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Abstract

Generally the course of alluvial river channels meanders, and a gquantitative expres-
sion on geometry of meandering river channels is required in order to analyse the rela-
tion of free meander geometry to stream discharge and behavior of sediment.

The geometry of meandering streams must be studied from both sides of the plan
form and bed variation. We have attempted to express the former as a series of 4¢,
the angle by which the stream course direction is changed at each point of stream line
separated by a regular unit length 4S and their spectral analysis with meander wave
lengths has presented us with a dominant meander wave length L and so on. Then,
the relations of L to the river discharge (mean annual discharge Qu) and to the bank-
full stream width B were studied.

From our field data of nine rivers in Hokkaido, the following empirical equations
were obtained :

I=3000%¢, L=7~152B8

The exponent 0.46 is the same as that of Carlston’s equation. Next, the relation between
plan form and river bed variations was studied.

Moreover, that of the propagating velocity of alternating bars U, to the length of
bars L, was studied. Our data observed on two maps of the same alternating bars of the
Ishikari river in 1955 and in 1960 were found to correspond to the following theoretical

equation with some experimental data.
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BT A9, MBI THRC—EHEED XK, £50 s 5AERA (HhR) o EE
HEIC L S THEL, TORVIELERE L L TAXS FABEN 2T, BITREBEOSEE R L
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Fig. 1. Map of studied rivers in Hokkaido
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Fig. 2. Calculation of 4¢, the angle by

HMEBEOFAUMETH D, Tt do; DEFELL Fig. 2 vp which direction is changed in distance
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LTwdE57kflbds, TCHEWFEEZEA LD TOMIEE L it b Speight®®
%, Angabunga AW OERC C & — 2135 T WL Y IE T B CHERE OB E ko
HEETHELNIMCHYBL Tzl &, ThIVEEEED A B~ OFNAy p A
Rk ET DI E (FRNOECE L), LaLEMEE L oREBicit A ©— 27 1 9 £ K%
WML CRAEE CEHRNCBTEYR T B Y~ s o HnIvwe w2 0T 5,
(KR CRELE— 2% E5,)

TR 1899 £ & 1925 o Hiig e, M OMTHRD &, Er Do T — 2 338Nk
BB, SBOKTRLLN, HEKOBKREHCSHKR LoBTIoxHnL T 52,

FRINPREN D X 5ok el Cfi, 8 I 58E R BIKESEHT Lz
ARy b AR DIAE RS B E S LR S Ric, RERTNOWMA S S LIS 2k
DI (Fig. 1), 3 E DL 0k T, (1) KEBERJINEE, TREBIES ©— 27 2 REE
UEJRPEE) w0, SRS ORBIEIA < b L b, () ADAFBEJH, SZmaii, ki
B (F = R0 D ) vk, IR R 2 kA 0, B o BT IRIE LR < T
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AR PAEEOHE 1 ¢ — 21 G T AR R OBITR A BB R T, (R
Tk ETIUE Lk, B =k/4S &3P ASIK TRHIIBH,) ZOMEAR O F 10X EKETE
B RETTINEM OB L & i3nis 0 Bic b, EELOMEMTIE L>L THo 1,

3.2 HBFTREFETEHRE Qu SOBK

RIS C R BRI WETTR L 188 4« DU X 0 B L Cus % S2H00 1 0 g 17 5 35 O i B e
ALY AR OFELL TELL TNBEDT, M b PHE L Ligiticy, KEE L OBR
kB FTEWEDENMEE T 2 D,

CHETEREINTHBETEE L LETJIHER Q OBIfRC 2Tk, Ackers-Charlton
(197001 238 X < BBEL T~ 375, #E Wallingford KBEBFFERT (HR.S) 1 kit 5 i <o i 1013
B X A Tk ER OME L,

L = 38.0 Q%% [ft-sec Hifi]
Tichb
L =60.8 Q%" [m-sec Hifi] (1)
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M E N, RE O OB E o BINE B (Qn=10~10"m%sec) 1= & % Carlston (19652 @K,

L =106.1 Q%% [ft-sec Hifi7]

Thbb
L =166.3Q%% [m-sec Hifr] (2)
L X e, F 7 Nigeria @ Kaduna i o # e Zeller (1967) & A A 2 DRI O &R, (2) 3K
CHEET A &, KRB EEINC ST B EREMTT O ERCH 5 Schumm (19691 o ¥R L 48
B3 046 1SR A 5 7e 5 S E BB R T B, FHE B AIEE L 7 ¥ 660 T,
L =660 Q% (3)

