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Abstract Levee breaches can result from flooding due to torrential rainfalls, which are linked with recent abnormal
climates and the aging of river levees. Breaches have caused enormous property damage and human casualties in
lowland areas. Overtopping was found to be the cause for approximately 40% of all cases of breach. In this study,
the reasons and mechanisms behind levee breaches were analyzed using hydraulic model testing. The overtopping
stability and time delay effect of breaches were assessed for levees made with a new environmentally friendly
substance. Image analysis revealed that the total breach time of the levees made with the new substance was about
2.25 times greater than that of an earthen levee. The initial breach rate of a general earthen levee was about 1.43
times higher than that of levees covered with the new substance, and the body collapsed rapidly. The breach
mechanisms of levees covered with the new substance were completely different, and it is possible to prevent rapid
breaches by mitigation of the breach speed on the slope by resisting overtopping.
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Fig. 1. Levee breach on Kinu river in Japan

A
o 2
™

oﬂm £ WAlel 2 A
oﬂ»m: Ao B4
& FEA)

W)

o
>
©
Al
>
r_%
ol
o
E Y
10 :L

o%

l‘?‘ié

o
ol © o
o & >

fitl
k3
P
o
o,
> o
[
;.N:
N
ﬂlﬁ’l
oo )
2_‘
2
é
of
l

e e

e H
-
N
e
r
—LJ
é
_>L

= Sk MEE oS BAF MR ] 0E
o 89 Aol A 5T o) 9 6} 3

# 5o MAE e 2 A

)

U ot wE > of
2
of
o,
N
N

: lu
o
&1’
N
o
1o

N

21 MBEZ W MK
€ AT ATIR 24 Y 470 g

SAthFig. 2). Hd,E Uy o
Zg 5o, oA E 7hdlgt 10, 3605 VR 7HH2t 3di&
242y AA ST 4 2 g
ﬂﬂﬂﬂi o]-&-3t AW A
T TIHMAVSES AES A RE AY A4
P om AA Aol A Bk B3 P
2-g-3t0] FFIth(Fig. 3). FF BAPH A9
o] B3 W] mX= JEFE 5] st o
7 EtE o8-8k PIV A ¥ 93-S F712 3

T

ofl_tﬂ

mlo
Of

XN do [ e 2
T 4



A &8 ALY 47 53 A3 53k 24

Fig. 2. View of levee model
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Fig. 3. Measuring device
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Table 1. Experimental Cases

no. Material Covering layer Thickness

1 N/A

2 New substance lem
Sand

3 N/A

4 New substance lem
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Fig. 4. Creation of levee model
(a) Foundation (b) Water binding
(c¢) Hand finishing (d) Covering a new substance

Fig. 5. Making a bio-soil
(a) Mixing with bio-polymer and water
(b) Mixing with bio-polymer solution and soil
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Fig. 7. Grain size distribution
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Table 2. Breaching shape

Levee covered with new substance

Earthen levee
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Table 3. Loss rate of levee slope
Case no. Time(s) Total pixel number Loss Loss rate(%)
30 25,688 24
1 60 63,041 60
90 84,643 81
120 90,405 86
30 975 1
60 2,209 2
90 27,928 27
120 56,988 54
2 150 70,815 67
180 75,617 72
210 77,872 74
240 82,050 78
270 92414 38
30 105,000 23,919 23
5 60 67,585 64
90 84,522 30
120 92,831 88
30 2,298 2
60 44,510 4
90 66,387 63
120 72,575 69
4 150 81,856 78
180 85,047 81
210 87,851 84
240 91820 87
270 94350 90
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