
S i
< 80—
— i
o 4
— i
‘S 60 n
= .
~— .
£ 40—
= i
S ]
= i
0] 1.0 28 0.2
0 To<Lpiss Ts<Lpi<15 T 15<LPI
Liquefaction Potential Index (LPI

100 —
& ] 827
< 80
st i
a i
= i
‘S 60 n
= .
= .
£ 40—
= i
s ]
= i
] 8.6
] 2.
0 — —
0 To<Lpiss Ts<Lpi<is T 15<Lp1
Liquefaction Potential Index (LPI)

(c) Area ratio of LPI for induced by Mw = 5.0 earthquake

(d) Area ratio of LPI for induced by Mw = 6.5 earthquake

Fig. 7. Spatial distribution and area ratio of LPI induced by Mw = 5.0 and 6.5 earthquakes, respectively
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(f) Water pipelines covered by LPI for Mw = 6.5 earthquake



Table 6. Ratio of facility covered by LPI for Mw = 5.0 earthquake

- LPI 0 0-5 5-15 15-100
Facility
Tunnel (%) 15 (100) 0 (0.0) 0 (0.0) 0 (0.0)
Bridge (%) 369 (89.6) 14 (3.4) 29 (7.0) 0 (0.0)
Light rail transit, km (%) 19.6 (79.6) 28 (11.2) 22 (9.2) 0.0 (0.0)
Railway, km (%) 91.3 (100.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Road, km (%) 1,041.2 (90.9) 412 (3.6) 61.8 (5.4) 1.1 (0.1)
Water pipeline, km (%) 1,181.9 (88.2) 48.2 (3.6) 109.9 (8.2) 0.0 (0.0)
Sewage pipeline, km (%) 1,357.8 (90.4) 75.1 (5.0) 67.6 (4.5) 1.5 (0.1)
Public facility (%) 86,862 (89.8) 3,772 (3.9) 5,997 (6.2) 98 (0.1)
Shelter outside a building (%) 24 (88.9) 1 (3.7) 2 (7.4) 0 (0.0)
Table 7. Ratio of facility covered by LPI for Mw = 6.5 earthquake
o LPI 0 0-5 5-15 15-100
Facility
Tunnel (%) 14 (93.3) 0 (0.0) 1 (6.7) 0 (0.0)
Bridge (%) 278 (67.5) 68 (16.5) 25 (6.1) 41 (9.9)
Light rail transit, km (%) 63 (25.7) 2.8 (11.5) 8.5 (34.2) 7.0 (28.6)
Railway, km (%) 762 (83.5) 14.5 (15.9) 0.6 (0.6) 0.0 (0.0)
Road, km (%) 7145 (62.4) 189.5 (16.6) 117.8 (10.3) 1235 (10.7)
Water pipeline, km (%) 863.4 (64.4) 188.0 (14.1) 143.6 (10.7) 145.0 (10.8)
Sewage pipeline, km (%) 8742 (58.2) 242.6 (16.1) 205.6 (13.7) 179.6 (12.0)
Public facility (%) 62,777 (64.9) 11,414 (11.8) 10,930 (11.3) 11,608 (12.0)
Shelter outside a building (%) 16 (59.3) 6 (22.2) 1(3.7) 4 (14.8)
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