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STUDIES ON FLUVIAL PROCESS OF STREAM
CHANNEL MEANDERING

By Yoshio MuramoTo and Yuichiro Fumita

Synopsis

In addition to the previous experiments of stream channel process, the results of two experi-
ments which have been conducted by the use of the stream channels with different initial bank
height are reported. One of them forms a braided channel because of steep bed slope caused by
immediate collaspe of side bank in the beginning of experiment. The condition of meandering
channel formation and the characteristics of the bars in channels with bank erosion is examined
by the application of BI/R—U/Uy, criteria.

The hydraulic analysis of the process of channel meandering is developed, considering that
meandering bends progress by the concentration of discharge in main stream which is formed
between front of bar and outer bank line. In this analysis, orthogonal curvilinear co-ordinates
are taken along the center line of main stream on the initial bed plane and in-flow to main stream
from upstream side bar and out-flow from main stream on downstream side bar are considered,
and outer bank erosion rate is assumed to be in proportion to depth and to third power of
velocity. The computational procedure are very complicated and several assumptions are
introduced. The analytical results show the characteristics of meander developement and
agree with the results of experiment.
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BAKSH 2 EMBEHIA TG, ZOEELHRICT 320k Exp. XII 3 X Exp. XIII 02 75—
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Table 2. Initial conditions of experiments.

Cross Section of Channel

Exo. N (Trapezoidal shape) Bed Stream | Dis- Flow Notati
xp. No. | Bottom . Length | charge |Duration| otation
Width | gude | Depth | Slope | py™ | 161" |(he-min)
(cm) ope (cm)
-1 . 7.5 | 100-00
i) 100 1:1 20 1/200 130 15.0 30-19
11 100 1:1 20 1/200 128 15.0 | 28-41
st 50 1:2 10 1/200 120 6.0 71-26
v 50 1:2 10 1/200 110 15.0 25-00
U.R. . 1/200
v D.R. 50 1:2 10 1/500 110 6.0 55-30 | Two Step slope
U.R. . 1/200
VI p'R. 50 1:2 10 1/500 110 15.0 37-30 ”
VII 50 1:2 10 1/200 110 |6.0~30.0; 31-00 | Varying Flow
VIII 25 1:2 5 1/200 110 5.0 22-00
Left side: loose

X 50 1:2 10 1/200 110 15.0 30-00 Right side: rigid
X 100 1:2 20 1/200 | 42.3 20.0 17-21 | Sand Supply
X1 50 1:2 10 1/200 | 428 15.0 12-07 ”
XII 50 2:1 40 1/200 | 42.4 150 | 44-35 ”
XIIT 50 1:1 20 1/200 | 42.8 15.0 1540 ”

U.R.: Upstream Reach, D.R.: Downstream Reach

Exp. XI~XIII @3 7 —2E0Fhs BRI —RIEBRERS SN 50, HEREOREVEIE
R ohRP I TONEERBER K &V, BB T=4r K33 L, hifRE coFHORKERRE
RS OKA &4 Exp. XII, XIII, XI QI ZhZhK 15cm, 6cm BXY 4cm TH-T, THER
OFHFAKRT SEOWKEL 725 LTW3B, —F, HKBREzhEh 115m, 10m L 1.25m TH-
THEAEO&L Exp. XII QP OREOBRRENK &<, WEE O EVIRICHIKIEEE Y AT 5 5[
BT TRARTEY, LAL, ZOBRRBAESOEI X2 HIEEE OEBHRICE> T, T=10rT
i Exp. XII, XIII X0 XI ORBKIER2hER 1.3m, L7m BL0 20m &733, <O —HikiEs
BIOVT, MFRERMES FKRESO—RITETE D% HA L fERE, Exp. XI & Exp. XIII T
HEEAME & BRI ER  —& Lichd, Exp. XII CRUMOMKEFBCELTERHEEOENKEL, CO&X
5 REAIE, PIHOHERTROEBERETIREL LTEX 5 EBBRETH B,