Carlston (XFEFHF R O Ol WHEFHE Qo ABKHED FINE Qum 75 E & DB
FRABE L T 225, &35 EME OBERZE a LI WL, HHEZ 2500 T On ik
Wi B B LR R 2 T AEIET L On 285, LB IO L & On & OBFHY
Fig. 4127 m v F L TROEBRR X G,

L =300 Q%"

Om B EORBEFE» L FHERBRLE (H31~41) %Xk,
(3600 X 24 X 365) HETH L TRk 1,

iz Chang-Toebes (19700 3£ [E Indiana M Wabash 510w TEE B LA B F
ETRDILAR 7 FAEEND, EESN L #EFELCFigdie7ry b LaA@RITE H
HETH I ERHEND BRI,

Lixl xophxe , ¥7z Carlston © L OIEEASFRCESETHE IR Tk D, dumE
FHOERNIFLRD & B O HBICH - THEZA THH5DTENEE (6=11~15) TRl
MERU Liciebinw, - T Carlston O#f¥ 166.3 L FHH S O 300 n7e 03 b o & ¥
%%, ¥z Schumm DERHNIEERN I L EMEL (0 P EOZ ) OEEMB LSS EEE XD
&, CUARTTRME I S OBIC L AIEL O XENE L BN DLINETHAS H, Schumm (1967)9 (3
R ME D 28 % M (Rl ORI O > v b=k %) & L THmL ek axaRL T b,

[m-sec Hifiz]

(4)
FHRE On =2 Qf

[m-sec Hi{i7]

— 0,34/ 70.70 R
L = 1890 Qu**/M [ft-sec Hifr] (5)
10
. o =T T 1]
‘g‘j _ "“e‘*\ /./
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£ > \b}f - . o /
- — Qo . -
. . A Legena <
=} (s [ o s K i
= D J/o Yoa ¢ Ishikari River (in 1899, suffix number
ES . 3 RO
g Y a /0' \“‘\o““ e shows No. of reaches )
x ) \.wc“’c % @ Teshio R. (1956)
3 -2t d\“‘%} 0 - @ Tokachi R. down stream (1956)
£ 107 7/‘1 ha el © Tokachi R. upper stream (1967)
z - 9"//‘“@'5\ = ] © Goshitoshibetsu R. (1967)
L et P & Hayoro R. (1967)
& /‘oﬂ Wi " ( ] o uryu R. (1931)
%
[ ‘/./ N B Abashiri R. (1968)
-~ e & Tokoro R. (1966)
e v\\&"\ © Satsunai R. {1967)
- “\L.\Bu:;“ o «  White R. {Chang, Toebes’s data)
‘\.‘\.5'&\;_ &0 o Wabash R. (Chang, Toebes’s data)
el 1 1] L1 11
Y 102 ———— 103

Fig. 4.

Mean Annual Discharge (Q,) in m3/s

Meander length as function of mean discharge



7 B AT 11 o BBk D TR % —H 4 197

(6) 3%, WAH (197309 © L BT % dum CRMKHER), 10KIES 58, Om DA FoBRR
;t%m,%%@%%ﬁ@&&mﬁ%%@@éobﬂL&ﬁB,::K&D@Wt%ﬁﬂM@w
BT RN Z 5 B U CEEL Ty, B2 M U T @) oM S B » o

3.3 SEEEITHESTKE B &OBE O
L %%S@Tfm,m%mmmﬁ,%wmﬁﬁwvvaﬁwMﬂmEZ@m%&m@m<ﬁb
Tuic?,

01<2F ¢B<0.2 (6)
02<2keW<0.3 (7)

fetil, o BALE =ETEE ERMETEE GERV), F: A=z re—~2 10875
A4Sk, ke .

%mm?mgyauuh@ﬁ%ﬁma,~o@mmwan%525mmmwaﬁw&iﬁ
HETE, F=ULn»bF, X5@RXRDENS BROW R EETCE LI THD, bk
DR AN~ B ORET Tl s, BHJIHO A7 + LVBEOHK—IFERP 4 O
M L L TORRIRELSBE OB E~OBEEZ2 L 5,

D bomEEm e, bobtEEICL & B LoOBEE 7y L ThicD Fig.5C
H5,

D BILEK, FAREEIED B IR R R AR G B o, PR, BEETIEX0 HERS i,

~

L=7~15B (8)

R, REOERFEEKEMERS TBEVRT N O & MR P ERE (EHD S
BRANNEFDED £ v =) OREDICHD L5, TL L THELD () ©HmnY
WAL 2B LREME N TWBWIN (bars) X, FOWEIKEBIECY - TERINB ELT
SEEINRTHS, COMRYEENCHEALLLOTHL, WHORE ST 2 TRk LD
DY, KERNE & BB AR - T A T EMS B, okl OKBE AL Fig b icabic, K
MR H oE I, AEF, NAAOKBEER#AY 7 =y LT, B 0.2~1,000m 1 E 5K\
TERRTH I EHRL TS,

10"

1 v
N e Lecand
g *?

