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SORTING AND BED TOPOGRAPHY IN MEANDER CHANNELS

By Kazuo AsHipa, Shinji EcasHIra, Bingyi Liv and Masaki UMEMOTO

Synopsis

It is often found that a coarse surface layer exists in the outer-bank region, and
meanwhile a finer one in the inner-bank region of natural stream bends. This
phenomenon generally results from the sorting of graded bed load. Some attempts
have been made to relate the sorting to bed topography as well as flow
characteristics. The available models, however, practically deal with the case of
uniformly-curved bends in a steady-state. No comprehensive model is yet available
that can predict the spatial and temporal variations of grain size distribution in
meander channels.

In the present study, the sorting phenomenon and its effects on the bed
topography in a meander channel is considered. The mechanics of sorting is simply
illustrated by the force balance on a moving bed load grain. It shows that, the
coarser a grain is, the greater the ration of the lateral downslope force of gravity to
the upslope pull due to secondary currents is, so that coarser grains move toward
the outerbank, while finer ones toward the innerbank. Four experiments is also
conducted to investigate the features of sorting in a flume meander channel. One of
the results is that the coarse surface layer forming in the outer bank region reduces
the depth of deep scouring.

Furthermore, based on a two-dimensional shallow water flow model, a two-
dimensional numerical model is developed, which can predict the bed topography
and the surface bed material size distribution coupling with the consideration on the
sorting of heterogeneous bed load. The validity of the model is verified by the
comparision of calculated results with experimental data.

1. & E]

R | OFEERER NS 2 OBRBREE S ¥, FLERERSENEREST 5L VHIHEE
RS ERLREETH 5, OB —FITH 31ETH 5 VW IdBHKEET 2R TR, FRIC
DHPERAMEREQATED, BB ZRTUAFU 2120, TOHREMAT 5 &3EJIKE
¥ PG RESHARED—D L SN TEL,

EoRKE, —RcEVHEAREEOBRSDED SEBREN TV S, ThE TOR - Bithifk
B OEREBICBAT AHEOL 13, KENSHPEELRETCLCEBLT, —BRPOHESENR
ELTHbNTER, ThHOWER, HHSORTFEDOE VI & - THERENT & BB & IcRE <
SiFond, —F, EATREOL S SEHHRE & ORKEICE T 5 sorting HR R, “RKCHETR G
L) OB L - THDBRERDOFRMREI L, BoOBFRMICRE S Lk, ERRRIcED

_1.__.



262 HAB KA RER $335B-2 E2. 4 (1990)

A0 LRI, ZHME K- B 28/,

RATHRETT « BiREORKZRE KOHREARCBELTE, ChETRVL2POPESKBEH
T, UTF, Tho:2@EILTa %,

BHOWEIR, —HEMRBEINRETIb0T, BDRTFRERT2H020 450K (Allen?,
Bridge?), %32 VIRBERBHENIOEZFEHVWT (Odgaard®) HEROEEAHERDTVS, Allen®
i3, Rozovskii® OBHIBO —RKEOCERER VT, BHFI/EHT2NREREO_RKI L 35]HE4
BEEZXOEHOSHED-DEVRED, BHEOKESFHERDTVS, Bridge? i3, Engelund® @
BRI IcBE T 2 R & Allen DA FAHEA L T, BERLNEOEMAHREECRDTH
%, Odgaard® i3, BHSIcH T 2RARKNOEZLEBALT, KE KES L CHETFHOEHE
KOWTHEMESHEE RO TV S, LihLl, Ths5oiFicid, £BOREANS 2, Thid, 2E0H
DONEAFIMICEL 503 b0 TREL, RBOMBLEORSELD, EFVLOLRESNINERE
ZREN->TVS, MHASYOERICIIIORESRIT Shiz, $h51d, MWTHROIEDDREEHR
REL, JIHE—KEENKEL, AEROEMARSHER/NE W & 2KEL - L TERES nicilEs
BRE Y REERD 23, COERERAWVT, BFAROKDESENTEEHKEBICEVTOELEZIL L
0, EEHEATIRE L ORENHOREHEH L, LEZL, 2RONEAROENERTEILV, —
#, BEREICETREORKERE L CEGRROAHEHR U203, Parker & Andrews” OBFFA
BEMIThAH, Hold, WITREICET 2 HGNEOHINE((LE, BEEREHVTRE—REREZTD
TE kD, BITHHTRD TV B,