&5, BTKBORHETH ZMBIBOR T HANORRWEI, Exp. XI Tk T=6br, Exp. XIII
Tk T=80r tH 5N 3BH, Exp. XII TlE T=23~250 T - THRAEOHRBIC X » THEERESEL
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T3, COITLIEAREIR, Exp. XI CRREPNORKEITHE L TERENH, Exp. XII 35 X Exp.
XIIT oM ERET OEREERT & ZNEN Fig. 1 5 X0 Fig. 2 0X5iKizy, Exp. XI OFAD
CHLTESICPNOERMBORANBRE, HMNEREBTSHEAE OXES BV, Exp. XII TR

Exp ' WFronr of Bars Apex of Meander
©="ORight -hand side & Right-hand side
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Fig. 1. Migration of bars and location of

meander bends in Exp. XII.

T=150r T{Enisih MRS h, 2hds T=35~
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KB B RDBRSHICELIIRD M U THAMEY
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7eb OTRIZL, HIRDSESBMOLE & ERAEH—
BLE Bz LIRERLTEBY, 200BMNO
BBTSAELTINE, T=300r DIRRiCiE 3 & T HOS
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W, BME I BRI SHE B0 &I 8B, &
7o, MRIE DTS ERBESMRE Q KEET 2 RICR
>h, HioHHBORRG AONE, TOXDEHE
RIKEE ORI Exp. I~X1 O3 b ERHEER T
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—7%, Exp. XIII Q4% Exp. XII L[EE O
ABORDIC L - T T=4br DB EFEMSDEDEIC
B ARSI N TRCERE LY, ZhicdbLTy
Mo EFEPDIEREIE LK REL, T=8~10br
Tk Exp. XI EHAD L T OREERERLTY
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Fig. 2. Migration of bars and location of

meander bends in Exp. XIII
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B, L, 20%EHBTORDEZHIMUTHAMBELKBEHIRICRS XS KEELRELS, k-
ThIRIC B 4om OFELABMNASHRSN, N 5cm/min OFE THT LRy, COBETEEIC
SHE UM S BT 2 B Uiz, C D7, T=I130r30 T =37 m OERHT cut off BT Y, x=30m
& FTROE KB TABMSAFRE THE CHBCHERESERSN, itk hRGOBPMNOERLER
DRESEELETVS, THhd OBEKRBIET ORI KEBOBENRLEETH L LERLTVS,

PEk®o&Si, Exp. XI & Exp. XII 5 X0F Exp. XIII & TREBOTRBIEICHIED ORENSE
N5, DXCHBIREORD LKBEEH & BB OVTRHET S,

2,2 SEfTHREOTEERY

BITHEOTHR SN ZKBREOVTIR, fEREICRIEREKSRICS F3RNORER>VTRET SN
TV3H, ABREARRSETOEREEET - FRTICABELTERLLS ORI, HEDMBREH
(BERS) 05 x—2—ELTRESQATOBERTE BI/R (5203 BI/h) & Uy/Usl™®
T, Table 2 @ Exp. [~XIII % X7* Table 1 IR U755 D fIES MRS T O RERER 2RI
Bo 272U, B IR, [ BHIRT SE, R IRE, h BKE, Us BEBREE S LU Uk BRAERE
FETHB,

PEROEBIERL, ERRABOKEA AR RPN LD LERREIETERERICEREED
S, BHOFREIFE LTLEEREIR, $2REA0EMRBRAKMICEET 2 L0 EEERLTY
%o TRADWOEBE, —RICETOMRE, —BUHEEREPMNORE - #T, WHOELIREDKE
TRAELVIBEEEZ DT, CCTREKDREEZSEF¥D3 DIHHT 5,

(1) BMLETLAoNEm0RE

(i) HMEREL TR BETEL, WRICIRER I8 hHE U TOR VIR

(i) QRO S - THWMNIIZIZEIELTH 0, HEMET L TO 3R
753, Exp. XII ORFERIZ (i) K&HTH3, "

Fig. 3 |3 Exp. I~XIII 05 bR ERBEORBRERELEE L2 0TH- T, ANIRES, BED B
JUBASY I L3 HEECREOERR AL 2 Th— A8, BRE XOEBTEALTEYD, &HR
OGS Table 3 IRINT S, FREREFERRKS ORAMEICREL TS5, ()~(ii) Ok
RECLICEFELETDEAETVS, Thd DEECHMNOMEERIL

