553

BEIRICK T % fRih 2 O A BHLES R IC D0 T
IR i A RS - N % R

CHARACTERISTICS OF IRREGULAR MOTION OF INDIVIDUAL
SEDIMENT PARTICLES ON AN ALLUVIAL BED

By Hiroji Naxacawa, Tetsuro TsupimoTo and Yasuhiro Hosokawa

Synopsis

Bed load transport process is characterized by irregular motion of individual sediment parti-
cles, and such a property causes a various kind of alluvial phenomena. Hence, the statistical
characteristics of bed load movement based on the mechanism of motion of individual particles
are important to be clarified. In this study, the behaviors of individual bed load particles both
on a fixed bed and on an alluvial bed are observed and their characteristic quantities such as
distributions of particles velocities are measured elaborately, by making use of a movie camera
and a film motion analyzer. As the result of such measarements the bed load transport process
can be divided into following subprocesses. One is collision process with protrusions distributed
on a rough bed and it gives the phenomena rapid variations. This process can be analyzed by a
physical model for collision, a statistical model for bed surface irregularity and some stochastic
techniques. The other one is moving process of a sand particle without collisions. This can be
described by equation of sliding motion based on some experimental investigations and consider-
ing some probabilistic characteristics.

Such a study suggests that no methods but the combined type of deterministic approach and
stochastic one can describe the bed load transport process and some trials were shown here.
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Fig. | Equilibrium velocity of particles rolling
along a rough fixed bed.
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Table | Experimental conditions (fixed bed).

Run No. | d{cm) I h(cm) | u,(cm/sec) Ty Fr h/d Re,
c-1 0.30 0.00260 9.86 5.01 0.0592 | 0.451 | 32.9 |120.2
c-2 0.00217 | 10.38 4.69 0.0520 | 0.526 | 34.6 | 112.6
-3 0.00196 | 10.33 4.45 0.0468 | 0.416 | 34.4 | 106.8
-4 0.00234 | 10.84 4.98 0.0586 | 0.442 | 36.1 | 119.5
C- 5 0.00137 | 11.35 3.91 0.0361 | 0.434 | 37.8 93.8
c-8 0.00397 7.05 5.23 0.0646 | 0.524 | 23.5 | 125.5
c-9 0.00407 7.51 5.47 0.0707 | 0.568 | 25.0 | 131.3

Fig. 2 Behaviors of particles on a rough bed - The relation between instantaneous velocity
of particles and moving distance.
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Fig. 3 Ensemble mean of the variation of particle velocity on a rough bed.
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Table 2 Experimental conditions (alluvial bed).

Run No. dso(cm) Te h(em) | u,(cm/sec) Ty Fr h/d Re,
L-1 0.185 0.00250 | 5.95 3.82 0.0488 | 0.503 | 32.2| 70.7
L- 2 0.00250 | 8.27 4.50 0.0677 | 0.54) | 44.7 | 83.3
L- 3 0.00255 | 9.63 4.86 0.0790 | 0.432 | 53.1 | 89.9
L- 4 0.00361 | 5.30 4.33 0.0627 | 0.612 | 28.6 | 80.1
L- 5 0.00415 | 4.80 4.42 0.0653 | 0.711 | 25.9| 81.8
L- 6 0.00417 | 5.59 4.78 . 0.0764 | 0.703 | 30.2| 88.4
L-7 0.276 0.00786 | 4.56 5.85 0.0778 | 0.705 | 16.5|132.3
L- 8 0.00624 | 5.50 5.80 0.0754 | 0.788 | 19.9}124.4
L-9 0.01077 | 2.96 5.59 0.0701 | 1.205 | 10.7 | 126.5
L-10 0.01083 | 3.61 6.19 0.0858 | 0.814 | 13.1]140.0

FERZAHT Table 2 X RMD T, WRTER AN G (tx=uxa/(0/p—1)ed ; us : FEEHE, ¢:
EHIEEE, d:HE) 2301 LTORFRENGICRON TS, ChiZ BRI BRELIEE & HIKE
EBELL R EREBHOZENREITIZC L, THRWEBBAELILE LEEOREFTENTIIE
MERTEEICIL B LWLk Bo CORICDVTRARERROFTAEOWRIKC KD, TRVEEATORES L
BEEZ B,

