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SUMMARY OF EXPERIMENTS HEskIE> U RI [ 2016 (K

RNEMRDILWRIDN 575 RR £ CE C 4IRS

O Model riverbed in experimental flume is composed of three
groups of sediment grain sizes.

O Each group is represented by a sediment particle of one size,
This means that the bed is composed of three kinds of sediment.

O It should be noted that each size differs from its nearest
alternative size(s) by one order of magnitude, and that following
relation is satisfied; D; > Dy; > Ds.

O Experiments were conducted several times under the same
condition in order to verify the accuracy of data measured.
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O Cobble (or Boulder) is the Largest size of sediment which
cannot move at all even during flood. It is called L-particles.

O Gravel, sand (or silt) is filled in the void space of L-particles

- Gravel is the Intermediate size of sediment, and it moves as
bedload. Itis called M-particles.

- Sand (or Silt) is the smallest size of sediment, and it moves as
suspended load. Itis called S-particles.

In such a bed, the hiding effect or the sheltering effect of L-
particle on the movement of M- and S- particle is important!
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BED MATERIAL

AR PR

e we QOC M me wa me 052 Wl me wi 002w wim

Boulder or

Cobble  L-particle

Aluminaball 1 D, =50.0 (mm) i

specific weight: 2.5

Glass bead grain size:2.0 mm
, or ) l
Gravel M-particle Silica sand | Dy =2.0 (mm) |
i 0
!

(control experiment)

Sand or

s O-particle

Silica sand i D.=0.2(mm) !
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ShRa 1B (DRI

S Fixed bed Movable bed Fixed bed e
8.5m 55m 2.0 m
—¢ >{< »%
|~z | Flow

e

—_—) \

e — honeycomb — |z
= 14 <

Bed compcsed of three grain |
sizes grourss of sediment ¥

® Open channel (length 16 m, widch 0.2 m, gradient 1/250)

® Movable bed is located between 8.5 and 14 m from the
upstream end of the channel.

® The channel bottom of this location is 0.05 m lower than that
of the upstream and downstream. The erodible-bed reach was
filled with sediment up to this elevation difference.

MASATO SEKINE / WASEDA UNIVERSITY, JAPAN 23
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*}J:H\H‘;H_”;E Elevation of top of L-particles is

equivalent to that of M-S particles.
S A R T T

Arrangement of L-particles

The purpose was to water flow and
answer the question: sediment supply

How is the state of

. . . ”
dynamic equilibrium bed Main exp. |
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SRR

3 - Qm Qs
case | Qw (M| o (m/s x10°(m’/s) | x10°(m/s) - , S C_Q’
1A0 | 0.0052 0.047 0.0 0.0 bed finally attains the static
1Al | 0.0052 0.042 0.0 e :
1A-2 | 00052 0.043 0.4 equilibrium state as time passes.
1A3 | 0.0051 0.040 1.2 1.4
1A4 | 00052 0.041 2.8
1A5 | 00053 0.042 3.1
1B-0 0.0052 0.047 0.0 0.0 Q - water dlscharge
1B-1 0.0051 0.046 0.0 w .
182 | 0.0051 0.046 0.2 Q,,: sediment supply rate of
18-3 | 0.0053 0.047 04 0.4 _
1B-4 | 0.0052 0.045 ' 2.5 M-particles.
1B-5 | 0.0049 0.039 38 . )
186 | 00050 0.038 45 Q. : sediment supply rate of
1C0 | 0.0092 0.053 0.0 0.0 S ficl
1C1 | 0.0090 0.051 0.0 -particies.
1C2 | 00093 0.052 0.4 . TTURSE
T 00000 Som > Qg : the equilibrium bedload
1C-4 | 0.0091 0.052 04 2.5 transport rate evaluated
1C-5 | 0.0091 0.052 3.4
1C-6 | 0.0091 0.052 4.5 by formula of Meyer-
1C-7 | 0.0088 0.048 5.0
1C8 1 00091 0.051 57 Peter & Muller.
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EXPERIMENTAL CONDITION

