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AN EXPERIMENTAL STUDY ON SAND WAVES (3)

By Kazuo ASHIDA and Yuichiro TANAKA

Synopsis

Sand waves formed in a channel with movable bed are highly irregular in their shapes
and sizes, therefore statistical treatment are necessary for describing them quantitatively.

In this paper, the authors discussed the statistical characteristics of sand waves from
the points of view that it might be useful to provide the interpretations for wave gene-
ration and to describe the bed roughness.

Characteristics of spectrum vary according to the regime of bed forms. There will
be a possibility to represent each regime of sand waves quantitatively by using the ch-
aracteristics of the spectrum.

Comparison of the spectral density function for bed elevation as a function of time
with the one as a function of distance shows that the propagation velocity of the sand
waves can be obtained as follows, e=CL-!/? where » is the propagation velocity and L

is the wave length.

Many characteristics of dunes are analogous for the one of ocean waves.
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Sand Waves XBEIRAMCE T, KMSBARTAILEL S X 512705 & e A EFBTRKRE
ERINBH DT, TOMRE X CRBOBEIIED CEMETH B, DX 57 Sand Waves 238 ETS
Todic, WDEEOME, BEIRKROBIIERIOMEL CEANLHEMBEOFBIIVI VW IREL e,
IhBOREBERHIRTAIDIZY, F7 Sand Waves D 2 1 = X ARBHBCIBE L TS b, o
DX 5 IeBIRA B Sand Waves (B L TXRERH LEEOHFATiobh, B4 ORKRD 5 4HEHNH HHr
CIRTERD, ERTHLBEABIR TS LBV, ChIBRRCT5FE20MH, L(E
B ERTOMBIARL Z LCERO—o0H 5 0L Bbh 5,

KX Sand Waves DFERIME R L COMD F\ A% 570, Sand Waves i3 TOHIRE KEX
DHEFCTRAUTH B L\ 5 SREERERO—DTH D, &5 LETHRALRRSY ERMHCRI RS 1o
i, FEHLFELEAL LIS BV,

FTEEGIIBS Y Z 5 L1 Stochastic 2rEnb BHRET52 12X Y, Sand Waves DA
CROBBRIVZTOMHEL LTORREYBERATHIFLN D EBH L2 BHE LT I o RERBEEY
BOICHIESRY ORI Y, TOERBMNLBE COBhYERTE,
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2. RBREEBLUZOFRE
Sand Waves iZit Plane bed, Ripples, Dunes, Flat bed, Standing waves, ¥ X 7% Anti-dunes 7¢
FOBEERD Y, KBEHCERFREE R - TWAZENEbLRA TV A, L7ai-T Sand Waves
DFEFEY ERNCHE ML, LD A 7 =X 2% RT3 BNEER T2 0o, EloeTofkc
biloo TERETIEV, BONCEREHICHN T2 LARETH D, L LEREE T cE

Bt Table 1 ICRT LA —EFCBROR TR Y, ELMAOK 0L DX DOFD Ak XUC O—H
L, H#H) Lower regime D { DIZ[REI N T B,

Table 1 Extent of experiment

A—1|A—2|A—3|A—4|A—5|B—1|B—2|B—3|B—4|C—1|Cc—2
Discharge @ (/) [ 30 | 50 | 40 | 11 | 15 [ 10 [ 20 [ 30 | 45 | 20 | 9
Width B (em)| 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50

Slope i | 1/400] 1/310 1/400 1/400 1/600 1/100 1/110 1/120] 1/100 1/800 1/800
eaiment Qa(kg/min)| 0.85 3.27 2.42 0.14 132 2.34 5.66 1150 20.89 0.36 0.19
Water depth  h (cm) | 11.64 13.89] 12.33 5.69 7.31 3.06 4.54 5.65 7.00 8.37 5.2

Egﬁiﬁty usr (cm/s) | 4.37 5.30) 4.49 3.36 3.03 5.17| 6.0l 6.72 7.32 2.82 2.3l

Frounde N F 0.48 0.62! 0.59 0.52| 0.43 1.20] 1.33] 1.48 1.55 0.52] 0.47

Bed forms D D D D D T T F F D R

FE AWK BRITENTE 50x50cm, B£X# 18m OEES I AEH DLDOT, I 5EHL 0~1/50 D
BTAETH 5, ERCHCLIIT Fig. 1 1R T X5 RMESREABELTED, BobWCt b ETx A
v b LIEB— 1R ONIBT, *OFSEEL dn=0.732mm TH%, 7cis Table 1 OFETFHMOMW
FEET, BE Y > THHN UL DT, TEit Flat bed & 3§ Standing Waves & 3, BIFEIZHE LEEL
RN LDOTH B,

