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Experiment on a Levee Breach from Overtopping
at the World’s Largest Experimental Channel
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Total length: 1,310 m, Channel width: 3
Bed slope: 1/500 :
Maximum discharge170m3/s
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Chiyoda Experimental Channel

Total length :1310m
Channel width: 30m
Maximum discharge : 170m3/s
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Presentation outline

1. What is the Chiyoda Experimental Channel ?
TFAHEERRIKES & (F ?

2. Research Plan for Experimental Channel
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3. Introduction to Overtopping Levee Breach Experiments
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About Chiyoda Experimental Channel

The Chiyoda Experimental Channel
was constructed in 2007 using part of
the Chiyoda New Channel that had
been built in the middle of the Tokachi
River as water-control measure.
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Phenomena that could not be clarified
In conventional model experiments or
observed in actual rivers can be
examined using the Chiyoda
Experimental Channel.
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Basic data on the Chiyoda Ex

Total length: 1,310 m, Channel width: 30 m,_

Bed slope: 1/500 :
Maximum discharge 170m3,
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ToKachi River —(4 gates)  \
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Chiyoda Experimental Channel Specifications |

The channel was built using one of Movie
the four gates of the diversion weir.
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The flow rate can be controlled
using a gate (Maximum discharge
170m3/s).

EERKED LiRimdDT — N ChREZ1> hO—ILI DL
M EJEE (FRK@/KEJEERIE170m3/s)

It has a section with a channel width
of 30m, a length of 1300m, and a
river bed gradient of 1/500.
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e n Bxperimenta
Research Plan for Experimental Channel

The following areas of investigation were set in the form of long-term
experimental research plan as a collaborative effort involving the
Hokkaido Regional Development Bureau and the Civil Engineering
Research Institute for cold Region.

The plans support R&D to solve technical problems in the field and

enable systematic and focused R&D associated with river technology.
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Research Plan for Experimental Channel

Subject

Main long-term subject

1

Improvement of technology for assessing the

functions of dike/protection work
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Establishment of a tree management method

for water control and environmental protection
A/K EIRIBZ WAL U TSI A DML

Improvement of soil/sand management

precision
mis T ERORER L

Improvement of river channel design

technology
JANEERETHAftDm _E

Clarification of changes in ecological systems

after flood disturbance
HAKLERDERERODZEILDIRE

Improvement of flood prevention technology

and awareness
IKBAFAlT « EEkaDm)_E

Experiment examples

Examination of the levee
breach mechanism
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Flow in ice-jammed rivers
| A A2 N DFN

Flood drills, disaster
prevention education for
| residents
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Study Background (Experiment on a Levee Breach)

Even today, with progress in river improvement, damage caused by levee

breaches still occurs frequently in many parts of Japan.
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There are concerns that floods with severe damage
will become frequent due to climate change.
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Even though the damage caused by levee breaches

is devastating, the process of such breaches

initiated by overtopping is not well understood and  Example of levee breach in the Kinu
. . . . River (September 2015)

elucidating the mechanism of levee breaches is Souree.

important for establishing mitigation techniques. ol ail b
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Objective

Research on levee breach to date has mainly been based on model tests.
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Full-scale levee breach experiments can be performed in consideration of
side-overflow from levee placed longitudinally to the river channel flow as

seen with actual rivers.
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This allows examination of the levee breach process through collection of
chronological observation data on the levee and the amount of water flow

observed during levee breach.
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Overview of the experiment and ovsevation

The basic dimensions of the levee ar
= 3m(height), 3m(crown width), and th
~ slope gradient is 1:2.
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The following main items were
% observed:

== Channel water level, Flow rate, Levee
. breach shape(clarification of levee

= breach conditions based on outflow
measured by acceleration sensors in
the levee) etc.
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Sltuatlon of experlment

Flow Mowe : Hokkaldo Regmal Development Bureau
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Levee breach process estimation based
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Conclusion

In previous studies, the process of width expansion in levee breach was
presumed according to only visual observation in scale-model experiments.
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This time, the use of acceleration sensors enabled the establishment of an
approach for measuring the process of levee breach for the invisible inside of
WEREVEED

IEEE>Y—ZANB T ET. BICRIRVMERSAEIOIRGEEEE R I 3 F A= T

The experiment revealed that it proceeds through four stages: (1) the start of
levee erosion due to overtopping, (2) the start of widening of a narrow erosion
trench across the levee body, (3) the acceleration of the widening of the breach,
and (4) the deceleration of the widening of the breach.
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The levee breach process can be
classified into four stages.

Channel Dike:

Overflow area

Overflow.
L. Overflow erasion (*1) e S o SR
(*1) Dike cross-section erosion process
/ Channel Overflow area
Flow —
Dike R g Erosion of the back slope and
~ the top of the back slope
- The back slope and the top of the back slope in the —
overflow area are eroded after overflow begins. U

- The crown is eroded gradually from the top of the ;

!
' The crown is eroded gradually
back slope to the top of the front slope. , TSN

from the top of the back slope

- The overflow rate does not increase. to the top of the front slope.

eroded.
Dike breakage expansion

e
Progression to Stage 2

=
- } The top of the front slope is

- When the top of the front slope in the overflow area is eroded, the cross
section is eroded rapidly and dike breakage proceeds in the upstream and
downstream directions.

d - The overflow flow rate begins to increase.

Dike breakage process
Main stream width

="/ Wain stream widh
= e |

Low flow rate

/
Accumulation
/' w,,,& : m

y The main stream
with a constant width
\ Dead water region | was observed
downstream of the
> dike breakage, and a
dead water region
formed in the
upstream area.

