+ARZEFH S, Vol. 82, No. 16, 25-16090, 2026

HETIC R ST E - BERZE I 5
BEEIRITREICE T ARNDEE

LU 1) S 1T B 7

PRRFRFEE  BRLFEFER B AR SR AR
(T 112-8551 B AHB U XA H — T H 12-27) (Corresponding Author)
E-mail: a21.rxf5@g.chuo-u.ac.jp

27 xm— PhD. ILf§ HRRKPEFRAFEME e (R L)
E-mail: sfukuoka001t@g.chuo-u.ac.jp

R se |

BEITE A TR O TE & b &, WIRAENIRFEMMICE b L, WEOBRIIEMETHY, ZhEHH
TEDLMIIEDOBRBENEL L 7o TWD . KIFZETIE, 1990 ERICIT O EEE S HEWT A 2+ 5
Wi 7K B & B N7 0 R DA B R SEBRRE Uk U CIERR K IE Y = R oT oK T 2 A L, MElriic 72 %
E - M2 AT DI TN ORE R LT LTV, B, ErmaoieiTimh oiEix, =o
INZ X DV R & SR S BRI O OBFRE I L 2 RN IF L, T O FRIEN T
I « BEWT I E ORERTRY 22 2 LIS U CRZR D 2 L T, HERAYICE e 3 oTiin g & 2 b 2 & 2R
L7z, % L CHEMARBEIIEE TN O RBE O Tii &R A 2 —IRIICHFT L TV Z ERAH#%

DT % = L EIKRT N,

Key Words: planform, compound meandering channel flow, flow structure, sediment discharge

A
it

1. F

RFEEBOEZ LY, I OHW. L2825
IROE TR D RS O AEBE N E E > T D. &
D & 9 7 KBRS LT, FesE TR EwTE
BEATRI N OOTANE « 2RO « FRFHIHT- > TiE, ok
HEFOFRIVOFRE & 23U TS AL « T PR IH /K TR
& EFI DI IEKTAE NN Z T2 A R L X —KEADIFZE
M LD AR OB R S iz D, KBRS
DETRF—/KIAD AL, B T cor
INDOEY X, IR EORFZERIZ LA SRE R CRELTE DR
HrEdgfinRkd BT s 2.

D NTBFICH 10 A OZEE) Zds1T 2 KBk
IR LT, TRlERD A S L7 U IR TR « RS E)
N WD 2 & C, WMNOE « FiEE ZHUTEED
BT RVX—KIAR ORFZEIZ L AR D,  RIFRARIK
REDEERS L E OfEREFTOHEEEZRE L C0D. L
L, REWEHKRR SIS, T3 s L, L
I LSRRI ONFRZEC - TRk & UK ISR o
TRAVDIREER DRI LT 2 9. Zhuc kb

FEWTERES T ORI & b, IRZS BRI e T
NS 5. 2D X 5 728k, TiRALOrE, kb
B R Eh OS2 Sk U 7= 3ok < RSB
IIRIEAAAERT, EOEAMBAFRED R RO BTN D,

ZNET, EWNEIE TR D E R - IR
FEREIZBA L C, &< OB TN CTEZ. &
] « PR OIE, HUMZAE OB TKIE TRk %
RE LTz ZIRTTfitT 9 & K =R Tefiftir Ol L 23]
IRZEEAT 24T\, HOl » iR 972 2 & T, ARUKIRIES T
DOIEFREIX M ClEmKE & AEK B OF O AL =
0, FESIARTIEE KIS A & 72 D128, FoKIEZRE
U7 fENT CIE IR OFiG SRR &2+ BB & e
WZ AR L. FES MIFERESHmN 25
IRHE 7 AW KBS A T N2 B RS Eh R 28R C, ARt
7K Dr(E K EUKGAS K KR 2 B (L &, ZhEho
2 — A TR S O LB 2 RRRFOIZRE L, B O
RICE - TR EFEN R A Z 2R L. FT2, &
S O, [HES & REEOKE « KBRS CREIR IR
ZATVN, KON R 72 2 X T &2 JE L,
FOKEZARE U Te —oeBdiifitT 5% O &a



