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Abstract This paper reportsthe results of afield appliance study of the hydraulic well method to prevent embankment
seepage, the large-scale embankment experiment and seepage analysis to examine the traits of the seepage pressure.
The experimental procedure wasfocused on the pore pressure after examining thedetected value of the pore pressure
gage. The inner water levels of hydraulic well were compared with the pore pressure data, which were used to inspect
the seepage variations. Two different large-scale experiments were conducted according to the installationpoints of the
hydraulic wells. The decrease in seepage pressure reached a maximum of 37% from the experimental results. The
experimentalpore pressure results were similar to those of the analyses.In addition, the pore pressure oriented from
the water level variations of the hydraulic well showed similar patterns between the experiment and analysis, butif
the hydraulic well wasdeeper, the analyzed water levels were largerthan the experimental values.
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Table 1. Stability evaluation method for leaking
embankment
Division Equation
A Critical hydraulic gradient
method i.= E
(by Terzaghi) Ite
A Critical velocity method V= Wy
(by Justin) Avy

Table 2. Critical velocity per particle size of

penetrant
Particle size Critical Velocity
Number (mm) (em/sec)
1 4.0 ~ 48 20.0
2 2.8 ~ 34 17.0
3 1.0 ~ 1.2 10.0
4 0.7 ~ 0.85 8.5
5 04 ~0.7 7.0
6 0.25 ~ 0.5 4.2
7 0.11 ~ 0.25 3.5
8 0.075 ~ 0.11 2.5
9 0.044 ~ 0.075 2.0
2.2 4 WX iy
KICT(2006)[13]911A] AAletaL de A1 A
AT AR A AA el A&k A3t 7] 24N
A3 oz pre Ade 48a wAnIe
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Aoz AWIAt AA el FALE 5& A8t
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1 ol gl
7159 A AT AR L T8 S Agel A&
& 4 gl 7S] Bow), Agsunt & 39 A
ABA 5oz dakel B BAR 5L ET Ak
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26
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Fig. 1. Drawing of hydraulic well
(a)18mm Octagon stainless steel (b)Lower bracket
(c)Lower bracket installation view (d)Finished goods
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Table 3. Engineering properties of experimental specimens

Classification R
Characteristics Silty Sand
G, 2.674
it NP
#200 (%) 24
Particle si G 09
article size
C, 3.6
USCS P
 (kN/m? 17.24
Compaction YVamax € . /m?)
Wopr (%) 13.9
c (kP 16.0
Shear Strength F¢( i Qa)) 5
i. N e
I =
" T
=i ; g... — e
£ )

B

1] 1 3l am " ™ )
Giraan partoche sizn [mm) Mtar contint (%]

(@ (b)
Fig. 2. Particle size distribution and compaction curve
of experimental specimens
(a)Particle size distribution (b)Compaction curve
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(b)
Fig. 3. Section and panorama of experimental embankment
(a) Section (b) Panorama
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Fig. 4. Buried position map of pore pressure gauge
(a)Casel (b)Case2
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AR 915 Ade & AXE 5F9Ae ¥
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Fig. 6. Hydrograph of hydraulic well
(a) Casel (b) Case2

3.3 &=dzn

3.3.1 Case 1
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Fig. 7. Result of seepage pressure test (case 1)
(a) Hydraulic well Installation point (b) 45cm
separation site (c) 55cm separation site
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HeRH Zlolth. Fig. 8 (b)oll AAE 45cm oA ¥ A4 2ol Alztel| W FAFSo sEFYe] GEtA = 5ol
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Fig. 9. Location of pore pressure gauge and mesh of
experimental levee
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Table 4. Unsaturated character of soil

Textural Class Sand
USCS SP

6, (m®/m®) 0.045
0, (m*/m? 0.43
a (1/m) 14.5
n 2.68

m 0.627

k, (m/sec) 0.0009

k52121 X(SWRC, soil water retention curve)<
van Genuchten(1980)[19]°] AAI3+ 4] 1& o]-&3}ch