1.3< Uy /Uy <3S(BI/ROYV* B XU Uy/Ugo S24(BI/R)™YO  covveeiniinieinns (v
Z DS b TERERIE
13< U/ U SBOBI/RYA 5 X0 Us/Ugo<20(BI/R) V10 covvcvvinnniienss 2)

L155TOT, HAPMNESSEEHRETOMRERICH > TH D, REPNERSCHETZ0LRA
RHCIETICBITT 2 B2 003, k7, DHNRED Uy Uy ERERBEPERS OEOHLTSH-T,
RESERBEETRAESNPTVEETREL L0 btk &l Un/Us OMMBEBINT, ERE
B2 ETREORVS DR EARCAETHICBET 5 (Fig. 5 2R), LHEREE, BADO BRI
FIRIET % Armouring O PHHPMBERENFEHBRS L & —BK L T34, BRPLLEAED - THK
FE RIS > THBM - TE S RAELIKL WHRICS - T, PHNORECKETHEABORS (B
EXME) WEETEEEIOND,

Table 1 [TRUFREROERD S bERADEDS DRHOVWTHEBE ORI %4 2L Fig. 4 DE5TH-»
T, Ackers'” 3 k() Ackers-Charlton?29 DOFEERELIAZ Fig. 3 LEL L BEAZRTH, EBRXE
OECRBEEERD TYNHPRE LD -7 Fig. 3 ORPEHOLHERMEFALREE TH 38D
N3, Ackers 8 X1F Ackers-Charlton OEEREIRZMOEERME LD 1 order N/ THRIBRERICE &
FoTWV5, Thik, WENC OEOHEBRE UTIEH/NEW 1/1000 Fik O FIKC 5 BOMEE DD 57 EH
FEROLZERLEIERTZLEZ SN, Fig. 3 OBEATHEIRZ HE 1/500 O EER{EIZ 1/200 OFERR
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» Bars In Straight  Up-stream reach & Sand Feeding
Channels

+ Meander, © Mid-stream reach o No Sond Feeding
10 Braiding

a Otherwise © Down-stream reach ¢ Qccurrence of Attack
Us

le
Use

Fig. 3. Domain of meandering channel formation.

Table 3. Explanation of Fig. 3.

Classification Sukegawa 1 Tkeda Kuroki
No Appearance of Bars (i) ‘ (a) (2)
Apeararce of weak Bars or Transition (B (b)
Appearance of Alternating bar (ii) ©) (c)
Appearance of Double bars or Braiding (0} GY
T
O Aono « Adachi a Nakado
] e} & Wolman a Brush o Yamaoka & Hosegawa)
I v Stebbings  Side Erosion Exp.
- 2 Ackers( Cioy) o Bars inStraight Chnis]
- O Ackers & idir
_ Crariton @ Meonder, Braiding
b ] —— a Rozovsk?v’ O Otherwise

O | | S WU W I 1 S I S o I}

1
0005 00l 002 005 Ol 02 gRrO® I 2

Fig. 4. Domain of meandering channel formation.

ik U TN OBERESEFCHELEASA SN, LEL, L3 GBHEBOBRLhZBHICOVT
BABMOKBEL L EOBEMISBRELTWISBENS S,

>z, Fig. 5 Ik BB KBANEA O N ERESRI STV E, F—4RDRVH OO Fig. 3
B XU Fig. 4 CHLUTEWEHTEATSRET 3 L5Thb, &5 Fig. 5 i Exp. XI~XIII OF
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10
L o Friedkin  © Bars
[ ° Nagai @ Meander, Braided i
- o
BT T —— & Sowada O Otherwise —
U
Lj&c [
L~
>
| [ ’
Q0! 005 Ol 05 ! 5 0

BI/R

Fig. 5. Domain of meandering channel formation (experiments with angle of attack).

