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EXPERIMENTS ON THE INITIAL STAGE OF
ALTERNATE BAR FORMATION

By Yuichiro FuniTA, Tsuyoshi KOIKE, Takashi FURUKAWA
and Yoshio MURAMOTO

Synopsis

We have conducted two types of experiments to elucidate the initial stage of alternate bar
formation, the process to appearance bar edges. In one of them it has been investigated on
a movable bed and in the other one on semi-fixed beds i. e, sand layers on a fixed bed. Motions
of sand grain groups were observed to form ephemeral patterns of small scales, but they did
not change into oblique edges longer than channel width, Migrating disturbance also failed
to cause the oblique edges. On the semi-fixed beds, bed forms varied with the thicknesses
of the layers e.g. longitudinal streaks on the very thin layer, a row of long-crested antidunes
on the thick enough one. When it was medium, several rows of short-crested antidunes
occorred and their trough lines propagated in the oblique directions, producing a staggered
pattern of small scour holes and oblique edges. Thus, their directions should be a function
of the Froude number, whereas that of bar edges, proportional to ratios of the width to the
wave length, are known to be less related with the Froude number. Moreover, in any ex-
periments these oblique edges were not found actually to change into bar edges, which appeared
with any types of antidunes closely related to the oblique edge formation. We concluded
that alternate bar formation is another instability independent of these bed forms.
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BRSO Tk AERBEEECEOTTH UERREN S Q=41/s, h=2cm, Us,=Usx=3.1cm/s, F,=0.92,
gs=0.029cm?/sec & Uy, =2.34cm/sec, a/p=1.65, 1=0.4 ZRA LT dx/di=1.6cm/sec %2155, L»
LEHS, COHEIREI -2 —OBEFARRNETH > 12D EBOBEEEX 1. 4cm/sec ThH-7c0

Run H-2-3 TREDIKEEL TV AROMOBEIEE L E LN XIICANTAREEZBEHL, 20&
B30MREIRTIRE L BEED O 5AH - 7285, FHMIC dx/dt=0.55cm/sec THoTco TOHA, #i
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Bo

Run H-3-2 7i3, BRELAIOEORES Smm L{FEL, 1=0.4 L{FHE LT ok

dx/dt=qs/{(1 =) Z5}
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Table 1 Hydraulic conditions and remarks

Discharge Channel Mean Froude Energy Shear
Run No. slope depth number slope velocity
Q I h F, 1, Uy
/s) (cm) (x1073%) (cm/sec)
H-1 1.90 1/200 1.36 0.77 5.43 2.62
H-2-1* 4.02 Do. 2,11 0.84 5.57 3.26
H-2-2 Do. Do.
H-2-3 Do. Do.
H-3-1%* 5.6 1/100 2.06 1.23 9.62 4.24
H-3-2 Do. Do.
H-4-1 4,02 1/200 2.31 0.73 5.0 3.22
H-4-2 Do. Do. 2.3 | 0.74 5.0 | 3.2
H-5 Do. Do.
H-6 Do. Do. 2.11 0.84 5.0 3.09

B=50. 2cm, d,=0.99mm, Uyg.=2.34cm/sec, * T,=200min, ** 7,=73min (T,: Fully
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2.2 EBROBR

(1) FERFEREDFARK M O RERIRIZE(L

RIEEERRICH T BFILHERORBINELOBERIC OO TREBRY LTV 3D TL T TREOHRED
ELER~N D, 12 U%ic, Run H-2-1, H-3-1, H-4 RO H-6 ic B BRKBEOELRRO BI D K%
FARDRA N v FROFHEBEICENTREZ Fig. 1 0L 5 TH 3. WTNOER SBEEBR OB T=10 ¥
2% TRADEBENICKRI LEBSEELTOEH, XERMOTHROIIHIC IS - 72 B TR oM
DFITETCIED, BEAERDLLIELIE>T5b. TS ORDBEROBNEBORE I: RUKE Zs
DOREMEZEMNOZER T, TRRTALLUHKETLEEICHTT Fig.2 WRLTHE, RAE®S
AT Z; OBFHICHLT L ODHEDOILEMS-TED, Z; RNEOMEETRASICETZH, 20
B3 L WKEIED 2~3 450D L,=1.0~1.5m K8 3 THMLIC W Edbhbo $, HREIEEET
BicohT, HEREIMIRE & ARORREY (Z,<0.5em, 1,<1.0m) K&EE -2 OHBOESEZ
DESPOIKRFBUT, Ip & Zy BEBRRELTOSERERCAHT T EBTES, TOLHBHENE
DEHITEUZPZAREICL S 5 & ) SR OKRERSIEHIN 2,