69— er B 1 m
93 - 9r B 1+ {a(ua - uw) }n

M

oJ71A, 0, 23} AR TFE(m/m®), 0,5 5 AF
gErl(m®/m?), ats #7189 A (air-entry value)2] <
71&719F A" A,

mE BAFTFEo] 2 FEddlAd ]2r]ek #Ed Al

BEe FeAsE PRSI

9 484 A AP AN 9159
Hydraulic well
A 4 & 3491t Fig, 6 3
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ig. 5914 20
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A% 35cmA 5ol AAF no. 0 A= AP 34l
A A9 A AsS YR, Fig. 10 (b)Y A5
25cmA| el AAE no. 1 AAE A7t A
°F 1 kPa A% =7 2HEFem, Fig. 10 (09 A%
15ecmA el AX]E no. 2 AIX9 Fig. 10 (d)e] A&
S5ecmA| 7ol A% no. 3 AlA, Fig. 10 (e)] Aol A
A no. 4 AXE g S|MAHTL A9 %OEIO}—;“ s
Eftth 53] A 3gel AAE
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—Experiment No. 3
-o-Numnerical

~o-Hydraulic well

Pore water pressure (kPa)
[=T S T < B B -

40 60 80
Time (min)

(d

20

= g

100

—Experiment
-o-Numerical
=o-Hydraulic well

Pore water pressure (kPa)
(=T S P A T - T -]

40 60 80
Time (min)
(©
10. Comparison of pore pressure of experiments
and numerical analysis of case 1 (Hydraulic
well Installation point)
(a) no. 0 (b) no. 1 (c) no. 2 (d) no. 3 (e) no. 4

0 20 100

Fig.
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=Y 2ozt A E U
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-o-Numerical
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Pore water pressure (kPa)
MNoOW & o o N

-

=

40 &0
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Fig. 12. Comparison of pore pressure of experiments
and numerical analysis of case 1 (55cm
separation site)
(a) no. 8 (b) no. 10 (c) no. 11

422 Case 29| &
|

Fig. 13 Hydraulic wello] A%

A} A4S F8 A E

o} A A%) v 42145

ASHY deiat +Xlsid Zat

il

it
E
o

=
PY
=)
89
o

2 ob
2 38

rlr

W o 30 gx fo &

Fig. 13 (b)9] A5 25cmX]7<4°ﬂ A%
7o) F5<Este] A Rt oF 3 kPa =
o} Fig. 13 (c)2] A5 15ecmA|Foll H2]H n
Fig. 13 ()9 A% ScmA| el A9 no. 3
a3 A A7E Aol FLEA UERT

A1)

10
E g | —Experiment No. 0
= g | -oNumerical
@ 7 |} -oHydraulic well
=1
@46 r
85 f
g 4 - OO0

3 L
s 2
2 L
2Lr

o L N A A A

0.00 20.00 40.00 60.00 80.00 100.00

Time (min)
(a)

10
E 9 —Experiment No. 1
X g o-Numerical
[ -o-Hydraulic well
3
26
£s
% 4

3 0-0
4 2
5 )
g 1

o . A A N

0.00 20.00 40.00 60.00 80.00 100.00

Time (min)
(b)

32

a
E? —Experiment No. 2
= -o-Numerical
L 6 oHydraulicwell | TS SR o
25
!
L4
g 3
22
£1
4
0 . N . N
0.00 20,00 40.00 60,00 80.00 100.00
Time (min)
(©
a
E? — Experiment No. 3
= -o-Numerical
v 6 -o-Hydraulic well
25
g
54
% 3
22
9 | poocof
51
4
0 . . N
0.00 20,00 40.00 60.00 80.00 100,00
Time (min)
(d)
9
Ea L  —Experiment No. 4
= - -o-Numerical L
@ -o-Hydraulic well
3. |
E 5
.
£ 1
3)
g
&! "
0 . N . N
0.00 20,00 40.00 60,00 80.00 100.00
Time (min)
(©

Fig. 13. Comparison of pore pressure of experiments
and numerical analysis of case 2 (Hydraulic
well Installation point)

(a) no. 0 (b) no. 1 (c) no. 2 (d) no. 3 (e) no. 4

Fig. 14% Hydraulic well24-E 45c¢m
)‘]%Zﬂ‘ﬂ AP A A S F3 A
Zolth Fig. 14 (a)9] A& 25cmA| Aol
no. 5 AAE XA I7L AF 9 544 RT} oF
A% =A AP EA Fig. 14 (b)2] AF 15emA %
A4 no. 6 AA 9} Fig 14 (c)2] A% ScmA| Qo)
no. 7 AAeA = A7 AE e 5 Aol 7t
7he e s BAt

A
<

o
1] al

)



AR EE F3 Hydraulic well®] &84 HZS

8
E? — Experiment No.5
= -o-Nurnerical
v 6 -o-Hydraulic well
5.1 T pagrooco
g
4
% 3
22
o
51
&
0 . N N
0.00 20.00 40.00 60.00 80.00 100,00
Time (min)
@
—Experiment No. 6
-o-Nurnerical

