[EARSFLHUE $£4172/11-13 1990 £5 8]

139

BEIRTRES IC BT 2 IFe Emie

UNSTEADY BED-LOAD TRANSPORT IN GRAVEL-BED OPEN CHANNEL

i K ¥ RR*
By Tetsuro TSUJIMOTO

Bed-load transport at unsteady flow is studied. In gravel-bed streams, the direct effect of
flow unsteadiness on bed-load motion promotes the transport discharge and brings positive
or negative phase shift. Meanwhile, in sand beds with dunes, the relaxation effect suppresses
the sediment discharge and causes the phase lag. Particularly in gravel beds, steep hydro-
graph often appears, and the former effect dominates. The linear analysis reveals that the
amplification of bed-load discharge is reversally proportional to the dimensionless time scale
of hydrograph, and that it is correlated to the intensity of phase shift. With the increase of
the Froude number and the ratio of bed slope to the relative flow depth, the phase shift
increases to become positive. The analytical results are qualitatively well consistent with the
flume experiments, and they are helpful to obtain semi-empirical predicting formula for

unsteady effect of bed-load transport.

Keywords : bed-load transport, umsteady sediment transport,
process, gravel bed, linear analysis

1. F A4 &

PR, L YVBELEIERS S ROLND EE, O
MU RMETORYE L UBBIKBISRIZ OV THOBERE,
HE L TP EFEINDL L IICE>TETN D, fER
DORHERILE T FRRBOWAIUN L TFHIREICEL
PR TORMEZ FHT 20T, 2T, 2%k
CEHE—KAPIZ I3 E N FRIOES RN E LT
RATEZLL, ROERERNEELEIE T2 TS
BEIRBAZZHHE - FRIL L) L LTER, LAL, Z
7 L2+ Th e, LYBRERVWTRMOL
BEUESERHENDIBEL D L. WADEEEERAER
R, H D VIIHER-BERAROBILERE (TEENR)
IR ET 5 I FERIRYS, REDVRFED - BITIcED
%i@%E (transient process of sediment transport) iZ
BT8R, Bk OBEIRAKEZENSE TRICER S
n, FLWROLEEIECHEHENLTHNEIEY 7R
D1DTHA 5V KEFREE, MDA { Furs
7% b o LEABMEEERUCHT 2 REDENIEEE
BEBETE2LNTH Y, FCEIKRSBEIKEE TH
A ¥ar 57588 E L FHLTIEAA ZERLE
PESE TN SRAYHEE THELARRIYH

(7920 SIRFA/NLE 2-40-20)

teady flow, b jent

KFEUY Y I TIThb 7 Suszka®ic & 5 KBEBR D
RRPELCIRHEMET ). o8, TREEKTIE
TRENEREAR TEED AN, Fe 7T 7387 3
BRI BENOEEEEIC OV T LBz RN S,

FEFFABRAC OV T, HHRAKEFEDOFE
(—RJCHRMNT) CHEA N2 HW B Saint-Venant HRER
CEDSRBP G L ENTE Y, FioEkd
DRER & L THOKOBEAKAL, RAWE, BAKENE
FBIEALIZ DWW TCOFEI-FHWH L EHE3NTw5, LaL,
FEEEBKRB RN (72 & LI HHEDHRLELIS)
2DV THFERIIFEMEIC OV ) EvoThw
12ETH 5.

EEH FD KM TOWM B NDELIZ DV T HIEREN A
Ry, FLdznzcHaicidBontuivy, #ic
BERPRT 4 v 20— FERUHEAR, #koE—7
DENCRENE— 7 P BRBI N2 Z L Efgfdn
TWBBDL DD, 29 L2RoBBEEz > >»To

1) FEXH—8 (FFic 2 . CHREFEDRE 2EEICHHE
LT3 ER4) (358 32 BUKEBESE L 0% 6 BlIERKE
Fo TIOTREFRBEITREL TV 5, XWX TR, B
ISR TOG NS F a7 7 7 F oSSR RDEICE
RE-> THRERERE, ILENEOWTOERRER LD
HEEZHILEL T 5,



