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Abstract The efforts to improve river levee maintenance technologies have accelerated globally in a bid to deal with
the flood damage resulting from the changes to the climate and flood events. This paper, in line with such tendency,
proposes an evaluation system of a river levee safety map to maintain the river levee in an efficient manner. The
concept of a river levee safety map is aimed at maximizing the maintenance efficiency for a manager to indicate the
safety index, including the current river levee sliding, piping, and visual inspection on a GIS map. To develop such
an evaluation system, a safety index covering the sliding, piping, and visual inspection are designated through the
data and document examination and the rational guideline to classify each index into three grades, A, B, and C, is
proposed. Based on the guideline proposed, the sliding and piping characteristics in terms of safety depending on the
change to the flood water level duration time at the test section (Nam river) were evaluated by numerical analysis.
As a result, both the protected landside and riverside satisfied the requirements for Grade A in terms of sliding, and
when it comes to piping, the grade declined to C because the flood water level duration time increased at R2. As
a planning study to propose a river levee safety map evaluation system, a further advanced study, standardization of
the river levee data, and improvement of the existing system and laws are required.

Keywords : Flood damage, Numerical analysis, Piping, River levee safety map, Sliding, Visual inspection
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Table 1. The change of structural safety factors according
to river design standard

Structural safety
Year — "
Sliding Piping
1980 |- when -only check for body leakage
1991 considering according to Casagrande formula
1993 tc;ls;on crack : +show only methods without safety factor
] -2 or more such as critical hydraulic gradient,
2000 X critical velocity, creep ratio, etc.
———| - without
2005 deri
——|| considering -critical hydraulic gradient : 2.0 or more
2009 || temsion crack : |. crifical velocity : 1/100 or less
1.4 or more
Table 2. The change of levee fill material according to
river design standard
Levee fill material
Year P ili
USCS |Max size ermeability Compaction
(cm /sec)
1980 -
1991 -
1993 -
»000 | GM. | within ] ‘KS F 2312 : 90% or
GC, 150mm more
SM, within s *KS F 2312 : 90% or
2005 SC, | 100mm 107 or less more
ML, | within -KS F 2312 : 90%(levec)/
2 -3 :
0091 cL 100mm 1077 or less 85%(super levee) or more
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Table 3. The current status of distributed information by

organization
Curve & Levee |Boring &|Sliding &
I GIS . .
Classification | Flood layer cross | Soil test | Piping
level -section data data
WAMIS ) - @) - -
RIMGIS - O - - -
River general o o o ) }
plan report
River
management (©] - (@] - -
register
Geotechnical
information - o - (@] -
DB system
Working o ; o o o
design report
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Table 6

Visual inspection
C grade : Inadequacy

Facility condition safety

Visual inspection grade

- A grade : Good
- B grade : Normal

| River maintenance manual [2012] ‘

| Safety index of visual inspection [Vyc] |

230

B grade : 2.0 < P(X) < 3.0
<20

Piping grade [P(X)]
ik

[e)

A grade : P(X)
C grade : P(X)
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Lowest grade in S;(X) & Py (X).

S(X)<13

lSafety index of hydrograph [Vyg] |

Fig. 2% 8}

Sliding grade [S(X)]