L _EABKE _H—h
EABAE

1K B HR T

+ARZEFH S, Vol. 82, No. 16, 25-16090, 2026

H \
X Bt RIS
Casel Case?
$BRER #8332k EDr 0 0.0
3 AR 1o RhoRE | BENERTRN | EFE0ETEL

/ 2 e i - HEm¥/s] 0.0106 0.030
) — —mwE | A AREA T ) 0,050
e %ng KR 205
P 12m

-1 SRR O & 2 ORFTHBIENTEE 79

A Casel1(Dr=0) &AI7K{iL

Case1(Dr=0) fE#fr7K i

018 = oo Case1(Dr=0) {E7K B M P BR Case1(Dr=0) {E KB R AR
0.16 A Case2(Dr=0.40) EBIKiL Case2(Dr=0.40) fEf ki
014 | - Case2(Dr=0.40) {E7K B & BT F15R R Case2(Dr=0.40) {E/K B & A B
0.12
0.1 N N I Pi'a —.Y

"5 0.08 as A

{BKERIRRE © 0.012[m 3 - 5]

EKEGERE  0.022[m = - 5]
0.14 :
0‘ 5 10 R 15 20 25 30 35 4@ 45 50 55
— R EB TZE — R EETTER T PRI mep
{EC 7K BE& $¢ BT EE Rt [m]

B2 B & RHTKIETZ OO Mg e ONEzK 20 B OIEK BRI EIAR & AR/ B R ERAIR OREET 5347

FHNT I RZSEh AT & Lol U 7= fE S, M THeiuc
BOWCHIEMEA B TE T, il & TBEIOBIHRIZS
WTCZNE COMPHETITRB CERVIERH D Z &
LT

ZDT D, BIHE)IO X 5 I « AR
TEDHEHIANC R & < BT D5 T, TtihudIERK
JERraBE L, P EGE e WK - TR
EENESIAEN TH Y, T E TIThILTE e
Z RETHLEMERIH SN E o7z

B O IRES L) G, BiEAL & IR AR EhoAH AR
FRITFEFHUKBIZ L U T L, S -opir I oOfit
W72 22 L » CTHRPEIIC R E < B3 5. 2ok
B, FPIIEARR 7GR R TR IS D, T
&, WREERFEOMI AN ET 5. UL,
FEATIERE O FiEAL L R 2[RRI SR T2 2 &1, 4
RBEMECH DT80, B T LOREE 2B H)NT
TRDZLEMNBIEDDEDONINEEZ TWD,

AMFZE CIIAEWT R T3 Bt &R A &) %
LT 2TEOBIRIZTT T, ETIEFERKEKICE
UWNCIEARRY 7 S 2 AT DU TR L » TR S
N, ZE LTRIR COmMNOEZ a5, 2
ZIERE S, 480 S 2SO T @R KBS OB EIR S5k C

TER S AV IR &2, [EERIR & LChH-%, 17Ff -
RN & D IEFRKENE = Ot oKIRMIT 92175, L
T, ZOVHRROWNGEZBITHI LT, ZTNET
FH SN AT e Do T AR 570 B SR -
REWTTE T A A HAEWTERE TR Z 31T DIt DRSS
FEMTKEREAR S bV (iE):

0.4 [m/s]
FFEBHVWTHELL
AERERS bR — 04[m/s]

(®)

Case2(Dr=040)

12 O CRNE L7oKEE~ 2 hL)(#) &
RMT/KIEGTOR 2 /L) D



+ARZEFH S, Vol. 82, No. 16, 25-16090, 2026.