DER, LhoOBREROEIECNETOSD? KT IS Fig.s 0k3TH-T, BRORE
BEEORELD B LT BB L OBEICLE TS, Thid, REOOWThOREET b LRORIE
EETNTEHLTHNTO AR OB TH - T, R, FEAKURPREOEREEBOIZERNOFE
EER T, OFRAIE? 48 Run H-2-1, H-3-1 EEHOELY /ML B EEM/EL T B0

F 7o, BRICAIR AR ZRE U7e Run H-2-1 OFEHIRIIR ORI 2 BET Lok R, MBS ZE
BHOBBRBRETS - 12 &t »70 ZhhBEE LIENHARDSRE 0,/0:° 2RO b0 & K
+hig Fig.4 0% 5 A—REICASY, FEBTR fn/a QUSRI 1 D0 K — % - fbRNE
{EERLTO S, ChRZXEVNORERE HOoEENICTREIN 2 LRBHRL L AB LB ETH 2,
1285, FTHhmH I RIZEMCOKBERIZEL L TORNC SICHIE L TIRIE—ETH - 7obs, QRKD

of movable bed experiments.

Nondimentional Flow
tractive force duration Remarks
Tx T
(min)
0.0429 61.5
0.0664 330. Base run when I=1/200.
26,5 Artificial disturbance migrating at 1,6cm/sec.
36.7 Ditto at 0. 55cm/sec.
0.112 73 Base run when I=1/100.
15 Artifical disturbance migrating at 2, 3cm/sec.
0, 0648 11.7 Photographing of rhombic patterns.
0. 0645 12 Ditto.
A 16mm cinecamera was used.
0. 0596 13 Video tape recording.

development time of alternate bar),
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Fig. 2 Variations of length (I;) and height (Z;) of bed forms
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DRTO LK D B R o

SR I TR AR - TR OB Tk C », HET 5 & Bl mcR o R < BT 30
ETEIC L DVITEMTE LT B0 B & OITRSFTTRPR D EFRMA SR 2 EHMEFWSITHE, 205
12000 LS ICAGIIRNEBSHET LT L L, kDI EsER AR < RIICIHE L,
S B A LT,

RIS & » TR B08, KRR 1 008 T 5 S BB ORI MR AN S v, BRI LHM
WA FEWHET FARICHIE - THHIT A L D IC18 B0 2T, COME -» THET AR OMICfILTE 6D
Db NZ &, X SIEDLHDOWRANEAXEEL TN X3 TH Do 2N S » TL BH4%E,
Bohhy & 3300 FEICil » TREB 2R OSSR LL E N 2. C ONREOB P RED 1~ 2 f%
FRIEE B O, Hbeh A < AT B O REBTNICE DL D 5 b0 L L, i3 s o R T
RWAEMIET 200 bH T, DS IITIHIZSER OHFIC & 3 B A DO FE M F ORI OB i/ 5 7]
TevEdsd %o

COEIILTE SIS UL R BB & %8 5 701z Run H-4-2 THu¥ L7z 5 BB O LR E 8%
ifL7. Photo.1 B3ZD1 2=TH-T, MWHNSKPLTHBOTHAED b5 - T BEFH
SO ERW TE B0 £2T, #7—F—4 YRF L THBOBPKZYI DO 0 O MEHRE « &« R« B
EXMELTa Y b 32 AWML, RO 2Bk E Fig.5 DL HIC L —RA L TEZOETEBHL
foo 1035, FULTRIBWIOAS T FIBMMEIL 1EE 12 < KEg ey 722 0T 1R L5y &TFRT
PFTHIHL T Bo

