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EXPERIMENTAL INVESTIGATION OF GENERATION
AND DEVELOPMENT OF SAND WAVES (3)

By Tetsuo UENo and Tadashi UTaml

Synopsis

The process of development of ripples were investigated experimentally. The three-dimen-
sional measurement of the bed configuration was made with supersonic bed elevation meters.

The data obtained were processed by a computer system, and spatial distribution of bed
elevation, bird’s-eye view of bed configuration and spatial distribution of local erosion and ac-
cretion of the bed during certain intervals (about 2 minutes) were displayed. The developing
process of individual sand wave was investigated in detail. Consequently, it was found that the
increment of height of ripples was caused by a slant spiral flow, which scoured the sand bed locally
and violently and scattered sand particles downstream.
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Photo. I Configuration of ripple bed (#=94.2 min).

Table 1 Measuring time of bed configuration.

| Case 1 | Case 2 Case 3 Case 4
" ¢ (min) t (min) t (min) t (min)
SERIES 1 30.4~32.7 329~35.0 35.2~37.3
2 42.3~44.3 44.6~46.7 47.0~49.0 49.3~51.3
3 58.8~60.8 61.1~63.1 64.8~66.9 67.2~69.3
4 75.9~78.0 78.3~80.3 80.6~82.6 82.9~84.9
5 90.7~92.8 93.1~95.1 95.4~97.5 97.7~99.9
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Fig. 1 Time variation of average height of ripples. Fig. 2 Time variation of average length of ripples.
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Fig. 3 Time variation of steepness of ripples. Fig. 4 Time variation of water depth and average
velocity.
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Fig. 6 Spatial distribution of bed elevation.
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Fig. 7 Bird’s-eye view of bed configuration.
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Table 2 Position and elevation of local erosion and accretion.

Erosion Accretion
SERIES | Case d Position | Elevation mark Position | Elevation mark Remarks
(min) | (Xcm, Yem) | Z (cm) (Xcm, Yem) | Z (cm)
1 1 31.5 (42, 29) —1.0 A 1Z120.75 cm
(13, 23) —0.75 B
2 | 340 47, 27) —1.0 A (46, 23) 0.75 a |Z|=0.75 cm
1
(23, 24) -1.0 B, (52, 33) 0.75 b
(36, 28) -125 | C (60, 26) 0.75 ¢
(64, 30) —0.75 D
3 36.2 (41, 26) —1.0 C, (63, 32) 1.0 a, |Z|=1.0cm
(8,18) —1.0 E (74, 31) 1.0 c,
(66, 27) 1.0 d
2 1 434 (18, 17) —-1.0 E, (80, 27) 1.0 c, 1Z|21.0 cm
(30, 14) —-1.0 F (1,25 1.25 [3
(77, 16) —-1.0 G (25, 16) 1.0 f
(43, 20) 1.0 g
2 | 45.6 (33, 13) -1.0 F, (78, 24) 1.0 c, 1Z|21.0 cm
79, 15) —1.0 G, (4,24 1.0 €,
(44, 21) 1.0 8,
3 48.0 (37, 13) —1.75 F, (80, 25) 1.0 [A |Z|21.0 cm
(14, 18) —1.0 H (8,25 1.0 e
26,30) | —125 |1 ©,12 | 10 |k
(47, 16) 1.0 i
4 50.4 17, 17) —1.25 H, (80, 27) 1.0 (A 1Z)|=21.25cm
(29, 30) —-1.5 I, (50, 24) 1.0 g,
(25, 13) —1.25 J (70, 10) 1.0 !1‘
@5 | Dt | Gan | o |§
s —1l. s B J
3 1 59.8 (33, 28) —1.25 I, (58, 19) 1.5 8, 1Z|=21.25cm
(51,23) -125 | K, | (12,1 15 h,
(10, 28) 1.25 k
4 | 68.2 (4,29 —1.25 M (63, 18) 1.25 8 1Z|=1.25cm
(70, 14) —1.25 N (80, 12) 1.75 h,
48, 7) —1.25 (o] (3,16) 1.25 1
(50, 32) 1.25 m
4 1 71.0 (5, 30) —1.5 M, (66, 18) 1.25 g 1Z|=z1.25¢cm
(72, 15) —-1.5 N, (7,17 1.25 1,
(0,13) —1.75 P (52, 32) 1.25 m,
o, 7 1.25 n
4 | 839 (6,30 —175 | M, | (8,30 15 k, |1Ziz1.25cm
(73, 15) -15 | N, | (817 125 |1,
52(3), ; g - ig 1(;, (55, 30) 125 m,
5 4 | 98.7 (10, 29) —1.5 M, 9, 31) 1.5 k, 1ZI21.25cm
(74, 15) —L.5 N, (9,16) 15 1
(0,15 —-1.5 P, (55, 30) 1.75 m,
(72, 30) 1.25 o
(0, 30) 1.25 P
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Table 2 [KH b2 —BEIHOREOKITED 2 O IIEBRBEEDT, ChoORFEHEDESE Table 2
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—%, RGBT & S ICFEERIZAKBE EOH » itk - TH Case T &Iz 4 A-SOoRENICEEHRY
INTHY, MEBROE(LBEBEEETI—HLIhis,

