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STUDY ON MESO-SCALE RIVER BED CONFIGURATION

By Yoshio MuraMoro and Yuichire Funra

Synopsis

The meso-scale river bed configuration, which includes alternating bars, double row
bars, braided streams and so on, affects not only large scale river bed variation but also
lateral bank erosion. It is, therefore, one of main subjects in river mechanics to clarify
the characteristics of its length scale and behaviour.

In this paper, the meso-scale bed configuration and its geometrical characteristics are
discussed by the use of previous experiments and ours which was conducted in two pris-
matic flumes and a gradually expanding flume. As a results of the investigation, it is
clarified that both bar height—stream width ratio Zp/B and its length—width ratio /3/B
depend mainly on Froude number F, and depth—width ratio /B and nearly independ on
bed shear stress—critical shear stress ratio 7/z,. On the basis of the geometrical consideration
of bars, meso-scale bed configuration is classified into four groups: double row bar (braided
stream), alternating bar, semi bar and short diagonal bar, and hydraulic condition of
their formation is inspected by means of dimensional consideration. Interesting result is
obtained from this inspection that channel slope has no primary effect on their formation
under the condition 1<z/r,<12 and a new parameter, k/d/(B/d)¥® or {h/d/(B/R)H"3, is
introduced for the criterion of bed configuration. Consequently, domain of formation for each
bed configuration is shown on h/d—B/k plane.
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A:Head Tank B:Valve C: Weir D:Stilling Basin E:Cock F:Stilling Plate
G:Sond Feeder H:Hinge Joint 1:Steel Wall J:Ragil K: Concrete Flume
L:Sill M:Gote N:Sand Trop O:Guide Flume

Fig.1. Experimental flume.
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Fig.2. Grain size accumulation curve
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% Fig. 2 KFd,

LT, LRmOFEEEYMRPDE GHUEFKKE) cte=2—-LT, tOMKEH—FELADX
SCHRWBYFHL T, BULEHHEBTEALTHEERT-k. ThAbb, EKEMCKEE, &K
BICHEMBRERAV b r =P E T, e FRMADEEZMREOHFETHEL, &5iIc10~205HpET
PEEEYREL CTHRKMEOHIEL L BERRAS L CHROGE L Ui, MEDBERIZ, KT
# 0L LCEBARIC x @, KEhR% 50cm & LTERMLARIC y i XUHELHC 2 i e -
Twd,

EREME, KB 55cm XU 25cm O—EKBICHL TR, T5®%#H 1/200, 1/100 & XU 1/50
tL, HEE 1.5 3, 6 BXU 2U/s D5bhbELT W B, —F, Fifi x=9.65~4.63m KM\
THKEIEAS 25cm b 55em CEifhT 2 KB L TR, T5E#W1/2008 X K1/100: L, H%E%
1.5 3 BXU 6l/s D5 bhbELTHS,

2.2 RBER

(1) —kekE

— BB D x=0~9.65m KICHnTH b BEL & PHRBFKVEORB L Wi B8 OKEEN & FEKY
f8% Table 1 iRk¥, Table 1 OWME Zs ZWMNAHFEZ R I LCHAKORARER, Bk EEHh
£ OMERD « S~OEHERE (FETE) CEHRL WD, BAKOTIKE ¥ —FIFEOEREMHZ
FRBRyr —ALBNATREWH S, ZODOTFHKEBL V=3 AF - SBEONEHNB IVURTHAE
RELAERbNAD 57, Table 1 ICRL 2 FEBREHET TR X LA HKVREROBEICOWTHER

Table 1. Experimental results in prismatic flume.