Photo.1 % Fig.5 M52 LS DRI Lok akc:LTEh, £hs
WICHE N 1 DO EIEE LT 3. e DERRIZFIFABREDOANEETH - T, BMNOWINDERICHE
43 1 D0/ E LTIRA BTTHVESEZ SN b L LMD, RO NETI OLIEEKORKE)
DIEALE G LR TR, AT oMSEENHRTH 2 0REID 2, IHDETH-T, HrDLEKR
B R I B K LOB IR IO DX DIC, MIKITRR 2 ICH L ZESNR TR A TO E,
INDMBED LI L THROHNTENAL THOL AREPROIIRT Z EMBTELE I -7,

(3) FKIC T A Fo AT s

Photo. 1 A plane picture of sand bed at Fig. 5 Rhombic patterns of a sand bed

the initial stage of alternate bar traced form Photo. 1
formation
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RIED &SI, HRICHREET ZAAESL OFERTE
EHA BT ERBEHDTRETH » DT, ATHICE
A IHEE OB AR U TSN o RA R E
TREHRONEERA I Bk, REPMNE, THIC
Ao U Aokl & 5 78 ATTHERLIC & » THREIFNCIER
L& ELTHEREZETTHhIEERINT, i
JEER SN T H NS ATERICEBERICER I N S &
WHhNTN B, UL, HEDEABATERSEE
AN EDTH-T, FNZBEHLTO 2RREICR
IS Sh IR AR DR TS b - Fo e DI HERRRIC 1S -
FbDESMIRTEX 2, 2T, TZTRATENLL
WK ZE B DR R E D VT OB BT DB B G#E 78 &
ALY TR IENEZE T HoMsT4 LT <
BB EEL, ROL D REERE OB EREIXICS
Ao

NS, AT ORI IC#sE L7 Run H-2-
2 OEEPICDNTIRN S, WK & & bichHAT)
H Utk T=11'20"" Tk LTIIN B2 3 i
FHoLEhShThickid Lnnb o@D ok, £
DWW A4 1lmm Th »7oo £ DBIEKAETR LA
B T=19" W& A FHRINCIE L7 OTHO LHIICR
LCERESHT L, T=27 KFKUizo % DWEDET i 3 i
JEARDLIE Photo. 2 (a), (b) D5 TH 5. HHOP (b) Flowing from left to right
D FHACTIDICIK DI - Fofih3ds » THDE DL LT Photo. 2 Pictures of a sand bed on which
WBBTAE SN, LinL, ZOWERK Inm T ?;pozggﬁdal disturbance - was
B, KEEFRYENT BRI SIZILEN TS DT, A
THEILE CORESDE S S HSEE U T RO U0 i TS5, Ld, Photo.2 (a) DX,
T=1120" KT 27 & SN OO TIZA THTLMINFRIC B S R oM IR E h TB D, ATHEET
FNoME LT LB ERBE O,

F1o, ZOATEIILEKPTFRIMNCERIN T BRDEIER 2 1IGBELUTES Lic &g anT
By, AORIEBEC TEAOBIMER G ATHELONE DL b/AI &I G, T DGR,
FHHORMEHZIC DO TEHTIEI LTV B3 & 51z, FhokiO{ilfias(6) R & 5 78 MK QW DIEF TR
THLAG ROLSBWAMOENIHSE LIcbDTHE3HEEL LN,

7227, Run H-2-3 TRETSLOBEIEEEERO L > CHLORDHEO b O ohs, EEEAS KA
L XNT WD TEDRULSDIEM N, BEELEDs Som 12ETFHRICHER L Thich bBMD kSO
IO WMEAERT LI TH 70 T=32" Himn 53 Photo. 3 (a) DLk HICKIMICZEILE G 2HEICK S
1 45 DR MNFTHRICIS » TH SN B L S TRl LT 3, Photo. 3 (b) 13 7'=36"40"" D{3ikIkg
DFNARIEE TR LIS DTH - T, HEHRLOEDL SR HIGPAILE TRODEDIEF T S, L L, 2O
BEEHA/NS S LCERETBE Lcss, COMOKIEHET 2 EMTEY, Lichi-> TR D S IHRTEZ
ANDBITHBZmZINLE LT,

ftigic, Run H-3-2 CRAK A Ui/ MNEBIAJERE (antidunes) O7cDic ATERL OZ# R0
AWMANIHDEITH-T, EEHSRMOLEAGRD SNEMh>Tco [A—kHEL MO Run H-3-1 ©
Fig.1 0RO KTRADH SN SR SN T 20T, BRICHAT 2 NI I Bhs 2L