EXPERIMENTAL CONDITION with sediment supply

3 - Qm Qs
cose | Qu (m/s) | Ut {m/s) x10°(n*/s) | x10°(m°/s) JD@S&LIA,QMMLSEIM| Lo
A0 | 00052 | 0047 0.0 0.0 the equilibrium  bed load
1A-1 | 00052 0.042 0.0
1A2 | 00052 0.043 0.4 transport rate QBe under each
1A3 | 0.0051 0,040 1.2 1.4 L
1A4 | 0.0052 0,041 28 flow condition.
1A5 | 00053 0.042 3]
1B-0 0.0052 0.047 0.0 0.0 Q . Water dlscharge
1B-1 | 0.0051 0.046 0.0 W _ '
182 | 00051 0.046 0.2 Q,,: sediment supply rate of
1B-3 | 0.0053 0.047 04 0.4 _
1B-4 | 00052 0.045 ' 2.5 M-particles.
1B-5 | 0.0049 0.039 3.8 .
156 1 00050 0.038 45 Q. : sediment supply rate of
1C0 | 0.0092 0.053 0.0 0.0 :
1C-1 | 0.0090 0.051 0.0 S-particles.
1c2 | 00093 0.052 0.4 . ST
C3 T 0,005 5052 ” Q;, : the equilibrium bedload
1C-4 | 0.0091 0.052 04 2.5 transport rate evaluated
1C-5 | 0.0091 0.052 3.4
1C-6 | 0.0091 0.052 4.5 by formula of Meyer-
1C-7 | 0.0088 0.048 5.0
1C8 |__0.0091 0.051 57 Peter & Muller.
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EXPERIMENTAL CONDITION with sediment supply

3 - Qm Qs )
case | Qu (m/s) | 0mmsl ) e | gy @ 1N Cases 1B and 1C, Q,, is
1A-0 | 0.0052 0.047 0.0 0.0 much less than Q...
1A-1 | 0.0052 0.042 0.0 Be
1A2 | 0.0052 0.043 0.4 . e
1A3 | 0.0051 0.040 1.2 1.4 ® In the dynamic equilibrium
1A-4 | 0.0052 0.041 28 :
e o % state, the top of L-particles
18-0 | 0.0052 0.047 0.0 0.0 would be exposed to some
1B-1 | 0.0051 0.046 0.0 he bed f :
182 | 00051 0,044 0.9 extent on the bed surface In
1B3 | 00053 0.047 0.4
TR R o 0.4 > the range of Q. here.
1B-5 | 0.0049 0039 3.8
1B-6_|__0.0050 0.038 45 ——m e
1C0 | 00092 0.053 0.0 0.0 ~s Lparticle
1C-1 | 0.0090 0.051 0.0 / R AYYY B
1C-2 | 0.0093 0.052 0.4 As S 7
1C-3 | 0.0090 0.052 1.4 M-particle
1C-4 | 0.0091 0.052 o 25 S-particle
1C-5 | 0.0091 0.052 ' 3.4 p
1C-6 | 0.0091 0.052 4.5
1C7 | 0.0088 0.048 50
1C8 | 0.0091 0.05] 57
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RESULTS

® |[n order to clarify this hiding effect, the special experiments
were conducted under the condition that the bed was
composed of two grain size sediment only.

L-M Bed : bed is composed of L- and M-particles.
L- S Bed : bed is composed of L- and S- particles.
® No sediment was supplied in this case. This means that the

bed would not attain the dynamic equilibrium state but a static
equilibrium state.

MASATO SEKINE / WASEDA UNIVERSITY, JAPAN 28




RESULTS

AR DAEEC K 2EIREIR

-

L-particle

E-por’ricle L-S Bed

Hiding funetiotrelds bxentgd on the upper surface of M-particles or

Sihartitie 9 bE e8I e theirits RfttrdytRrerfefcenatheh per
S i@%eqﬂﬁlmwriwmogtét%qrticle exposed on the bed surface to the average

value u™ acting on the entire bed surface.
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RESULTS

AR A

'OIIIIIIIIIIIIIII
2

® L[-MBed
® LS Bed

I
! % 0.2 0.4 0.6 0.8
H.

