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Abstract The risk of collapse in hydraulic structures has become more elevated, due to the increased probability and
scale of flooding caused by global warming and the resulting abnormal climatic conditions. When a levee, a typical
hydraulic structure, breaks, an enormous breach flow pours into the floodplain and much flood damage then occurs.
It is important to accurately calculate the breach discharge in order to predict this damage. In this study, the variation
of the breach discharge with the asymmetry in the cross-section of the levee breach was analyzed. Through hydraulic
experiments, the cross-section of the breach was analyzed during the collapse using the BASD (Bilateral ASymmetry
Degree), which was developed to measure the degree of asymmetry. The relationship of the breach discharge was
identified using the BASD. Additionally, the variation of the breach flow measured by the BASD was investigated
through a 3-D numerical analysis under the same flow conditions as those in the experiment. It was found that the
assumption of a rectangular breach cross-section, which is generally used for the estimation of the inundation area,
can cause the breach discharge to be overestimated. According to the BASD, the breach flow is decreased by the
interference effect in the breach section of the levee. If the breach flow is calculated while considering the BASD
in the numerical analysis of the flooding, it is expected that the predicted inundation area can be estimated accurately.
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Fig. 1. Asymmetry of breach section[4]
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Table 1. Overviews of quantitative estimation methodology
for symmetry

Field

Method

Author

David O’Mara et al.(1996)

Medical
Science

Formula

* Degree of symmetry :
> fp)
S=1— pE object
N maxdiff
;E object
where,
f(p) = abs(I(p) — I(p")), ifp’ Eobj.
= maxdiff ,ifp” & obj.
maxdiff = 254=255-1
I(n) : density of the point n

Author

Qi Guo et al.(2010)

Earth
Science

Formula

* Bilateral central symmetry degree:
AWM NM)
A

* Bilateral symmetricity :

0p = max { BCSD(7) }
where,
M: original shape
M’: shape after rotation operation
M”: transformed shape from the shape M’ after
reflection

BCSD(i) =

Author

Mark Pinsky et al.(2010)

Physical
chemistry

Formula

* Continuous-symmetry measures (CSM)

S(G) =100 ZZ\Q,C af
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Fig. 3. Experimental channel and section view[4]

560

A8 F31=2] Froude 4= 0.20, 0.25, 0.30, 0.35%]
7ol disl ekl e Zbzke) gl i s
FEH Q) & 20 e

Table 2. Conditions of discharge for Froude number
(Kim, 2014)
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Fig. 4. Shapes of breach section for time(Fr = 0.25)
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Table 3. Cross-section at center of levee according to
elapsed time of breach

Time Time
Fr =020 Fr =0.25
(s) (s)
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- —
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Time Time
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(s) (s)
so | e | N
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Fig. 5. Variation of BASD for breach time
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Table 5. Conditions of numerical simulations
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