(a) Looking downstream
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BB M
} disturbance =

; disturbance W

(@) 7T- 32 (b) =36'40""
Photo. 3 Pictures of a sand bed on which a fairly large artificial disturbance was imposed.

{2 antidunes Ik » T T2 LD bDO TR E N 3

2.3 WIFELEE

(1) FloRioKMEY:

SR E N Joftkic DT, 2 TIREOSTAS Chang® 50,75 k51T BRI 2%
MNETONER BT B HINTIRO G LIS TN TR U .

#5943 Fig.6 @ LD Tdh -, RALOREDHIOD 1 tan 7. G, (ZFOFTE ki@ﬁlirru g &, I
DEINE & BIZEF DI AMiAsiED LTH Y, Chang SOOI L THAEDITWA % LALIEMNS,

tan 7, ASKICEA T B 1, IR |
0.8=CF,<C1.2 &1k <, D> olu/Mitiod sy
AITE Ty D223 o rdn, - .
tanX%

W L i35 B PENETRIE U I R e o o
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,z_ 5— wm\n/ B 1S & DBIREL, 05 : ; : > : 3'
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UL ULREHs, BNOREFHBRICHEONATHAREOEEI VT, TO tan ;, BHEZHEER
WS- REREEEZ b, Fig.6 OBRRZOTEMRELNS F, BICEEINET LERLTH S,
L LoFhict k, TERNOBEOYIHENT DX S BEEERLUT O ZN0BICEE LT 35S
K-> THRELTOL OTHNE, TOBKERIZE F, TEERTHI0T, BRUWAKEY F, SEER
E1DEN D EHEIIHIAT 2 C EMFREL 2B Do

(2 TEBMORERRICET 3E5%

AEOHRBRTHE, AKEOFMIBEELAEET-> bbb oT, HRBHINTELTERMNOR
HBRE, T b, BREREORE R - B, &5V I3 LA Bohod 3 obs,
Eho, AL, HEIKBEETCREEEPRERICLEED, HEVROD LIFPRAREOBBEBELT
BRAINTHBEHADE LD, 5 INOBREINTRMIRE L > TO L BEIEETE b7,

Tiibb, BHICEDLN 2 EHEFEOMEHIEITE 4 1083 Th 0, SR 2, 3EEEORIKEI /NG
BB ERKRERDOENT 7 5 v Va2 3N TLE > TKBLEE TEEELEXB 14V —F, Run H
-2-30 & 5 IKBINEHIEE O LE 0 K & LEA SR I NN ZNIC X » THI IR IR IS LS T
b5, UL, BKEOHHS COXI KA BEAWARBCEEL T3 EREBLI V. Lithi»T,
2N BARIIERE L TR E 2 0 IS SEBBUSIIICIER LT XS RBEZEZ, ZO0ERE
EREBO L S URBEEOBIHICRD LB 2B0. WThicLTd, XEMMORABER, EkEE
FhTWc k512, JIHIEELIVKBLSBE T RICHDNEBEL OB 2 LRELTOL $OTIREL, D
X5 IR DSAIR O—HRAICBRICEDLNT, £ OS2HICHBESPNOFBEREIEE DL
HirEhid, COMBOFRIEERE CRAFETH /00, EBRWICHDNOREREENTREICHETZC
ERBEBE TR,

bR kSic, REWMOFEBRRTIE, 2RETOESNTERTREER L TELRINIEIRROE
BHNETHY, ZOBELHEL OMHEHDOATIEL HAEME LTEH LTV 3BREOBH i &
LTBLENRD D, 20, FIOMOMRICENZFAKEOLARNITES) & i EE Ot O BRI
ik 2 X 5 SR ORI b ZERINIC bR SBRREHROERER RISV, i, KEOER
T3, BERN &# (ERA O MBI KT 2/ NEARTR TR O 7o DIC P BB OB BRI TH » 7o M D
BALBIREREONE0, RETRIASDEEZR U TKEDMNOREGIZLIHEICT bR I E
EEREBRICOWTIRN B0