- Agrade:$(X) 2 15
B grade : 13 < S(X) <

Fig. 2. Evaluation system of river levee safety map
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Table 4. The standard for sliding safety factor (fill slope) oot 2513 | Temporary stability and
Min safe 7 i construction
Classification n safety References —
factor Fs>1.15~1.2 For seismic load
River facility Normal and flood water Peak Shear Stress(UU
>
standard Fs=1.3 level 125<Fs<L.5 Test)
Vertical collapse 1.15<Fs<1.3 | Residual Shear stress(CD
> A5<Fs<1.
Fs=2.0 (wlo pore pressure) U | NATIONAL COAL s Test)
Fs>14 Vertical collapse K BOARD(1970) 1.15<Fs<1.3
River design 7' (with pore pressure) 5 Saturated sandy sil (C=0)
standard Fe>18 W/O vertical collapse (w/o L1<Fs<12 CD Test, C=0
K pore pressure) Ports&harbors Port facility standard
o W/O vertical collapse L Fs>1.3 .
Fs>13 . ] association &explanation
r (with pore pressure) - -
Normal Road authority Fs>1.5 Road design manual
Fs>1.2
Road design manual (dry scason? cut slope) Constriction Dept | Fs>1.1~1.3 Standard é lcatjz)jrled safety
Rainy
Fs>1.2 .
(rainy season, cut slope)
Roud dosin |5 (3 Fergd
guideline . o =
Geotechnics series Fs>1.2  |when water level is falling SEAAY S spxdAlAde] Eefe] 715 E e
Ports&l'lar'bors Fs>15 Port facility st'andard 2 843 4 JEE 5] Y5te] st &2 2 A
association &explanation
= T 21z H ol o
. Standard planned safety Zﬁ‘ T)”o] ib\;}%q Ol'ﬁzﬂ Ho]' c\:_};dl,:_u]lﬂl Jg 7]'11] 74] ]H ha
Construction Dept | Fs>1.1~1.3 fact
S P QM= AF| SF 7IE2 s AEAT} s
Construction Dept Fs>13 Structure foundation B N o N JRN
- design standard ofgt M4 2¥E AMesta e A Banwd
] Road lecture | Fs>12~13 | Road carthwork, soft (2012)[8] 9] HAHASTHASTTE 43, BoF HE,
ground reinforcement B
a During temporary load and Csw U]'g— Tg_‘ 7]%QE 3}'5\)21:]'- X]"ﬂ?:ﬂ' ) 7]%‘% 3]’
P Soil Engineeri Fs=1.0~12 construction
oil Engineering 218 %]. B2 52(2012)[81 =18l 7] ulek
Society Fs>1.3 General structure =T ] T HTFE( 0 )[8]E o } ] ]—LE}
Fs>1.5 Important structure
. . Fs>1.25 Application when joint Table 6. The standard for piping safety factor
Highway design load starts
guideline Fs11 Temporary stability during Classification Safety factor
_ construction River design standard |Fs = 2.0
K Dam design standard |Fs = 2.0
0
Table 5. The standard for sliding safety factor (cut slope) ¢t | Structure foundation
Fs = 2.0
design standard
Classification Mi: sta;fety References £
actor Subway Technology _
Fs>1.5 Permanent slope Council Fs = 1.2~2.0
Fs>1.3 Temporary slope -
Korea Rail Network Fs>1.1 During earthquake b ll\;[etrOpOlg;m,t s =15
Authority Fs>13 During rain 1wy anthorty
K Fs>2.0 Potential damage to i < 0.5 (i is the maximum value for
o s= people&property J hydraulic gradient of foundation at the
r Road design Fs>1.7 In-situ test Shear strength a end of the slope in protected low land)
uideline Uniaxial&triaxial test shear
g(1976) Fs=1.5 strength River bank design |G > W
- g guideline G : Weight of covering soil layer
Structure design Fs>13 W : Uplift pressure at the bottom of
manual covering soil layer (Not applicable when
F Upon starting construction covering soil layer is 3m or more or
s>1.3 . .
(UU Test) cohesive soil layer)
FEDERAL Fs>15 When considering seepage
U | REQISTER (1977) o (CD Test) U NAVFAC. “Design
P S s = 3.0
S Fs>10 When considering A Manual 7.17
A - earthquake
Fs>1.5 For a long-term load
NAVFAC-DM 7.1 .
Fs>2.0 Structure foundation

772



a1

FAEY 71&9] LEIE AT SHHAAY FA=RY A AL

ES ]
PgaNel Bag 915 ANE AT FARZE =
A S W o] B4 % RS 24 5ol 43
B E—_o] EJS_ J

4
col dasith uehd NIEALAYY Bf A7)
AR 5 ) FA 2 5~107014 A% AN 5 3)FR] 64
A Eed Fefreel AR, Heelurd s AR
FARFAL H, AL 39 FR(3~4m, 5~9m,
9m ©°]’3), 6)371 I’ #S(SP, GP/SM, GM/CL/ML)
S} zho] A7 AAY|=S Asigoh
1‘:”%% AAZIE 1), 2), 3), = A 48 9
Z|2Ame] g8 e A9 5
%131:4, 5) QPgalA] Al Algael] whE 2 gl sho]
w5