PUtoH, E5XU0BEL SHEBROEMCABRERD TS S L&, H4ORBRPHEBBOLILITIIFE
HORZRECHELT RESTEREN BEbh T3 &M bbb, T7bH, SERIES ], SERIES 2,
SERIES 3 35 &t SERIES 4, 5 TREZNZNAKBROBMBFHEBREL > THY, T TRZOX I BHFEK
BOREBBEFETMCEhEhREZIN, RERBY, REEMSLUCRERPLEHTT, UTRREE
BREHEMABC LiKT %,

(1) %ez#H (SERIES 1) OF[ KR OE L

Fig. 6 ® (@) RitHE TR, A 3&U B ORBSTRULBOHREHNBHRGICREL TN LEHED S
hz, —F, BERRBEFHhEIEHZATHENT EMNbRLS, B EIU C, ORBHIZ (B Rt TRESIT
B2, D OBRELHIICRELTE TS, i, C »5 C ~DOBITRZOEZIHMN 0.5cm o 125
cm NEhTH0BEIC 0.75cm BELAB-TNB T EMBEHINS, ZhoDREROREIE-T,
ZNOOTHRMC 2, b BLY ¢ ORBTRULEBBREL TS, ChoOHRBBOFSIL 075cm B
ETHY, HMSOEID 0.75cm~1.25cm &8T5 LR D /NEREEI - T 3B,

ZoEH, DHORZEOMMCEV TR, ITHESFNKEOS L LTRFHMICHEEL, Thitth
LTHBELRET I ENbM S, 7, ChoD A~D OHREBORREERBEHMOMKEROSERE
HREMNTHRDE E, ChoDORIBBTRYADSHARMRBRELTHAZ EMERIN, HDSRAN
LI DR, DEFAKICGEENERRYT 3HERTHY, TOMMKBENANE—EOBEEL-TVS
LEDLLIMATNEEDTHB, EEOR, OIS NMDSLAFROER BIU FAKBEOHRKIC
BEEAY Lo TRZINECOERNFRRL > THIBEZTTHOLIKLTETH S,

(2) Fe:B M (SERIES 2) ORI IR DE (Lo

Fig. 6 ® (d) Flic BT, HFoicBbh: B, F XU G ORIEMNRAEL, e f BLU g O
BMbFKBbh, RBELTHI3CERBDOLS, ChODEHMES L HBEII lom XKL
NoTHY, TOXINHES L CHERORREICK » THEKROF AT bAYICHAT 5 (Fig. D,

SOEK, () BE () RAERET2E, CORMERBOPTHD oRAMICK ZEAEABICREEL T
B edbdb, DRiCEF2 Fo, H 3L 1 ORBHIRZOREIFRBIEMSETEY, FHic F, 0
HHEIL, FiHho F, ALBITT2hTH408MIC 0.75cm ELLBYD, ZORIT 1.75cm KH#ELT
WAL EMNERINS, COXINEIBOETICH > THRLBHINIKES, c,hibikTe -l
BHEOEESBSERINTO S,

