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Abstract This study examined the behavior change of river levees during an earthquake by numerical
analysis. Unlike conventional research using artificial earthquake waves, earthquake analysis was
performed using real earthquake waves. The behavior of a river levee before and after an earthquake
was compared and analyzed quantitatively. Studies show that the river levee has a safety factor of
approximately 28.5% due to an earthquake. On the other hand, the minimum standard safety factor is
satisfied. Vertical effective stress has decreased by 81.8% due to excess pore-water pressure generated
by the earthquake. In addition, liquefaction occurs in most of the foundation soil. An examination of
the stress-displacement behavior due to the earthquake revealed a large amount of settlement in the
backfill layer. Most of the foundation soil yielded. Therefore, the target river levee is quite vulnerable
to earthquakes. Through the results of this study, the necessity of refreshing the seismic design standards
for river levees is required. This study can be used as basic data for estimating the approximate damage

level and vulnerable areas.
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Table 1. Unsaturated soil properties using seepage analysis [13]
No. Textural Class [SNON 0, 0, « n m k, (cm/sec)
1 Sand 0.045 0.43 0.145 2.68 0.627 0.0082500
2 Loamy Sand SM 0.057 0.41 0.124 2.28 0.561 0.0040528
3 Sandy Loam 0.065 0.41 0.075 1.89 0.471 0.0012278
4 Loam 0.078 0.43 0.036 1.56 0.359 0.0002889
5 Silt ML-CL 0.034 0.46 0.016 1.37 0.270 0.0000694
6 Silty Loam 0.067 0.45 0.02 1.41 0.291 0.0001250
7 Clay Loam L 0.095 0.41 0.019 131 0.237 0.0000722
8 Silty Clay Loam 0.089 0.43 0.01 1.23 0.187 0.0000194
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Where, 0, denotes saturated volumetric water
content 6, denotes residual volumetric water

content a denotes air-entry value reciprocal n
related SWCC
denotes coefficient related to the slope at high

denotes coefficient slope m
levels of capillary absorption usually applied
mil—l/n.
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Where, h denotes negative pore water pressure

k =

'

@

(matric suction) head «, n, m denotes
coefficient  related  unsaturated  hydraulic
conductivity curve.
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Fig. 1. Kobe Earthquake records
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Fig. 2. Dynamic characteristics of soil
(a) G/Gmax curve (b) Damping Ratio curve
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Fig. 4. Result of Seepage analysis
(a) Pore-water pressure (b) Y-gradient
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Fig. 3. Geometry of research target levee
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Fig. 5. Pre-earthquake stability of levee
(a) Landside (b) Waterside
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Fig. 6. The stress state of the levee before the
earthquake
(a) Vertical effective stress (b) q/p’ ratio
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Fig. 7. The state of the levee after the earthquake
(a) BExcess pore-water pressure (b) a/p’ ratio
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Fig. 8. Post-earthquake stability of levee
(a) Landside (b) Waterside
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Fig. 9. Deformation of the levee after the earthquake
(a) Displacement (b) Yield area



QAR &38| =5 2] #2138 A3E, 2020

4. 48
£ dpols S 38 5 A Hes
1] At Hgle] A% Wske S0 HEd
Ak B A7 E9) 39 22 ed 2o

2)

g

3

4

=

5)

(1]

(2]

WS oz Uegeh 1oy 7124
sho] st B4 9 GRS wrelsin] Eal]
wjEo] olo] tjgt 27149l AE} Wasitha B
'\_%

Ao & sl WG ISP =2 sl X
Y A o] f o] oF 81.8% HAEA
o, q/p Hl&Z 9 24 ol STk o/p’
Hlgo] w2t AFe] 7)ZA|gh tfERoA WS}
Aol Wsk= 2o Uekith

AZskE 7|2 A gl A LA A5 dgoR
QIsl 71225t A Fo] FESH= Ao R e
$a, AR JESC] SHE= FS B
ZF e FA TE PHEE IS A
2 Uehgoy, 7|24t thEEoA st
3t @4 5F 1S A, AR WA Al Y ok
A2 Lower San Fernando W} A 53
7t $E AoE woEn

