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Simulation and Application Study on Cohesive Sediment Transport
Mechanism
Student:  You-Min Hsu Advisor:  Prof. Keh-Chia Yeh

Institute of Civil Engineering
National Chiao Tung University

ABSTRACT

The mechanism of cohesive sediment transport is very complicated,
with the cohesive force being influenced by many factors. The transport
mechanism can be examined through the following processes: settling,
deposition, initiation of movement, and erosion. This study uses 1-D
finite analytic mobile-bed model to analyze the transport mechanism
according to' the previous  Investigators’ -experimental results and
theoretical formulas.

On the basis of the existing 1-D _finite analytic mobile-bed model,
this study builds in the mechanisms of simultanteausly simulating the
processes of cohesive and non-cohesive sediment transport. Several
hypothetical erosion and deposit.cases.have been proposed to examine the
model’s capability. In addition, sensitivity analysis is carried out on the
possible influential factors of the cohesive erosion and deposit processes
to assist farther analysis of the simulation results. Finally, the Shihmen
Reservoir’s deposition case study is simulated and the results provide
some useful information for the reservoir flushing operation in the future.
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"J'k ~3.2-45log® @<12 (Hu & Hui, 1996) ;
=3.1 0>1.2
(p,—p)9D
D, T.® "
C, =0. 015? Y (Van Rijn, 1984b) ;
*k

W, =3k P 422 ® B ek R4 s azkiEe 3 R - L o
d(2-13)% (2-14) 7 T FHx ol B2 AP RT 25
Sk T B(WIkCak _Wdek) (2-15)
2.3.1.4 % KR in(S,.)
T KRt & or i3I0 R (active stratum)d 4188 & 7R A ok
R o d TR e EEe 2 A Ea A4 o F HTER
a =—(1- IO) [ﬂsk(BZ —BE,)] (2-16)
B oo f o ai®h BN k- RIS F AR o dolTh 2 K2 BOR K
deo wHF G AP (2-16)5 7 2 g Rl E B oo

2.3.2 ARMLITIEBRE) A 25 B 15 3

3

MGt MU B R RN AL o T R PEECRRLR
P & LR RMITEES 75 Al el BRETRIS
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ﬁ?i?éé’—rii__,\%ﬁ*ﬁ“m 4 I‘E_q"é___lﬁ}%?ﬁ'ra»l—% 3R

PR R ESEARY > AP ERPAPIAS A R AR
R F i S 2 RIF PR PR

AERLITE R RS, =B(RE-D)/100p, ¢=12...TC (2-17)

E  REBEMHICER RS S 2 et Rl §(glom?-s) ;
D ERSE M 2 @ T R 8 (glem®s) o
AN P s ] 3 0.00mm At E R TE 0 £ 2 0.01m B
WA B MIE > VLV ER LTS R RS e
2.3.2. 1 RE B IFA2E f 2
TR TRASE S 5 50 A RES 54 e d b R
% mAbiF 4 > Wilbert et al. (2004)1245 Roberts et al. (1998)F 5 #c; -

o B LI m e R RO A 4 ] o ] 2-1 I 4 BT

i

4=

f}ﬂ"de:(Fg—Fl)at‘ ’ j‘;}:g',;f‘(‘-k’/%7‘ L F IR Y= U T

T = (FQF+ F°)rcn =(1+ CCSZ)(O'414X103d) (2-18)

c ] ]
F 3P e =a(p,-p)gl6 ;5 ¢, ~7.(p,,5)x10" * 7@ 7.(p,,5)=ae™ % T &k

D umER R R EN I FRB AT 2 §F5 0 B9 g =T
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x10°N/m? ~ b =9.07L/Kg > B {67 M35 DB 2-2H B 7 F R B

AeR T2 BT RS o

2.3.2.2 FENICEM R o

LY SR S EEAE AR

1. Robertsetal. (1998) ] * #./= 5um T 1350 um cH % & 4 5 27 e
R AR EPREK TSR AR ) S 222umPE

7 R B R S SR, M % K

C

fooo AR T R 222 um BE ot g S e Y I R R E B o
E=Ar"p"p (2-19)
e Tl g
r RFETRA (N/DY)
A~ s mid R RE SR FFRAeR 2-1
po AR HURR R (g/cm’) ©
2. Krone (1999)# i Roberts et al. (1998) % & & % st §F 21 5% = 3¢
AR ESF I ERBRE F AFREMN G AIMIBRAR G
1.77g/cm3 pF » H F 3 | F 2 ol 2 o 2 N e
E=1.84x10"°(1.80- p,)r? p, <1.77g/cm’ (2-20)
E =3.65x107*(1.92 - p, )7 p, >1.77g/cm® (2-21)
3. Partheniades (1965)2_ & B [ 0% i ] &

16



(2-22)

. REFETRA (N/M)

E, :E¥FMEE (g/em-s) ;

a P REE F]F e

BRI RS A EREMTIEERET R BB PRE R A

4 > Parchure ¥ Mehta (1985)d F 2 3 Rl:RE R icd i 12 > 205 ¢,
A3 0.04 N/m23] 0.62 N/mP2e o b AKiFX PR P2 E, 2 @
Ellegaard £7, Christiansen (1994)d ¢ 2% % % % %% E, /i %> 0.45x10™
g/cm?*-s§r0.162x10° g/em?-s 2. B > @ @ 1@ 4 3% 1,45 fr 3.64 2 @ o
Johnsen et al. (1994) pY #& & Il BF-% &)@ » E, =0. 00136 « =3.64 -
2.3.2.3 FEEIFEITE R