DEokdic, T« BEiEc B 5 Sorting HRH L CEEHRARMIKC BT 2B, 126016
Wigd, ERAMENLETH B, 2T, KR}, BEUWMKIETRERICE ) 2MO sorting K
REGRN, ERMICEBRTZE LB, BoNEMMORAIKBRANORBI>L TR ET I, 51,
FNEETRTEKREFVTITL, ThiDiES
WK D “iRCAIREE Y  a b — v a YEFILER
45, TOZYMI, KES L EHERKEIKOE
BRER X ORITT %

2. WH® Sorting ¥

EFINORIKRICBVT, ARRSER{LSh, AR
RIAHRALE N TR EBBEDHONTL 3B, LITE,
ZhOFBEEIC >V THEBLCERL Ta %,

Fig. LIOREN TV 5 & 5 1S HhER L BT AR A o
WEIcB VT, MR ECBE#T 2R T2 IEEL
3, BiLBRKROEBOTHY, s n 213, TH
ENM ARG, WA EBEHREERL, BHTO
BEEE N2 bV E V(4 v,), EEOFEENZ b
i Vou, v)) &35, Fp 3HiATS, Fo 3FG&S
H, FrRFEEREOMOERS, WIIESH 6,
6, 13K - T ROBERIA, 6 B v RENENF),
Voo Vo & sHRIDRATH 5, RTFHVELINESR  Fig. 1.(a) Forces on a sediment particle.
EEA T 2 L ET L, B B DSV (b) Paths taken by the sediment
ik, #heh particles.

— 2 —



EEH - TL8 - B - A SEFTIRERIC 813 B Sorting R & L UPHERIRICBEST 505 263

SHI] ¢ W Sin 6+ Fp oS G—F;COS B0 reterrersrsrrmsmmstmnuiaiiiinsitisrennsnaees ¢

nﬁrﬁj : W sin an—FD sin 6—Fj,sin5=0 ............................................................ (2)
LB, £k, Fpe WiE ZhZh B) & WROLSickEN D,

FD=‘%CD%D2 ((y— 1)+ (W= )T} +oesemsemssmssnssessemssis st 3)

Wz%DS(ps._p)g ............................................................................................. @)

C iz, DIERIR, o, p. RENZNFGEL L UCWRTFOERE, Cp BN, g RENMEE TS 5,
Pk by, WMFOBEAEICOVWTIEE, KEAMNELNS,

_KSINOD=SING s
tan =4 sindD+cos 6 ®

:C‘:, k=4Rg/3CD{(ub*up)2+(vb—vp)z}, Rz(ps/p_l)o dt')’c’

d(tanB) _ k sing, cos +k sing, sin &
oD (k sing,D+cos )%

ORXY, HIHRED OBBAEEL LT5L,

{ B>By  (D>Dy)
B<By  (D<Dy

LWSREAH B, THbB, Fig. 1ICRT LS, D>D, OWHTFRER L VARRAN, #Hic DL
Dy DHIVEIF IR E R & D REHINETIT 3, #RELT, RREOFEKRSEIRLE h, SAROH R
IhaC EITIEB,

wic, RADBEOMKEHHRER RRDOs0EE) & 0 FEREICE Y 2IITRES L U—HRiE
iR DIBA ORIE D AHISHEIC D WTEET 5, it « BTAROBIBRKDE (o gm) BIUHE
BRI (2,) RHFORRBEEREEERK 0O s n 2)) ZHVT, zhzh @), O LU 10
ROLIICEET 5,