NERAI R > DEEN&:

|-[m]

-0.05 -0.04 -0.03 -0.02 -0.01

B4 Casel(D=0)IUT HinfRZESE) = > % — (55 O

0.01 0.02 0.03 0.04 0.05

KFRFIHRE: 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 [m/s]

BB AGEFRERS L —  0.4[m/s]

l
B-5  Casel (D=0) ICHUT DN /KGR O w4 Q

3. MR TER - BETEROEZENERNDE
EDORR

DWTHLMNNZT B,

2. FRRICAUV-SEERME L BT FIE

113 IR/ ORI & 2 O E IR 9%
Y. ERUKIKITAESM, AKKIEm, (KKKEIE0Sm T
HY, ETFROBERET & FEO—ERIE TS M CHz
SN TS, EKEEIZITR A3 1/1000, #IHAR K
S 23005mE 725 X 9T, E259, RiR0.8mmdD—4E
WA E G5O BTV D, K b7 O B
(ISm)Z XM E L, Efidud b OFEIIAT - T
VN KBS FEREBICIZEAR(12m)A3 5 0, ZE LIz
LEE->TND.

FRNIFEBRGMAIZ/mT. AW CIE, BRI T
i % HWrEIE T AL Casel (De=0) &, /KB b /K AN
D AT EIIRES THEALCase2(D=040) & it 2 & L C,
WA PR 2> 52005 i@k LU, 28 LT PHRAR 2
REHE, ZHEBEKE UTHITZIT, ZOKZE
ik L7z it of& a2 it L.

(EAESIRTATARITFE R 7 1A0120.5m, AR5 171120 1moD
MR CRRII STV D, T I RS B4
T, i FFIAIZ025m, BEETF TAIZ0.05SmE LT 5.
FEAVOREHTIZIE,  FEFFAE Y = kTt K i AT 15

(BBD-FEBSIE?)) # VT 5.

5 [m]

(1) KER R UKETFEROERE & fZATE & DLLE

B-2 | ZBRAPK T & fEpT K i O b B ONEZK 20
6% AR AT T RATIR & B R OMERTX % 7~ 3.
el TR SRR T R EN S OE S ER T 0. Eh 5
D Case b RTHEREA 52252 LIZ&k-T
FENT/K I B K R A BRAFICHER TE T D, K3
VK2 O CRIE L7 Kimiod 7 & bk o b
AR, RO KT LR EORIE L 7oK
HWAMEREE TE TS,

BLAPKIETE & FOEDAAEAFRHRTE TWD 2 END,
AFRNTENTZEE UTR 2T DI T 2 i U FR
TEDMMTET MR >CND EEZ, IO ZLT
D,

(2 HEEIEITRADEE

E-4 % Casel(Dr=0)IZ35 1T DIREE = > & — (FBR
B "3, ETOMEE Y BB AD &, ERGEH
THEEE LTIV KRS T DWTE 69 124720, Bils
INZE DB KGRI L 0 AMEDRRE S PR ST 5.
ZHUC LY, FEEEOIHEICWINSIER S H, KT
1Bem & OEEFELE 2> TS, —HRIEITERICB VT
FRENA 72 BB A TS 2 0 YERALE DS R Rt =R
O TR 7 ML, BRI EERN AR S 4T



ERARAFE: 0 005 01 015 0.2 0.25 0.3 0.35 04 [m/s]

+ARZEFH S, Vol. 82, No. 16, 25-16090, 2026.

e - (EKBEERD S DEERE[m]
ZREBAY P —— 0.05[m/s]

I e \
=
-0.05 \ x/\\ .
-0.1 ;
0.15 —
_0.2_llllllllllllllllllllllllllllllllllllllllllllllllllllllll_
-0.2 0 0.2 0.4 0.6 0.8 1.0
(@) W 69 TR SDIC I B EFAHIUH T v & — & ZJGR~ 7 P
) e e — o
. - S _ T =IO
3 -0.05’j P =R ; e D=
_\'6 -0.1 A S IS IS NS A I !
IIE *-0.2 0 0.2 0.4 1.0
e (o) Wi 66(kEATIEER)IC 313 2 EFT AR v X — & R~ 27 b
;é; B6  Casel (Dr=0) & L DM = 513 5 EHAIFEET v 4 — & “Hifi~ 2 b
oy e 1555555 o]
0 B[ ER B
% S\ g™
fE  -0.05 - K§ e
04 A -
= l e e v b b b b b b
® 015 L
a -0.2 0 0.2 0.4 0.6 0.8 1.0
(@) Wi 45(Ef TS ) I I 1 2 EFT AR 2 v X — & K2 b v
0 - . YN
0.05 ’ ) EH R
9. i DEE
0.1 | | NI IR ANENENEE ATENENE A R |
*-0.2 0 0.2 0.4 0.6 0.8 1.0