TR R RARPRIE AR 0 £ A bk FaiAp

i

/ &l

Ea BT A BT ERE AR T ?iﬂ”a‘%ﬂ:éﬁim%ﬁ&:;}

&

1. Migiot (1989)#% s B M iF 2 s B v > Horrdg Ry 5 -

W, = FxW (2-23)
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W, R RMTE I E i R (US)
W :Stoke ;T "% i & (M/S) ;
ﬁ v ’W r* /)?{J?T}/\lb 2 R T 1§ BoF G =3 ﬂ/%x\q"" = :E'L_l/’] 250d* > m W
% Stoke ®ILF Az R HANA A w20
p 18v
. Krishnappan (2000)z_ it "% & & = 5%
= (1.65/18) exp(—0.0015d"")gd* /v (2-24)
¥ floc iz 5 55AMpE o HmrEsg & 5 ko= @ 0.7mm/s ; § Fi 4
¥ 175HM o floc % B ARG 38 ke B 0 s B T 2 T i
B 5% > 4B 2-3 -
. You (2004);&; /)‘{/%xf\r} PYIRE APITHLE SN2 ?L%F‘}Fﬁ."‘ 2k 1R BT H ?/
R CBRSEIELEF R AR PR MALTE 754 R
iR R 0 Aol 2-4 o
h
[[C. (2. -C(z;t+ Atz
0

W, = - (2-25)
j C, (t)dt

chAt — exp(—6.1952 + 0.9779C, —0.108C ) (2-26)

AU R ) PR R BE
h kiFEe
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2.3.2.4 @B ITIFE AN
;Qﬁlf ’J\/f-';’:" },@’} 4% 0T VR E"),@’; FE*: /}{?'\IV’L&F"L‘#Z"Z P /a}%i
DR SR SR o B B P A

1. Krone (1962)z_ s E MiviE o V40T

D=W,xC,xP/10 (2-27)

P=1--1) (2-28)
z-cd

A

P Fl+ )
Ty CHAFULIE TR A IR L UF R A N E 4
drp 2 mFH G - AR - BT N
(N /m?) o

Krone (1962) [ * jwihis 5 Fl+ PHETAAR AT 0 § 0% 3y
PFo Pi BT A T EimiNA 4 o

2. Shrestha ¥ Orlob (1996)F1* ~Krone (1962)#1#i2. 9 % ¥ Hcdf

|
s

oo TR AT R @ S g BT R F TR

D=B,(G)C)'® 1-—)= (2-29)

H ¢
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G=,]— -
h (2-30)
B, (G) = exp(—4.20706 +0.1465G) (2-31)
N(G) =1.1075+0.0386G (2-32)

Ho oy i#4 7F R S B(G) ~ N(G)3 L T30 4 i & thf %

T od FEREFTAHALE B P 5 Krone 2w 5 F] S o
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e B R
PR RIEE B 2 pe B AN S 2RI 2 e M BcE BN
*E R (1996)F % it TR RILH Y o RIS Y AN R
(EFA):& (7 R IZ g2 4] 3 4250 2 Bgcit » P i@ = 2 4 8 % L RjzgE
W R A > AR 0 B AR 2 B E A “oﬁ%l/ﬂi;‘”‘v\iﬁé??

k2@ o 4w B (uncoupled) st B 2 5% > B - R B PEECR L Rk

\\3

-

TRENTE Y TN R S TS

\

Eh’(

2r- 2 U NN S g R g R

N

3.1 ffz-kmm- e Bipt

WS AR R R A S e B R A A R L
oz R EAR R E e B R AR AL LG Y w3 gt
2o A A IR 2 3R BN G PR Y R o d 5N

(2-1)58pscis 2 @ g4 7 2t 40T

M{%(Qﬁl—of‘” qﬂ”jm—wc)[wﬂzo o

At 2AX 2AX
P PRIFERR THRIZFCE S AERFE KRG HF o QE TN
T OAMEFFFE X523 %o FRRE A 5 A8 5 (n+l)

X trALEn PFRZBRE S S5F RBAE o EROFD)EL

‘.T_"\

F2E8F 2 sy B Tay pul il EdE S gl R
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4c 4§ #]+ (time weighting factor) > # # R t:(0,1)2 B eq, 5 £ iin g

F’ /71 Bé;_qh I ﬁ A /n Bé’:qh I L 5\‘ (2'2)551;'3&%/{%;5—7\@%?@_#0#] %E \"gi\'—"

S
Q_"+l — Q; . v _V|n+1 V' —\"
Sl E— A e+ r 1— n r I
At +|:l//mQ| ﬂ nd AX +( l//m)Qgﬂ nd AX
o Zn+l Zn+1 ) Z:Hl _Zn+l
oo (S e 55 2
d d

nen n,,n __
+0A'S; —q;u; =0
Y QM A AUl B g 6 ARIEARE 3 R RITIE 2 BLE o ok

ré” i ‘/‘;::L‘;Qﬁéq"' 7‘ PE' E"f’ji",éq\"‘v ;\: o ’g; ‘;;ﬁ_‘;ﬁ:;‘% E—[E’T@% ‘/‘;:TL(_1<Fr<1)E% ) E]]J

r=i+l > 1=i-1-in=2 R& 2L L N5 FIURIE (» T F) 2
ARTRh n(Fr>1) > Blr=iv =il n =1+ AL {83 Z% 5 § 5

i 7)) ZRTER mpR(Fr<=1)s r=i+l> l=i > n,=1> % 5Hf

v

ZEZE 0 Ata

ﬂl"

gzq\,iégiﬁ%,ﬂ'opfaifﬁ%ﬁs%,—p 'ﬁ
PR, Ax G Z e 2 FRES TR LS H SRR L i
B oA GY NI 2 3 8w (8 (backward ) kBt 0 gt A

BN PR KR 2 - o

3.2 RFRGH) S LS LMl

d 5

e

PREEEG R RZAPM M 0P K ?’Trz?%f,;_%‘r;gfgﬁ,;_?.