/

o
el W
o

The above circles of L-M Bed or L-S Bed
denotes the experimental results when the

bed is composed only of L- and M-particles,

or L- and S-particles, respectively.

MASATO SEKINE / WASEDA UNIVERSITY, JAPAN

C K 2R L

M-particle

Hl’E uZ/L_L*=

® k_ is constant (=0.3).

® The distance A corresponds
to A, in case of L-M Bed, and
A in case of L-S Bed.
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STATIC EQUILIBRIUM STATE Bk RI [ 2016 (EKRE

CHVT B FRDINEREE

/[V[V

FREV RS

Lpar’rlcle
*-n—../ —— 7= ® Layer of M-particles only was
s Aul . formed at the exposed bed
As N .’ surface between L-particles
M-particle y; P '
® According to our experimental

; S-particle
— ) /
0 X K 0'

"o

results (Sekine, Hiramatsu and
Kadoi, 2013), the thickness of this
layer takes almost constant value
about 1 ~ 2 times the diameter
D,,of an M-particle.
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DYNAMIC EQUILIBRIUM STATE Bk RI [ 2016 (EKRE

(/Z %\(fj' %5ﬂF7E®\IE\|E7F§i% Q. = 3.8 (cm?3/s)
AI\/I = AS =0 Stage 4

TS beaice [T e ote® 0 90,50,
- T 0 _NVgea 9. g%

> A
A / . M ,7 | Under the condition that Q,, is constant
° M-porjricle ,’ below the equilibrium bedload transport

S-particle rate, the bed structure changes through
— A/ - | the process shown in this schematic view
4 A - if Q. is set larger.
10 000 00

)

B ERRE

/

'..o..'o'o.o.o.o .2.0::." ;.o.o'o.o.o.o.o i.z 00!

STATIC EQUILIBRIUM STATE =f» DYNAMIC EQUILIBRIUM STATE

INITIAL BED CONDITION According to the experiments, it was found
that the bed structure can be classified
into four stages in this process.
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DYNAMIC EQUILIBRIUM STATE HBKIBY VR [2016 (EARFESES)

UPPER SURFACE ELEVATION OF M- & S-PARTICLES

STAGE 1 STAGE 2

C.:l'"' 0.0 T —— T T | B T T 1

[Example] STAGE 1 o1l STAGE 3 STAGE 4 .

T T T AT <Y E ]

As RS , 3 '_'b”'/ ]

= - aQ 0.2 .

. Q I 1

= |

< 0.3 S =

10 00 0 000000 ¢ .

A NOCCOC 0 04 | e A, /D ]
o0 0000 L S M L

- her L Q,=5x103(m?3/s) As /D, |4
0'5 1® ] | | | | | | | | I T T I |

0.0 1.0 20 3.0 40 50 6.0
Q (cm?3/s)

® Thiz egperishentaltirestetatioasep tbetyvaanifihelseppienttm éd
0EBgvéotitlesaddithectedice bd mised el Ag(or A.).
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DYNAMIC EQUILIBRIUM STATE Bk RI [ 2016 (EKRE

DYNAMIC EQUILIBRUM STATE OF BED

Stage 1 Stage 2 Stage 3

7’

Z 9.0 00 0,00
® o‘o’:°§%‘o.oﬁ o

) 0000
oo ® O o
a® ® LCN L a®0 0 : 000 2% -
Static Equilibrium State Qs is set larger | l, Stage 4

T T J~~_ Lparticle
S A
N M
As N,
M-particle

_ ; S—pcirlhcle,
' 000 00 '
)60 o0 000 0.':4'
a®00 0 000,920°%
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DYNAMIC EQUILIBRIUM STATE HEKIES VRI [2016 (EAKRFEESE

STAGE 1

M-particle Layer

Deposition Layer s

initial bed surface

® M-particle layer still forms in the upper part of the bed
surrounded by L-particles.

