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An Investigation on Pickup Probability for
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ABSTRACT

The transport of sediment in open-channel flows is closely related to its pickup
probability. This study theoretically investigates the pickup probability for sediment
entrainment and compares the results with the published data. When the flow-induced lift
force for a particle is greater than its submerged weight, the movement of sediment
particle will occur. The lift force is a function of the near-bed velocity approaching to the

E particle. The previous study has assumed that the probability density of the near-bed

velocity is normally distributed and used the experimental mean value and standard
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the lift coefficient, the pickup probability derived from the log-normal distribution is

approximately 4-6 times of that from the normal distribution.

Keywords: Pickup probability, Sediment entrainment, Probability distribution, Dimen-

sionless shear stress, Lift force.
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deviation to formulate a theoretical relationship between the pickup probability and the
dimensionless shear stress. However, the previous result reveals a significant error as
compared to the experimental data. This study aims to improve the accuracy by using the
log-normal distribution to characterize the near-bed velocity because it is more physically
reasonable for open-channel flows. The results indicate that the pickup probability
derived from the log-normal distribution is in better agreement with the experimental data.

The improvement of the accuracy exceeds 50%. Under the identical flow condition and

A HASITT

0.21- @F
@ﬂ~f“]

P=1-05——m—

2
0.46 )
—-0.5 l—em{—[ +22
VOCL ) ]

.................................... )
A C, BT 73{7.’:*7‘

SRR K AR R @W& 1% i il
AR EERN - FEGHES /J“’\mu%$ > ¥ i
B IR E % ”JET" » [ i R Bk

u'(=u—u) MRS T B A » R LR
PSR BE 1 i %*2 B R o AU gEHEI S
EFUR MU B AR Sl TE » ) SR A R R
2R B e {‘J“Q%M&'Hﬂﬂ’if'ﬁgﬂ‘ﬁt& » I
BLRESMBEHNEESMEGREAR
i RS o

— - IBmiEs

2.1 EERY
T i *l!. L@Jﬂ%ﬂ [El/[\' [l e i A
[R5 5 - 3 IR TR IO RIBIAY 2

JJ BT R lt JE_ 11”1 A”\ il [ LA IR L sl 8 o
Einstein (1950)4 Yalin (1977) 8 A% # B 51
FRES

FioW e (3)

—88—



Julu)

P(up>B)

Take Log
e

Sotve)

P(v>8)

B Up

B'=InB Vb

| wESECBRTEE

Horp Fy =FOW A A2 R LA W =R
AR o IR D SR 2 A iR AR W R
T

P=P(F; >W) e (4)

N - TR

o d =P ib A s wy =T IR L Y Rb AR
ZAHSERNTHOR
BE
w=(p,-p) % ceereeesenesenenesenncneen{ 0)

HERE)ER G AR @) FEH -
P=P(uy’ > B*) = P(u, > B) + P(u, <-B)........ (7

22 MEZBENGELE
AR R R R [ wy, BFE B R 8
G3fiGu>0) » FAR(T) S
P=Plu,>B)
R Z A EAEES - AEE vy, = In(uy) - Bl v,
AN BRI EE 1R v 2
B T RS

75%; exp{_ (_sz;;?g } )

Jo(vp) =

AT, R0, £ v, 2T M EEE R E o R
(B2 A T

P=Pv,>B)=1-[5 £.(v,)dvy oo (10)

A B'=In(B) o Hi 44 &5l 2 8 43 3 S R A
AR FBEER A Guo (1990)FTHE i1 2 ST (BUR R

O E - WA
I(JexP ]d \/I(“)

IR LR ER 3 1E 0.7% DL » PRI (10)E) &) 52
BT

P=1=(% £, (v v, + Jiy £ Javy)
[ 2(8‘% ﬂ ~(12)
I

2.3 IEFRKFREHEE u, BT E G,
AL L 8 I o2 AU A A R 7T Sl T L 8 R
EafiRre

ﬂ:lln P
Us K yo

S o 7, =30 Bk 2 R R B+ = von

=05- OS(B ) 1-
B,

Karman % 8= 0.4+ y, = 23 BT 85 2 5 E=0.033k,
(van Rijn, 1984) » ky= ERHEESE =240 R

Cheng and Chiew (1998){If5¢ » #E R FH »=0.6d
Jr/l\n'f-j?__f— iﬁﬁ;g fJ_Ii.ét%l{t/\I—k(l3)& n]f‘ﬂ’
Bl i, = 5.52u. o Bl 5EE (EH (G 2)R &%

—80—



Kironoto and Graf (1994) 2 ff 92 # 3& » S8 H
o, = 21y o

24 PHREERBEREZTR

U R R R BRMERE THE T,
PR ¥R o, - Bt — BRI L1 2)RG R
B F AT E R IR A8 vy B 2
o, o ATRSCHR AR 5 TS gk B e
W= IR

2.41 fEHTi%

I PRGSO T DR e 4
PR TE v, kB REC, - HlifEE2R
Bf S — o B BRI X =y » Y = vy =In(uy)
R X1 Y A7 5o e B R 2 il 4R A T s