R PR RARE T RPN R A e FIRF RS $HE
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ﬂ\?—
%&
o
i}
4
7.\..
=0
Y
(e
=
N
-
X
P
N

i}
M=
ETINS
[
R
Ed
g
e
fos
N2
|4
74..

SR E
B FIREP L TEIE S RN G mERT AL BIREF BT
(advection-reaction term)« #4772 (diffusion term) = 8> » g L %R
FL TR BRE P pREEY RTE T RN ERPRT

"

o422 4255 > 4% Newton-Raphson 2 dp i 55 = K j% 5 X1 - 1395

\%

TEREFZREE LERFTTETES BN LHICEF PRIk
ACm b o BT A SVEA S 2 A N e T
(i) E* FFEIEL A

(1 IO)

[(BcBE, )" ~(BBE,)] e

" (;_Aex) [(Qu)is= (Qui)ita] + (S, +8,48,)i" + (1-0)(S, +S.+5,)] =0

[(Qbk).”jf—( Qu)i: ]

(3-3)
(1) gue = 1ad o5

(l_ p) nkl n 1 n+l n+1
=Bz, —(sz)iy+2_AX§Z{€ka)H1—( 9 |

+(1-0)(Qu) e (Qu )i Tr+ Y [os™ v 1-0)s"] =0

k=1

(3-4)
PP s 5=5 48,

Bl 31—z B 5 b7 & F2 8o o ﬁ‘}&t"”“‘a‘i_}f
Py 2 Pt E B AR T 0 B S AT e oy 2 B &
Py 2 sH ek AL F|aE gk (arrival point) 0 t"PBF %] 2o s5 8 D G
# B 2 (departure point) » B B B Dz B A F R BV d 47 4 0
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R B g Reg DY Ao F
gL b T 3%

B2 kR L fFE D AT 4R B R R

A2 R R S A
—RERT O RPRFHEER)CRETSEE > AA

5%&%@4I®fﬁiﬁ%a & ET e KR TRET R
A AR S w FR * s 2 7 i #i(Courant number) g 3 3 3%
Boipip s AR R EREZRE  Fa R A B R TT

@D FE AT LB o ek B Bl
£ 4% LNS i

TR e D3 P
ERBZE nREZRPEEN 2 HBF
87 Bz iRk B M 5 (LNS+1) R & 2t
- n

L& BLEY hAp

Uy i+ U

X = Xy ! k”z k)(tk+1_tk) 1=1,2..LNS (3-5)
HoY » TH L %Y 0 I=LNS+1 R £ FliE gk A 1=1 & 4
BEE Do % V354 K& aghi-¥ o R ALIE R &

BL b R R 0 i B X B H gL

Mo aren s 34 ok R

* o
45 G FLE e
(i) RFPFE = EREs st

B AE Lt e

2

f%é,

7?1& ;Efé‘i\‘?ﬁﬂ 2 gz

(SR Y

N

Tagﬁ
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I 2

LNS

(CoA)ure = (€ A)ury = 20 [(Sy # 8, #+ Sy + 8,) ]
umﬁzwwuwW%taemmxﬂumemmv
M) (AX)?
u. ., —u.
CA i+1 i-1 _
A (3-6)

d PR TR AR ED 0 ACKFET B Y AT LR

]

St F 2 PHEERE BikiFLIHkR D

=

s A
e - R B R RERELILENTEAR B EAFER
Lol E & 32§

Ed b EARATAILS 0 ALY AFEE B A B TK BRE R

-—\

e ™ (TK>2) » = 3B gk @ Q2TK+L)iE N fichd 278 > @ 42
TK R 52 7 Eagdes S TKIFEEF A & 7 Eapit 2 1%

e A R R AR - b g AR T R

o

FPEENP AR TETERRS LG 2 v R TR

BATAPI N R g E RN B H - I R

SR ASL s AP B L AR T AN A AT
§n+1 = (Zb1 C_11 ﬂla---’alh ﬂk,.--,ETK, ﬂTK)nH (3-7)

AL FER B

= = (Sl’ SZk’ 82k+1)n+1 k=1,2,...,TK (3-8)
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HY o kAR % R 2485 o PR ,aﬁr@]k/%*ﬂﬂ 5 AT ~ B

BAE T ERIGNENGBE)F AW

F (™) =0 (3-9)
FZk(gml):O k=1121"'1TK (3'10)
F2k+1(§n+l)zo kzllzl"'lTK (3‘11)

2 NG R s > T AT 8 41 Newton-Raphson 2 g &

ESER

[T jas <= ("s™) (3-12)

05

oF

[20A8 = —Fa("8™) (3-13)

S

[E1AS = —F (™) (3-14)

# ¢ oF/os - Jacobian AEGEE P 2 Fe & 5 "SI A - S fpkoer

W2zwd FEmMihA2Ei, sc A red > 745

AS = (As;, Ay, ASy ;) © fREB I B AsS 0w @aren" S g g
m+1§n+1 _m §n+l + AS (3_15)

