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A Study on the Causes of a Levee Road Failure During

the Overflow by an Analytical and Numerical Investigation

Myungho Choi

Department of Civil and Environmental Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Rising sea level by global warming and rising water level by
heavy rain and wind during typhoon or storm cause overflow on
levee and sometimes lead to damage in the sea levee structures.

In particular, until now the results of the field surveys on levees
failure show that the failure of the crown and scouring of the toe at
the landward by overflow is the most representative example of levee
failure patterns. And these destructions of levees are accompanied by
the destruction of the built road on levees. Thus, many researches
have already been done to understand the failure mechanism of

levees with the laboratory model experiments and numerical model



analyses. The numerical analyses were not included the levee
structure and its surrounding ground and mainly focused on the
hydraulics analysis.

In this study, with a view to complement the existing researches,
the destruction mechanism of levee by overflow on a mound-type
levee roads (such as the Saemangeum seadike road) is investigated
with the theoretical approach and the numerical analysis, which have
not been accessed yet.

Theoretical approach proposes a solution that can specifically
compute the water pressure and velocity which are the causes of the
destruction on the mound type levee road during overflow. Numerical
analysis investigates the hydraulic characteristic of overflow and their
effect on geotechnical characteristics on levee structure itself and its
surrounding ground. The following approach is adopted.

First, theoretical solution developed by in condition of critical state
flow and Bernoulli’s equation can determine the pressure and flow
velocity at the vicinity of crown and toe of the levee. And then, this
is confirmed through comparison with the existing hydraulic model
experiment result and 2D-NIT numerical analysis result.

The results estimated by 2D-NIT are used as an input data in
FLIP(Finite element analysis Llquefaction Program) model for
investigation of time series dynamic responses in levee and ground
such as excess pore water pressure, displacement, and effective stress
path.

As a result, if the overflow depth increases, negative pressure
increases at the vicinity of crown, meanwhile a significant amount of

positive pressure increases at the toe and slope. Flow velocity also is

_Xi_



changed by the overflow depth. The negative pressure induces a levee
road failure at the vicinity of the crown and the positive pressure
and flow velocity induce the liquefaction on the slope and ground
near the toe of levee.

Therefore, in order to reduce the negative pressure at road crown,
this study was proposed the increasing radius of the curve at the
road shoulder. Also, in order to prevent road’s ground liquefaction
and slope’s scouring by overflow, this study was proposed to assess
the liquefaction of the levee material, build foundation block at the
toe of the levee and cover the slope at the landward like covering

layer at the seaward slope.
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Fig. 1.6 Sequence of tsunami overflow-induced dike failure from the top

of the landward slop(Redrawn from Kato et al., 2012)



13 9479 &3

RYsl= Z=doA] ol27tA] FA AT HIeA &

it

B/
N

)

B
T/

™
)

—
o

AEze vy A<l

B

™
)

—
o

2

=

]
te 2

H

Bl

°

=

=i
ted Aol dRE AA

| AgEYe Mg
¢

<

o] &

=
=

o

T

Dimensional Numerical Irregular wave Tank)

i
)

o)
PH

o

ol

Program) 2 do] 2jg oz H{AA dfol wet FHANI A oA 2

2D-NITo| A g H 49} & {42 FLIP(Finite element analysis LIquefaction

0

o

B

tol A =20l

S|

T

=90
==

el A Aol 72 AT A

+



A2 71E AT

21 47 9% AY=Z9 I3 Al

Fig. 21 (a)v Iwated Kanahama®®] vl=d e WxA7E Xxejdo] 7/
o) Iy mFojth nER ZIYE TAZFo] FIHI, AHA AR
ARkl & AlEe] BAE ZE B 4 Qth Fig 21 (b ¥EA 337 A

o
A BAE BRES JNEF o2 =235 3 Flo|t},

<

Flow direction

Damaged
N parts
&L\

—

(b) Schematic diagram of

(a) Damaged seadike damaged parts

Fig. 2.1 Seadike failure due to Tsunami in Kanahama

Fig. 229} Fig. 23 22t AQaL 4 BF Tl s Eo) AAT=R)E
Fohe EFolth Fig 24+ /= 8] €& FloF7]¥ Iwaunma City 2] 3}
A A BFo|th Fig 25 E3F AR{E QAT 2013. 6 V= "FEF AW
=2 xgo] B8 mgoln, Fig 262 2014. 2 ZFof ©§ Y= Dawlish A
WAE7E 39 Abgelt AR B2 dR/ 2 A 23S A& AU S