(3
2 i o Ishikari R. (in 1899, suffix number shows
[}
I _n No. of reaches)
e Teshio R. (in 1956, suffix number shows

@ o No. of reaches)
© Tokachi R. down stream (1956)
© Tokachi R. upper stream (1967)
@ Satsunai R. (1967)

@ Abashiri R. (1957)

©  Abashiri R. {1968)
-]

-]
a
a

Dominant Meander Length L in meter
L}
L1}

Tokoro R. upper {1954)
Tokoro R. down {1966)
Urys R. {1931}

tNayoro R. {1967)

10 102 _— 103

{pank-fu11) Channel Width B in meter

Fig. 5. Relation of L to channel width B
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41 BH, BRFELEH

KRN D gL T AR DISEE LS IR & T RA T TEbEH LT, LD 2 DOEB DT
Dave O AR BIR S B & 5 Fargue B OIEH, KRTFVIC X AW MAKO IR L 2 REHMW %

MR, JtiFE 0% 00 FEEMN 2RI Lo EELT, AR~V 2R T35 2
N FEN, RN R IS 7o, B0 TR 2 2OLBOAS 7 F BT & WERD = &~
VY ARRDTCARLZETHD,

PERHE, 785 R U AR TP & BINTEIX A S BB B D, R DEE O JbHEIE
PHZER D SR & KXREIAE IR St BETHIRNE 200 m MBI ED i T %o

o, WJIC oL ThEfToMEBO S L, RIEAKRSO 5 HE OBRZRITHL,

F—1 PR L ORIER

i

FEEEE | K [ Ok B BUrRIgER =S ] B O R

-~ 195545 | 60.0~84.0km 241 195448 | 60.0~84.0km 121
" 1966 4¢ 0.0~28.0 km 281 1966 4 0.0~28.0 km 141
1957 4 | 29.0~338km
19554 | 18.2~338km 157 - . 79
@ o N 1961 48 18.2~288 km
1968 42 | 17.2~50.0km 329 1967 4 | 17.2~50.0km 165

4.2 BIFELZOFBROESR

FEIZIR AR DT LD L L TR 210 N e & s D T O MEBA L &, EAKEF LB S
45=100m = L DA 46 R EEFENASRD CRYIE L L, WRETE, #SEmE»S, €K
4 D AR PR DB A 150, Hi6% 10 445 (2,000 m) DBEEE &7y, THEERFINS XL
TR E L,

Fig. 6 \X % 2 1] 1966 SFiz k135, 12km~235 km KM O MRS &, BARHEE O &KL
LA DTH D,

HERDOZALIZ LT, RO EEZEELT U SR RIF TR, MEOMIEMNE DN <
T L L EEAAEEL T b, SO XS REALMD 3> CLRABETH Y, B

I~ Tokoro R, 1966
61
A N A e AN
_12— \/ L\/ \\/\/-\/ V \\/ \/ \/\/
oz f\ A /ﬁ\ P [~ /N [
oot V VY v Y
1o
12 14 s T T 18 ! TR et

Distance (km)

Fig. 6. Profiles of meander curvature and bed variation
in distance along channel
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- Lower Reach'66 — | _| | | Abashiri River '68 .
Spectral BedVariation O Spectrai Bed Variation
2 Density | cirvature Variation -4 .02 2 Density | cyrvature variation -4 .02
Coherence —— Coherence —
) L] | , ) S E— L] | 01
2 L 6 810 20 o 2 4 & 810 20
Wave Length x10Zm Wave Length x10% m
Fig. 7 (a). Fig. 7 (b).
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Fig. 7 (a) W5 B 1 1955 4 (R3fk) & 1966 4 (Fiiti) o2 h T onC, R OME%Eo
WAL, WEOBEEICHL T, A7 "AEBERLIY, MEHOz e —v v AERDILD
TH D, FAREC DT v 7B 200 m Ofedic, 400m LUTFoEEERIL» » F X
RTEY, R EDOHEN TSR 2zt v, EHE-ClahEiz 20T 620 m, 370 m, 300 m
DEFHZANZ P ADE =235 0, TRCFHE L TR T, 620 m 3T EHT B/ & — 7 238
bhTinb, LaL, 2~V YyRATHBRY TR, ©— 7 ERCHIET 235 < < JEEH
FRIERD BRI, T, AXZ baDE—2 ~ﬁu,;®&&f®m$wm®m%%ﬁﬁ
R U OMKRE(LO BB 3L T, RN ZRNRE N EHERL T3 &FE
zZbihb,