BASER - T FFER R F LG o R R R ITFT

Ao B F a4 * Newton-Raphson 72 e 32 5 5 2 #-2R g Bk T e s

HE S RRLES T -
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Fr i REREUFESZ HOR

fo¥ e w i 2 DI A AT A ©

TR @ AR E R R T R N Rl -

MR P

R

AR P POLFEHARIETEFAMESPAIELT £ 2 S H LT

+ TFACR B A 37 o

4.1 BENITEITH IR

B3k — 3] 24 & 8000 = = ~E7E 7100 2 = ~ K F 60 o ®

jrtu\

=% 30 2% By R 5 0.0005- Chow(1959) 43k 4

~N

§ B

&5 0.017 o s B in i HFepF 0 B AR R ROV G AT

2 2R RS AR T R Bk R RS

R LR S e e R R AT MR R e

o i

(a)+ M~ g 5 Tems
(b)E - #7= 0.0lmm

(c)F #»#) kR 5 5000ppm
()i 3 4 0 3N/m

(e) P s i 5 3
RN 2 is’z),g\; B A5 F) S
Krone (1962) Migniot (1989) Tt ~ B ER

T E
f%f%ii)ii RS

Krishnappan (2000)

2

Bk BB~ R ]

MET A~ 2RER

You (2004)

ZEE Y WINESTF 33N

Bk BAR S AE )

Shrestha & Orlob (1996) | #

AT R EER -

Bk BAR S AE )
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4.1.1 7 B 2 5 % ~ 47
1. Krone (1962) it = ;% fe & Migniot (1989);7 *# i & = 5%

Migniot (1989)#k * ;2 Rl = % % 47 f: /7 (Loire Estuary)i® v & & ik
FiiE T octE ik BIE 0 k€ 3¢ 5 T IL(Stoke’s)E N H - 3phnE R A

8 %k - B%¥ 7]+ (flocculation factor) * 12 i3 & B ¥ 4 % ek &

B fs L fie & Krone (1962)2. 55k ;% » 11 5 i £ o
gt X 25 4ok 4-1 d*‘éﬁ"&*umﬁﬁ%i , ] Y

BB %1 R R e iAo Rl 4-1 Bl SR R 1 A -
- AR d R :’—r%ﬂ}i@\}%ﬁ* J‘/,.u%l’}%%,—%ﬂz‘\é{%’j\r}/w/ /i;tu§-:,':}"‘%
4 1T KrONe (1962) 7 R sy 3 4 F #5E 0S  FIt GRR AT i

?"’:‘ﬁ"”}%%@ﬁ%}ﬂ VR rS RS S BEVE SIS 95 )

3
—IH
ﬁ
Sy
m
%

EIRE A RAs g E e A o

B 4-2 B EREI R 7 F R F 3~k & % % 5000ppm
o R ITF kY R ARG P e 2T A I
BAl By e BITRRIPI /L > » 27 AMERGRET BRI
kY R R AR gl FPL R M R R s .

B 4-3 5 RFRE A SRR R R R T TR IFES T
ZUBRRFP TS T AL PR T 28223 0F% 28
AR R IR EF R R R RRITF LT F
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B -

2. Krone (1962) it = ;% fie & Krishnappan (2000) it "% i# & = 5%
Krishnappan (2000)# * 4c £ + 225 ;7 (Fraser River);@ Jk iTi¥ » 22

- AURMRER AR Y B FIRRF 4 OB AR L F R

MO RITE R 2 A 0 B fs £ e & Krone (1962)2. (g5 3¢ > & diw

Wk T < % % 4ol 44 22 Migniot (1989) 1% 5% % 40t - o & Jk

2B 417 LB N E S D & Migniot (1989) %t % & che 4 2

NS

- % » ¥ d Krishnappan-(2000)= & @ cim it 2 s is 3 B 5% &
FECYERIREE- S Y SRS B S SR
RS AP F PR R ED A R R T S AR el - 3
Fk T A BB RAIEF ok P A A R R Tt g MR
FHERDTFVF AL FERS T AT RS oA TE YRS ]
& 1 pF > Krishnappan (2000) 5 "% & & = 5% B i & % 3tk B kR s

FERABIET TR o
B 4-5 k& %152, 0 &2 Migniot (1989) .4 % ik & % 1 B

)
—

N

(w.

4-2 v+ ﬁ’t ’ P@ /3‘/%}2 %} —ﬁﬁ.ﬁ#f‘ IV \,,’( I_.Ij{/%x/\]v} 7t /%E /'lrl_:/’?'\ﬂ’?’ ’E“

Ik

TOORPER PN Bk BEEEIA E g R PR 2 TN R R

~ /2
2.8
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Bl 46 ZRBFRFLHE > BH AR DS > 7 1
Krishnappan (2000)2 Migniot (1989) % 5~k % i st s % > IR L2
BRAEROFL R THOEE R R ER BT ARG B
dfok? ERRCE A @ RE T o
3. Krone (1962)i = 3% fiz & You (2004):t % 2> 5%

You (2004)&"’}4‘} FARERRRFZ MR FE o ,qu i

&)
BEN
g
hn
>

FERAF TS 75 FD- ARSI RESIINFELTEYE
FE TR M fg T ek R iR R B B8 £ e & Krone (1962)
2. B A g o

