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A Study on Evaluation System of River Levee Safety Map to Improve
Maintenance Efficiency and Disaster Responsiveness
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Abstract Owing to the changing climate and recent flood events, flood damage caused by river levee collapse and
overflow is on the rise in Korea, making it necessary to enhance river levee maintenance technologies to deal with
various flood damage scenarios. This paper proposes the evaluation system of a river-levee safety map to improve
maintenance efficiency and disaster responsiveness. A river-levee safety map, indicating sliding, piping, visual
inspection, scouring, and safety index of a levee fill material on a GIS map will enable the dangerous zone to be
identified visually and the development of proactive measures to deal with it. This will maximize the river-levee
maintenance efficiency, which is a break from traditional practice in that restoration measures are taken only after
the damage has occurred. This study includes scouring and levee fill material in addition to previously-proposed
sliding, piping and visual inspections. The research activities conducted in the study include 1) categorization of
scouring and levee fill material based on document and data examination, 2) evaluation of sliding and piping at 5
locations on the left levee in the Nam river according to the duration time of the flood water level, and 3) evaluation
of the characteristics of scouring and levee fill material at 9 locations on the left/right levee in the Nam River. The
river levee safety map proposed in this study would be more useful and practical but further study on the manual
for river management organization, repair and reinforcement methods, and budget is required.
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1. Concept of river levee safety map

Table 1. Evaluation system of river levee safety map

Index Grade a Grade b Grade ¢
Sliding S;z15 1.3<8,<1.5 S;<1.3
Piping P, 230 [20=P,<3.0 P, <20
 Visual Good Fair Poor
Inspection
Scour ) < Ve =
(m /sec) vg < 1.0 1.0 = vg < 3.0 vg = 3.0
Levee fill | oo g0 op, cp| M SM. ML, |Gw Gp, sw, sp
material MH
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Fig. 2. Particle size distribution curve for piping
resistance of levee fill material(USACE, 1986)

Table 2. Classification standard according to piping
and cracking resistance(USACE, 1986)

USCs

. |ecL cn 1> 15)
|| PiPing o SC(well graded, PT > 15)

°CH (D5, <0.02mm,

Classification

Cracking PI>20)
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. leCL, ML (PI < 15)
0 Piping | SC, GC (well graded, 7 < PI < 15)

< GC, SC, SM, SP (Dy, > 0.15mm)

Cracking

Piping || ° SP, SM, ML (PI < 7)

< CL, SM (PI <20, 0.15 < Dy, < 0.02mm )

Cracking
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Table 3. Scour fragility of river levee depending on
river velocity and critical tractive velocity of
revetment(MLTM, 2016)

Classification Velocity (m/sec)
rapid stream 3.0
semi-rapid stream 2.0~3.0
levee
semi-slow stream 1.0~2.0
slow stream 1.0
vegetation grass 2.0
Geotextile 3.0
sheet
block mat 4.0
wooden grid 4.0
wood wooden block 4.0
pile fence 4.0
Revetment dry riprap 5.0
stone N
wet riprap 7.0
vegetation net 5.0
gabion
gabion mat 5.0
porous 8.0
concrete link block 5.0
environment block 8.0
S FAM A A 2 3 (2016)[7]S Table 3014 B
o] 3} FHRES VTR /Y, TR, YR
5, SR 5 49 AlE ARk AES e, 7}
Z1o] Eekgel W WS 2 48 2AS s
ol
A
A2 JICEQ2007)[8] A% % 5 A Al A&
she ahe) FERs, DERES B AN 9



SRS g BeY L AN e e gia

SPAAY HA=H) oA A+

o, SHTAPAALT-2H(2016)E o] =83}

b AN b S 93 AlE
u SFFAR AT %(2016) 7
JICE(2007) 71=S 483192, Table 1904 B
3§ wet H(v<1.0m/sec), boa
(1.0 = v <3.0m/sec), c5H(v = 3.0m/sec) &2 A ol5ty

