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Assessment of Levee Slope Reinforced with Bio-polymer by
Image Analysis
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ABSTRACT: This study was conducted to apply natural river technologies to levees and examine the results. The new
eco-friendly bio-polymer was applied, a combination of eco-friendly biopolymers and soil, to levee slope to enhance
durability and eco-friendliness and to establish reinforcement measures against unstable levees due to overtopping. A
semi-prototype levee of 1 min height, 3 m in width, with a 1:2 slope and 5 m length, was constructed at the Andong River
Experiment Center. The bio-soil mixed with the biopolymer and the soil at an appropriate ratio was treated with a 5 cm
thickness on the surface of levee to perform the stability evaluation according to overtopping. Using the pixel-based analysis
technique using the image analysis program, the breached area of levee slope was calculated over time. As a result, the time
for complete decay occurs more than 12 times than that of ordinary soil levee. Therefore, when the new substance is applied
to the surface of levee, the decay delay effect appears to be high.
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35 5] 9t} (Korean Design Standard 2016).
A5 of]| whE = o] el Al Aol k=
A A5 A F DR A E7F 2R 40%E 7t
2 HlES AAIskAL A o= FH7HE QI (Kim et
al. 2015). o] gt Afsf = QlIgt v o= sh A 14
2 735t i F o] @ ETHA] 2|4 T ARl ol W oAt
o] FYE L glot, & 7 E AlYEY Al 8]
& FAE Qe i F Ut Fjset E7F i =] a1 9]
= Aot} 79 A AY kS 26k 4

AA RS Hod = e o] s s oo & Aol
oof| w3l = It vhaRt 2ol e R
Tt dE oo sh HAEH Yl A = Sl tidt s
= B7totod AN 27 |eS A A 2 art Qi
A G7HA] 4 A A d= AR, F4-
v A= 209 3 wAYSl ARt A
(Powledge et al. 1989, Chinnarasri et al. 2004, Zhu et
al. 2006, Pickert et al. 2011, Schmocker and Hager
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2011, Orendorffetal. 2013,) W Al 15 27 o) A 2] A
vl uly] 75 B4 o941 (Zang et al. 2009, Thornton et
al. 2012, Kurakami et al. 2013, Kakinuma and
Shimizu 2014), Z12] 31 A4 Wf HAd-55 280 w2
SN AaT B4 A (Kim et al. 2006, Joo et al
2013, Caballero et al. 2016, Wang et al. 2017, Guyer
2017, Ko and Kang 2018) 5-¢| $It} ko & = AHkE
Yof| Tt AP A= HIEA] D aste, thefet A9
tloBl & S45h= A2 Ale ] 2 74 L
%5 vlghe] Q17 WOl oS- Fnelck

o] QAFoA]= Aol W2 AlaA vjo] 2.2
2uE ERoHe 742 Agstol WAL St
Aol o] T APPARIS] QP AS sk 7]
S WA gtk vlo|o Eelel miA) BRI
24 oju] AHA R Bga}] Sl ikt A7 A
3J %] 17 @It} (Chang and Cho 2012, Larson and Newman
2013, Chang et al. 2015, Chang et al. 2017, An et al.
2018). o]o]| ¢Fg5}- A1ATE] (River Experiment Center,
REC)o|A =317l 71| AE (Korea Advanced
Institute of Science and Technology, KAIST) -7
o] 7jurat uho] 9 Za]u] A7) (KAIST 2011 and 2015)
S AAb e A-g-5ho] QHEA] 7S 53 Al
U2 FHEAES AP o, 3% At AR A
S Atol| Hhegsto] 4l A 2] AHe] oHg A2 57
4= e WS g ekl gtk

-

S A7 AT Qe e AAE (REC)+= 2
o 10 m’/s ] S HkEr} 71538l 3712 =2 (A1, A2,
A3)E HF5HaL Stk (Fig. 1). YRb& Al A&
283k Ao B 2 vl ] flsf A34-= s
T7te] & 4ol 5m, 0] 1 m, v 33 m, AFAZAL
1:29] A g3 AlAkstlch A9 5244
2517] 98l 7H 2} (Sony FDR-AX700) 2 =2 (DJI
MAVIC PRO)< &3l AAIZE HFElom, AWA|
S AP 5 G Hol| 7| 2hE AR sto] YRS
&3 Lol whE Hio] @ E2|w A2 Ae] T A
aIE S5 (Fig. 2).
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Fig. 1. View of River Experiment Center (REC).
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Fig. 2. Cross-section of levee and experimental conditions.
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A FoFst AP E (SW) &2 A A5} 01, Fig, 3:2 AR
g me AR YEREIAL Holze) AF 4
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U HEASE 42452, Lok

SR AR NS S0P 0 F02m 71 0
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9 A ket 92 HEAE 4 9)
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Fig. 3. Grain size distribution curve.
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Fig. 4. Construction of levee model.
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Fig. 5. Mixing and covering the new substance on levee.
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Table 1. Estimation of loss rate of levee surface over time (Case 1)

Time (min) Number of pixel R P L°§S el Lezs o LOS?)

surface (mm?) pixel area (mm?) rate (%)

0:00 - - -
0:30 48,062 3,071,162 45.77
1:00 105,000 6,708,210 90,508 5,783,461 86.19
1:30 98,183 6,273,894 93.50
2:00 105,000 6,708,210 100.00

Table 2. Estimation of loss rate of levee surface over time (Case 2)

iz (k) Ui ber @7 i surf':rcza (cr::mz) L(:)?)felof artI;gS?mcr);z) Falt_g S(S%)

0:00 - - -
6:30 3,014 192,526 2.87
8:30 4,379 279,732 4.17
10:30 6,552 418,592 6.24
12:30 7,844 501,103 7.47
14:30 105,000 6,708,210 7,907 505,128 7.53
16:30 10,626 678,871 10.12
18:30 25,337 1,618,691 2413
20:30 62,307 3,980,652 59.34
22:30 97,598 6,235,281 92.95
24:30 105,000 6,708,210 100.00

Al 142 HolFn Fig, 7.2 Alad] A2 A 2
ol A L A - oha) 7} dofd AR FE 48 T
2 1 E AP et 22 HojErh
3 AM) (Case 1)2] 72, 302 Fof| o]u] 45% o]A¢
_%_

o] o] AYS AL o] AL S B

O 7 FH7h 42 A 0 2 st A L 5] Fol whE A
Z7V¥8}0] 60 Tofi= 85 % o|AFe] I L2Alo] HEAY
SFRICE. $HE 1= OF 1202 o] AFH-S HIZSH AA|
O E FHo| Ui S50 ol waje 2 o8 veyitt.

AlaxA Z 2] AR (Case 2) 9] 737 A7 A12F$-360
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(a) Capture, 30s

Digitizing, 30s

Digitizing, 60s

(c) Capture, 90s

Digitizing, 90s

(d) Capture, 120s

Fig. 6. Analysis of breaching rate (Case 1).
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(a) Capture, 600s Digitizing, 600s

(c) Capture, 1080s Digitizing, 1080s

(d) Capture, 1320s Digitizing, 1320s

Fig. 7. Analysis of breaching rate (Case 2).
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Fig. 8. Comparison of loss rate according to experimental conditions.
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