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ABSTRACT : In this study, a simple method to evaluate the seismic vulnerability of river levees was examined considering the
structural characteristic of river levee, that is long, and the functional characteristic of river levee that performs temporary function
against flood but is a permanent structure in the ordinary way. Considering the fact that one of the main failure modes of the levee
during the earthquake are the settlement due to the strength reduction of the ground caused by the increase of the excess pore pressure
in the levee body and foundation and the settlement due to liquefaction, the 2-dimensional section of the levee was regarded as the
1-dimensional section and the liquefaction potential index (LPI) for the regarded section was estimated. The estimated LPI was
correlated with the seismic vulnerability of river levees. The relationship between the displacement of the levee crest caused by the
earthquake and the seismic vulnerability of the levees was obtained from the results of previous researches and the correlation between
the displacements of the levee crest computed by 2-dimensional dynamic coupled analyses and LPIs based on the results of
1-dimensional seismic response analyses was investigated. In connection with this correlation, as a result of examination of the
correlation between LPI and the seismic vulnerability of the levee, it was concluded that the method for evaluation of the seismic
vulnerability of the Korean river levee using LPI is applicable.
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Table 1, Assessment of soil liquefaction and damage severity
risk based on LPI (lwasaki et al., 1978)

LPI range Damage severity due to liquefaction
0 Very low
LPI =<5 Low
5<LPI < 15 High
LPI > 15 Very high
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Fig. 1. Cross—section and drilling log of the Seongseo levee

Table 2, Summary of maximum allowable dike crest displacement corresponding to seismic vulnerability categories (Atukorala et al., 2014)

Vulnerability category Maximum allowable vertical displacement Maximum allowable horizontal displacement
A Small (<0.03 m) Small (<0.03 m)
B 0.15 m 03 m
C 0.5 m 0.9 m
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Fig. 2. Input acceleration time histories for 1-D SHAKE analyses and 2-D dynamic numerical analyses

Table 3. Layer division and input material properties for 1-D seismic response analysis using SHAKE program

Layer Layer thick. Depth Soil type N v Ginax Vs G/Ginax-y D-y
No. (m) (m) (SPT) (KN/m”) (Mpa) (m/s) curve curve
1 1.5 1.5 10 18.0 51.6 167.6 Sand
2 1.3 2.8 Sand 10 18.0 51.6 167.6 (Seed & Idriss-Average, 1971)
3 1.7 4.5 5 20.0 32.6 126.4
4 1.5 6.0 Sand 20.0 32.6 136.1 Sand
5 1.5 7.5 (saturated) 20.0 37.8 160.5 (Seed & Idriss-Average, 1971)
6 0.7 8.2 11 20.0 52.5 174.2
7 0.8 9.0 12 19.0 58.8 174.2
8 1.5 10.5 Silty clay 19 19.0 63.1 180.5 Clay (Idriss, 1990)
9 1.2 11.7 22 19.0 91.7 217.6
10 1.8 13.5 28 20.0 108.8 231.0
11 1.5 15.0 Sand 33 20.0 132.4 254.8 Sand
(Seed & Idriss-Average, 1971)
12 1.7 16.7 43 20.0 151.3 2724
13 1.3 18.0 - 21.0 191.7 303.4
14 1.5 19.5 - 21.0 262.3 350.0 Sand
Gravelly sand .
15 1.5 21.0 - 21.0 342.6 400.0 (Seed & Idriss-Average, 1971)
16 14 22.4 - 21.0 433.6 450.0
17 1.6 24.0 Sandy gravel - 21.0 5353 500.0 Gravel (Seed et al., 1986)
18 - - Bedrock - 22.0 2,2433 1,000.0 Rock
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Table 4, Seismic vulnerability of river levees evaluated by liquefaction potential index (LPI)

Liquefaction potential index (LPI)

Seismic vulnerability of river levees

0 No significant damage to the levee body, post-seismic flood protection ability is not compromised
LPI < 5 Some repairable damage to the levee body, post-seismic flood protection is not compromised
5<LPI =15 Significant damage to the levee body, post-seismic flood protection ability is possibly compromised
LPI > 15 Significant damage to the levee body, post-seismic flood protection ability is compromised
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