Width| Dis- | Flow | Mean | Mean [Energy| Shear [Froude] Bar | Bar
charge| dura- | depth |veloci-| slope [veloci-| num- |height |length
Run tion ty ty ber Type of bed
No. (c?n ) Q (mz;x) (clrln ) U/ Ll U*/R P . ; configuration
@s) (mslec) x102 cr‘;ec) " em) (;ﬁ)
11 55 3 250 ( 1.65(33.38| 5.86| 298| 0.84]| 4.46| 2.74 | Alternating bar
12 55 6 237 | 2.52 143.46| 574 3.59 | 0.88| 2.73| 2.00 "
13 55 3 94| 1.49137.0610.22| 3.75} 0.98! 4,08 2.30 "
14 55 6 781 2.29147.68| 9.73| 4.49| 1.01| 2.63| 234 "
15 55 12 14| 3.63]60.30! 9.69! 552 | 1.01] 0.9 — —
16 55 15 32| 0.69139.47119.74| 3.60 | 1.54| 2.42| 2.29 | Braided
17 55 3 54| 1.26)46.06|18.92 | 4.16 | 1.39| 3.25| 3.54 | Alternating bar
18 55 6 60| 1.94|56.64(18.66| 570 | 1.33| 3.38| 3.60 "
19 55 12 20| 2.97|72.64 | 16.18| 6.50 | 1.35| 2.19 [(3.30) —
21 25 15 131 ] 1.6233.61| 6.42| 3.00| 0.85] 1.32| 1.08 | Alternating bar
2| 25| 3 | ti0] 2257|4670 | 6.52| 3.69| 0.93| 0.72| 0.49 | Short diagonal
23 25 6 79| 4.20157.16| 6.81| 4.58| 0.8 1.33] 0.53 "
24 25 12 21| 5.91|81.73| 6.62| 505| 1.08) 1.81| 0.68 "
25 25 1.5 89| 1.55139.20| 9.04| 3.48| 1.02| 1.84| 1.08] Alternating bar
26 | 25| 3 | 1s2| 231|5231| 9.70| 427| 1.11] 0.93| 0.66 | Short diagonal
27 25 6 86| 3.82163.17| 9.48{ 506| 1.04| 0.88| 0.56 "
28 25 1.5 77| 0.97 | 51.83|19.80| 4.10| 1.77| 1.98| 1.86 | Alternating bar
29 25 3 601 2.14156.23)18.37| 573 1.23] 0.67] 0.93 -
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Photo. Short diagonal bar (Run 23;
Flow: T=64min, Dry bed: T=
75min).

Fig.3. Several examples of cross
sectional shape of meso-
scale configuration.
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1) Alternating Bar : RZO WM A2 BH QXL TN THMIZ Ip ZARKE B © 465 Ll LObDHE
LAED D,

2) Braided : LI T LWMIC LA X 1525, Fig. 3 © Runlé @k 5 ICHi# 35 2 TRERITEE D H
HERT 5,

3) Short Diagonal Bar: Photo i ix 3 X 5 iC, JI/KEFICR/MEBIIIKTZME (Z iy Standing
Wave) &4:{£7 2IHETH »C, Fig. 3 © Run23 0 X 5 M & FIREO MR Z 23 720, T
DIVHER R D CRTTW M E KT R TwhnD, BICHRNT 5 X 51IC I5/B=2~3 T3 T, K
e AVELL B/R<10 O BAICRE N, TP X UTMRGENS IR N & A 20 C T &
1185, Pz, 0« BRIOEBRPICCOWEICHEEND DD (LR 2) @ Photo. 2) A bhb,

4) Table 1 OEEKFEMAZEAD S DR, 1)~3) CHEEHATELRL, £4 L bBMHOMRTIR
FEHET B, WikEOBRER L UBMEIRINE v P NHEESEL Y 7T TR OBEIBES R
BEENRD B, 1) OFTEBM A b COME~ZAFHWADHEOMWICE > THITT2E5ThY, 1) &
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Fig.4 Development of bar length and
height in 55cm width channel.