(b) Wiiil 42(EATTHER) I 3510 2 FPUTA0E 2 v X — & X7 B v

X-7

%. 513 Casel(Dr=0) 233V} D T /KA I HHEH O ot
AR, BORKTE DR AENLE IR DOYREILE &
KIE LTS (R4). F72, W 6913/ 5 & AR TR
FEMRE L, IR L 72 BN SE R LT
%.

RS & —RREE TR T, BT OB BT NE
MO TOER & REEISGENE B TZH L, Zhn
TRV EN I U CARIGIRDIE N L 725 TN D Z L AR
EDQ), B)TaT. K6 1L Casel(D=0)D Fiiis ik
Wria (-5 Hh v 7 R (2B 1T 5 G miiE = o &
— & TR bvE Y. Be@IoRd i 69 (i
ITOEMAIZH Y, EFRAELEETL, K& I
L7230 X A R k- T fps k& < Bl
ENTND. BB T Him 66 (FEETIETSICH Y,
KB TOMN TR & 72 D03, mLHGTHHIT
B0 BT, A EACIRIE YRR & 3o & DIk
TFE LTS, ZHUL, IR OMENT 2 bkt
DFET Lo TR UTRIGIROZ L L BIR LT b &
B, B-7 13 Casel(D=0)D—ARME T O Wit (B-5
HEREAORY 1231 5 EF T ME = o Z — & IR
7 MVTHY, B-7(@) BT R OWE 45, &-7(b)A3
MEFTTEAESOWIE 42 279, Wik 45 THIEr R

Casel (Dr=0) D—HRIEI T OWIIIC 351 2 ERTIAGOE 2 v & — & ZRiii_27 b

IS TWDH2Y, ZORE I3 69 L0 b/ha<,
BRSNS < 7eo T A.

ZDOE ST, BRI TSI T DL & RIR
DEHRIE, TERNLIA LN EN TV REER L FETH
D0, WO TR ORBENE 2 IR & ORIFRT XL
DEBCIIRD Z L2k~ ¢, RN E T O R D
FEEZmb 5 2 LS. AREIOHEmeE, Tt ok
WEOZESERIL, REN B rE] T ORgIED
PRI A 2B A 52 T\ D. HboBEE &
TIRZEENC SOV T kI & DOBNE il ORI 2 &6 5
Z L, HWmE TN O A R OB ERIERE TH D
LEZTNAD.

(3) EETEMEITIRNOBEE

K-8 (% Case2(Dr=040)\ZF3\F DAL E) =2 o 7 — (FR
Y% ~d. B4 LHigd 5 &, BlmmlE i Clid—
FRIEATHNZ 35\ TR & HERE O 22135 K C 13em 1),
R 72 B BN DR ST D28, R AORES T
FUCIRGER & HERE O 22T T % 8em & HUMTEINES TiiAL
FO/EL, BUNG KRR D ITIER SN TN D.
-9 13 Case2(Dr=040) 35\ 2 T /KSR Dok
O3t Rd. ARKEOFERICERTS &, ERoENE



+ARZEFH S, Vol. 82, No. 16, 25-16090, 2026

HERAIR D > DEED=:

|-[m]

-0.05 -0.04 -0.03 -0.02 -0.01

60]

X8 Case2(Dr=040) (21T B E = o & — (FZRfE) Y

0.01 0.02 0.03 0.04 0.05

AEFHIFRE: 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 [m/s]

AR ACRFITHENR S bb: —  0.4[m/s]

&

RRRARRRAL

9  Case2 (Dr=040) [ZH\ S DRT/KICHFOED AT Q

[ECRRER & 0 W TEEOFRE NSV, ZiuE, Bk
BEOMATREE D L, m/KBOEBE MBI EEA~FEA
T LR, EKEOB NN EKEA~EY EF5E
DMEWTHERRXE & 0 < 725 2 & TR EE E0O
SR Z 0, AEAKEENOFOBSHHEIN L= 7= T
HDH. ZHUTLD, Casel (D=0) & A THRM DYt

NS L2 (B5), ERIENFERNCRF-> TEL TV S.