BT X 2% 4B 4-7 > & Migniot (1989) % & & it ikt & B
4-1 4prt > ViAvg 5> By )k R 5000ppmopF otk S5 AR T A 7
% ene e g 53 % en-E Migniot (1989)#2 Krishnappan (2000) & % & #-
e o] ke R R R 0 e kA& Baldock (2004)4p it s @
B #-¥ w47 20~30% > @ d You (2004) e fF 0 i A fdp e oRIET
DB 4 %t 5000ppm BF o STYEiE B i T E 0 ot BB R PRE
Migniot (1989)£2 Krishnappan (2000) i "% i& & = 38 #-5 7 ap 3220
i R DA A o
4. Shrestha & Orlob (1996);5t = 3¢

Shrestha & Orlob (1996)#& 1 5" 4 i# 5 (shear rate)s L & > 325 &
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ICEA R RN R G AR A 2 R B T CUERR TOTIE 0 R

PR R TIE R B AR 0 LA B e b Krone (1962) o 5t 4+

(%,

HZ 87 B R RTELTH F R GF LR -

Bgl A AKS L2254 4100 d EE VR 4-11 2 &5
R RA127 R RRETE B R R SRR AN R g o
MmOTNEAR TS BB IIF R R oM % R B RiE Bt
AU RN E o T B o KU BB e K R TS T R R
R smpr g it il s 7 BRMEmEn iR AR RR P BEFER
HAvh Rt g kRS AT R T Y R EREER
RILEPBIRR TA) 0 B 25N R ERERF R AR AR RN > T
2 ¥7 Shrestha & Orlob (1996) 2= 3V s * 38 Mk & ehig i o
412 % AT AR RA T

GRS 5 B R KR MR 2 B Ae 0 B B R O R 2 PR
Bt T a0 R NME A A T F B AR R ORIRE 0 EFE R RR
B AT & o F3enFF+ 2w T RS 2Rk AE CH AR Z
BAEA ] R R EREAETR Y AP ALTEFRF T
Sr¥PA R R R R BV IE— g o

A¥rESd £ 413 & 4-4 & u) kB 5 Krone (1962) T 2 3¢ fie

ETINS

& Migniot (1989) it "% & & = ;% ~ Krone (1962) it 7# = ;% fie &
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Krishnappan (2000):5 "% :# & = ;% ~ Krone (1962);c7# 2= ;e & You
(2004)ic "% = ;% % Shrestha ¥7 Orlob (1996)itiA2 3% » £ ¢ I 5% 4
TREEGEFAERR N AALZH O FEBCRERRCCE A

LopE s BREEBE R Y o] e HE T K463x10°M 0 Bk R L

v

% M1.78x10°mM 2 f R E o gt gEde o

d #4134 447 NERIRRIITF - B Gl
BOUET A B A ok R RE GIAEARY B R AR ER
FiAvm M ook d DR P 0 Medbg o d £ 2 2 T OUE AR
(ERIDREF SR ek - 2P/ ok el 25 S8 I it N It Y R
B be A8 % 3 FIE B R R S AR R F R AR AR g ) P
A2 PR 7 W S AR o F AR R P U AR A B
DER G » TR R R B e @ B O T G R Ak 4
SR E 4 TR PEARPITFS e

Bl 4-23~ ] 4-24 ~ ) 5 Krone (1962)iw# 2 ;54 *  Migiot (1989)
M ERZNRERBERL  RELAWLEREFFIHARZ ER R
LB ARASL 3G 0 d B 423 F LARMESE T R
A RBHE L BEREMROLE TS B 64 BT 52%
2 34% I ER > FER FEE RN T R §E SRR S AR
FI R Ry R R E RIS REIUE R R G AR nd SRR
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Pz g R2AETEM O RS EROPET T TEHA
A fE s PR F 2T R4 G ORI R R R T S 4
gyl oo RAB RS ERPERGRE F T RS C RABER
HERDMHF RS DR LEAR >0 > d Bl 424 ¥ #1015
NEUERBEARE B o B 1R T6% 0 Flpt { T LB T A REE B
PAEPFFEORRT o e PIFEREESE R kY F R XK
R e A REBFA N ERGR R A TR C RERHAE
AR ECRRE R A B | E B0 13%% 9% BEERERE S 2Rk
B~ gt s RABRZARRE N ¢

B 4-25 3 ®]'4-30 ~ %] 5 Krone (1962):t# 2> ;% £ * Krishnappan
(2000)~You (2004);7c *% :# & %2 Shretha & Orlob (1996) T = ;¢ 2 % &

PR EEY 2 R YR RITE S S TR S U A

4.2 BRENEICFE R R

A GRS GURELITIE W RS ] R A g SRR T
NLBW AT RRBEZTFRAEDRRMARET TA R A BRIPR
WG TR o e b URRRE A RIBIR I AT R T o A HT

vo B BRI E @ﬁ'*] FlF (EX0T o 47 0 Ap B R IR 2

Wk iE

@+ # » 7~ & 5 100cms
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(b)¥ - 4= 0.01mm

(c);& % A& (bulk density) = 1.8g/cm3

() s+ %

(&) ki Al

Pl A Fr it 5 1 R R AT S

Roberts et al.(1998) Wilbert et al. (2004) BB~ AR S RS
NS $'Y

Krone (1999) BB~ AR S RS
TN Y $'Y:

Partheniades (1965) BBR LR SRS
= /J~ N ﬁ&};’} ii)i

421 2 it bS5 RS 23T
1. Wilbert et ali (2004) £x - % 1 fie & Roberts et al. (1998):+ 4] 2> 3¢

FFNLE W Rt s et R R AR R SR e AR
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% 2-1 % 5 %-#c# (4 £ Roberts 1998)