(b) Olympic Dae Ro, Han
River Flood at 2011
(Picture : YONHAPNEWS)

(a) Mississippi River levee road flood at
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Fig. 2.3 Overflow at levee roads by flood



Fig. 2.5 Missouri river levee road’s pavement damage by flood at 2013
(Picture : http://mdc.mo.gov/node/22711)



Fig. 2.6 Levee railroad destruction by typhoon
(Picture : http://www.bbc.co.uk/news/uk-26042990)
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Fig. 2.9 Grain size distribution curves of soils(Kato et al., 2012)
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Fig. 2.10 Experiment Result of Kato’s Hydraulic Experimental Model
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Fig. 2.11 Experiment Result of Kato’s Hydraulic Experimental Model
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Fig. 2.12 Experiment Result of Kato’s Hydraulic Experimental Model
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Fig. 2.14 Comparison of the transmission coefficients for the water

exchange structure(Lee et al., 2013).
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T T Y x: external force
causing displacement
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Fig. 2.15 Schematic diagram of multi-spring shear mechanism

model(Towhata and Ishihara, 1985)

7t szl 3 AYWAE AU EWdRAE Wer, A
Wole oldol oa) AT WebARe Uehd, Az

Zhg-g ol Axz Foif TAstE AT ol YEhdth EHH Y A E ol A
FESH} WP S Thgel 43} o] LhEhd 5 gtk
(Y =A{d' o' 7.} (2.17)
{8 }T {8 z,é’ y’szz} (2.18)

TARAA e SRR 4 (219)8) o] FolAth

{do’}" = [D]({de}— {de, }) (2.19)

= K{n” H{n" 1+ Z} R An HA "} (220)

{de,} = {de,/2, de,/2, 0} (2.21)



I
71d, Ke wEAS, R)e AAReAs, M RDHOH e

multi-spring shear mechanism® =, 7} Z}
WAUZe 2 Gehe, 2zte] BedwdEe] Zrs ¢/20)t)h o%o AU
AAddGATs 58543 B340 SH-HIAAE depdn. 4 (22009

S@olA {(nO)e gaae, (O} = e 22 gge) Hos Hojdn
{n 2} =1{1,1, 0} (2.22)
{n(i)}T:{COSQi, —cosf;, sind;} (for i=1,2, .-, I) (2.23)

7] A,
0,=(G—1)A0, (fori=1,2,3, ---, I) (2.24)
NG, =x/I (for i=1,2,3,-+,1) (2.25)

failure line /4'"1 =sing,

liquefaction front

r=7_/(=0"',)_Shear stress ratio

)
T3
phase transformation
0 > S
0 s, S, 1.0

S_State variable

Fig. 2.16 Schematic diagram of liquefaction front, state variable S and

shear stress ratio(lai et al., 1992a, 1992b)
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Table 2.2 Physical properties of soils

for verification

Parameters Loose sand Dense sand
Shear s .
modulus_(kPa) 1.037x10 1.407x10
Bulk f -
modulus_(kPa) 2.705x10 3.668x10
Bulk modulus 5 0x10° > 10’
of pore water (kPa)
Saturated
unit weight (kN/m”) 20.50 20.50
Porosity 045 0.4
Internal friction angle (°) 60.45 65.51
Fig. 2178 <@ 8l $& Fig 2182 3 Ao F& WE duA
2 AN B AAR JEe FESHARE YD, clelse S
= Aol
—
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TS 2G2S - 08 Stress Strain curve
O sk 04
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(b) Stress-strain curve