[%1-10 I Case2 (Dr=040) T L oW (-9
B 7 ORI B T = o X — & IR
A7 MVERT. SRR W EAR A D A
T X TARAKEE DOIR TR W 80 7> A7 e AR ZHi
W L, mKB o a e s, Wik 73 756
BRI TR OSETII IR AT 5 (B-9). 24Uz kv,
®-10(@)i 27~ Wit 69 TR COmL A K 2
TR E L FET D Z LITINZ, AREEKEN DK
BEITIVNR AV IAATWA., ZORENTIETRD,
BI-10(b)\Z <9 Wik 66 “CIEIAHE YRt & 13 & o ¥k
VN ITTE X NI ARV A QAT N

B4-11 13 Case2(Dr=0A40)D>—ERAEA TR DOWTIHI (-9 H A,
DOINZIFT D EFRAGFGE = o #— & ZRGE~ 2 by
BT, —RREBI T ORI & AROKIS I T A A Okt
PRI IO A Y 280 KL TR Y, A
DB TOERSIX B CRIFHCE Z > TV 5 (RF9). K-11(a)
(ORTIBTHE 45 ClIA R DIRAILASEA LTV D

7S, FOET R EEROEE 69 K0 /hE N (E-10(a)).

7, ZERBETIERKEAALATH LT 228, TR

5 [m]
AU BVEHEAL, KGR & EEGEOZER K E 7
52 EIC Lo TGRS TRY, mOck
DB TR SN TS, Zuc kv, E-11(b)
VORI 42 T, AREAITCOEKED D OBIHES
W2 & D R, IS Co B DIRIRARI IR > T2 i
AL, FEFHAICOEIKED HARAKEE TR T D AL D52
T T2 ZIRTEDSTERL S LT .

A S (Wi 73~ 66), —REREF TS (ki 48~
Wi 42) T, &6 5DOXMG A RERKRED D OFE i
AUDSHETAOI#EGE L CAVIAA TV S (B9). L,
RS R IR RRIE SR & <TBHh L, [EUKEEHIE)
EPRIE OB L 0 b RE 2RI T A2 LT, A
SRR DR RS T L 0 B KEITHA L T
Wb, ZHUTEY, —RREETE LD b EEEETI s
T, HEBEOSHHEEHTII LY, i Tk
W& XA E O T RGEAWIE 2RISR S iz, (K-
10(b)).

—J5, —RREEATERCIE, AR O OPEAED LIS
HITIZ LT 720 abie, Wi & o kil AL
IR S A, HRE I B 6 OO EFESE D F Fii
AVTOWDIRPLT, DM E XA RSN TU
5. ILITEFEFVICRD L, EENOIRAT DD
LT T IREE & e o T AL (B-11(D)).

ZDO XN, ERTmEIBEI T CIIEERARRE & ARKEE
I ONARBHRDSHEIC A L5 2 & T, ki K
KB OEEBEAROEENRKELS L, TOEARIC



EFRAMAFE: 0 005 01 015 0.2 0.25 0.3 0.35 04 [m/s]

5N
Eea ]

A

1 (BEKEERD O DIERE[m]
ZRB|EAR Y b I — 0.05 [m/s]

0 0.2

0.4

0.6 0.8 1.0

E =R
Dfa &

E =R
Dfa &

(@) Wi MBI T RIS B AR = o & — & “IREER 7 v
E
X0
g
3 0152 0 0.2 0.4 0.6 0.8
A (b) Wi 66MEITTERDIZ IS B i = o 7 — & “WRifi<7 bv
Fns X-10  Case2 (Dr=040) D_HiAtiAHER OB IZ BT 2 FITibE = o & — & "Ik~ 7 ~L
%
{oiE
-
€ o1
o2 0 2 0.4 0.6 0.8
@) Wi 45MEf AR B R = v H — & TR hov
0.05
0
-0.05 :
1
0152 0 0.2 0.4 0.6 0.8
(b) Wi 20EF TTEI I 2 =T = o & — & Wi hL