27, beE TEFE Y ogFE

ol

A EE

A==

ao

3.1 AlHEIH 712t

3 ol ©
B eRe 9%, dold, 59497 59 ¢

= s

=

59

A QA% AEE

A8 AT

Fig. 3. Test bed section - Nam river

Table 4. 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 R2 4~5m
L3 4~5m R3 7~8m
L4 6~7m R4 7~8m
L5 5~6m - -
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Table 5. Scope of test evaluation
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Table 6. Result of numerical analysis - Sliding(landside)
Levee Safety factor (Grade)
name - casel case2 case3 cased case5
L1 | 2.09 (@) | 2.09 (@) | 2.09 @) | 2.09 (a) | 2.09 (a)
L2 || 2.00 () | 2.00 (@) | 2.00 (a) | 2.00 (a) | 2.00 (a)
L3 | 222 (a) | 221 (@) | 221 (a) | 2:21 (a) | 2.20 (a)
L4 || 1.86 () | 1.84 (@) | 1.83 (a) | 1.82 (a) | 1.81 (a)
L5 226 (a) | 224 (a) | 222 (a) | 2.19 (a) | 2.07 (a)

T ohwL casel gase? Table 7. Result of numerical analysis - Sliding(riverside)
—— cased —¢— cased —>— case5
5 T T T
o 100 200 300 400 Levee Safety factor (Grade)
Time (hour) hame casel case2 case3 case4 case5
Fig. 4. Design hydrograph used in numerical analysis L1 141 (b) | 152 (@) | 1.51 (@) | 1.51 (@) | 1.52 (a)
- L1
L2 | 2.01 (@) | 2.04 (a) | 2.04 (a) | 2.04 (a) | 2.03 (a)
A=A A Qo AL R 3 A L3 | 178 (@) | 1.78 (@) | 1.78 (a) | 1.78 (a) | 1.78 (a)
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Table 8. Result of numerical analysis - Piping
Levee Safety factor (Grade)
name case 1 case 2 case 3 case 4 case 5
L1 9483 (a) | 9483 (a) | 9483 (a) | 9483 (a) | 9483 (a)
L2 092 (¢) | 0.75 (¢) | 0.66 (c) | 0.61 (c) | 0.52 (c)
L3 1.68 (¢) | 1.65 (c) | 1.63 (c) | 1.63 (c) | 1.63 (c)
L4 0.59 (¢) | 0.56 (c) | 0.56 (c) | 0.55 (c) | 0.54 (¢)
L5 14.51 (a) | 5.46 (a) | 2.68 (b) | 1.61 (c) | 0.49 (¢)
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Fig. 7. River levee representative section(L1)(KICT,
2017)

Table 9. Sampling location

Levee Cross section Coordnate

name Latitude(N) Longitude(E)
Ll No.16 (BH-1-27) 35-15-54.22 128-12-59.43
L2 No.14 (BH-18) 35-15-20.25 128-14-11.43
L3 No.18 (HYB-3) 35-15-46.88 128-16-26.60
L4 No.33 (DSB-6) 35-17-11.60 128-17-48.11
L5 No.33 (MCB-2) 35-17-55.32 128-17-11.79
Rl No.71 (BH-15) 35-15-45.26 128-13-9.64
R2 No.39 (BH-6) 35-15-15.60 128-15-42.42
R3 No.l (NB-2) 35-16-33.72 128-17-22.92
R4 No.13 (KB-3) 35-17-44.27 128-17-11.79
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Table 10. Comparison of soil classification and

Table 11, Velocity correction factor of curvature

coefficient of permeability Curvature o) ) Bl2r o
Levee Working design Sampling Grade 1 2383 442.0 0.27 1.27
name | USCS | k (cm/sec) | USCS | k (cm/sec) 2 321.7 1,543.0 0.10 1.10
Ll SM | 6.80x10°'| SM | 893x10°"| b 3 4300 447.1 048 1.48
L2 SM | 422x107%| SM | 762x107t| b 4 3583 3925 046 1.46
L3 SP | 7.35x107% | SP-SM | 4.48x107% | ¢ 5 420.0 9573 022 1.22
L4 SM [ 846x107° | SM | 9.90x107'| b 6 4375 346.5 0.63 1.63
L5 CL 2.71x1075 | SW-SM | 4.77x 1073 c 7 438.3 966.0 0.23 1.23
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Fig. 10. Curvature location L5 8.31 222 b
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