3. XEBNOFREBREICHY 5 FEERER

3.1 EEROEE

(NEBREER

EEBIZ, FRINKEERFAE IBICEREISNTOSIR 7T0cm, EX 55cm, 4K 14.8m pav s ) —+
SUKER (N HEMERERKR) T -7t ZOKBOIRIZFEARIKE » THAIKMBOLELERD, £
OPCEHES 20cm TEREBPZ O TIE 40cm OBBIHKEE Uiz KBORFICIZHRLSE v I TH
FINKL—VRHEL SN TS, 20 EBiEARICHEEL, FRI8AT o 3 cEE Lctk, L#io
AEREICKEE URZIT S TREESE U TR AELRET 5. 37, KBETHRHCH S5~ E24
BAT MUIKBRIC KA 3 C EBTRETH T, FHllIDSBIROKEDSTE 3,

K REKEEZZ WA T OBBRRHETT, WBREKN2 5 FHO VT THREL, K ERBICREL
cHEHEOSRAETHRE L.

8, TOKBTRUEOEBEZREDXEDLSICLTV S, $1bb, x #B3/KEFHEE »=0m &L
TEHRFRIC, v 83A MBS y=30cm & UTEMBENEICED, ZhOoKBEETHIK 2 8Bi2&->TW 3,
@ FEGREEERFE

ERICHO IR TIINE 4,=0.64mm, thisifE ds=0.63mm, vds/die=1.32 D13iF H—TREL
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Table 2 Initial conditions and remarks of semi-fixed bed experiments

Discharge| Channel |Bed condition | Thickness of
Run No Slope sand layer Remarks

Q I

s (mm)
L-1 2.5 1/200 movable —
L-2 Do. Do. Do. —
L-3 Do. Do. semi-fixed less than 1 | Bed was, fixed by adhesive agent,
L4 Do. Do. Deo. 1~2
-5 Do. Do. Do, 3.2% Bed was refixed.
L-6 Do. Do. Do. 1.6*
L-7 Do. Do, Do. 0.53* Fixed bed was partially ruined,
L-8 1.98 1/150 Do. 1~2 Bed was fixed by cement powder,
L-9 Do. Do. Do. 1~2 Videotape recording.

* Thickness of steal plates inserted between the blade support and the carriage frame.

ThHbo HXEBROBERLERVEIMEHIT Table 2 iIc—FELTRLTV 2. BISEDOEEEL FREIC transi-
tion J5% upper regime 720, DOXEWMOMREIRICAZ LS CEELTO 3,

FH@ Run L-1, 2 3, Run L-3~7 icisd 2BEKRERTH - T, TEWMNORE « BEEEOE
HERBELTBADOTFRNREDTH S, KEIZ, FREPO0—2 ) —7 4 — & —BIBWEE THD
RICHE T 2REMB LSBT, BRKBICTHEETE 7 v 7 LB 2RIE Ui dkhidkig
THEHEDLARERE, ERBRUEEELL CEREFERLRE Ui, S/, WKBEBER & AKE
RICKRIZRIE L, B & KGR ZHELE Lichs, MEICIREO Run L-3~9 & EHicsl X1E
SRRV