T, |EINS 16mm AT — T4 VARBEATFT I v T -0 (F v 78) RE-THFENI T
T, Bhixo Istep ROEFHERKBEBE L, | a3 OBRENSHN S EELRD e ZhoDflE
BRI SO BHEEEENE =0, ZOMOMEZE =02 UTHBIER () L (1), BEEE
(v) &BRT, RUBBEEEBHEROBKRE LTEEY, ThENEEREHIOVTH 100 HOEAE
B1e

4, 16mm T AIJLLRFICKZ BRI ZOFRRAEE K

4. 1 BhEOFRAEHERCRETHEBOER
EERICL B 7 4 VAT ORERE LTE LN HEIEM &8 (x~1), BEIHE LR (o~1) KUBH)
HE L BHER (v~x) EOBE%E Fig.8, 9 KU Fig. 10 iKhR L1z & RUN o0t L

—_ 6 —



thiil - b - 1 BEIRIC B 1 2RI N S ORBRLEBERICOWT 559

19

x(em)| RN L-2 _1 ol RN L3 | R Lt ‘
o Sesooen x(em)l ¢ 20,0790 x{cm) 1,20.0624 :
N A
o o
4]
4 4
2|
Fy
9 05 0
T e(eee) 0-9 05 sec) 09 O 05 t(sec) 00
10 1 19
RUR L-5 RUN L6 RUN L-7
‘(mo)\ 7,20.0653 xlem) < 0. 0764- Hem| 0,017
8
6 Ced 6
A 4
p]— 2| 2f——
/ 0
05 tfsec) 09 05 ¢(sec) 09 i % isec) 9
10 i 1 !
P RUN L-9 AU L-10
x(on)| R L6 em)| ¢ w0.0701 rem) < Ro.aasa
8| ) I —— - 8
6 B I 6!
4 * N
2b— 2’—'
) 0 K
05 yseq) 09 0.5 ¢(sec) 0-9 0.5 yisec) 09

Fig. 8 Some samples of the relation between moving distance and time on alluvial bed.

XDEHTEMSKY 0 BELNT NS, ChODREY, W OMERERZEMRMC SIFEIIC SRR
EHLTWBEZ b5,

23 LEREHEHOER E LT, WHEEHOEE I TH 5K L 3HENOER, FEASKEOR
EphEEoBE, PPN EREORETHERSESEI NG, UL, O HHENOESHPDH
HEOTHBHREIFEEN LTOMENRLOTHY, FEOREDI &OFEED XS TEENFERRIC A~
ZOHBIIIEINEDEELZ BND. Tb B Fig. 8~10 KRONZ LI RPN &FEOLEHDS>H, A
BISEEOBDIKRTORE L OEHEICLEbDELL LN, ChitHL, Fg 9~10 KBV THE D
- I BICR SN AN WEBDHENOEHPEDBHBEEOHETSBERICEIEbDEER 5NB. D
0, PhESRBHERBRTENCE - TIESN 2, KAORLLOHRTABCEEIN, HAKX
STRELETZ25080HY, 5L CNERVBT EHUREKIR K - T#ES N, FRRORBICHRET
BEVSTBBETHREINTO S, Licdi-T, 1step HOBN EOEMICH - ThH, BICHEIZHE N
& LI B—EBHEATERLUEE OTREV. ¥ LT, HEANKDROEHEE-OEFERTET vV
LTEDOREABTHA o

