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Abstract

In this study, the calculation of hydraulic flow and sediment (suspended load and
total load) of Zaremrood river located in Mazandaran province has been
investigated using Shiono and Knight quasi-two-dimensional model. This model
is based on the Navier-Stokes continuity and momentum equations and is
simplified by depth averaged concept. For this purpose, using the finite element
method, this model was solved numerically and the lateral velocity distribution
were calibrated at the Garmrood hydrometric station. Comparison of obtained
results by Shiono and Knight model in different flow discharges against measured
data indicates the high accuracy of the model for lateral velocity distribution.
Afterward, by using the computed lateral velocity distribution, the distribution of
suspended load and total load across the river was simulated. The results showed
that among the 5 empirical suspended load equations selected in this study, the
Einstein formula (1950) has the best accuracy in both one and quasi-two-
dimensional modeling cases. This relationship in one-dimensional state with
standard deviation of discrepancy ratio of 0.56% has a higher accuracy than the
Rouse (1937) and Brooks (1963) sedimentary relations with a standard deviation
of 0.52% and 2.47%, respectively. Finally, among the 5 experimental
relationships of the total load studied, Meyer-Peter-Muller (1973), Ackers-White
(1973) and Engelund-Hansen (1967) sedimentary relationships with discrepancy
ratios of 66.67, 41.67 and 16.67, respectively presented the best results in one-
dimensional mode, and the accuracy of all three methods was better in two-
dimensional mode than in one-dimensional mode. Finally, it was found that the
accuracy of suspended load and total load modeling in quasi-two-dimensional
mode is more than one-dimensional, which shows the high impact of Shiono and
Knight model in simulation of hydraulic flow and sediment.
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1.  Introduction

In all previous studies, the finite difference method has been selected for numerical solution of Shiono
and Knight model. Also, the accuracy of the total sediment load predictions by one-dimensional and
quasi-two-dimensional models has not been compared. In this paper, finite element method is used for
numerical solution of this model and the results of one-dimensional and quasi-two-dimensional
modeling of bed load, suspended load and total load in Zaremruood river (one of the main branches of
Tajan river located in Sari city) have been compared. In addition, the simulation of the transverse
distribution of suspended load in a river is evaluated for the first time with a quasi-two-dimensional
model of Shiono and Knight.

2. Materials and Methods

By depth integration of the Navier-Stokes equation under steady and uniform flow conditions, the
following differential equation is proposed to solve the transverse velocity distribution of flow in
straight rivers:
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To use the finite element method, the river top width is first divided into several small intervals or
sections, and each interval is considered as a computational node. It is then assumed that all the
coefficients of the equation depend only on the transverse distance y. In this case, by following variable
changing, the governing nonlinear differential equation will become a linear equation:
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3. Results

In this paper, using the empirical sediment transport formulas of different researchers, the bed load,
suspended load and the total load of Zaremorood river at Garmrood hydrometric station were calculated
(one-dimensional mode). The results showed that for estimating the suspended load of the river, the
relationships of Einstein, Rouse and Brooks are more accurate and have been selected as the best
formulas. For estimating the bed load, the Duboy relationship had the best accuracy with respect to the
measured values. The Frijlink, and Meyer-Peter and Mueller empirical relationships were selected as
the second and third highest relationships for bed load estimation. Similarly, for estimating the total
sediment load, the Meyer-Peter and Mueller, Ackers-White, and Engelund-Hansen relationships were
selected as the best relationships. In the second phase of this research, to improve the accuracy of
sediment calculations in all three modes of sediment transport (suspended load, bed load and total load),
quasi-two-dimensional modeling of sediment transport in Zarmorud River was considered. At first, the
river top width was divided into about 10 to 20 small intervals, and then the flow velocities in each
interval or computational node were calculated using the quasi-two-dimensional mathematical model
of Shiono and Knight. By placing the values of flow velocities in each node into sediment transport
formulas, suspended load, bed load and as well as total load were calculated for each node and then by
lateral integration of obtained values of sediment concentrations, total suspended load, bed load and
total load were estimated. It was interesting to note that in almost all three types of sediment transport
modes, the accuracy of the calculations in the quasi-two-dimensional manner was significantly higher
than the one-dimensional case. For example, in a flood flow dated 22/7/1391 (with a water surface level
of 128cm, a flow rate of 104.25 m3/s and a total sediment load of about 3800 kg/s), the total load
estimated by the Engelund-Hansen formula was obtained 329 kg/s in the case of one-dimensional model
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and about 1637 kg/s for the case of quasi-two-dimensional model, which indicates a significant increase
in the accuracy of calculations by two-dimensional model.