-o-Hydraulic well

Pore water pressure (kPa)
(=T S U T -

40.00 60.00 80.00

0.00 100.00
Time (min)
(b)
— Experiment No. 7
-o-Nurnerical

-o-Hydraulic well

Pore water pressure (kPa)
[=TCT R ST ST N ]

0.00

40.00
Time (min)

()

60.00 80.00 100.00

Fig. 14. Comparison of pore pressure of experiments
and numerical analysis of case 2 (45cm
separation site)

(a) no. 5 (b) no. 6 (c) no. 7

Fig. 15+ Hydraulic well 2%-E] 55cm ©]AX]4 14
g] E%x-ﬂ‘ﬂ /\]“6-]4,]_ _l_;q H/H KN EsH /\]_145] 7} %L%

Hl gk Aot} Fig. 15 (a)2] A% 25ecmA| el Ax|&
no. 8 AlAE= z7|dE 314 At APEe o 3
kPa 4% =7 4t 7354 o1, Hydraulic well®] 417}

245k Fig. 15 (b)Y AF
10 Aﬂ/\i@r Fig. 15 ()2 A&
1 A 25 no. 8 AlM e} 5L
, I AAE AAaEAh

33

—Experiment No. 8
-o-Nurnerical

-o-Hydraulic well

Pore water pressure (kPa)
L= R T T - -]

40.00 60,00 80.00

0.00 20.00 100.00
Time (min)
(2)

a
&, | —FExperiment No. 10
x -o-Nurnerical
w6 <-Hydraulic well
=
g 5
g4l 4 eovooo0
83
w
22 b 00006
g

1
£

0 L .

0.00 20.00 40.00 60.00 80.00 100.00
Time (min)
(b)
—Experiment No. 11
-o-Numerical

-o-Hydraulic well

Pore water pressure (kPa)
=T N T LT I - T N R - -]

0.00

40.00
Time (min)

(©

60.00 80.00 100.00

Fig. 15. Comparison of pore pressure of experiments
and numerical analysis of case 2 (55cm
separation site)

(a) no. 8 (b) no. 10 (c) no. 11

5. 28

£ A4+ Matsuyama River National Highway
Office2011)[10]7F &= A AP sladtolut siHje7]
o5 ol AAF R gtolgo] BAE Ag Al

]
Aoz Aok dEeel WS 7i413 Hydraulic

well& W - A 2hsto] =5 bl ubE ARk HReh £
EELE AAES T3l Wrksta HFaAs Stk

L=
£
Fahir.

o



A 71E8 8] =2 A AW A0E, 2017

1) o] FH e Hydraulic well> X5 W %
549 g Ak FAHH)7E 0.0m ~
0.7m= W3} 2] Hydraulic well 2)35}2] 7%

A% 2 5cm 89%, AE 2 15cm 63%, A% o

=

25cm 63% 90| 7§ o478 35cm A FE 2
Scm 25%, X].;:‘JL_ cg 15cm 28%, 0]37%& 45¢cm X]

Eo
A5G

W 25cm 28% So®
o= 37t HA
Hydraulic well 3H7-¢] AEAL 237 +

o] st vag A3, AR F9 5k oA
20413 A3 S5 Vo R A xAA = A 81:-43]' ﬁﬁ
Ao A A T HERE S H(no. 4),
L7t ZojASE FAFA o] ARt
ATk

Hydraulic well2 $-E] 45cm ©|Z4 %]
A A FA34 Y 15
3,
A3 KT 92 ~ 3 kPa

£ Azo] WAyt
A

2) LIRS

3)

N

=ST%
AZF 25cm A Aol AAE AM= FAs)4 0]
4& liﬂ] 1} 4= At
o] o]}
55cm O] AA N % 45cm

0% PP hehilh

459k Hydraulic well2 F-E]
oA At F

References

[1] K. S. Kim, and K. T. Jo, “A Study on the Estimation of
Leakage and the probing Leakage in the River Bank”,
Journal of the Korean Society of Groundwater
Environment, vol. 6, no. 4, pp. 213-217, 1999.

KICT(Korea Institute of Civil Engineering and Building
Technology), The final report of the river embankment
related advanced technology development, Korea, pp.
23-31, pp. 68-78, 2004.

KGS(Korea Geotechnical Society), Dam and embankment
design and construction safety management technology,
Goomibook, pp. 391-573, 2012.