® Distance between each individual M-particle is not different
from the one in the static equilibrium state.
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DYNAMIC EQUILIBRIUM STATE HEKIES VRI [2016 (EAKRFEESE

STAGE 2

Definition of R,,

the volume ratio of M-
particles in M-S mixed
layer to the sum of M-

C ... and S-particles.
pboe 00.2 -

® The volume ratio R,,.in this layer is almost same as the value of
the layer at Stage 1. It is almost between 0.7 and 0.8.

® The porosity A, which is defined as the ratio of water volume in
this layer to the total volume except L-particles, was about 0.4.
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DYNAMIC EQUILIBRIUM STATE Bk RI [ 2016 (EKRE

STAGE 3

Definition of R,,:

the volume ratio of M-
particles in M-S mixed
layer to the sum of M-
and S-particles.

M-S Mixed Layer

® This means that the distance between individual M-particles in
this layer becomes larger than that in Stage 1 and 2.

® The porosity A hardly change from about 0.4.

Us INCreases .
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ANOTHER INVESTIGATION

- Q,, is set equal to Qg (equilibrium bedload transport rate) -

STAGE 4

2.0.01 ® M/ D
aa | | | Ag /DL —
| | | | | | | | I T O O
CASE 1A: Q,, =5 x 103 (m3/s) 00 10 20 30 40 50 60
Q,, = 1.2 (cm3/s) Qs (cm3/s)

® In this case, the bed surface attains the dynamic equilibrium
state of Stage 4 (i.e. A,,=0) even if S-particle is supplied by
some small amount.
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DEFINITION OF SOME LAYERS OF BED SURFACE

0.02 m Q=9 x 103 (m3/s)

: —l Q,, = 0.4 (cm?3/s)
QM = 2.5 (cm3/s)

Exchange Layer

Mixed Layer §

._._._‘:_._:%E' ....... \ "’.'_._,_,I Deposition Layer

Initial top elevation
of M-particle layer

® M-S mixed layer can be divided into two layer. The upper layer is the
exchange layer, and the lower one is the deposition layer.

® [n this experiment, the color of M-particles supplied from upstream
was changed from red to blue after the bed attains the dynamic

equilibrium.
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EXCHANGE LAYER

EXCHANGE LAYER AND DEPOSITION LAYER

0.02 m Q=9 x 103 (m3/s)
Q,, = 0.4 (cm3/s)
Qs =2.5(cm3/s)

Mixed Layer :

Exchange Layer

Initial top elevation
of M-particle layer

® Eventually, the exchange layer became composed of S-particles and
blue M-particles only.

® M-S particles in the exchange layer are continually and repeatedly
exchanged with particles transported as bedload or suspended load.

® Any particles in the deposition layer are not replaced by transported

particles.
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THICKNESS OF EXCHANGE LAYER

S'OII\I\\III\I\I\\III

1.0 —o— Q,=5x10% (m?/s) |

= Q,=9%x102 (m?¥/s) |

O_O_||\||H\|||H|\||JH|||'
00 1.0 20 30 40 50 6.0

Q; (cm3/s)
® Thickness of exchange layer o becomes larger if S-particle is supplied

maore.

® This thickness 85 approaches a constant value of about 3 times the

diameter D,, of M-particle.
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VERTICAL STRUCTURE IN MIXED LAYER

® |n the void space of L-particles, vertical structure of the bed
can be characterized by its porosity A and a volume containing
ratio R,, of M-particle.

® Each value takes almost constant value in vertical direction, but
the value slightly depends upon the combination of Q,, and Q..

® |n case of constant Q,,, and if Qs is set larger,

v the distance between individual M-particles in this layer
becomes larger.

v' R,, decreases to 0, and A changes slightly from 0.6 to 0.4
approximately.
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The end !
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