Run L-3~9 ZEIETHEMLIRESEOBEOREEEG 57201C, B LMHAEELEE LCE
LRESKECREROTIT - HERTH 5. COXINEAEREICL -~ T, BRETERINORATH
BERICHE LT, poB bk & B LR ZHENIC KB L, MNIBHKRBREORELMEIT 3 & & bic, &
PRIEEOHREELESICER LD 3D EEL 2, NP HOEEIR Run L-3, 5 BT 8 k-
fT=>TW3o. Run L-3 OBFAICIE, KTHDIKY ¥ CHI8 GRIHEY F) 27 L —5 v ThitH2
kig, 2RICT 7 Y VBHEROKIERE RS v FEBEOOE S SICRMAIT, BEOREE & REICHE
EREOTELER > UL, Run L4 OBSKEBETII TEHICHE - 225K & > CTHEEEOM N HE
U B»7cDT, MN%EES LTERERS LEOICEESHELICH mm EXTRAKE6 L, BOFBE
A UHETHEEZERE L7 Run L7 ORTH#KBEBBIKICRSBENS -720T, Run L-8Ti3, #
WAKARE 1/200 5 1/150 102k L THEBEIEAREIR £ 4 ¥ MR RO T D5ELICEE L.

EEK EOWBOE S EEROETICADETARBEOREDZ DWHELNESICK 3 X 5 e ATt
THE Llchs, TOREDMEIZ Table 2 (L% ED/BY THBo. £DHREL, Run L-3 R 4 TRAE
BEPICHDEBR LR THRICBO I BRIESTTE 320 —Bicg LT, Run L-5~9 CRERE
DEILAEHEUROEELORMFIHICE L DEI DERERATEOTELDEERE L TT- .
Table 2 DED 5> LEHID Dz Run L-5~7 OERBMAKHFEOEA %KL, Run L-8, 9 [2EA 13
D—FDBIIRA LD THAFKBETHEL TV B, 72, Run L-3, 4 CREGROEBRELT(LIE
BeDIGEKPICHERY LTV 2D THEIR—SOEETH S,

BAKPORKEEDCE R, Run L-3, 4 TREBEL»SOEREREFADERORET, Run L-5~7
TRALFADEROEFE DA T, Run L-8, 9 TRENFNEE L LAKBFHICH 2B LE,LS VIR ©
m# L, REABORIICH L,
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Table 3 Hydraulic conditions of the semi-fixed bed experiments

Time Mean Mean Froude Energy Shear Velocity
Run No de?th Velfity Ng. sl?_ge velfity coeici_ent
T h U F, F, Us U/Ux
(hr-min) (cm) (cm/sec) (x1073) | (cm/sec)

L-2 0-00 1.75 35.2 0.86 4,81 2.78 11.9

1-24 1.80 33.9 0.81 5.04 2.94 11.8
L-3 0-00 1.80 34.3 0.82 5.43 3.02 12.24
L-6 2-05 1.75 35.9 0.87 4.44 2.63 14.50
L-8 0-44 1.44 34.5 0.92 6.12 2.84 12.28
1-30 1.40 35.7 0.97 5.94 2.75 13.00
L-9 0-00 1.48 33.3 0.88 6.32 2.92 11.43

NEMKEEE DM IE Run L-3, 6, 8 KTF 9 (DO THER® & 5 g it ¢ff~TH D, Run L-
6, 8 TIIEKIM I ILIED ISR bl LTV B0 Table 3 I35 LAk b2 Run L-2 06D
LEBICRLTV B, BEaiIC X AHEDATIE, REEIKDE A& OUKIERAMEMITENE ETH -
T, AKERSPHCIRTE BB hN TNV E . 783, Run L-2~4 TEEH Smm D] NUFE 4 B E Y —
KR 1 B THud KA ZET OME biA 7o hs, BITEEL CTRBEY ISR BRI E S LT WD TRIF TR
kAL 78 U

3.2 EBRER

(1) BB EERC B B EORH

Run L-2 T3, UK, Run L-1 &[S, BIKICEHTHCADEMBRST T3 L5THS
A3, KT AHR LT T HHBIT 203RETH Do 2 OWRIED S KARAT 2 & N& IS KR HEDAIT
Photo 4(a) ® k& 31k KD RIS o KB EME B &, B]5PICHFT L7 OER Y E

LTI LA

(@ T=7 (b) T=30
Photo. 4 Bed configuration in Run L-2
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S, A& RO O ik LT X D OB, NIRRT AR, 8420 O fEKINFH TP I0E
Lo lp=1.4m (15/B--3.41), Lilitses Zs—1.50cm (Zs 'B—0.037) 01 ETS - 72,