L2 AN Fig. TR S n#E)111968 5 (Rif) D% ek, MB35 e— 7,
750 m, 460 m 7 E I H bR T ADICH LT, CHICHIGTAHED Y — 7133 AR DGR
Toun, UL LBEBREGC L1iE, 2 — v v AREEBIOEE L et/ Twb, Tihb

BEENTE, ERT00m~L000miihilTa — LY ADRERLEDLIALMRHY, hih
E&EMT%,ﬁﬁﬁ%f%:t—vvxmﬁk?éﬁ,%%M@MT&UL%&MmM&%m

T Tae~Lv VYADEEINRDDS, SR, WTRAEMEEYETIWAINICE LT, HA
M@%ﬁm BOKERBEREOMBAC IS T HE RS T TR L, KRS E
BEOWUNEMEZ T, KKBOBEOREER S LLFETHIOCH-TBT L, il
FEIN DG ETEKRE, ERBCHE IR PRE(D, FRrRELT, FROREERG M, K
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KEMED 1,000m ¥ OPE & OMICHBEERE - OB I & EFE2 N B2, FRMOMIINC
DNTOBPH & LI TREZ2ETL LD EE LB,
4.3 HMESHEBEARSOIHEDOEFK

Fig. 8 137 1| (1955, 1968) & & Al (1955, 1966) o> i3 D 5 i & HAKI PR S D 77 i & O
Azl LDTHAY,

IR B D Z ENRERTWBE L5 THD, EREND I THETEL
5. WRECET 50 0%, &0 itk STHECHIET 213 ThbH, Fig.8 L D EBICETT
5D 55 OIS & 2 HLIE 2SO BR84S & % MLEE O oI < 65 IS5 s b RE RIS R B
L TER D, Fig. 8 oA MBOFIOfL 7 = v P TR LD THNE, FM
DOEMELTERNEIC X » T, ke CEEBR) & 2WAEEN, FAIMEOnEEE T2 2 &
MTELS, Pl b L5V BEBOFFEEINRE IR LBERKEA L L S,

. -

.08

A —

.06

in 10 ¥ (rad/m)2

.04 —

Legend :
@ Abashiri R. in 1955

O Abashiri R. in 1968

Variance of Curvature {Plan Form)

.02
A Tokoro R. in 1955
A\ Tokoro R. in 1966
0 {
.04 .08 .12 .16 .20

Variance of Scoring (Talweg Bed Variation) in m?

Fig. 8. Relation of variance of meander curvature to
that of talweg bed variation
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51 BH, BHFERLIEH

WEAT DI, RO (BB L EsE) & BECBRL, T TRANDOBEHEITE
KBS HETLLOTHH ZENRBLACR DL Tw b, € THRAEMERNCE 3% Bt
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DIz DFMER B EF 2 T, 47 FECHEFFIO 60 km~80 km KR fou THL i
BB TP EIR & W I X 25 1] = 9

Iz, Lavd 1955 4E & 1960 o 2 £ - —
BRI M T WD o ERaD, & X fH ‘(ﬁ'J_fE-Ef—EZ] i R
1A TR OB IO BENC
WORFIHL T, RO IMNOBEN ¥ m E| 6L0~825km 1955 L4500
HE LB 2fT/ed 2 N TEL, ‘ 1960
MR L L, (1) 1955 48, A o 1 A | e |
1960 WEEOHEOW » ik 3 % = o E O 500 m PG 1960 1:200

Ll s THHoBEHELXYRIBL, &
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Dhim & KB i & DB A EEREE % L T T 5, (2) WEE ORI EE Y RF1& &
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| (e N AN

5.2 BB DA E
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Legend :

© Kinoshita’s Experiments
(intermittent flow)

® Ashida, Shiomi’s Experiments
(continuous flow)

Q Ishikari River, 64 - 81 km
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