FERhZ SEMATLIEN I 51, LM E T 27 ) 2 —ROBWELD —EEOLRDY BEL
oo LOVLBBBRLTWEEL ¥ —BKIEE 2 L% 100
LS, SHOEIEMT BB LAY, R )
LI KER 6 X OVRBREREL, & OFEAIEE 80
b, Sand Waves i+ FE L T FHIRABAER
SNt B s ¥ TEAKBHELEL 72,

ZTOBAKEY B X 510 K 1k, HEAE
2P AT KBEOPOERIBUVIZ Sem ORFRE TR
KREBE L 7o LI TORBMOEERS X OTF 20
R TOREDRNOYER XY ERT5 &, HHRIL 1
10m PSC, BEEH7R@NT2 177 5 it Bkl O Hn OQ[ 1 d{mm) 10
FEF D, 22T, LRSI CEA L+ L TE Fig. 1 Grain-size accumulation curve of
ERBRORELX BT, ChifFRLTERE used sand.
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Ltz & OBEHESCRISTHERLOBENEC/RD, JRIZOWTUITS TRV, FHEER
LU OEREREYIERT AL I D, RAPOLORMEACLRVRY ZOFEI v LELT,
KBA— 1 T EROTEKOIEEME Lo, —EACHT HROBMIVELLREL 2. ¥RR
CREfIR b DL A BIE Ui, JEMMELIT digital HR X b BIER TV, SHEREL CHIEDHE
ErHELI, BEEOELIEC analogue HRIC L D BEZTioV, hE LARRT HAR- TE
e Uiz,

TRREAROBHBEAY THMC THIEL, FREChEZHETS &I VY M EY RO, FTE
HBERETT OV, ChERAC X - THBERBRE LT,

QRd:W/T{1+¢r(f—):h)} ........................................................................... 1)

I, Qe ZEBEREMTELLEEREDE, W NBEBERECTOPDORER, T IiLBK#%ERE, lpo
HE, PIIADHRE, MNIWOERETH D, ZZRE N OMEIXEML D 0.39 & L, Table 1 RLc%
fERVThi chSDOERETH 5,

3. REBRERLZOER

fTic-7-F8kiT Table 1 177 X 51z Ripples 7% Transition DFRICHH=5LDTH5D, Ll
B & CIREROEE DR - 7o b DX X O—ETH 5. Table 2 ITTRBA DBFHCOWVWTOZ, =Mt
BYELDTURLTH B, =D Table L\ T, NIIEROBREE, MIZAXs P ARZHETHEOTS
Lk, F-D X r0oEEDOETHSHEBERRL; ¥ N XLEHRNOPIEEh 5 Sand Waves DI
%, L EDOEEERY, L XA P VBRI EBEEYRL, o X PEMN0E s L5 ER
LcB & D& EROBERERY =T,

Table 2 Summamy of statistics

N M FD N | L(em) | L'(cm) | o(em)
A—1 907 90 19 50 93 90 1.59
A—2 824 82 19 63 70 90 0.98
A—4 698 69 19 — — 98 0.44

A—5 800 80 19 43 89 93 1.50

i) BCHEBRES XU RT—2~xT L

Ay — A7 b VOFHEIL Tukey OFE?IZ X - Tfrisyy, Window & UTIX hanning %\ 7o,
7eBEHIL KDC—II AW Tl o7z,

FRO—FIL LT, Fig. 2 $X0 Fig. 3 CER A— 2510 A—5 OB &0 ACHEGRELRT,
A—5 OB AL Ripples WL e iz b BE LA Bbh T 5235, 5847 Dunes DR TH %
A—2 DBRILDHHIEHET random HEOHNZ LARL T B,

BT, C.F. Nordin & J.H. Algert {3 Dunes Offiic ¥} % Sand Waves DA =7 + MEFHIZD
WORFED #HEEL, ZBELLBERL 21 7OHCHERIS L U7 — A2 b AREBTWS, FLTE
hoD2 A4 7HbBRERL 2RO 2 7BBTH B L EL TEFAREE LBITAED TS, Lnl, #
BlABRARZ P LD I bELCESEY A2 7 BRTHELRDTLE S Z LREMTH D, EF
POEEINTERLI S, ZORLHEDL FABEMEBO—2TH 5, Lichi->TIDOFEGESE random
L OFREVHEELER ST H L 0L Bbhs,
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Fig. 3 Autocorrelation coefficient in Exp. A—5