E(X)
Y
E’[X]

v, = E[Y]=1In

or =V[Y]= ll{i +-4V.,[£] SOOI )
E*[X]
i ELX)8 VX)L i, B o2 RAR(HERAS) »
Himl AG 3 - :

_ 5.52u,
¥ =In — = In(5.19u+)
1+ Ay
5.52%u2
2 4y
o2 =In|1+ - |=0.123 5 5, =0.351
5.52% 2
2.4.2 —pEiRfeliE

[ ST DA 3 RS ) P 4 R T e
BY =¢(X) - H R L ER AT LR
BERREE M X B Y 2 P R 2 B R T
FrRGEMIHE S 2 R 8% =)

vy = In(i7, ) = In(5.52u4)

I
g,=—0,=

- u. = 0.362
i, 5.52u.

25 fBEZ#RIME
L T, DR BRI o, A
(12) BT SRR DL 43 B9t e o
1 B LR 2 5 R o
2.5.1 R ik
BL ¥, =In(5.19u) BL K o, =0.351 £ A(12)
KHEIARIGEE C, AR R IEE R T
B - T RAT -

2
0.049 0.049
In Y In Y
P=05-05 L) fj—exp| -2 L
l 0.049 x| 0702
al -
ocC,

252 —RiE %
1 v, =In(5.52u.) & o, =0.362 A A(12)5
BRI

0.044 0.044
In In 9-—C -
P=05-05 L) [j—exp|-2 z
| 0.044 Tl 2-0.362
n
ac,
.................................. (17)

3.1 BRILE

B bl AR R 1:0(16) (17) B K(2)
[ f@ e 2 s ny e A » I Lo R IRl
{fc#8 Cheng and Chiew (1998) 77 5k i B4 45 1 E
5 C;=0.25 o [ H gE 7 » TEAHRIRY SR B L7
TRERIET » 3 MEERI 2K 55 E 3 4] Shields Jif 5
AL TR0 = 0.05 )IFF » FEUH B i FT 15 2 &b
BRSNS » HoR T R  ERA
£ 3.8% » —RGI LR E 2.3% - (i 8 i

—90—



x| SEHEED I BERREMER

AN i HEF ELHH
47 WAk — B Lk
C, 0.25 0.2 0.21 0.22 0.17 0.18 0.19
lell, 0.538 0.269 0.262 0279 0.288 0.261 0.264
10

| ——Normal

‘; [ Log-Normal(analytic)
E P | == Log-Nomal(lst-order approx.
@ - ¥ it W O O Sn—— ——
:
%
Z o1
£
2 o0
i | i i
o0 o.:ikois 1023 0.038
0.001 001 0.1 1

Pickup Probability, P

2 NEHEZED i FEHERLEEN(C, = 0.25)

Pt A5 & AT AR 0.6% » BIUH BB MM 15 22 17
BB R R TR AT A R 4~6 5 HERIIR
DU IR) B 55 S R 5 41 o 45 S T K
lfﬁi} ]

32 BEHW

ATFEH T Guy et al. (1966) K. Luque (1974)
o2 B W A LG M A [ M A 4 Pl 45 0 SR B T
HEZ W& HE o — 8T E - FHEH B TSR A9 ¥
a5 (Overall error)nf B, Euclidean norm {4 #
2o R

el = Jief
i=1

Fodh e, =5 i Rl SI0E ST SR e 22 » n 2
TERHRY (3 o S RERRAS 3 M AT 1A R 2 B R 2
M s » Herp s e R o3 BT SR SR — PR
A HERATG 2 C 53155 0.21 B2 0.18 - Fevh
S i S S SR 8 04 O e D A B A B
Y 35 22 (0.262 ) MA /I I W 18 43 i B 45 5 2R
(0.538) » D AT S0%0ATHEHE » PR A o i fi

{ —— Log-Normal (CL~0.21 analyti

S i= = = Log-Normal (CL=0.18, Istorderapprox) | | | | ||}
g 1 |- .=+=-Nomal (CL=0.25, analytic) i
@ — | o Guyetal (1966)
Rl
E
§ R E—
a8
0.0
0.001 001 3] ]

Pickup Probability, P

B3 AEEsinFiElsERERErns

BB AT T2 R - 1
S A1 532 — P LR B 0.26 1) S AR AT
BB 26D A » A1 T
AR FRIREIL o

ABFJE A6 6 18 2 B R
PLERAIEAR I 3 7T LLEE o [ T 3R A RB A iRY
R BB « b A BRI
B MR AT AR « 113 1 2T
HH BGOSR » F8A 2 B9 BORHR A
WGSBS RS O Pt T 5
RIS 0.07 Ml BB
AR fE SRR R B J1/N S 0.07 Z B4 HIMEfk 7
A o