U WRAATZENA ALE sk Arde] A2
o= Qs SHE A AAREAHT ALl
dAFor WYSHA =HERE sk Ao Hgk |
A 7% S9o] /sttty waEy, 2 A
ATE B3l AHFHRI Feig e 2 AR
A5 & U= 7IZAEEN 8| 7MsT AL
2 getEoh

i
e
i)
oo
14,

oy

References

H. B. Seed, K. L. Lee, I. M. Idriss, F. I. Makadisi, "The
Slides in the San Fernando Dams during the
Earthquake of February 9, 1971", ASCE, Journal of
Geotechnical Engineering Division, GT7, pp.651-688,
1975.

K. L. Lee, HB. Seed, LM. Idriss, F.I. Makadisi,
"Properties of Soil in the San Fernando Hydraulic Fill
Dams", ASCE, Journal of the Geotechnical Engineering
Division, GT8, pp.801-821. 1975.

486

B3]

4

[10]

[11]

[12]

[13]

[14]

H. B. Seed, I. M. Idriss, K. L. Lee, F. 1. Makadisi,
"Dynamic Analysis of the Slide in the Lower San
Fernando Dam during the Earthquake of February 9,
1971", ASCE, Journal of the Geotechnical Engineering
Division, GT9, pp.889-911, 1975.

I. S. Ha, I. J. Moon, J. W. Yun, J. T. Han, "Examination
of Applicability of Liquefaction Potential Index to
Seismic Vulnerability Evaluation of the Korean River
Levees", Journal of Korean Geo-Environmental
Society, Vol.18, No.4, pp.31-40.

DOI: https://doi.org/10.14481/jkges.2017.18.4.31

J. M. Hwang, S. E. Cho, "Development of Multi-hazard
Fragility ~Surface for Liquefaction of Levee
Considering Earthquake Magnitude and Water Level",
Journal of the Korean Geotechnical Society, Vol.34,
No.6, pp.25~36, 2018.

DOI: https://doi.org/10.7843/kgs.2018.34.6.25

Korea Society of Civil Engineers (KSCE) and Korea
Bridge Design & Engineering Research Center (KBRC)
, Road Bridge Design Criteria and Commentary,
Korea, pp.961-967.

Ministry of Maritime Affairs and Fisheries(MOF),
Design standards for port and fishing port
construction. Ministry of Maritime Affairs and
Fisheries, Korea, pp.92.

B. W. Song, "The Comparison for Liquefaction
Judgement used in Korea and Japan', /nternational
Symposium  on  Urban  Geotechnics, Korean
Geotechnical society, pp.1206-1213, 2009.

Korea Water Resources Association (KWRA), River
Design Standard. Ministry of Land, Transport and
Maritime Affairs, Korea, 2009.

K. K. Kwon, An Improved Design Method of Levee
Culvert Using 3D Seepage Analysis, Ph D. dissertation,
Univ. of Kyunghee, Korea, pp.5-228, 2007.

Y. S. Song, “Estimation on Unsaturated Characteristic
Curves of Acid Sulfate Soils (ASS)", Journal of
Engineering Geology. Vol.28, No.1, pp.25-34. 2018.
DOI: https://doi.org/10.9720/kseg.2018.1.025

M. T. Van Genuchten, "A Closed-form Equation for
Prediction the Hydraulic Conductivity of Unsaturated
Soil", Journal of Soil Science society of America,
Vol.44, No.5, pp.892~898, 1980.

DOI :
https://doi.org/10.2136/sss2i1980.03615995004400050
002x

R. F. Carsel, R .S. Parrish, "Developing Joint Probability
Distribution of Soil Water retention Characteristics".
Water Resource Research, Vol.24, No.5, pp.755~769,
1988.