RMOFRBEDOHEMESRENTVEA, ThdRBAROLS KRBZPLPETAOKBHLTEY,
R D Exp. XII & Exp. XI & Xo¥ Exp. XIIL i UTA &R Uy/Uye DIEZHERELTVBTE
bz,

UEDHBFAIC & T, AREEA%KKICS Y 2 HTOMREROBELEET 2 ESTELD, Al
EREOPICIWBREOEHMRAE LS DL ETNTED, S5ERIKRIET > KEC OLEMNHS
PREREOERPBLETH B, T/, HRXKAMOBKTRICOVTS, BI/R #iKR->THKZ 3ED
ZREC L - CTERELMINAEMICSH - T, SRERANLEZ OB LRIEZEDTOIRIETNS B,

Fig. 3 OREHTHLMICE -7 X 51T, Exp. I~XIII 04, 1EEAEDETEREREPMOFES
RRFERCEE TS, Lkd-T, RETLORDKFEEL - BHOKEEBET 3 nic, ERER
S ETIRBEREICSE 1 5 BPHOBEE OE B OV TRIT 3,

2.3 fTERGERCHIT ARt ROZE(L

BN DRIERE LT, WK La, & Zn 18 B, BIEE Ve BEMBT 5N 50, EHFLRINFT
DHED LB T hs OHEERBOMIC ¥ DX > BHAREEHLTV 3,

Le~B (3)

Le~Zs (4)
BRUCUHE L WNOBEEE & OHESROBAICE

Ve~Lg™2 e (5)

SEFTILIEERMS DR AT E 1 2 W OB R DT BF 4 27 9IC, EHRERR & ETHRERITO0T
(3)~(5) ROXEBEREF<B L Fn ¥4 Fig. 6, Fig. 7 5 XU Fig. 8 0L5Th 3,

Fig. 6 OFMBIEEHRZREZIZE (3) ROXMERRICH 508, BTRHLERE L TRABESNTHS,
TR O ERER BRI XD LHIKH - T, HE @ OAXWY Exp. II, Exp. IV X% Exp. VI Tik
L>105m OWEERIC, F//NiE®D Exp. III, Exp. V B Xt¥ Exp. VIII Tlid Lp>8m OHEHHIC 4 h
LT3, UL, EARETRIRKIE B 0L HCERERS B30T (3) R O FATEHICOWTRST
& ERRROHEEMICT 213 S 5 KIS REPLETS 3, Exp. XII Z@BREHHBOEERETL
T 5H, Exp. XI, Exp. XII 3 k¢ Exp. XIII |3 Exp. IV &[@ UHEIRICA - T3, dEFHRA LS
T HMRARFOWRBIRIE —HILIBRES R SN 3B DIETH » TEECERER 2L EZ 632, ¢
DAIELTRABRTARBRIAEITILESS 5,

Fig. 7 O E L EEOBEFRR, BiTHOL OREE - & L O REVEBRICASTNT, B4
ELTEDIKEITLAECEZEFITOS, LaL, Exp. XIHT 3/NSWEE - BEETHETLTOT,
R OHABORD IT X BIEFTHREMELTEYD, F4 Exp. XII Tk BRFEHREHRE O FHEEHRK
LU, BEERCH2PNBBRRBREBTHELTOLbDEELI LN, RBREEORENHNRK
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= ¢ XTI 15
— o Xn’ "
5 I~ o Xm‘ u
| o Bars in Straight Channels
° 5 e ~  Meanering ~
2r e - Braided -
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Fig. 6. Relations between channel width (B) and bar length (Lg) in straight
channel and meandering channel.
10
- ° s
L ST 2
L @ Ole
! oy
T e £HC
Zs | o s Be SO TGS ° EBoNo Q
om neiade 5 oL 157
2 | 008: o Qo & _030' [e) oIl hv/ 5
Oo o% 9) ° N gO ’ ’
o0 o <
5 © é) o 00- g'o 6 XT 15
o ©° S o XTI -
I ° S B e
- o o] Jof
- - I
— g o Bars in straight Channels
051 ® «  Meandering #
B ® «  Braided
2| I 1 é L4 11 | i | 5|Ol T l‘ lo 5
10 20
Ls (m)

Fig. 7. Relations between length (Lg) and height (Z5) of bars in straigth
channel and meandering channel.
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E. @=151/s T# 4em BlEEB-TV S, . iy i
Bikic, Fig. 8 IWRUAWKE L BEHE & O BIE 2. @Z ol |0 s -
R, BBLBA THEREE (5) ROBRIKS ) 03; Epo. G
D, WAMERAOREN L 52 L BRRESAN B A A
KEFTB2 E2RLTVE, L, Exp. XII T % £, agn%§°?, R se