Mean diameter of | N, M, A
sediment particles

(um)
5.7 1.9 -29.0 3.28x 10*
14.8 2.27 -27.4 2.68x 10"
18.3 2.31 -25.6 1.49% 10"
48 2.23 -23.8 8.27x10°
75 2.1 -22.3 4.70x10°
125 2.82 -20.6 4.23x10°
222 3.32 0 1.25%x 107
432 2.56 0 2.25%x 107
1020 2.51 0 1.14% 107
1350 2.92 0 6.74x10°°
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+10% +4.62E-06 +1.78E-05 +4.82E+02 +4.99E+02 +2.75E-05 +5.40E-05
Y g -10% -4.64E-05 -1.54E-04 +4.97E+00 +1.73E+02 -2.77E-04 -4.63E-04
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+10% -4.11E-05 -8.22E-05 +2.64E+00 +1.11E+02 -2.45E-04 -2.77E-04
i AR TR IS R
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4-2 FTR B A 74 Krone jTo ;8 E % Krishnappan it *% i B
3N —

VA s Krone 75 22 UFR ™ | Krishnappan Y7e[ i 4
Fign e BN B S he B RA fifvieh [~
5 | I3 E| 5 dsaghE| 5 /| I3 E| 5 dsaghE| 2| dghE| 5 A dsaghg|
Pl EE |-10% -1.12E-06 -4.20E-06 -4.96E+02 -5.00E+02 -6.71E-06 -1.27E-05
+10% +1.12E-06 +4.20E-06 +4.96E+02 +5.00E+02 +6.71E-06 +1.27E-05
IRy -10% -1.12E-05 -3.64E-05 +1.17E+00 +4.14E+01 -6.72E-05 -1.10E-04
+10% +1.49E-05 +2.97E-05 -9.60E-01 -3.89E+01 +8.89E-05 +9.21E-05
va sl -10% +5.30E-07 +2.70E-06 -8.00E-02 -1.40E+00 +3.18E-06 +8.37E-06
+10% -1.27E-06 -1.59E-06 +3.90E-01 +4.70E-01 -5.07E-06 -7.58E-06
e -10% +1.02E-05 +2.05E-05 -6.60E-01 -2.86E+01 +6.04E-05 +6.95E-05
+10% -9.69E-06 -1.94E-05 +6.20E-01 +2.72E+01 -5.76E-05 -6.72E-05
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1 A3FR R AN A

Krone Jiti# 2 sV 4 % You it "% i B

P s Krone {77522 205 H | You Jrifi it
Elgy i FREE EX NIl B g™ REV fifigh [~
| daE A dsRE [ g s | daE RN Y
Pl e F10% -4.33E-06 -1.71E-05 -4.83E+02 -4.99E+02 -2.58E-05 -5.27E-05
+10% +4.33E-06 +1.71E-05 +4.83E+02 +4.99E+02 +2.58E-05 +5.28E-05
IRy -10% -4.33E-05 -1.48E-04 +4.76E+00 +1.64E+02 -2.58E-04 -4.43E-04
+10% +5.71E-05 +1.20E-04 -3.87E+00 -1.50E+02 +3.40E-04 +3.62E-04
vl e -10% +1.16E-05 +2.39E-05 -7.70E-01 -3.03E+01 +6.94E-05 +7.20E-05
+10% -1.09E-05 -2.22E-05 +7.20E-01 +2.83E+01 -6.52E-05 -6.68E-05
e -10% +4.41E-05 +9.04E-05 -2.88E+00 -1.16E+02 +2.66E-04 +2.74E-04
+10% -4.05E-05 -8.10E-05 +2.60E+00 +1.07E+02 -2.41E-04 -2.58E-04
o RIS SRR R
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4. 4-4 5T B 4 +7 % _ Shrestha it 2 3

NS NG Shrestha y st =4
SRR @ e . A - Ve [ KRN e [~
5 /] dsigh gl 15 A dsighE | 5 /] dsigh gl 5 A dshghE | 5| g gl 5 A dsighE |
AR |-10% -7.83E-06 -2.52E-05 -4.73E+02 -4.99E+02 -4.64E-05 -7.67E-05
+10% +7.83E-06 +2.52E-05 +4.73E+02 +4.99E+02 +4.63E-05 +7.68E-05
R -10% -7.87E-05 -2.18E-04 +7.04E+00 +2.64E+02 -4.68E-04 -6.86E-04
+10% +1.01E-04 +1.78E-04 -5.76E+00 -2.40E+02 +5.29E-04 +5.98E-04
vasl o) -10% +1.81E-05 +2.75E-05 -8.90E-01 -3.99E+01 +8.10E-05 +1.08E-04
+10% -1.81E-05 -2.72E-05 +8.80E-01 +3.98E+01 -8.01E-05 -1.08E-04
e -10% +4.01E-05 +5.09E-05 -1.61E+00 -8.56E+01 +1.43E-04 +2.69E-04
+10% -7.87E-05 -1.37E-04 +2.76E+00 +1.72E+02 -2.48E-04 -6.00E-04
oL TR R SRR R