140

MRIZINFTIIEAE WL, —FRERIZOWTL
Z DB RTINS W DTFRBIZ %o,
Phillips and Sutherland'®'® ¥ Graf and Susz-
ka0 EBOKRE TIEEF MEICN T 5 Wi E DR
FIZAL % M3~ Cv» 5, Phillips &9 3% % H
WEBR AT - TRARDZEAL (RRIRHEIE W R 7
#) 2L TWB0iz5t L, Graf 59703 % A5
VRN ($ivonA Fe 2o 7)) icEBRR Kk, SEHEAE
ROFMEL->T B, BT L ASAROERBNE
NeXRE L TEMBRIrBAbNTNS L) THY, £
BEE L IEEENRIBRL Twb, 29 LR2ENBA
BRBRTCIEELZBE 23528 h5, F2LT
dunes # 5 BEIRRNLOFEERELI R E N T 3
He L EARMIC ROz E O b e
I NB, Zicxl Graf 5 DEB T, FKREORFE
PREL, BEBEBZOLDORE» 2L 00 2HBL &
FELTVEY, TNWZIFEICE AL P77
BHEICRR - TIHREENRIBONEIERL L > T2,
LoL, WEEZLZETINL ) 8 g Fe 7575
EEZHBLL T2 2 &9, BIR2ETFOREATW DY,
Graf and Suszka'™'®3, RIGHEITRIRED b, i
BICNT 2EEMREEZLTEATHEEL I TESR
L, IN2HET MR/ T A—F—%BUELTZ
nHoMicEFER E Ko7z, FFEERIR O BBUSHEIC
FTHRMLITZ D LR FETIIFL N vwrs, KE
FRIZAENIC ZOBOBEIC T 7o —F L t&o b
DE L TFHE & #15, Graf 50 Z DRFA»BRHIT— 5
# L1313 2 Z & »* Paul and Dhillon'™iz & » T
T EHEINTw3, —7%, Tingsanchali and Rana®”{3 Graf
LNFEE XD FIREWDEICXT 5T F RISl

st

CHEALTWS (&5, TERMRICOWTIIRIEI LY
BEHTHL 20U SBITMTFESFELNENEES
7).

AR TR, WRDENRICL, FEEFRABRLC
Y 2 M EORMEEGIC DWW TRET Y 5, BR
BREEEAMIGS FRA) TRESINLY, EFF
WT TRES & KRE—N—ICHBIT 61, Z2hd2
5.2 bR E BRI L T, RBPEIKED
B s LCET 5. EEFRE LT b RBENE
b E %, KROBHBELEERDLY ~{ T2 s T7
L RBEORHMELO LB & ) B TRET 2 #H 5.,

2. BEARICNT 3 2 BENEREMNRY

REHEICHNT 2IEEEHR L EBWNICARL 200
HWRE Y2 L TA L . Fig. 1, 2i2Z2h b0
EBREFEOBE, ~ Foe 77 7edL CERATES
EREAEEL (GFHES N2 RBEORENEL :, EB
DR EDRERNELo W TR L 72,

Fig. 1 %t Graf and Suszka iz & 2 L »¥T(a) T
R ENENIANA Fu Tl 772 0:ERTEBY, (b)
TIRFATL T2 300, KO BBRENRIIETESE
FELTFRENDZLNLIDEIZKE W, —F,Fig.2n
iz, Phillips and Sutherland {2 & 2 4 DT, #HicE
BoORWEIZ N Fo /7 7oL GEBREEL, BiE
FRHBEREESFHREMEL 2L DIRE~VII - T
%, Graf and Suszka®DEER (I (d=12.2, 23.5mm ;

E2) REBOWEICOWTL, 32 AKEFHSITRE
BAHTH B, BOMBIC BT bEEFIREOBMEREEY
IZ¥ b7, 2BBEOEEEHROFH L WKIcOWTHHBAL
7z

t (10sec) t (10sec)
«00 40 80 120 160 00 - 40 , 80 120 16.0 NS0617
S L . E 0 Measured lmuspo_n rile
4 ANKG42 Series 12 (@ ANK043 Series 12 L~ ,E\ Caleulated Assuming Steady
-
E3 Lo 2
S E Zz
=] A @
To Flow Depth Flow Depth |2 = o
S = A FS T
R \ | O . Ly .
v 4 - 0 12 24 36 M
2 b 3 ( (100sec)
a) -
< <
"1 DRU255 Series 5 (b) ‘ l DRU257 Series 5 L 0.4 N§0635
é = Measured transport rate | o _
Dt I Calculated Assuming Steady S E o3
g 2 2
2. I &2
83 S % 2 ‘
<
Flow Depth| O/ ol \
3 20 % 8 0.0 5 1'2 1 2.4 I 3.( =
0.0 30 60 90 120 00 30 60 00 120" ¢ (100sec) ?
t (10sec) t (10sec)

Fig.1 Time variation of bed-load discharge in flat gravel bed (Graf et al).

Fig.2 Time variation of bed-load
discharge in sand bed with
dunes (Phillips et al.).
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Fig.3 Direct effect of flow unsteadiness on bed-load
transport.
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Table 1 Experimental condition (Graf and Suszka).
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