DOI: https://doi.org/10.1029/WR024i005p00755

Korea Institute of Civil Engineering and Building
Technology (KICT), The final report of the river
embankment related advanced technology
development. Korea Institute of Civil Engineering and


https://doi.org/10.2136/sssaj1980.03615995004400050002x

A AuEe 7t sk A AS Wsk B4

(15]

(10]

(171

(18]

(19]

[20]

(21]

[22]

[23]

[24]

[25]

Building Technology, Korea, pp.23-31, pp.68-78.

J. M. Kim, L. J. Moon, "Evaluation System of River
Levee Safety Map for Improving River Levee
Maintenance  Technology", _Journal of Korea
Academia-Industrial cooperation Society, Vol.18,
No.12, pp.768-777, 2017.

DOI: https://doi.org/10.5762/KAIS.2017.18.12.768

Federal Emergency Management Agency (FEMA).
Quantification of Building Seismic Performance
Factors, FEMA P-695, Applied Technology Council for
the Federal Emergency Management Agency,
Washington DC, USA.

H. Inagaki, S. Iai, T. Sugano, H. Yamazaki, T. Inatomi,
“Performance of caisson type quay walls at Kobe
port", Journal of the japanese Geotechnical Society,
Soils and Foundations, Vol.36, pp.119-136, 1996.
DOI: https://doi.org/10.3208/sandf.36.Special 119

P. B. Schnabel, J. Lysmer, H. B. Seed, SHAKE: A
computer program for earthquake response of
horizontally layered soils. Report No. EERC/72-12,
Earthquake Engineering Research Center, Univ. of
California, Berkeley, USA, 1972.

D. S. Kim, Y. W. Choo, "Dynamic Deformation
Characteristics of Cohesionless Soils in Korea Using
Resonant Column Tests", Journal of Geotechnical
Engineering Society, Vol.17, No.5, pp.115-128, 2001.

G. D. Noh, Effect of Material Non-linearity on Time
Domain Site Response Analysis, Ph.D dissertation,
Univ. of Wonkwang, Korea, 2015.

I .M. Idriss, Assessment of site response analysis
procedures. Report No. NIST GCR 95-667. NIST. USA,
pp.16-17.

Y. Iwasaki, "Geological and Geotechnical characteristics
of Kobe area and strong ground motion records by
1995 kobe earthquake"', 7suchi-to-Kiso. Japanese
Society of Soil ~Mechanics and  Foundation
Engineering. Vol.45, No.6, pp.15-20, 1995.

Y. S. Song, “Estimation on Unsaturated Characteristic
Curves of Acid Sulfate Soils (ASS)", Journal of
Engineering Geology. Vol.28, No.1, pp.25-34. 2018.
DOI: https://doi.org/10.9720/kseg.2018.1.025

H. W. Son, Evaluation of the ground stress reduction
factor with varying ground characteristics and
earthquake types. Master thesis, Univ. of Yonsei,
Korea, 2000.

GEO-SLOPE International Ltd. QUAKE/W 2012.
GEO-SLOPE International, Calgary, AB, Canada.

487

21 x|
(==}

BtJin-Man Kim) [Hsl9]

—

19809 290 : Aot Fk
2 g4} (54D

199149 29 : A8t ekl
ERZsk} (—l—oT—/L‘]/\]—)

20024 89 : Beehet Thotel
E53oh} (Foppp

.

+ 1990¢ 10€ ~
FEY A70Y

A AT ledTd dEkdd

ETAED

Ed 9 )%, AN, RAESH

o
T

Xl

—

3KYoon-hwa Jin) [H3lg]

- 20164 2¥ : SEF3Asta
EEZS} (35
20184 2¢ : IFYFZIhstn
E38ka (F5HAD
- 20184 3¢¥ ~ @A : FHFLT
gty EEZeT dAY

@R
B9 9 7|2 ALY, BYES
5t 3| 4~(Heui-Soo Han) (M3
+ 19894 2¥ . Aty Fatty
s £23903} (@3
+ 19914 2¥ : e |eY B

EFeT (FEHAD
199949 12€ : South Dakota
School of Mines Technology

(Zahap
- 200241 39 ~ @A) : FPFeINetn ERTS 1
_/[\__
Al Eop)
E%Q_ 9 7| %, AR, RAESH