1) BHLAS DI LABRZEORTRO 5 b bROEN
PROBOEHR E —HT 5 ODBRY, TEWMOHIKE L TEREA T GEE

2)

MEPEL 250 FERBICERLT 5818

REBMNOBRENEHE, 1) OBRIEENENCETL, 2) OBBRBRFMH A & OFEMAKES
BRI L EECENTT3¢E12b03, TOL SRR b BLUBDNE Z OREBBEO—GIE L
T 55cm fEKBED T x=0~4. 6m REOHEHRERT & Fig. 4 DX 5TH 5, s LU Zp 1T <T
DEBRYy —ATHHRCERCHAT 52 0RERFEERETLT, LA0REBROBHEERT. EbiC,
TSRO/ E v Runtl~13 ¢ik Ip OMWALE 2% Td Zp BEAL, C5EDOKE» Runl7d
X U*Runli8 rZ#oEA%RLTw3, LirL, Runll 2B EEASREAEL, s BLU Zs 04

B EER & T 5 KBEREOHEIC K » THMNRIEAT 22 Ldic, BROBEBEEZCL »TH

Table 2. Experimental condition of expanding flume at final stage.

Stream| Dis- | Flow | Mean | Mean Energy| Shear |Froude
Run | reach | charge |duration| depth [velocity| slope [velocity|number Type of bed
No. 0 T . N3 y congeguration
(I/s) | (min) | (cm) [cm/sec)] X10~% (cm/sec
31 U 3 369 2.72 | 44.12 5. 50 3. 46 0. 86 —_
M 1.88 ] 38.88 6. 56 3.31 0.91 —
D 1.58 | 34.60| 7.18| 3.24| 0.88| Alternating bar
32 U 6 251 4.42 ) 54.93| 573 4.22| 0.84| Short diagonal bar
M 2.99 | 48.91 5.94 3.88 0.91 —
D 2.36 | 46.26 7.26 3.93 0. 96 —
33 U 1.5 436 1.56| 38.89| 10.05 3.68 1.00 -
M 1.06 | 34.65| 11.13| 3.30| 1.08| Alternating bar
D 0.87 | 3227 11.21 3.01 1.13 -
34 U 3 197 2.34 51.35 9.97 4.38 1.07 -
M 1.68] 43.53] 10.01 3.89 1.07 —
D 1.47 | 37.18| 10.90| 3.86| 0.98| Alternating bar
35 U 6 120 3,761 64.251 10.64 5. 47 1. 06 —
M 2.71| 54.06 | 10.37 4.91 1.06 —_
D 2,27 48.19| 1141 4.84 1.02 —

Notation: U : Upstream reach x=9.6~13m, B=25cm _
M : Middle stream reach x=4.6~9. 6m, B={25—6X (x—9. 6)}cm B=40cm
D :Downstream reach x=0~4.6m, B=55cm
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Table 2 %3, Table 2 ® L, TH—FKHOEKY
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5T %, Run32 ¢k LK CREL 7 @x AN L
EKHOFBTHRLTH Y, #ic Run 34 Cl#ipXmoR
Bhb THREMCAD TXERHAHRENR T B, —F,
Run 33 ¢ g 2K CXEDMBETREh, HEHEICHEAL
T Zs B A LTwB, Ldl, $EAECRKERED
W FHATLEKR & V7D ICHE x DBMOBEEE ICERE
UT, BHORN, EREEERLN, & CHBEREe:—
Fig.5. Variation of bar height(Z;) in HEMOBRBL TR CORPERICET Y, BHEN

run 32-34. KRBE RDC LBEN,

HMEDX 5, SHEXKEEHD X 5 AKBTH - T b FHRETKBBIX—HREKE O KB LM b T A

BTHo>T, COBEDI—HABICETHRINSTFREMRKPEORRELTFUSELHEREL 25,

3. PHEBAREEORRSE SRS

3.1 hREAREEICMET 2EATR

PHBARVREZ R T 2WERL L TR, 2¥D82EbIfbhd,

6, ooy g d b IBXUEB e ()
T ¢ BV d BERFRFRMBOBES L URERE, ¢ 3LV v BTAThKOBES L UE)
RS, ¢ REHMEE, b BKE I RAKCSES LS B BKRETH 5, I O ) ICERGHE
Up=v/ghl £ i\ 3 2 KTEBHIC L > TED 8 DOYBERENLDOED 5 DOJ/RTRASYIND,