N B EE A RO BHRS B T A 4 BERATRT L 5 e B,

R(7)=Ae~%t cos Br+r(T)
=21z 7(r) i random R OMBEA R TH D, THIXBRKLAYIRS & random R L HHEL THEX
I5:+5L0T, HmHdTEEE, Ozmidov ¥ (1) ROEK 4, a, 8 ¥ =X ¥-FAc BT
Kolmogorov @ —5/3 FRIXBBLTAR2 FARGHET S WL DRD TS, L LEELOBER
CRTISR, A7 AREBEERST f* WELRINEWELTHD, Fi Dunes HFEETHIC
“>nT Fig. 2 RRbN5 X 5 CHBGREOELHEL it 5D,

BT 5 Z LI ERERIIL TRy,
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Fig. 4 L0 Fig. 5 CERA— 2K LV A—3 DAY —AR7 FA%RTRT, ThHORRRLILE
2ERIL Vem FIEOC— 7 B L TELADBRTFIEB L BEb L THSB., TOLHiRT Lidfl
DADEBRCTLELFETHD, ¥ Nordin HOBRCLALID, ZOBAEROEN DL, B
EREOH (BEVWEHEOL D) TARY FANBDTEONE S pabicwvds, RBHICIEE R —7
AAEAB LA, Fig. 6 iZiX Ripplés DBPBEDALT b ARTT, ZOBETEROERVIWIcHEH
EAI0EBDTIHEL, FOEEMIS LV, ONE HET 5 L ERE, T7cbb, Ripples OF&
TILSh LB E — 7 B FEL, BEERENEEL T A, Dunes TR € — 2750 %Y, FFT
{BX5THbH, D Lit Dunes (¥ random #ABEVZ EHRL TS, ZDXSRKLDARI PNV
BEATRB LR L D, fERDE D BERECh - FRE SO ERN ¥ liz it LAFRRTHH LR
bhah, ThowTIERS  OFRLHERL 2 Lot i migohine,

%7 Table 2 CRHAD X 5T, &Y —AFEMERIX 0cm FETHFELLY, ChbKEMmkzL
RXsTHEINRBLONE 5, BRMORE - KB TORBYER L TRTIERA LI TR,
i) EREEE '

Fig. T 3 X0 Fig. 8 3FERA— 1 DBEOPERARZ bk AR P AL ERLELDTH S,
COBAHHEEN 19 THEMOEEMCETS Tukey ORI 225 & — 7 NBYOEHEETEETH
Blcdily, WEADEDEA 2.2 D ki iulia by, Dunes © X 5 iCrest BB LA DOFRA
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Fig. 4 Power spectrum with distance in Exp. A—2
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T L ORECHEET 2B EOEREEc RERYHETH AR L > TEx bR S,
@=2g8/(LmA)H eeeerrmrerrenremte it (3)
FRERLEBIMTOW L/T $—f&D Sand Waves OEREE Y52 53D THD, ¥ Fig. 7 BX
U 8Im W TEMIEE 90 cm, EBLERAA7S &\ 5 EDS
HAMbND, ZOEE, BELLTHIEEELYAY G
pziickd (3) Abd gr RFHETHE, TOHE %
(EEROTBRL 5 SOWAAT—HL T B, Lz 1O

Do T OER L FAPRELHELTH5 0L Eb
o, Thisto L0k Fig. 7T L U0'8cHbhs% | L
€ — 7 Db THEELDOFRD, TROSEMIGL TV
BLDELT, L& THHENEHCT =y k Lich O A N T-00554 1"
Fig. 9 ThHs, AL RRORD L5 b TR~ o, o 00
SOHECH B, £ TIOFEORBARE LTHRAY Timin)
B5. Fig. 9 Relationship of L and T

T =00 0554 L5 weeeeeenertatnemnuiittitetetiitetirtitieeitietitasianatttisssessoteretnossisnstsens (4)

(4) Rx 0PV THEEETE, —RCCEHHFELLT

LB 5, ZHIMEIBHEENT Sand Waves O scale KX - TRRDZEETTHDTH B,

LT KBTI, AX7c Sand Waves OBICFEA LTI WL 08, EERENKE VD, KERD
DITBNDOELHTEEI LB E VWS eI Abh3, ¥LBEGIFHINCEETHY, K&
B scale DLONERELTWB I EMb, K&/ scale © Sand Wave 22BEU/NXfcd D78
FAE U AUE b DX 51 (5) Kit Sand Wave s\ G E & 0B LS EEL T
R BB LTED, B THEERE .

iii) FERBIUEEORH

WE, BEIREEYERL BRI PEELYETL SOMREEEL, FERIXERAE LE T4 B
DAL DOEEELTEEL T, FRAKIVCOBEFZOWTHRSIVCHEEOSHLAN, hxRNEs
BTRLIL O Fig, 10 5L Fig. 11 TH %, CORTRERSIVESITAFRESETE - T
WD XS5 ERTELTH S,