11

X o TN OBEEDHEERIINC R 72 D5 Z 2127 D, &5
(2, TERANSEHT/R S, MEmC B2 DRl 2 £ > 2
LICRY, FIRAGHEAERZVEAL, KA & i O Fid 2
WREL 70D Z & TR IEANERF S, EIMmaOE T
WAL TH- THim LI X BB — R ET 52 L
\Z72%. O, EMmEE T ORSE IS T Ik
Vit & VI & O RO SV D FHEE AT 503, 1R
BOERICE>TIND OO RENIEL, Zhbd
DIAEIRBENEESHRIE & AR K IEHTE ONARZEC X D
DA & RIRIER ORI 72 TS U TR D
Z T, BT LI 3RS L e D T E D
neipoTn.

4. fEE

AHFTE CIEMENTIINC B2 2 T & A3 S W KK
% TR ENER 5258 CF5: DAL T- SRR R OFiA U % [E E
IRty & LT Q3D-FEBSVETHATL, ElL.. &6
2, AR TE TN & B DR TR D BT
a5 2 &C, MW7 e - BT OE
LR OMEEOBIRE MR LT

Case2 (Dr=040) O—FRIEA TRROWHE I ZI5 1T 2 FPi AR 2 o 7 — & “IRFiT v

HABFRMES TRAUC W, BE TR ki & o
BICRCHbRe®h, TIRGHIEA T O O RS & 5 D
5 Z L OWEME ATz,

R AR TR OREEE, E O ICRIKS 55—
Wit & BEMTHAARI IR 3 2 N OBIESIC L D AT
D TWRIRNIEEL, 2 OIARREEDS I - Rk
TEDRMEFHIZ2ZA TN U TR D 2 & C, MtiFmIIE
M7 3G L 72 D Z b EIR LT,

ABIIABIE TR B TiiA L,  EWTERE T
AU D RBENR FEBRARE R 2 O CREENRAT 2170,
FEWTTEREA THRRE O & Vb EEERE, i & IR
BRI OV TR L, BEWETERE RIS DL
R EE & TRICE DT ET VARG A2 L 525
ZTW5.

REFERENCES

1) R BEEK RO =R L= H L F — 3 A
SAE - B O—IRERE OB 27, WA
£, % 29°%, pp.209-214,2023.[Fukuoka, S.: Integrated
design of levee and river channel based on three dimen-
sional energy distributions of excess floods, Advances in
River Engineering,Vol.29, pp.209-214, 2023.]

2) fEREET  FER OIS X DI O ZivE T

4R, Vol. 82, No. 16, 25-16090, 2026.



3)

4)

5)

6)

& I B EEIFRRS0), IR SR, 5 31,
pp-K 1-K 17, 2025.[Fukuoka, S.: The past and future of
Japanese river technology responding to the demands of
the times, Advances in River Engineering, Vol.31, pp.
K _1-K 17,2025.]

+ARZEFH S, Vol. 82, No. 16, 25-16090, 2026.

CRAEB D 3 WITHRMT, KITFERICE, #5435,
pp-665-670, 1999.[Watanabe, A. and Fukuoka, S.: Three
dimensional analysis on flows and bed topography in a
compound meandering channel, Annual Journal of Hy-
draulic Engineering, Vol.43, pp.665-670, 1999.]

BRI, RARIETE, INERZZE, 1@ M — R B 7) [ FRFIA, JULIO MASIS JIMENEZ, f@lfE —,
RRIZ 31T 2 WY IN DFEEITAE S YKt D =R e T RL PG, BHERR - SFEIESHERTRICZ (S D Wi
X =M DEAGITEE S < NS DRSS, 56 HEIZF T Dt EIRAE), KIFmCE, # 47
12 BIA)INEE B Hiffi > o R ¥ v &, pp.33-36, %, pp.655-660, 2003.[Okada, S., Julio M., J., Fukuoka,
2025.[Gotoh, T., Gotoh, K., Kato, H. and Fukuoka, S.: S., Tamura, H. and Shigematsu, R.: Flow and bed topogra-
Analysis of damage mechanism of river structures based phy in a compound channel consisting of different plan
on the change in the 3D energy distribution of flood flows shapes, Annual Journal of Hydraulic Engineering, Vol.47,
due to the development of sandbars during large-scale pp-655-660, 2003.]