RRRABRERTLBIAREEAC, cokon T g o [0 70

HHREBICHNLZTEBRTH 5 LELLND, - Qf}%@f oo
BEDXS I, IBORIC & - THIRT S B8 L,

1/100 iIT#A U Exp. XII 2B, RB&eE, & 2t et do,

BE RS &R  FRREICIEE ik ZMD atdeg

BF > KBNOBRENS C LB DI 100 L

7z, ThETORRIKELTE, BFORETIRA C *lo%®

HOPMOREES RIZIBET 22 LTS, 0K o5r fu%°

5 REEERM AT REE OPIC B SN TV B t o °

bDEEZONE, —F, BREE TR, FEERIC oal

B - T MNASIRIBPHIRE 5 B DA & B KBRS L L1l

DEAIC & > TRESHIL S 1, WET 3ERICAS 2 50 Dm0

BACERTEEEIOND, AR DL S & Fig. 8. Relations between length (Lg) and

SNTEER - BRETHAEES TSRS I mig‘ration velocity (V) of bars‘ in

-~ ithr::lgn};tl channel and meandering

RETE, BROXS KNI OELH—EikiE
ICHIRL, BEHEEMSETLT, KEBSEE S ERICEDN 2 BTG ORERRICET 5 kEEN
BEITRCDVTERT 3,

3. WRFTIMERODIEE(C BT B BT

31 E@R

B KB 0T, EETREOBRBRLEH » oM HciE A2 2B LT, (1) RS
REE, (2) SRR E, (3) PMNEORALHER, (4) PNOREDC4>OBBSEALIS
DTHBCLEER LIz, 2035 (3) & (1) KK LS DEThIE, RTFHRIC—REIIT S8
LTRET ZHAOKBEENEF L E—RITETOEBRI>EFD LS 1ITis 3,

Fig: 9 IORT L iC, EHICEE LABERE LTHARBODLRE » #, TheBEAK v, 5
U 2—y FEHEBEEHIC 2 8% LD, RBHOEBRICHE-> THHT 3 EXMREBERELT 1y
FEECERBOPMICR-T n l, 2hEBERTIHEIC 2. 8, BL 21—y FREEEEEFK 5
Hrddd, 5,z BEEE 1, 5, n BELEOBRBROFDISICEZ,

r= S:l cosf(x)dxy ~xpsinf () +x, e (6)
y= S:l sinf(x;)dxy + ¥pc0s0(x,) + 3o (1)
Z=2X3 e (8)

T, 0(xy) 1 %, 8i& x WOITHA, (%0 30) & 21, %2 %3 BERED x, y BETH S,
WTHEIC—RRIZ T ERE L TRET 2484, MBROTHER F(x, ») RgfToXEE | TAY
HNEETZ0TO>EORENDH 2,
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Bar Edge

/Bank Line

z / Bank
R
D p o
‘\L T__Flow ——=
7 ¢ X, X
Bed Z i
Fig. 9. Definition sketch and co-ordinate systems.
F(x+l, —y) =F(x,9) e (9)
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L13%, T, @ BERBMEHE, gin dout BENTNBAMIEY D OFA, REFKR THIE 2EICE
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| RAWSATER #1958 (B5L.4)

L d Water Surface Stream Bed
[=5m egend oo Fdge  Bank line

- Observed o——-o o——

Computed

Fig. 10 (a). 1=5m.

L d Water Surface  Stream Bed
| =6m €0 By Edge  Bonk line

B Observed o——-o oo

Computed ~ ——— —

Fig. 10 (b). 1=6m.
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_ " Water Surfoce Stream Bed
[=7m Legend gy Edge Bank line

- Observed o———o o—0

Computed

Fig. 10 (¢). 1=7m.
Fig. 10 (a)~(c). Comparison of observed values with theoretical results of meandering
process in three different meander length.
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Fig. 11. Comparison of observed values with theoretical results of meandering
process (another boundary condition).
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