4.  Discussion and Conclusion

The increase in accuracy of quasi 2D modeling of sediment transport in comparison with 1D model is
important and significant in terms of the fact that the highest amount of sediment transport through
rivers is generally occurred during floods, and improving the accuracy of river sediment calculations in
these conditions, is a great help in more accurate design and implementation of engineering projects
and river training schemes. Another important point regarding quasi-two-dimensional models is that in
addition to increasing the accuracy of sediment calculations, also allow engineers to estimate changes
in sediment concentration across the river, while one-dimensional models lack this capability. By
knowing the lateral distribution of sediments in the river, it is possible to identify erodible and stable
regions across the river and suggest specific solutions for each case. Also, using this type of models
helps engineers to propose suitable locations for the design and construction of hydraulic structures
across rivers. In general, the idea of using quasi-two-dimensional models in river flow and sediment
transport management has not been fully studied so far, and hence needs more researches in this regard.

5. Six important references

1) Bousmar, D. (2002). Flow modelling in compound channels. Momentum transfer between main
channel and prismatic or non-prismatic floodplains. Ph.D. dissertation, Univ. Cath. de Louvain,
Belgium.

2) Haddadchi, A., Omid, M.H., and Dehghani, A.A. (2013). Bedload equation analysis using bed
load-material grain size. Journal of Hydrology and Hydromechanics, 61(3), 241-249.

3) Nabizadeh, M., Zahiri, A., Dehghani, A.A, and Meftah Halaghi, M. (2021). Quasi two-
dimensional modeling of flow hydraulics and bed load transport in Zaramrood river, Iranian
Journal of Soil and Water Research, (In Farsi).

4) Sheikhpoor, H., (2014). Measuring the bed load and suspended load of Zalemarood river in
Garmrood station and determining their ratio during the water year, Research project of
Mazandaran Regional Water Company. (In Farsi)

5) Shiono, K. and Knight, D. W. (1991). Turbulent open-channel flows with variable depth across
the channel. Journal of Fluid Mechanics, 222: 617-646.

6) Zahiri. A. (2018). Simulation of flow and sediment transport in river bends (Case study: Karoun
river). Journal oflrrigation Engineering, 41(2), 1-17. (In Farsi)

Conflict of Interest
Authors declared no conflict of interest

Morteza Nabizadeh Valukulaei , Abdolreza Zahiri *, Amir Ahmad Dehghani , Mahdi Meftah. Calibration of Hydraulic
Flow and Sediment of Quasi-Two-Dimensional Model of Shiono and Knight in Zaremrood River



£4

Oln! @ 5 6rlal (owiige Syl (oods s 23
VPe¥ Lol 90 g ol o )lods o0 o Jlw

30 ol g gguid (Gumgd Anlh (LOby Juo gy 9 by Sdgyuue (uwly
39yl Ails3g,
T e glike s T (SRS d ol T (g et LS e | SUS glg 0015 b (o 0

) QYATYRA T [ P3N iy
VPN X oV oy dy G,
gy Al
ol

2by Joe S a4 phasile il o g e)ly aileog, (US 5L 5 Blae JL) o) 9 Ol (@9 drnlxe e cnl o
5099 S gl gl potinge 5 (Kiuwgny SVolae Sl p Joo (nl ol 485 13 (o) 2 990 Sol g i Gamgoars
Gode Jo 9500 ol Jow weases slizl g, 3l ool b jslaie ol (sl il sl ool Bes o lawgie Ojgo 4
@S anlie b xily 99,0)5 (5 ey, ol e )0 39 )y ailsog; 0 Glyz L e Gladidgn g 0ol
Gk s (20, 22595 Oy90p 50 Jow YL s 5l Sl sals 5 u50slail slassls b oyl > calises sl oo 0 5553 Jow
Ol @S ol ilwand U5 5L g Blee b (0,0 2555 (Slslre Sy (220 @598 5l ealatul b s el ()b >
5 Sy Siledae Sl g 52 50 (1300) il (pgm) alal) alllas 3550 Blae Jb (25205 alal, O (les 5l a5 0l
Llg, a0 G sy 2105 (5,550 s [lre Bl il b oSO cle o alal) ol il C8s 0 i lyls (samgoais
9 S5l 5 (VAVY) aly =5, VAVY) Yoo 5 5 — s (29 Laily) caddllan 590 JS )1 (225 alail; O (les 5l Cules
S8 aS Widges dl) gam SO Sl po |y bl o s VEIFY 5 FAIPY FEIFY 6,020 i b cud 4 (VAPY) il
g Blao Jb g3l Jue o aS ol eseiie Wled Cawl 009y (g SO Sl 5l i (gumgs Sl )0 50 jeS Al g, dws 4B
Sy o glwacd 10 ol g giged Jow YL 13U oasms lis aS conl pin Gl gamgoads Sl o IS L