Qbs_f mfugbspbdD ............................................................................................. 8
Dmm

an_j A PuDYAD) ++oevvreernnr st @

zb—fbmwdD ................................................................................................ (10)

2212, Dpur Dy BENENFRIRIO BAKIE & BMIRE, 1y AFIREBOK T OHRIEERREE
BB (=p(D, 5, m 2)), b &, RENTIKEEGL, FHRARS & ORISR IKIFS 5L - 5
OUHRAER, © KT ORBII (=2po+ [, pde), 20 GFIRMOTE, po (32 LT OHF O
AR R T o Bo (- T, HRREILYD, G n 2) FEERICS BT - Ml
DRAWMKOFREHRE,

0w L [ 00Dy 0Wbs) | Babb ) 0y
ot T (1—/1){ % T am +_ri}-0' an

LB, TTiT, ¢IAEEE, A IPMEIOEIRER, v 3FE (slines) OHIREERTH B,
MR THBEL TS 00, RKBIKS & CHENHIRFRIZML L0 &V 3 B PHERE

_3_



264 HASSHARER $332B-2 £2. 4 (1990

(Bw/8t=0) BT, (UDRZ p, KOV TEIH,
Oy | 5 s o (0 a¢,, Dr N, () eeeveereerereersiseseeanensaess st neeese e
L ) (12

L85, BT, (12R&k0, HRtED 5,
— BRI OBE TR, 0/0s=0TdH B0,

?’(/',J)h:COl'lSt ................................................................................................ (13)
BRSNS, BB VT, ¢0,=0&LVIRHELD, FEOHAICBVT,

BaDp==0 v evrrrerre et (14)
LB, pp=¢stanB &b, BELTVBHF (9,#0) iT& ->T, RAMKILT 5,

Do tAN B= «eovrerrevunenn i {15

b LE—oHifAIcE VT, FEBRENGH—BTEIRE (,#20), ERicks &, BIRBOKTH
RUAHE B=0) <BHTLEVIFELERICRES KRG KBRT ), -T, »aHMHOK
EARr—HTRIhEE oW, 1, =040, KM AN TFOBETESHACHET
5 HMBEEE R ORIOARIZE 3,

PEoZEeLy, —HBHREKICEVTIE, BINEEREICEL K, FMRXEONERSHAIT LI
—kE D, POZEORERRAREL SHARICEP > TRELB S, —BBHMKERICBT 2 Z0HRE
pure sorting EEETh TV 39,

—F, ETREOBRATHE, 8/0s# 0 ThHA7%, KEAMSHE « BFARICEALL, —RBHOES
D& HBHRRHE DFEL,

3. EBHNER

3.1 EBOBE

EE I3, R(16) IZ/RT sine-generated curve DIEFT/KER (Fig. 2) 2HVWTCiITFbihi,
=0y SINL (2ES/L)  +rrevemererees ettt et anu et 18)

TTIT, 6Rx8EDRA, On 3 0 ORKME L ZIETE, s RIEFTKBEOEERIcH - T8t - 7 fast
THb, WITKBRRKELEIOmic4BER¥EEREE L, HiER, ER»S3EERDYD 1IEETITOL
120

EEZ, Table 1IRT LI, 475 —RICDWTiTo7, case 1 & case 2 IZIBESHDEERT, case

d=180°

Centerline
6=0,,,,sin(2ns/L)

Fig. 2. Definition diagram of the experimental channel.

_._4__.