0/p, Ra=Usd/v, t4=Us2/(s/p—1)gd, h/d, BXTE /B rereeercccrercosansene (3.2)

VERFL LTV I3RS TRBDROMEE RS I 2 BRI ADTo/p HBRTE D, OFIC,
R DPRMMRHBOERSEY: (d,>0.29mm) T Ra>4.6 THoTC, MBEHRLEXD R OF
B, MERK U/Us CHLCIBETH T, h/d ORBLL TRIZERATE D, T, BREWKS
1, KT 3 Ry DHEBLEERTHEET S L, Ra>46 KL T tee=1./(0—p) gd=0. 034~0. 053 D
BTH b, LctisT, R OHREWRABENOFHACEET 1E, (3.2) ADERTEDS S

e Rd BXU KB e (3.3)
B RRERRICBR T 2 BA TR L & 5,

PEoEEXFRE LT, KBUTT Table 3 IKRL 2 ERE-Y BT, SHHEAKBEBOMNE
WAL G EHCEHT 28RN ET 5. DHOBREECOWTR, W& Zs BXUPNE Ip L KB
18 B & OMICENENHB AT OHBIBEGESERSLIEHMINTVEDT, Zs BL U Ip ¥2hZh B
TERKTEL CKBERCE3TLERHAT 5. KEEROERTELL TR, KBBLIUVKNOKELS
FTRHT 20K, 70 & b/d OROVIC o/t & F(=U/Vgh) 2B 3, —F, FHREAKPEO
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Table 3. List of experimental data used.

Investigator ~ Symbol Fl“'&e;n‘;"dth sllggge Bed material D(l:;f)te'
Kinoshita? o) 3.5~120 0. 002~0. 133 Sand 0.38~5.0
mainly 13.2
Ashida-Shiomi® o 50 8 g;, 0. 0125, 0. 0143, " 1.00
Ashida-Narai® 0 20, 60 0. 002, 0. 00333, 0. 005 " 0.71
Sukegawa? Q 15, 30, 31 0.005, 0.01,0. 02 " 0.45,2.3,3.55
Kazama® © 30 0. 00333, 0. 005,0.01, Mesalite 0.762,1.20,1.73
0.02 o=1.8
Tkeda® o 17 0. 0031~0. 0316 Sand 0.29,0.55,0.33
Chang et al.!® Jo} 91. 44 0. 00148~40. 00400 " 0. 85*
" o 4 0. 00044~0. 00352 Plastic pellet 3.18
¢=1.05
Expanded clay
n o " 0. 00080~0. 00638 aggreiggtle 1.09*
o=1.
Authors o 25,55 0. 00574~0. 0198 Sand 0.99

* estimated from mean fall diameter

HRE&GORE TR, HTRTRKCHETZKER b ¢ BAEHLAVEMARKTRELAN, ARKBEOE
KRR BB LADLENL 2 HEE I HER L 5. T h b b ra=hl/(o/p—1)d THET L ER
LT (3.3) ROBRTEDONRY IC I/(o/p—1), b/d 3XV B/d ¥nT, DHOBREEILESEH
SFRMBOVRABE LB 1T 2,