=42, 0 dolg WAl £ 5 nelsdl

3.1.2 MEE A7t g
SHAANY QPR AT A3 AT A

-

9
o2
A2y i o
(e}
e
N\
PN
=
1o
ot
o,

P

=
o
o
re
4P
A~
2
ol
=
oo
ot
ol
o
©
o
ol
ool
i

ojn <
=
2
ot
ol

Fig. 3. Test bed section - Nam river
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Table 7. Test bed section - Nam river

Left levee Right levee
Levee name Levee height Levee name Levee height
L1 3~4m R1 4~6m
L2 4~5m RrR2 4~5m
L3 4~5m R3 7~8m
L4 6~7Tm R4 7~8m
L5 5~6m
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[SP] Table 8. Result of numerical analysis - Sliding(landside)
“ e Levee Safety factor (Grade)
(a) name case 1 case 2 case 3 case 4 case 5
[ Rl || 3.94 (A) | 3.94 (A) | 3.94 (A) | 3.94 (A) | 3.94 (A)
""'[s'f“@—"—\——\\ R2 || 276 (A) | 276 (A) | 276 (A) | 276 (&) | 2.76 (A)
g'ﬁ R3 | 270 A) | 270 (A) | 2.70 (A) | 2.70 (A) | 2.70 (A)
; L) R4 | 3.08 (A) | 3.08 (A) | 3.08 (A) | 3.08 (A) | 3.08 (A)
[GM]
[ML]
Sefrack Table 9. Result of numerical analysis - Sliding(riverside)
Distance(m)
(b) Levee Safety factor (Grade)
name case 1 case 2 case 3 case 4 case 5
RI || 2.01 (A) | 200 (A) | 1.99 (A) | 1.98 (A) | 1.95 (A)
g" R2 | 240 (A) | 239 (A) | 238 (A) | 2.38 (A) | 235 (A)
2
H R3 | 1.99 (A) | 228 (A) | 227 (A) | 227 (A) | 222 (A)
wor [CL]
R4 || 1.60 (A) | 1.58 (A) | 1.57 (A) | 1.56 (A) | 1.51 (A)
IcL]
s,ano‘;k
Distance(m) 400 - . .
©
3.50
o
| =~ 3.00 -
T ML} [SP-sM] ‘% 250 4 % ﬁ
£ sm1 £
¢ tse1 £ 200 1 —0—Ri1 —o0—R2
L 2]
reus 150 f-mmmmmmmmmmmmmmoo —&—R3 —0—R4
(e T T T T T T ----ABBL — —B-CBL
o o - . rosh 1.00 T T T T T 7
Distance(m) o] 20 40 60 80 100 120
. . @ . . . Duration (hour)
Fig. 5. Levee cross-section used in numerical analysis @
a
R1 (b)R2 R3 (d)R4
(@)R1 (b)R2 (c)R3 (d) 250
o—GC—o0o——o0o—u8 45
33.1 5 A 5 190 -
Q
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Fig. 6. Result of numerical analysis - Sliding (a) Landside
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Table 10. Result of numerical analysis - Piping

Levee Safety factor (Grade)
hame case 1 case 2 case 3 case 4 case 5
R1 [[11,446 (A)|11,446 (A)[11,446 (A)|11,446 (A)|11,446 (A)
R2 16.91 (A) | 13.36 (A) | 10.65 (A) | 7.61 (A) | 0.56 (C)
R3 [[11,830 (A)|11,830 (A)[11,830 (A)|11,830 (A)[11,830 (A)
R4 |[11,830 (A)|11,830 (A)[11,830 (A)|11,830 (A)[11,830 (A)
24 12,500
—0— R2(left) ----ABBL —-—BCBL
= 20 - —0— R1(right) —— R3(right) —0— R4{right) 12,200
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Fig. 7. Result of numerical analysis - Piping
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