Accurhulation \

- If most of the cross section of the dike is eroded, dike |
breakage proceeds rapidly in the downstream :
direction. ‘

- The flow velocity downstream of the broken part of !
the dike increases. This flow hits the dike and causes ! Main stream width 3
breakage in the downstream direction. ;

: The dike broke due

' to erosion by the

: }maiﬂ stream and soil
; accumulation in the

: overflow area.

- The overflow flow rate reaches its peak.

A Dead water region

- The dike is eroded downstream and soil accumulates continuously in the overflow area. The main
stream of the overflow moves downstream with almost the same width.
- The overflow rate is almost constant and the dike breakage rate decreases.
- The downstream end of the broken part of the dike slants significantly toward the overflow area
and dike breakage proceeds. 1 3



Summary of relationships linking levee breach extent and hydraulic flow (water depth, flow velocity, etc.)

Levee breach process and hydraulic flow b) Calculation of dike destruction extent

The quantitative evaluation method based on hydraulic flow for dike The dike destruction extent, including that of the foundation, was
breakage was examined. determined based on data from the acceleration sensors in the dike
a) The extent of dike destruction was quantified; b) the extent of dike and the foundation (see Figure 13).

despichon was calculat_ed baS.Ed arithve tent roaulos; c_) _the AmoUntof The extent of destruction was small immediately after overflow
water flow required to trigger dike breakage was quantified and the

results were organized to determine the dimensionless extent of dike started, but lncrgased rapidly as dike breakage proceeded and
destruction in Cases 1 to 4 and the dimensionless tractive force decreased after it peaked.

acting on the dike; and d) the relationship between the extent of dike
destruction and tractive force was clarified.

"6 = 2500 T T T T T T

a) Quantification of dike destruction extent E E 2000F ]
The movement of soil in the river is expressed using a tractive sand ‘5 é 1500k ]
equation. The dimensionless extent of dike destruction q* is o 9

expressed using Equation (2) based on the typical existing tractive = + 1000} ]
sand Equation (1). The value of gq* is calculated from the extent of -g L, 500k ]
dike destruction shown in Figure 13 using Equation (3). The extent of E o

destruction and the tractive force acting on the dike were also o % %o ) 6 : 6'0 . 1é0

analyzed. Dike destruction was expressed based on the tractive
current phenomenon of dike clod due to the overflow stream, and the
extent of dike destruction was considered in terms of tractive sand

based on the relationship with the dimensionless tractive force = 100
acting on the dike. o E 80
X~ o
qp = 8(z. — Tnc)l's ’Sgdg (1) SE 60
G c
gg 40
qdB L g 20
q.= = a. (7, — .0 RS
Jsgd3 (2) @ 0
©
-60 0 60 120

dv 1
dt
( (sgdgo Bm)

Here, dB: tractive sand per unit width; *: dimensionless tractive
force; *c: dimensionless limit tractive force; s: sand particle specific
gravity in water; g: gravitational acceleration; d: sand particle size;
q*: dimensionless extent of dike destruction; a*, B*: coefficients; V:
extent of dike destruction; t: time; d50: 50% passing sand particle
size; Bm: dike bottom width; A: porosity.

The horizontal axis shows time elapsed since overflow began. [min]

q. = (1-2 (3)

Figure 13 Dike destruction extent (Case 1)




c) Quantification of hydraulic flow at the broken part of the dike

The flow struck the dike at the downstream end of the opening, causing
the progress of breakage. The value for the hydraulic flow near the
opening of the broken dike was used as shown in Figure 14 to evaluate
the breakage phenomenon.

Top of Top of
Channel front slope back slope Overflow area

e —
Dike Flow spe;d U~ | ——A
I Water depth h

Dike bottom width B

Figure 14 Calculation of hydraulic flow at the broken part of the dike

The dimensionless tractive force T* acting on the opening of the dike was
determined from Equation (4), and the flow velocity u near the back slope
of the opening and the roughness coefficient n of the test channel were
calculated using a modified Manning's Equation (5).

u?  hi,

& “sgd  sd @

(5)

(6)

Here, u*: friction velocity; s: sand particle specific gravity in water; g:
gravitational acceleration; d: particle size; h: water depth (at the opening
of the dike); ie: energy gradient; u: flow velocity (average determined
from PIV image analysis); n: roughness coefficient (test channel value
0.023); h: water depth (determined from 3D image analysis); d50: 50%
passing sand particle size.

Summary of relationships linking levee breach extent and hydraulic flow (water depth, flow velocity, etc.)

d) Relationship between extent of dike destruction and tractive force

The dimensionless extent of dike destruction and the dimensionless
tractive force were determined from Equations (3) and (6) based on the
test results of Cases 1 to 4, and the Equation (7) coefficients o* and B*
were obtained.

The relationship between the dimensionless extent of dike destruction
and the dimensionless tractive force acting on the dike are shown in
Figure 15.

It can be seen that the characteristics and soil texture of the dike differed
among cases, but the plot results show a correlation. The relationship
between the dimensionless extent of dike destruction and the
dimensionless tractive force near the opening of the broken dike can be
expressed in a form similar to the tractive sand equation.

dv 1

dt 3
sgdz,B,,

(1 - ’1) = a*(’t* - T*c)ﬁ*

1-2)
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1
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"
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Figure 15 Influence of dimensionless tractive force on the
dimensionless extent of dike destruction and the dike itself