3.2 ShEMARBEOHRIFE

() BHEOEL

Fig. 6 &, Zs/B & F, L OBIR% h/B %35 A—Z—CLTRLEDDTH 30 Zp/B OF{LHIA
2t T0.018~0. 4D 8 f5CH 2285, —TFD F, KT 2 Zp/B ¥ 4 5OFLETHRELERL,
F,=1.2 CiEX, F, %15 CB:A3EAR DD, COBRE I/B Lk TRED, #/B<O.040
BAHE, Za/B=0.05~0.1 DRBHIBAHEICH - T, F, KX 3BLBEETHhV, Thicxf L T #/B
>0.1 @ Zp/B i3 F, X 5Tt EL, COFKPROBRE F,<1.2 THE F>1.2CHET 3
BEHSBD LN, PHRREKME TR F, DEBK & O CPSRRRTIE L O LB L w2,
h/B BRE BB LWHELEUOBRETRT EELbND,

Tok5ic, BOBWERE (B/h>25) CREKRHBEORECRIET F, oBBRRLAEALRT, —
FHHMEOHBRERL L h kb X5 kil (B/h<10) TRAKBEOREE F, CXEERINBLT
EBDB B,

DFK, Zs/B KT B W/B oBBICOWT, F, TABHEICHY, ¥bic o/t 45 A—F—CLT
Bei3 oL Fig. 7 X 5CH 3, Zo/B 13 /B KHLTHERELETRTEST, F, K X->TLLE(L
Rabnbd, h/B=0.04 THEK, h/BF0.1 THHEA->Tn5, h/B<L0.04 KBWT Zs/B WP T
201k, FERVERBETIDMND 3 »EMRERICHTEL, B oK L T Zs OEMBEbEnEDT
Hb, —F, k/B>0.1 (F,<1.2) KB T Zp/B BEUMAT 5D, 2.2 THREHAMBTRE
h, EREM OB FKECHEL THEAT 2HEEH LD LELLRD,

Fig. 7 Cit, Zs/B €W 3 /1. OYBREZFCHLDLhAVE, LK IDEERFT DK,
h/B %35 2 —2—Ct »>T Zp/B & t/z. LOBHELTA~2 L Fig. 8 0k 53, A—EREDF
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Tik #/B 0FEHHBR O TUTCRBD TR EREICONTELET 5,

Fig. 6 ¢ Fig. 9 ol#iroBobrh X5k, /B © F, X 3%k Zp/B DEh b ZHENTH
T, /B BNEn@EE F, X3 Ip/B OFLIZKE v, Thbb, h/B<L0.04 DA, F,=1.0 {8
C lg/B=6~12 > Ip/B=3~4 ~Q W T 5 REHEBO LI, —F, #/B20.1 OFA, F,<0.9 Tik
lg/B=2~3 LEE—FET, F,20.9 Cik lp/BE 2, b4 BT IRE L A-TWS, LHL, F=11
HETE k/B OIS 1p/B ORVEREVRETR L, Lo F,=1.0 55T ls/B 28T 38
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Fig.9. Relation between lp/B and F,.

—9 —



252 FUABS EBRERTER 4205 B-2 (85 52.4)

f— [~ > 2
(oi fir:l.? o T/Te<20 (b) 1.2>Frz1.0
10 Fge 8 ~ °20<TTed8 | L o
le/Bf, © 2Ba s [148TE E o N ©
5: /// \%9 ‘\ : S QQQ
o N N - %@9\@ Q
(Y N & .86 N o —
» ~ @ ™. - ~ N N -
~N .Q. - ~97
- \\é = \\ee'//
gl I | Lot b
[ (¢c) 1.0°Fr208 ™ (d) Freos
10] - /(
- Y \ - op
IB/B: ) [} AN N A\e-\\
5- // g QQ \© i \
RS2 AN B \é- \
6o~ Bed a‘\\ \ - - 9.0\ -
[ e - o 3=
NS _
[ 1 1 11 11 Ill 1 1 I 1 L 1t 111 I' 1 1 J
10 Top 1072 10"
h/B h/B

Fig. 10. Relation between lp/B and h/B.
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Fig. 11. Relation between lp/B and t/z..
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Fig. 12. Criteria for formation of alternatingobars on h/d—B/d plane.
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Fig.14. Formation of mesoscale bed configuration on (k/d)/(B/d)?3—</r, plane.
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