57




% 4-5 5T B &~ 7% Roberts et al. ;& B T o ] 5]
{HIF[IJ NS Roberts #4115 4Hlﬂui§&ﬁfﬂ
Wl [PEiE I AR [ A RS A [
15 /| iR g | 15 A dsighE | 15 /| d5AghE | 5 A dshghE | 5 7] dAgh gl 15 A d¥igE |
BEE 5% +9.41E-06 +3.24E-04 +7.66E-01 +1.92E+01 +2.92E-05 +1.03E-03
+5% -3.45E-07 -7.93E-05 -1.87E-01 -4.72E+00 -2.20E-06 -2.53E-04
RRED |-10% -1.33E-07 -1.75E-05 -1.43E-02 -5.54E-01 -5.80E-07 -5.17E-05
+10% +1.86E-07 +1.88E-05 +1.36E-02 +5.57E-01 +8.14E-07 +5.43E-05
PR -10% -0.00E+00 -3.87E-06 -9.14E-03 -2.27E-01 -3.74E-08 -1.23E-05
+10% +2.39E-07 +3.92E-06 +8.64E-03 +2.34E-01 +3.68E-08 +1.16E-05
B -10% -7.95E-08 -2.27E-05 -3.52E-02 -1.20E+00 -3.29E-07 -7.31E-05
+10% +1.06E-07 +2.46E-05 +3.60E-02 +1.27E+00| +3.50E-07 +7.90E-05
poo R R RIS
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AR B AT

Krone i B M T i% o F] 4 4]

IR = Krone SR IE OB ]
SR Y L E B Ve P e T T
15 7] dsagh g | 5 A dshghE | 5 7] g gl 15 A dshghE | 5 /] g gl 5 A dshghE |
WEE 5% +5.96E-06 +1.24E-04 +2.93E-01 +7.52E+00 +1.87E-05 +3.94E-04
+5% -1.40E-07 -3.34E-05 -7.90E-02 -2.04E+00 -5.61E-07 -1.06E-04
TR |-10% -7.00E-08 -6.44E-06 -3.93E-03 -1.89E-01 -2.63E-07 -1.91E-05
+10% +8.00E-08 +6.83E-06 +3.66E-03 +1.87E-01 +3.49E-07 +2.01E-05
FEAE ST |-10% -0.00E+00 -1.41E-06 -3.33E-03 -8.45E-02 -1.26E-08 -4.48E-06
+10% +0.00E+00 +1.32E-06 +3.13E-03 +9.12E-02 +1.35E-08 +4.21E-06
P, -10% -3.00E-08 -8.52E-06 -1.29E-02 -4.54E-01 -1.25E-07 -2.74E-05
+10% +4.00E-08 +9.06E-06 +1.30E-02 +4.73E-01 +1.30E-07 +2.92E-05

% “+”]"Q?‘\<IQE};'1% , u_n[’_“\:?,\< J[Ek/
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% 4-7 5T B & 7 % _ Partheniades # B 470 i% i b #84

i lﬂ St Partheniades EEF 403 ] lﬂuip‘é@}’%ﬁiﬂ
SRy [ I A R A~ RS AR [
5 /] dsigh g | 5 A dsighg| 15 /] dsigh g | 5 A digh g 5 /] dsigh g | 5 A digh g
WEE 5% +3.05E-06 +8.65E-04 +2.02E+00 +4.50E+01 +1.17E-05 +2.75E-03
+5% -9.00E-08 -2.60E-05 -6.03E-02 -1.31E+00 -3.59E-07 -8.28E-05
TR E |-10% -1.00E-08 -7.96E-06 -1.32E-02 -3:18E-01 -3.86E-08 -2.46E-05
+10% +1.00E:08 +9.93E-06 +1.45E-02 +3.65E-01 +3.49E-08 +3.01E-05
L] 1-10% -4.00E-08 -1.17E-05 -2.71E-02 -5.91E-01 -1.59E-07 -3.71E-05
+10% +7.00E-08 +1.75E-05 +4.07E-02 +8.93E-01 +2.36E-07 +5.57E-05
b -10% -3.00E-08 -9.32E-06 -1.66E-02 -4.59E-01 -1.26E-07 -2.98E-05
+10% +5.00E-08 +1.16E-05 +1.94E-02 +5.80E-01 +1.59E-07 +3.72E-05
L TRERD R SRR PSR
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F. 4-8 ATR R A 17 4

_jb;}i%"&']ﬁ_;’fﬁ E A

Il = ? FEFRE  A f
g RE B S R A= RF e [~
{5 /| cisa e o A E] 7| IR i g g /| A E| A E
IZR -5% 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
+5% 0.00E+Q0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
PR E -10% -7.10E-07 -1.84E-04 -1.41E-01 -4.51E+00 -0.00E+00 -5.53E-04
+10% +7.50E-07 +1.95E-04 +1.30E-01 +4.10E+00|  +0.00E+00| +5.74E-04
vl e -10% -1.10E-07 -1.19E-04 -2.85E-01 -5.32E+00 -0.00E+00 -3.93E-04
+10% +1.00E-07 +1.19E-04 +2.86E-01 +5.19E+00]  +0.00E+00| +3.94E-04
e -10% -1.30E-07 -1.93E-04 -4,60E-01 -1.05E+01 -0.00E+00 -6.36E-04
+10% +1.00E-07 +2.08E-04 +3.70E-01 +9.85E+00  +0.00E+00| +6.59E-04
IR R R A A
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BED SHEAR STRENGTH,T(N/m)
0 _02 04 06 08

0 T I r!
T 0.57N/m
£
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T 05 Symbol| Ty @
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0 56
o 10
|O | | L I
B 1-1 @R fed EIFER B2 K G TR 5% R 28 2K (Parchure &

Mehta 1985)
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Bl 1-2405 5 5.7 ek PR B RYEIFER 2 BB 2 % 1 (Roberts et
al.1998)
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B 2-1 B E Y L g7 3B

i
=

Shear Stress (N/m?)
e ©
(=] @O

e
b

o
5

=]