DSl oo gy 9 0Ly

395015 459, «ali g gignsd Joo (gumgdand (g5l oo (S 5 (@lao 1L (22 bulg) i gadS sl

t S S Gy (T b wlie 5 (55,5laS psle olKisls (SL g Ol wiige 00Ky w0l cwiige 09,5 (2] slaojle 55
nabizade49@gmail.com

Zahir@gau.ac.ir : Sog ;S o (55 camb mlie 5 65,5158 pole olKisls (S 5 0T cwiigee 00Siils «o owigo 05,5 ¢jlezils |
dehghani@gau.ac.ir : S =Sl Gy 55 camebs ailin 5 (53,5LaS oo oliils (S5 5 O awig 002l (] (cwiiigen 09,5 esbiwl
Meftah@gau.ac.ir : S 2SI Cas (55 oo wlio 5 (53,5LaS pole olStils (S g T (cwiigs 008l ] cwdige 09,5 Lzl ©



2

s gl sy

ods oalaiwl u‘)AJ)LA QL"“'“"‘ 5o éﬁ‘a éj)r:)‘)’ =L§L“>.)5) Cga
Lailssg; oo, JUl 25 amle 6l ok wlalae
oS Cewl a8 )5 Sy (JS5b 9 i b olre Jb L)
sl gy JES! 5,20 SY ol &1 o M5l ol
3p)5 5 e Ggrw S, e s Liges S¥olae
G azgd boaslaiily Ggw, Jlsl ol jo glosmud
o e o 5 0l s gonnSy «¥oles ol aSyl
e gl b g sy slaailsog, o as > o wisS
e 5 a9, (258 )0 (2 b Sl (o sl
LYo 5l.(Ackers, 1992; Ayyoubzadeh, 1997) .c..!
@ 35 SHoed lulpd ki 4 g s g9 0
SR G g ey il ol Ges o) allog,
@S Sgnr lp s ojlal AlBsg; oye 3 (e
Gaugoad ool sl Jas 5l 5l ol oo cliwle
Sy b JE (0525 Lalg) g (el g ot Joo o)
aleog, oo ol jalate pul a4y 0gad colaiwl JS g 3lee
Jae J> b g oo gy (Yo L Ve :)Liﬁ)ojbﬁ}%@
2 e (D S L g Ol S gamgd 4h 3L
o biojbn; po (lp (s 29 o0 drlome 0jl 5 0
W) gy (975 Wolae atde (Ghp GRS g Sy
31,5 walys 13 eolanal 3550 (JS )L Ly b Blae
ooy b daojlng cnl jo o) Slans ggene
@ dle 6l Gamgrad o Jae )5 556

osliiwl S 5L 5 e b (eSS Sl 9o Djgo
‘wbij JM&S@(Y‘\?)‘SIB?W| 03
3ged 359l 1) UysS albsg) S ogm, Jlnl cd)b
IS Sk 28 05500 sl (2L, Jae ol 51 Zahiri (2018)
Sged o3l (639 5lamey o5k Wiz )3 (45,15 By, g,
Joe opl 5l eslaul Lo Zahiri et al. (2019)
Silodoe 1) swo 8 alBog, Comy JS L csamgeat
NG PR ul.‘)u.;‘ wl) 9 5_»9,“...: JM Goae J.> (_g‘)g
5 St sbadl )0 Cgwy J5 5L bl 85 rioes