floods, Proceedings of the 12th Symposium on River Levee 8) fMmMfE, fLH&, HAEE, Him-EE, LB
Technology, pp.33-36, 2025.] B« 70 2 S 0S8 78 D A it % o fickd &5 AR
M e, REREA, PIATEN, 88, @R (ZBE9 D08, KLU, 55 49 B(2), pp.1027-
AR 2 7 AEREENNZERRIC BT Dok &0 1032, 2005.[Fukuoka, S., Shibata, T., Tamura, H., Tabata,
RO — KRNI X 2 N & it & S KoLK D K. and Yamagata, K.: Study on sediment discharge distri-
BEELHT, WA ST, & 27 &, pp. 597-602, butions in a compound channel with different plan forms,
2021. [Tabata, K., Gotoh, T., Takemura, Y., Sakou, K. and Annual Journal of Hydraulic Engineering, Vol.49(2),
Fukuoka, S.: Flood damage analysis for urban district and pp-1027-1032, 2005.]

mountainous narrow area by integrating analysis of flood 9)  FrATENG, @R ERBoK - SERBOK ROV O

flow and inundation under the 2020 kumagawa heavy rain,
Advances in River Engineering, Vol.27, pp. 597-602,
2021.]

fRRGE—, PRSP ERHG KRR 3 RO
FEMTE T VAT K 2 BT e T AR R ZS B AT, K
T 5008, 8 42 %%, pp.1015-1020, 1998.[Fukuoka,
S., Watanabe, A. and Okada, S.: Bed topography analysis
in a compound meandering channel by using 3D numerical
model with approximation of hydrostatic pressure, Annual
Journal of Hydraulic Engineering, Vol.42, pp.1015-1020,
1998.]

PR, b BRI TR ISR T D

BICR T 28R OKE - Kl Lofnol
P a 7= FEER K £ 2 = R T AT  (Q3D-FEBS)
tARZEFHCE BI(K L), Vol.75,No.1, pp.61-80,
2019.[Takemura, Y. and Fukuoka, S.: Analysis of the flow
in undular and hydraulic jump stilling basins using non-
hydrostatic quasi-three dimensional model considering
flow equations on boundary surfaces, Journal of Japan So-
ciety of Civil Engineers, Ser. Bl(Hydraulic Engineering),
Vol.75, No.1, pp.61-80, 2019.]

(Received May 30, 2025)
(Accepted September 18, 2025)

FLOW STRUCTURE IN A COMPOUND MEANDERING CHANNEL WITH
VARIOUS PLANFORM AND CROSS SECTIONS

Kazuki HIRAYAMA and Shoji FUKUOKA

The structure of compound meandering channel flow, sediment discharge and bed variation change over
time and space, and their relationship is complex. Due to the complexity of their interrelationships, there is
an urgent need for the development of analytical methods capable of accurately capturing and explaining
these dynamic processes. In this study, a non-hydrostatic pressure quasi-three-dimensional flood flow anal-
ysis was conducted on the results of steady-flow mobile bed experiments performed in a compound channel
with longitudinally varying planform in the 1990s. The analysis clarified the structure of meandering flows
with longitudinal variations in both planform and cross sections. Notably, it was revealed that the flow
structure in compound meandering channel flow is characterized by the coexistence of secondary currents:
those generated by centrifugal forces due to channel curvature, and those induced by convective exchange
between the main channel flow and floodplain flow. The coexistence of these secondary flows were found
to vary with longitudinal changes in both planform and cross-sections, resulting in a complex three-dimen-
sional flow structure in both longitudinal and transverse directions. The findings highlight the necessity of
integrated analyses that consider both flow dynamics and bed variation in order to address the complex
challenges associated with compound meandering channel flow.