Particle Size (um)

Bl 2-2 7% iz B3R T 2 e T R4 (44 Wilbert et al.2004)

63



Floc Density in gmlce

3 os
] L 0.7
25 ¢+
—O— Floc Density
—— Settling velocity of flocs L o6
2}
- 0.5
1.5 ¢+ + 0.4
- 0.3
1 -]
I 0.2
05 +
- O.1
o + o
= =S S B o B o 8 8 e 8

Floc size in microns

B 2-3M¥ %A EmwEE R M 2GRS Krishnappan 2000)

W AL

0.020

1 1 1 1 1 L ! I i

—— Empirical Formula ‘ ‘ ‘@i i

0.016 4+———— e Moving Variable ‘ —— X : '
A Variable Time Step ‘ : é : 1% .

0.012 - .

o.oos: - |

0.000 Rt | § &3 exit
o1 1 10

Sediment Concentration (g/l)

Bl 2-4 suiig Bk R B TR B (44 You 2004)
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characteristics

trajectory

¥ > t=(n+1) At
| At
At,
At
AtLNS
- > t=n-At

time, ¢

distance, x

|

AX

current computed node

B 3-1 R uid 24 i i

65



m  Q=7cms EE5000ppm  Hi— HifF0.01mm

2.00E-04 e (B
1.80E-04
1.60E-04
1.40E-04 : g~
1.20E-04 - Ko S CUSEEN
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®l 41)%.& % TT:%E&( Mig'p'i.ot-1989)
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B 4-3 & iF§ R % i B( Migniot 1989)
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Q=7cms 2% 5000ppm Hi— Jif£0.01mm
4.50E-05

T IR g [~ £l
4.00E-05
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—— T
3.00E-05
==} ~
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M 4-4 /s /4 % {* & W( Krishnappan 2000)
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Q=7cms  J&%5000ppm Hi— Jif+0.01mm
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M 4757 % i* £ §(You 2004)
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Q=7cms % 5000ppm - YEEF0.01mm

3.00E-04
e A A [ El
2.50E-04 >
2.00E-04 - S ——3-
+,; =
1.50E-04 A ST
e ST
1.00E-04 20
=M=l
5.00E-05
0.00E+00 RS ] R (m)
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
B] 4;1Q-z§ﬁ 7 ’FLf!_—ﬁl( ShrEs'th@ 1996)
ppm
6.00E+03 i =
5.00E+03
_._,; — =0
4.00E+03 P
3.00E+03 A TS
2.00E+03 ==
+,§‘jzv :\
1.00E+03

0 1000 2000 3000 4000 5000 6000 7000 8000  S000

) 4-11 fisik & 5 i B ( Shrestha 1996)
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PREEHRAR R G
F R +-10%
6% i 7 4+-10%
8%

by Migiot (1989)

Fl 4-23 & §/EFS $HEAREE AR 2 (L2 B30I Migiot 1989)

LREHEREET Y

] +-10%
13%

P 7 4+-10%
2%

by Migiot (1989)

Bl 4-24 & BT HEWEGEER % 2 B 5)( Migiot 1989)
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LREH AR RREG

TR +-10%
6%

7 +-10%
2%

by Krishnappan (2000)

Bl 4-25 & #2500 ::i%-"“ﬁ TR A % ':___7 §-7 g‘5@:5-L ] ( Krishnappan
B,

[
R

v .
LREHER BB G

ViR +-10% P8 +-10%
4% 3%

o 7+-10%
0%

by Krishnappan (2000)

Bl 4-26 & BT+ HEWEY ER R 2 £ 5 5 ( Krishnappan
2000)
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LRBH AR BT E B
TR +-10%
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7 +-10%
9%

by You (2004)

Bl 4-27 & B8 F)5 4 ARG IR IE & A % 1 2 B 554 (You 2004)

LREHER BTN B
B +-10%
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ViU 3 ] 1+-10%
13%
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2%

by You (2004)

Bl 4-28 & B8] 3 $HRORIE R B % 1 2 B0 5]( You 2004)
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LREHARRRT G
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by Shrestha (1996)

Bl 4-29 & B0 TS5 HEEREE G Rk % 1 2 B30 ] Shrestha 1996)

ERBEHERREBE G
A +-10%
8%

e ] +-10%
19%

FF % +-10%
3%

by Shrestha (1996)

Bl 4-30 & B8 F)F $f ARG IEE R B % 1 2 B 8 5)( Shrestha 1996)
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LR EH AR 1P 0l

Bl +-10%
0,
T B +-10%
9%
FFi74-10%
1%

by Roberts(1998)

Bl 4-31 & B3RP M AR R R R % 1Y 208 50 ) (Roberts et al.
SRETT 1008) T e

LREHERRR 3§5 ]
B +-10%
A +10% gy
3%
¥ 24-10%
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by Roberts(1998)

Bl 4-32 2 BT+ {HHFMEERAR R 2 B 5](Roberts et al.
1998)
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F Ak +-10%

LREHAF T
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8%

9%
7 +-10%
1%

by Krone(1999)

Bl 4-33 & ¥/ 8 F] 5 SRR AR % 1 2 B8 5| Krone 1999)
EREHFERRBREE 4
0%
prime10% O
1%
by Krone(1999)
Bl 4-34 & B8 F)F $HEMIEE R & %1 2§28 6)( Krone 1999)
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FRREN10% g o109
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T +-10%
3%
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