A=L/L, m=H/H «eeeeeremerrnnnaeianiiiieiii ittt (6)
TROERDIN DI T T ERT LA, AEESEICR SR X 51 Rayleigh FAfichish BL{—
HL TR, Z2DZEnD, MBIV 7 OBEBEEMIThIThKRDLSEL RS,

P()w)=—725-)\. exp(_%)\}) .............................................................................. (7)

p(,,)zgﬂ exp(—%ﬂﬁ) .............................................................................. (8)
(8) REAWT, EELmE ORIV, DOOFHEIRATEL OIS,

pme S 1+ P(nd7 F A T —————————————— (9
Bl HEE CORBROERIRBICAYS T2 n1/e 12 (9) ROFBE K LT LICk > THRDLA,

Mg 1 D07 reeeirte et ao

Lich, COMTEREOFEME1.61 LB TRS—KLTHY, FREROBEDMELST LEL—RLT
L‘Z)c
Fig. 12 i Hyss & o OBEERRT. FEOHIZIZ Nordin BAMERLICX 5 ICROBEGRNRH B LMt
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Hijgm8 G weeeereresesssssttstsnnt ettt an
10) & (A1) RAbLEEERHL ‘
FT=1.88 G «ervversreesorurmarionestnnreratnanstra et s st s a2

Lis, SHIEHPR H=20¢ & LtbDLIHE—KL T3, HEDZ L 13BRE LOHERA Rayleigh
DR D L) BENLENRS LD TH S, Ripples O 5 CHAAR S DIXBRZ O L 5 3
LicndDrEr bhd, FhERCETHIERPHRES Rayleigh 4745 = i3 T Longuett-
Higgins® BTk » THMDBR TV S, M EDT L s b Dunes 3L ER Tl COWRELHL D
FUREEELTHDZ E235 5,

iv) tRMiEEE

BRo X 51, EERE o BEECET S RAYBIREFL B LT ol EEBAVDRS
10m BEOCE X DERAR CIRERHOROMGE S, BEH oW CHHFHNCEEEDR - BEILED
Rty oiIaie b DEEETRD L ENTES, 20 LIXIBOBERL OB AL L

Db T B,
DED X 5 7eEHS D o LKA BRD b HHLHE ke & OBIRZ T~ O Fig. 13 TH 5.
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R RIER, usr XRECHTIEEEETH S, LbAHA, KIIZHT 5 Sand Waves DIEHIT
WEIF T, %D spacing R ¥ THBEAHEEST 5708 5 20 BEAEREZE DLW S 2 Enbh, 0
BRI ELBRTHIITTH B, LIchi»T ks Ro BT TERTESL LD LILEBbRAVAS, Fig 13 ©
Roh2X5C, ks & o 30 IWHBEND L Z 0G5, L > TRPIZ 77 » b Lic Dunes @
HRZBETBIRD, o3 ks BT THBDTCEER AT A—2—THHETL D,

4, #& B

PLEABFAL Sand Waves DFFEA ERINCIHLNCTH I L XD, TOBMAMET LMD
TR EHAME L TUT o> TOAHEOHE B L LTER L e HETOEBRMES S, Sand Wave 1=
B+5, S0k BEHEYELMCTE ENTEL, ULDOBREYENTLERDL S TH S, ,

(1) Ripples TOARZ b I E —~ 7 B bR T ADIZK L, Dunes TOFRILE— s 7 T
v PiZleo T %, ZHud Ripples TIXAMELBEE TH % DIkt LT Dunes Tik random ALV &
WIOIREXRSHAL T B, ZDLHRARY PAYELEANLZLICLY, HEDF VI TIh T
FHEFCOWCTOEENFHEN TR 25 & D& Bbh by, SHCEI MRS,

(2) Sand Waves DEIEHE 0 135D scale Ik - TR, WELD —1/2 Fizlkfl+5, hik
K&7e Sand Wave DFINT/NE T scale D4 DAV HE, A LS ERL T EBESY R 3l
LTk b, HabdTHERE

(3) Dunes OBAITER S ES b FHELHNC Rayleigh 215,

(4) Sand Waves T 2EHEES His it o & His=3¢ DREFIH D, hrbEENEHIT
H=1.80¢ rEbihd, Z0OL 5 CHEEOBERE LERORS % 2 RET S,

(5) Dunes OFRTITIHSME ks (X o LEHELMHENRDD, cllL>TRSERTES,

(6) Dunes [IHFFHICERTHETOMRE S DRLEZXE T 5,
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LILEARFS2 Sand Waves D5 BT 2 EO I —HTH B, SHELECEH OFREHEEL
TRt Sand Waves ORHEXBIDACT S 2 & 41T, BRHILEEL - T Sand Waves Ot
DB BTN E BT B,

T3 AR DO— RIS BRI 2B R (P19 OMBAR 1o 2 & R L T4
PLCHEEERT %o
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