20 Run L-2 ol Fulod X DT 8 Lo sipppk X 7c 2 & Tdh - T, i ined Run 11-2-1
ERHL, I, Us Uy EHEIUEELED SO bIDD ST~ FoHLEE LT S, Run 11-3-1 T
HULLO LA HEAS IS D R ST WO T, 1l AIIIZ-E O F R A LT S o fiEViAid B0 2 od)iid
HEMEZE D ORISR EBR T b (OB AS B E WIS E LT D, Run L5 o0 kD 1Zp ok
I 2 TcoLNERTL S, Run L-2 o0y, Photo 4. (b) o512, IO KWL LA T3k
el 40cm OOIHNT 2 ~ 3 KOz O DA STz R Lic, 728D 5, AW s /L
BHHMILDE 2, 3 FRN e Lo B B I 220 T 2 IKOCHIE AR & 78 - 2o T i e Ly IS 1)
FOAZ T LTI B &0 D DR O IR TS LA e <), QNN R S v, N
W, WS R - THS YA DD S SN 2 209 s, s (7R LA HEoMUZE O Asib I iz 1, 2 AR s T
o TOpliZg O DIEEAY 10em TdH D, WAMRLAONEIO 2, 35 TH T, TAvE ORI RMIT
RO ENDIS,

() PR ERIZ 50 Bl Iz

FIRS S PSR DS AT b 2, 3mm FL, V) Imm DL R Run L-3 “Glf, M4 -CHYE: Lo
KIS Photo.5 () 01 512, KON T WA GRS Lol pikoibo g 0 vk L, k4
VAL L 22 DR R O A2 D P LN HIHZ AT S O S D6 Wi b BD THI D THALD NS Wil B 5
FOUTI L Sivdce STonRIED S, IR O P ERRIELC K - TR EEEDSHIE 75 T PRSI DT,
T—50" /5 x: 9.2m TP AL L,

S ORGUL, MTIAR OB EAGERIZE D, FAUT UTKG O S INT 5. L5 TH-7T, 17-64" LU
BAGRE L S BRI LI /e LIES S LTI ZE 1T 2 & Lulid Swt e IIZE - Tvg, K
PEDELINDNL WHET 25 & & BICRDO T bl Do OB E I 2 & il & hiERoIRse 8>t
T -94’52"” > Photo.5 (b) L5, A3 % < OFWRIAUEZE X1z

VLo ivdidn s Run L4 T35 Gib A 2~3mm o) LXIS OOk LTO A A%, iR p T2 3L

(@) 1257 (b) 7-.92'30"
Photo. 5 DPatterns of a sand layer in Run L-3
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@ T-1 (b) T-540" (c) 1T-14'40"

Photo. 6 Patterns of a sand layer in Run L-4

A, 7107 12l 2 KOCh s b s BN G . T T=207 ceE LTl asn, 3ot
W IARICE(L LT K o C OIELITHINITIT FRO RIS bﬂ 5o BBHEIC S BRI 3 SoctkAs
MiE B E L BT, Photo.6 (a) O LD ICHIKICIIZHD SERE L 7o RIORIBE DV E LT A, £ DS
1<, x il &I S PN INNREO B LD bAEO KE .

D &S 15 FOR O A IRMIZ E O bkl LS, FB IO MR TR HED DLRORT I RO IR
Pt LT, Photo.8 (b) Ok 5ICZORGIAHRMTIUKT & o TIUT KN, b HER i r..:;.
RO B TSR LTH D, ZOWOMMIBIRICEA T 5o E7, s N BRI C DL
Zuiafc i TH Lo

o> T—-5'40" /ne T 14407 £ TDU ,anltJa)zL WBITZ O OFTNEIED AL NPT F 780D,
T-1440" Tl Photo. 6 (¢) .k S ICbHIIEE & HlT &A1 B IBIERRL LT S COEDRSE T=
5407 ¢ TOMMEILD bIEC, x HEETMLIR/DAE <t,m T Do 7o, FEIEOEIRB» 53, K
L HED 72245 5 RO KA N TR O slidit A LT 2 POX SN LTINS &SN, Fkdsib TR