T LRI S ESE, AMETRIKEEE: OFEBRRE & ERIETOMHOEDEE L » SRITER
BHERINh TS EEL, TNLROOVTHHKRIT 50

4. 2 KEELOREBROMBABICONT

HMOEZERIC S &S5 Fig. 9 KU 0 CHNTENENHEED Y — 7 HIOREIHR {T} K O 5 3k ¢

—_ 7 —



560 RABF R 225 B-2 (W54 4)

n
2
n
o
~n
5

25 ;
s RUN L-4 RUN L-5 RUN L-6
o T4=0. § 00627 | ©,=0.0683 | 1,=0.0764
-] 5 20}— ||} B2 820 ]
2 k4 2 < I
g N E g ;
> > > ‘
15| 15~ - 15t— ‘1‘ -
10 001" 1007 } T
th 55 1.0 O 0.5 1.0 09 0.5 1,
t(sec) t(sec) t(sec)
25 - 25 ” 1 25 T I
RUN L-7 NL-8 . — RUN L-10
= ©e0.0778 | g w0075} g A ,=0.0858
H
Laopfill-—+- - o0l |~t+— 1§ Tl 7——-;
< =20 g 520
K] 1 ~ > >
= Z N - ‘
15— [ 15 \%, R
_ wf' 1ol ‘_ N
T
il |
5 5|1 A1 - .
| / }
0 0.5 1.0 O 1 5 0 CE
T e 0 0.5 1.0 0.5~ 1.0 O 0.5 1.0
sec) t(sec) t(sec) t(sec)

Fig. 9 Some samples of the relation between sand particle velocity and time on alluvial bed.
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Fig. 10 Some samples of the relation between sand particle velocity and moving distance on alluvial bed.
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Fig. 14 Mean interval and mean height of

protrusions.
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Table 3 Experimental results for collision process.

Run v]/u* v]//ﬁﬂ‘ avl v3/u* v3//g7? uv3 e a "

L-2 3.14 1.05 0.41 1.44 0.48 0.71 0.393 1 0.54 135
L-3 2.9 1.05 0.47 1.16 0.42 0.73 0.386 | 0.49 176
L-4 3.42 1.10 0.40 1.30 0.42 0.76 0.374 | 0.52 170
L-5 3.44 1.13 0.33 1.27 0.42 0.70 0.335( 0.55 156
L-6 3.14 . 0.35 1.09 0.39 | 0.73 0.347]0.56 122

1.5 T T
. e Garma Distribution ( re6 ) oLz
1> e Garma Distribution ( r=8 ) L3
< . ; La—]
% BN gt
& 3= N
M
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S B8,
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I
Fig. 17 Distribution of particle velocity before collision.
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Fig. 18 Distribution of particle velocity after collision.
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B v ZDWVWTH o LMK gamma &2 ESIES L, €0 chape parameter |3,

r=1/a2==2.0 (4.15)
E130, EREEOHENT Fig. 18 ITRENBLIICF - 206D FRKREFVLOOBWREAS LTS &
EoTEW.
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Fig. 19 Contour of simultaneous probability ot particle
velocities before and after collision.
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L ATREGSHHERTH LD, HENOEE v BELONIHETIL (bo LI bR
ERTHBN), vs REREH THE. 25 LBATTRENHEREMR {00} OREP LD S OB
BWTH5.
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HBHER) BRATEX N5,

B (ua*lor¥)= fu(dx) ‘ ad*‘ ........................ ¢.3)
i,

vr=o/ved e (5.4)

v*=va/Ned e 5.5)

THY, i i 0 BELENIE X B R ICL > TEED 02 KELTHRDO LR RSO WRTET, K
(5.1) % dx WOOVTHL CERIXDRD LI ILHDHNS,

Jilos*, o) = [{1 +(I+4k=/d2)3*} /{1 +(l+4k2/d2)3*} {1 3:)2}] _1+4k2/d2)
Dy

v *2 v *2 2
........................ 5.6)
Lz ATPEMNOERER (4.2) kD, 4« ZFEHMHH 0.3 DIERSHTERTES. THDD,
fﬂ(ﬂ*)=zl~exp(—d*/4*o) ....................... G.7)
*0
do=0.3 e (5.8)
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&, Fig. 20 KRIN S LS KEEBROFEWEER S ERCHEIN TS5, Fig.21 ZRTbh5
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T4 VP ETOFUIARELINENLTHD WHBEONHBRRICHT S stochastic model D%
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Fig. 20 Conditional mean velocity of particle after
collision, Efvsle:].
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Fig. 22 Relationship between frictional coeffi-
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Fig. 23 Ensemble mean of the variation of particle
velocity from incipient motion on an alluvial
bed.
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Fig. 31 Observed behavior of bed load particles on alluvial bed.
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