@) Bick TR, HH oA BEMAROMULL->TE, H, I, ] BXU K OBRMEEIZ ()
EOREL S & ICHIBRELEMIRTEY, J OHRMEOWMIT 075cm KB ->T3, i, () KiC
B33 F, O®REBREHLTLE-TED, Flic L BA%ESKEDRTVS, ThoORMOET
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Fig. 8 Spatial distribution of local erosion and accretion of the bed.

—_ 14 —



L5« PR - ARBEORE - BEAEICH T IERITE @) 423

(2) SBEBMOFKEOLN - HERRER
Fig.8(b) X b, HMBLUHEROBRIERTENTHY, FAREOH BT L THIAE HESBRICRE
LTWaZ Ebhs, BT, J, K, 3L L OB TRECHESELL, Eh50TRAUTRNTH
LEEBHIRIL L -THWB L EMbI 5B,

iz, Fig.8(b) % Fig.6(f) LERAETHB L, HEOKAEES L Fig. 6 () ORMIhOMLELD B
PSUTHUMOFMKROTETHS L Lhbhd, FHiT, HHoHARMTIIEENELL Fig.6() © J
BEU K, OBARDVTEREEEEP SR U ERTEE2EDLITH S, HOSEAMITK LR
BOTFHUMOBEHERORBE L SRIEAKALEEINTOE, FRAOEHLTHRMNLERS LR
B ICHEBE SR L, —F, BRIhO LHMOHAT CREEINDHICX D HEREDBES, COLSILLT
HHORARICE S BHNZOLOSRELLHMS THAANE BB LTYL L &itiis, ¥, Fig.6 O
) W& (p) REABEREETHSE, LEOLSUHMEEROBRDELICK - T, ARBIER LEH
S b FEHMIC IR 140 I I/ 3MERE TRMANEHELTWE T EMDP 5.

(3) ZEXHOFIKOBEM « HERI

HBERBICE TR, Fig.8(0) KRTISIC, EOBRMOBEICHNT I BB LRE LT
b, COMOFEDHEMS X CHBERRPILINILML-TNET Lsbd b, T, HIEEIRIL
WERICh > T B, ZORIRPEL, BEEROBBIROHBZOHIRKRE L -THEL L
fiik s I8

wic, Fig. 6 () 242800 %OFKEOEME SERIES 4 @ Case 3) LERAE DL EIKL-T, H
REIRE & A ST TIC2808MIC VIOBREBEZG TRUALHELTLEL RbipaT, 2OKD
BT ED K S NI LA T 2% Fig. 8(0) % Fig.6() LERAETHBTLILE » THRE
42 L, FAROEBIRIFMKBEOEEOLWERCHRELTEY, $BMAFKHONEORWEETRELT
VAT ERbh B, I SRFMICHS L, Fig.8(c) OHEHOSEROS B, REROKELEMAI %l
BOWHED EHMCR-> THEETZ L EhBD OIS, O LD D, DEOBARAREOFEOH M
RERAIZEREL B> TNAZ EHDP 3,

FROBRRIOFDOL I BB TE S, Fig. 9 RPEORTOABEHERANITR LD TH D, ERT
R UTARED 4 BRBICBRTRULEEZT
ERETIKTLLTSE, BiEs, HokSic
FHEOFARMSHE T HHICHRL KEL LT ERE 0.2

HoBAIR, SRTRINB RSN EHAIE
CHRmRAKE B, ©
(4) FHEHOEMLR i o)

DR Uiz kdic, FKRO®RME « ERIFAKR i ""‘5\
HORBEWITIEUTERL TS, CNOEER £ (% o
MRS B 2biC, ARAICEY BAKEOTE  Soq L @ %o
WuEALR Jz ZRRICE - THE L, N 5\\0

® B~
® R
i ®
0.0 U UU N .
0 50 100
t (min)
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