(a) Run L-6(88')“

0.15-
506 : 155 035 1 0u15 0.45

0.15-9.60 0.5 ig,ago.m‘— 025 0.2 l L5 e
5 T ) \/ RS T L ' TR L T
Sye, S 0 LT

SRIXT 5\) //./://"

Ty a5 | T T [T

02.45- 4 £~ 8 3% 55.5.7% 224~
4 .50 280 285 92.559 o

(b)  Run L-8(44'i

— Flow

Fig. 7 Sketches of configuration of a sand layer on the fixed bed. Numerics indicate
wave heights of the forms and underlines denole the bar edges.
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DEBHEELIZ>TOBEEREIICLL, HEOREHE—HT 30

LROFRRE E TORAAEM S~ Run L-5~9 2T, [EX 3.2mm OBFEAKATES LI
Run L-5 Ti3B1R® Run L-2 SO RBHEDHE Ucds, BEOE AEREOTELARETH - 72
DT T=43 TEBEITH 7. 20¥5D 1.6mm FEO#MIc LS Run L-6 T &REEOREIE K+
BTH->T, BHK Fig.7 (8) OX5CHMLENSHE L, RUSNAESEDECEIITEN
Bote F72, Run L-7 TREBRERMS U BEEKEOBAHH LD > 2O THIEE X 32875 h - 2o
o LT, Run L-8 BT 9 TRZDBEEE VIR KL 2BBREMLMIIELLS & Lite L L,
Fig.7 (b) KRL& D ICNBELSEDN, HOBOBEHENAS TS~ icbhhbdd, ic
BMOWOERICEH LTRBALZREMNBLEFA 1 4 5DX -3 Vv 7 ORADEHICOTH S - OBESE
ABT LMK,

PLo&kSic, Run L-3~9 THHIETOERE ABICTERMORE LT 2 REARRICERTEC
EREHTH 700 2T TREITIR, BWATIICEDNTL 2WHOADEEDHIC Photo 6 (¢) DE37
BMEHRIC R D > TO RESNEL TO 3 PR DO TRE EEEET - 720

3.3 MEEER

(WD OTE R OLEL

Run L-4 DIADERTI, BMNOBEEESEbOIWIE b0, HESEL-70T, ZCTiE Run
LAZHRE UTHIBOREET » 70 Bl LAEEEETIEE > T 2HEH, AOBHEORMED
SERNREICREBIEL SN Licds-T, Photo.6 DX 57154 ER & BKIKE & OBE N 31T
RS UTBERA 2 2 LK H LT, HBMECEHORAREOZEEEN Lick Lic, T75b
B, FOERES N 2 FEM QBB OBRIKRR?

x= QX DY 4y = @By R e @)
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Fig. 8 Changes of rhombic patterns of a sand layer on the fixed bed
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a, by ¢ (i=1,2,3) 2ROT, BHLOERE
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¥ BREE (r, ) KEBRLTO T BAXIGA ’/>\\v/// :

B, BEOWHS3ROMEHOT 9T OREKE N
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Fig.8 0 9 REOXSCLTRILL T > < e s
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. Fig. 9 Changes of bar edges formed on
HODREEREEFEATRLTV S £, BED the sand layer

FEWES TR/ BEER ORI R /2D, Rt
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() FoEoFRHLRS O
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Fig. 10 Changes of directions (9) and lengths (1) of the rhombic patterns
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Fig.10 ickhid, 6 ogHloI 5o &sR&L,
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Uisl, Fig. 1l IKRENTWBESIC, Bigie “’23;2% -
D 21 A=T0~100cm TH-T, FOHOE—7 K
LRENIS, Fiz, 0 b 0=20~25° TH-THD O" ' . ! '
WO 0 OHHERCEINTNER bHIDET 11T 15 16 17 18 19
—EDEDHRINT OB LT, HEEILR T (min)

FIIZ2 AR A LT 2082 DR 5 WO IZTERR D #kE Fig. 11 Changes of directions (#) and
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