PEH o JIH - B - M4 WErTRERIC B 13 B SortingBR B L CEHEFKRICE T 2R 265
Table 1. Experimental conditions
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Fig. 4. Sketch for the pattern of grains moving on the meandering channel bed.
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Fig. 5. Experimental results of casel. (@=1.2(1/s))
{8) Map of mean grain size distribution
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(¢) Vectors of surface-velocity

3.2 BB OSortingi@iE

Fig. 4 (a), (b) FHVK T LMD VR FOESB % KBRDIC—D>—2> DR FOBBENICEHL TR
FyFLIcbDTH b, IHHiE2 BN LIKTOBEAMICET 2ZRE—HL T3, case 11
RSNSOI, BRBROKFPREALEHDT, AdbOLRFLEIRKK & > TARED S REREIC
Hikah, WETE, BREILT, ARBRTEERICX MBI N TIRHERIC X 2R{LSEL 3,
BB EORBESED L, BNEEREIGISVU TV, ZOHEKRIERKED armoring B
ERBILTWVWE, —F, case 2 THRABRMSKEL T, TRTORFUFRCHOTWD, BIROLD
2, EATTES (0= 0° 8L 0=180°) MMEDFHEICE VT, Zo08B»Zb-T5, Thid, b
WL KD, FAKREMAE, —RROEEBIUORNTOZY ZHENOBOBITHR TS - T, KZV
WFi, REAECX2ENOREC L » TARRBNEZXES N, NEVRTR, EALD S KFICELS
HHEAPEB LT, ARANEEI NI D5 TH %,

Fig. 5(a), (h), (¢) & Fig. 6(a), (b), (¢) &, ZFhFh case 1 & case 2 DEJFKEBDLHTHIER
O53fE, PERRERE L UBRTOBEERED SRDLRIFHER 7 P VERLTHWE, Cho0fERK
D, ROLH>BHEEHFRLNS:

(@) 2&FEHLTAINGE, FHROEDTE54 Yitii-T, ARMENIE B-THY, MEhfkL
TOLAHROMERITE, MRkl TV 2008325, Z0b i Fig. 4 RS QBT OES# & xt

_6_



P5FH - 7LEH - B - K  SEITHRBRIC 551 5 Sorting B B L PRI BT 585 267

40
Viem/s)

(c)

Fig. 6. Experimental results of case2. (Q=3.6(1/s))
(a8) Map of mean grain size distribution
(b) Equilibrium bed topography
(¢) Vectors of surface-velocity
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Fig.7. Experimental results of grain size distribution of the bed
material after sorting. (casel, Q=1.2(1/s))



FSHH « 7L5H - B - #aA  WEITIRER I 35 1) 2 SortingIRE & X USEERIKRIZIKIC BT 25T 269

D=360°

%*?

B=0° P=360°

Fig. 8. Experimental results of grain size distributjon of the bed
material after sorting. (case2, @=3.6(1/s))
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Fig. 9. Diagram illustrating the suppression effect of sorting to the deep scouring.

(a) Bed contour lines of casel (0=2.2)
(b) Bed contour lines of case3 (o =1.5)

Fig. 10. Diagram illustrating the suppression effect of sorting to the deep scouring.
(@) Bed contour lines of case?2 (o =2.2)
{b) Bed contour lines of case4 (o =1.5)
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Fig. 11. Comparison of measured and predicted bed topography in a meandering
channel. (casel: Q=1.2(1/s), D,=1.74(mm), ¢ =2.2)
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Fig. 12. Comparison of measured and predicted bed topography in a meandering
channel. (case2: Q=3.6(1/s), D,=1.74(mm), 0 =2.2)
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Fig. 13. Comparison of measured and predicted bed topography in a meandering
channel. (case3: Q=1.2(/s), D.=1.68(mm), o =1.5)
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Fig. 15. Comparison of measured and predicted mean grain size distribution of
surface layer in a meandering channel. '
(casel: @=1.20/s), D,=1.74(mm), ¢ =2.2)
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Fig. 16. Comparison of measured and predicted mean grain size distribution of
surface layer in a meandering channel.
(casel: Q=3.6(l/s), D,=1.74(m), ¢ =2.2)
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