D. K. Im, H. K. Yeo, K. H Kim, J. G. Kang,
"Suitability Analysis of Numerical Models Related to
Seepage through a Levee", Journal of Korea Water
Resources Association, vol. 39, no. 3, pp. 241-252,
2006.

DOI: https://doi.org/10.3741/JKWRA.2006.39.3.241

J. M. Kim, and I. J. Moon, "Analysis of River Levee
Failure Mechanism by Piping and Remediation Method
Evaluation", Journal of the Korea Academia-Industrial
cooperation Society, vol. 18, no. 3, pp. 600-608, 2017.
DOL: https://doi.org/10.5762/KAIS.2017.18.3.600

(3]

(4]

(3]

34

(6]

[7]

(8]

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

H. S. Jung, Y. S. Byun, B. S. Chun, B. H. Choi, J. M.
Kim, "Numerical Analysis for Integrity Evaluation of
River Bank", Journal of Korean geo-environmental
Society, vol. 11, no. 11, pp. 19-26, 2010.

R. L. Taylor, and C. B. Brown, "Darcy flow with a free
surface", Hydraulic Division, ASCE, vol. 93, pp. 25-33,
1976.

S. P. Neuman, and P. A. Witherspoon, "Finiter element
method of analyzing steady seepage with a free surface",
Water Resources Research, America, vol. 6, pp.
889-897, 1970.

DOI: https://doi.org/10.1029/WR006i003p00889

T. Uno, H. Morisugi, T. Sugii, Y. Nakano, "Stability
Evaluation of River Levees on the Basis of Actual Levee
Breachings", Japan Society of Civil Engineers, vol. 400,
no. 3-10, pp. 55-76, 1987.

Matsuyama River National Highway Office. "Flood
Prevention Handbook", Shikoku Regional Development
Bureau, Japan, 2011.

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

J. H. Kim, "Experimental and Numerical Analyses of
Seepage Flows in Levees with Permeable Foundations",
Department of Civil Engineering Graduate School
Kyungsung University, 2013.

KICT(Korea Institute of Civil Engineering and Building
Technology), An Analysis of embankment, Analysis of
reinforcement techniques of Levee infiltration, Ministry
of Land Transport and Maritime Affairs, Korea, 2006.

A. Casagrande, "Notes on the design of earth dams",
Proc. Of Boston Society of Civil Engineers, 1950.

H. L. Sherard, "Influence of soil properties and
construction methods on the performance of
homogeneous earth dams", Technical Memorandum 645,
U. S. Department of the Interior, Bureau of Reclamation,
pp. 1-71, 1953.

NAVFAC Manual, Foundation & Earth Structures, 1986

K. K. Kwon, "An improved design method of Levee
culvert using 3D seepage analysis", Ph.D dissertation,
Kyunghee University, pp. 5-228, 2007.

R. F. Carsel, and 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/WR024i1005p00755

M. T. Van Genuchten, "A closed-form equation for
predicting the hydraulic conductivity of unsaturated
soils", Soil science society of America journal, vol. 44,
no. 5, pp. 892-898, 1980.

DOI: https://doi.org/10.2136/sssaj 1980.03615995004400050002x




4
oftt
=24
ok
>
o
o
oft
)
jast
~
=
QO
=
=
g
o,
I
b‘l
e
)
oy,
olN

Ht Al A(Min-Cheol Park) (M3 9] Tl & 3K(Yoon-hwa Jin) (g2
¢ 2010 29 : FoETFYIW E e 2016 29 : FoETYSL E
B3t (¥ =k (A
02012 29 . FoFFYdA o ¢ 2016 3€Y ~ &A . F2FH)
aHgl EE-gel) (FEAAh A L R R A DA B
e 20169 29 : Fo¥Ihetal o
3

o9l B2 (3

e 2016\d 29 ~ &AA| : FoFHT}

S EAMATA AFA T

<ok <#] 5ok

£4 9 7)1z, Aoy, RAE 4 0 7\, Aoy, RUE
Z Zl 8tJin-Man Kim) [H3¢

e 19891 29 : Asdista F)
3t EEF5} (F3Ah
1991 2¢ . Aguigtn i3y
EEZ AT} (T4
20021 84 : Aguigtu oty
EEY (T

[ ]
)
O
(=}
rL
>
e,

1
)
2
ﬁ
Y
A
)

2 2l Z(In-Jong Moon) [H3E]H]

[ ]
(3%
(=]
2
N
L
oo}
e
ol

N

[ ]
(3%
(=]
=2
N
L
o
e,

1
el
BN

35