M~ 455

AT LS 5 4 20 3 3 SO 2 VRO
RIS B » Bk BTt R 7
Sy LRI 2+ ST AV (R
R RS S L R RS S o
B R AT R R SO%LL L (82 o i 7E
Shields [ SEMBELF 6 = 0.05)8% » ZEATRIAYE

-01—




b BB R P LR BT IR BU(CL = 0.25)
PR T BN RB S 2 WM e 2 T R
28 RIS RIS T AR 2 4~6 fif o ARHH
FERTS 2 R BUR A B A T RS O R o 4 B
R o e B ) SR ASG T S R o

T~ 2EFXR

.Cheng, N. S. and Chiew, Y. M., (1998).
“Pickup probability for sediment entrainment.”
J. Hydr. Engrg., ASCE, 124(2), 232-235.

2. Einstein, H. A. (1950). “The bed load function

for sediment transportation in open channel

7 Tech. Bull. 1026, USDA,,

Washington, D.C.
3. Gessler, I. (1965). “The Beginning of Bedload

Movement of Mixtures Investigated as Natural

—_

flows,

Amoring in Channels.” W. M. Keck Laboratory
of Hydraulics and Water Resources, California
Institute of Technology, Pasadena.

4. Guo, J. K. (1990). “Re-Study on Einstein theoy
on bed material transport.” Proc, Youth Congr.
On Water Sci., Water Resources Press, Beijing,
China, 337-342.

5. Guy, H. P., Simons, D. B., and Richardson, E.
V. (1966). “Summary of alluvial channel data
from flume experiments, 1956-1961.” U.S.G.S
Professional Paper, 462-1.

6. Kironoto, B.A., and Graf, W. H. (1994).
“Turbulence characteristics in rough uniform
open-channel flow.” Proc., Instn. Civ. Engrs,,
Water, Maritime and Energy, London, UK.,
106(Dec), 333-344.

7.Luque, R. F. (1974). Erosion and transport of
bed load Delft  University of
Technology, Delft, The Netherlands.

8. Shields, A. (1936). “Application of Similarity

Principles, and Turbulence Research to Bed-

sediment.

Load Movement.” California Institute of
Technology, Pasadena (Translated from
Germany).

9.van Rijn, L. C. (1984). “Sediment pickup
function.” J. Hydr. Engrg., ASCE, 110(10),
1494-1502.

10. Yalin, M. S. (1977). Mechanics of sediment
transport. Pergamon Press, Tarrytow, N.Y.

pigk— ERATIE

Y=vy, = f(x)=In(u,) - FEREE Y I3 H B -
MR RT3 -

! (y-m’ . 19
p}»{y}=mgexp— - —eo<y<oo (19)

Hiin=EY]» 62 =V[¥] » $B$E Chain rule L[},
H(19) - BEREEES X 2 BER S B s B R
-

Py v =pylf(x)}

a1 [ nxen? )1
2 )

20° x
O<x<oo
................................. (20)
RUBE I X o Il LR -
E[X] =] xp ydx
. 1 (Inx—m)*
= exn| —
jﬂ 2o p[ 207 }h
1 (In 2)2 ............... 21)
= s L‘X —
b 2no P 20

p=Ing& » lngzz‘ v Hlx=Ee' - de=Eedr

(0<x<oom o< s <o) » BT T AR :

—92—



RIEAE T Mgk — —PREIERLE

. (ln/) o B BB W X=u
ELXC) =[x pyde =g J_ exp| - ey 2y, = 9(X) =In(uy) + ELX]=pt + FIHIZEIH
B B TS 5 -

_ v ¢“(u) 2
) B R SR Y = 9() + 8 ()X — 1)+ (X = 1)’ 2
5 o ; 1 ; t2 ¢(n)(u) e
E[X ]:I—m’ée \/E éé‘ exp[ Gz]dt e T'(X Ju)
=&, J— H— BRI R A
s —(1—20 2 Y = 0() + ' (X = 1) e (27)
= 'eo .- Cxp[ ]df
3 262 ¢§5 20° IR~ BE B L A TR -
— (e}
=¢'e E[Y]= () + ' (WELX = U] = () wovvrererrnrnne (28)
_ 29 2 - )
IS RQNHACDZ ETHTHR :
V{X] = 2100 (e _1) Y = E[Y] = 0 (U)X = 1) woorsrrerserrerres (29)
TR - Wiz > TRRRQEH TR -
2 VX V[Y]= E[(Y - E[Y])
o 1= E}LJ] v=AC-EYDT 40
= () BICX - 1)) = fo' ) F VX
V[Y]:.H(HQS]] .................................. o

KA :REAEIIR 2 H
BERH:REESFEIIA29H
E(X) ESAR:-REYE 2 A228

o =E[Y]=In| —mm—mee—| e (25)
VX
14+ ==
J E*[X]

—03—



