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l.Introduction: When a sand bar formed at a river mouth is over-
flowed by a large flood , it becomes eroded due to the shear-

stress of a overflow water. Here we consider an unsteady overflow
erosion. Theoretical analysis was performed based on the dilatant
model of +the grain-inertia regime where the momentum transfers
through the particle collision.

2.Experimental procedure and results:Fig.l shows an exprimental
setup. A bank made of sand whose mean diameter is 0.5mm was put
inside a recirculating channel of 0.2m wide and 3m long. A thick
screen was laid at an upstream part of the channel in order to
reduce the wave motion of the flowing water. A video camera and
a strong light were used to estimate the time development of the
erosion rate.
Fig.2 and Fig.3 show the
typical pattern of the overflow
erosion and the time development
of the erosion respectively.
Here we can see three kinds of Fig.1 Experimental setup
a motion,i.e.,an upstream sheet
erosion, an vortex erosion and

scour hole, and a downstreanm granular ¢
deposition whose physical pheno- JUnp.2]

menon was already expressed!) . _<;§§:%5;<i:;//

3.Theoretical analysis: Until

downstream |vortex | sheet

the erosion proceeds to the up~ Geposition Jerosiof 6Fosioh
stream crown point P(of Fig.2), .

a crown height does not change Fig.2 Typical pattern of overflow
along the time. In this case the erosion

overflow constitutes the steady o

flow if the inflow Qin is const.. s

[

Theory for this steady flow was “ﬂf&a
already shown in the former paper. .- g3 _,5
After the erosion reaches that - RIS T

point,the crown height decreases

and the flow becomes unsteady even

if the inflow is constant. In this

study we consider the overflow ero-

sion for the unsteady flow.

Momentum eq. of a sand-water mixture
v2 a(fu) v2
S dy=Txy, -Txy, +gsin65

vl

FIg.3 Time development of overflow
erosion

¢ dy (1)
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0=Tyya -Ty¥, +g00565 (§- &)dy (2)
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Leibnitz’s rule

v2 3(fu) 23 yv2 ayzf U aYIfu
SYI 3t dy—Rsyig’U)dY—a—t— e ;_;,— yl )'(3) Fig.4 Two-dim. shear flow

Dynamic Coulomb criterion
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of
Txyl=Tyyl*tan8 ’/,1/¥;X¢ % C 4
and, L \ W =
y2 yv2 R - ™\, gqin
g fdy:S {PsN+fF(1-N)}dy Pk L ) ] 5
y1 y1 k—————;—
2(§s-§f)11h+§fh=12h (4)
where, Fig.5 Defin'ition sketch for storade
yl;bottom surface of shear layer h*eQMAon
y2;top surface of shear layer o
Txyl,Txy2;granular shear stress 400 | );ﬁ%
at yl and y2 respectively /R
(\)
Tyyl,Tyy2;granular normal stress 350 L Q) ”
at yl1 and y2 respectively
:(%‘9“)11+% 300
tan § ;resistance coeff. i
Using boundary condition Wy, =0,
Txya= §ghosin®, and using the 250}
results of t e former paper!’,
Uy2=(2/3)k4™ h2ZBj. .. .. (5) 200l
y2 a(fu) 3 av2
j dy=—(UX12%h)-—fPy2-uy2 (6)
¥yl at at at 150}
3fs.
ho=mh (7) , U=15 h (8)
where ; 100 cal.
m_—{(M11+5£ )tan@- ﬁlltaneo}/ ¢ftané) 000 exp.
15=(2/3) k4! {BJ (1/(3j+2.5)))} sol
k4=(1189+5£ Vg 31ne /B, y
§y2=AgNo- 9f
Bj=4Cj(-k3)/(2j+1) 0 3500 2000 5000 8000 10000 12000 ts
k3= (Nb-No)/(Nw-No) Fig.6 Non-dim. form of time development
of erosion rate
Next we must consider a storage equation (Fig.5)
qin~qf=2S/at , S=(2L+H/tan®)H/2 =LH if L »H
=zL{y2+ho)/cosB
qf=qin-L/cos6 % 3(y2+mh)/ 9t ¢iveverese{9)
where, H;storage height S;storage qinjinflow qf;outflow
1;channel length
Using the ab7ve eqs a following resulting eq. can be obtained.

Bh/2t+17 KP-18 N/ 219 trverrenennnnen.(10) y
where, 17=16(cos€/L)/lo,lo= 5*12*15/(2*13)+m 13= 2/3*?y2*k4228
18= 14/(13*10) ,14=§fmgsin0+12gsind- 93-? g11cosetaned
16= (2/3)*k4”‘[{( -4911-5%f)+ 8911 tanGd/tanB}ZlBJ
+9f £ {(1-N+ (No-1)/(3j+2.5)+(Nb-No)/(3j+5.5)}
19=qin*{cos6/L)/1lo
Fig.6 shows the comparison between the calculational results of
eq.(10) and the experimental results for some different values of
a granular v150081ty ﬁ;. Here we can see the fairly good agreement
in case Rx10% =5.5~8.6
4. Conclusion @ Theory for the unsteady flushing motion of a sand
bar based on a grain-inertia regime was proposed and a comparison

between a calculational and an experimental result showed a fairly
good agreement.
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