Result of cyclic torsion shear test

Result of FLIP

Fig. 2.17 Comparison of FLIP analysis and cyclic torsion shear test for

loose sand(Kim, 2014).
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Fig. 2.18 Comparison of FLIP analysis and cyclic torsion shear test for

dense sand(Kim, 2014).
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= kzei(kz+wt) (2'31)

A71A Ad = A3 FESY FE, pv MAEZNA Fo AdFLdS

2D-NIT$} FLIPO o)l =38 FA|a4lolA= BlAE F2IHT = 3 sec, H = 1 m)
£ AMgEtHa, A¥E 24X Yamamoto et al.(1978)91A4 Ag-E HdA 4o}
ZEADAGTE AFRSIEgen, 1 9 SRS Bed EAXE 2Ud o)
3k Das(2006)7F A3k LRbA Q1 ghS AH&8FL S Table 2337 Zth.
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Table 2.3 Physical properties of soil for numerical analysis

Shear modulus (kPa) 4.8x10°
Bulk modulus (kPa) 1.252x10°
Bulk modulus of pore water (kPa) 2.2x10°
Saturated unit weight (kN/ m°) 20.50
Poisson’s ratio 0.33
Porosity 0.487
Internal friction angle (°) 34
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Fig. 2.21 Comparison of non-dimensional horizontal and vertical effective

stress increments between Yamamoto and 2D-NIT & FLIP results
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Table 2. 4 Physical properties of the wave and seabed soil (Chang et al., 2007)

Wave height (m) 0.3
Wave
Wave period (sec) 2
Specific gravity 2.654
Minimum dry density (g/cm’) 1.286
Coefficient of uniformity 2415
Soil type
s . P SP
Seabed soil (Unified Soil Classification System)

Wave period (sec) 2
Maximum dry density (g/cm’) 1.607
Mean diameter (mm) 0.220
Coefficient of curvature 0.932

Table 2. 5 Physical properties of the seabed soil

Internal friction angle (°) 33
Shear modulus (kPa) 1.0x10
Bulk modulus of pore water (kPa) 2.2x10°
Saturated unit weight (kN/m?) 18.62
Porosity 0.5
Bulk modulus (kPa) 2.607x10
Poisson’s ratio 0.33
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Table 4. 1 Sand properties used for FLIP analysis

Parameters

Levee

Ground

Saturated unit weight (kN/m3)

Shear modulus(kPa)

4.7%10"

5.4x10"

Bulk modulus(kPa)

1.2x10°

1.4x10°

Internal friction angle(®)

35

36

Porosity

0.476

0.469

Poisson's ratio

0.35

0.35

Phase transformation angle(®)

28

Liquefaction

parameters

Dilatancy
limit(S1)

0.005

Overall
dilatancy(W1)

3.521

Initial
dilatancy(P1)

0.5

Final
dilatancy(P2)

0.976

Threshold
limit(C1)

1.822
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Table 5. 1 Flow velocities of representative points

Flow velocity (m/s)
Case Beyond toe
Crown Slope Toe
(-1 ~-5m)
Owerflow | 2D-NIT 27 22 ~ 52 2.4 06 ~ 1.8
depth 1m | Kato's exp. 2.8 44 ~ 77 6.6 7.7
Owflow | 2D-NIT 3.8 51 ~ 7.6 4 31 ~ 3.9
depth 2m | Kat0's exp. 49 6.7 ~ 92 10.0 10.2
Owerflow | 2D-NIT 7.0 7.2 ~ 105 7.8 33 ~ 8
depth 6m | Kato's exp. 6.3 9.3 ~ 109 113 9.9

Fig. 5.9+ Kato et al.(2012) F7H4%] el AFAHA = AFart 24 cm (2A
6 mY W LF7F 12 em (A 3 m)Ql AF wFFFolA oF 100 em/sec(A Al
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Fig. 6.1 A cross-section of levee road with parapet wall
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