Ol n! < 9 6yl (owain (Sidgly (oole 4y
.Y QL’o’awA.b" .99 9 OL?L’».; o ylou AR o Jl

doddo
ple waige SGle dpiny 4 Az boojsul
9 &)lPlecms glaass o5 15 5 bailsog, Slg ae
lyon (5ol S35 b (b, sle o daail s 58l
G g gdmgs oo, sl o HeSTen wloads
Jio) ledilzog, Cgm ) g (b, Sy jaum aie; jo Syl
o3ls dewgs (MIKE3 «CCHE2D «FLOWS3D «FLUENT
al>0g, (gwiige Plus J> 50 35 g0l slas p )5 g oo
(Gessler et al., 1999; Singh and

Ghosh, 2000; Chonwattana et al., 2007;
Khosronejad et al., 2007; Eslami, 2010; Aybar,
2012; Montaseri and Asiaei, 2014; Lai and Wu,
el o Jow ool 956 .2019; Omara et al., 2019)

Silos )5 lag

x50 Sy ln i s pRab;l Sldlas ol
Glp gl 0,5 5 a8 .5 1,8 solawl 5,90 aSl>04, 4o
sl 0355 Sg0me sy ) Jsb b by glaailsss,
Slr oman g gangs sladas sl (SYsb )l oo
Sodgaze pl s (n e (SYsb g (Ao sladilsoy,
HEC- e cconSy ol sloos oS Gyb 5l el
S alie |, balsss, .. 5 ISIS MIKE-11 RAS
Shoe b ooy Sliss Gl edged (B8 LS and
O gy CllE 0l S g Jre oot sla el
.(Nabizadeh et al. 2021) ouS o oo g Sy
pladl alize pdame dacgsgame cpl 0,5 B,k 6l
b Jae cnl wlodges (gangaarct o5k, ladoe arwgs 4
G5 ey fo (Sgpaen sl el Shee Sl s
QLIS oo (63l Bos 5o bausgie ke Sy b i, . g
Syze |y alog, ye o byl ol Ol Js
e sloaillog, Lulpd bas WS oo Sl JelS

3, Slyten Sals
Shiono and  Jow wilisee (gamgoas slo oo Hbe
5 Jod BB 8y og Lls JJs 4 Knight (1991)
Sladileog; 9 o JU o) 5 (b Sy yues 5loae
Unal et al.,) cul atsls gloo s 0,5 (ol
.(2010; Fernandes et al., 2014; Kordi et al., 2015
&5 it lp £k, Joe onl 5l @l cnl o
Bk s e s,y Slile 5 bz Cepe o0

Y.


https://ascelibrary.org/author/Gessler%2C+Daniel
https://www.worldscientific.com/doi/abs/10.1142/9789812709554_0267?download=true

\A!

olnl @1 5 @bl (owaia (id g3y solke 4 i
VPV sl 90 9 olxy o )losds @2 o JLu

L w9y 9 Slgo
<ol g gigmd (0l Jow

30 oS giwb el Aoles 31 e (6,5 LSl L
FUR RPN vowei Jv- TR K\ POPILIES UL PP LtV PR PR S 0
sloailzog, 10 by ey o s > Gl
{(Shiono and Knight, 1991) ¢l sos 45l,| gubiinese

f 1
PYH S, — ply” 1+—-
8 Soy

L ﬂHz(iJmu s | _ 5 pgHS,, ()
dy P 8 d dy = Ps P9 0x

25 by Gee H i Cling ol JBo p ol jo a8
oy Feaal )l i Jobo o Sox cailsog, e 5l abais
Ol Gos ) bawgie Cepulld gl g (ool S
4 B ailess, (il ot Soy anlpl Jsb g o
Obyr cere o g (oD Ca il dn o e o A (B
b 5 lages il ol () JS) il
, g (Ervine etal., 2000) oog: sl sl,ls laailsog,

.(Shiono and Knight, 1991; Da Silva, 2006)

J= Glp e ol jo sl ouid anslae gamgoals
C.tl.u 9 ol oolawl RPRE s‘).‘>‘ U’““j) )l J“\-A U"‘ LS
S5 Blae i Jb samgeat 5 anSe siledoe
O 4By, ol laasli w5l (o) 09,0l dilsog,
NIFOW 48,5 51,8 dunlie 590 (gl Lo 5o ) &8s
SaS 1y &30y, ol wew, L Roshun et al. (2017)
Ol e gl 9511 (Seflypaen il o,
SaS a1y awldog, pl i b5l diged Wiz (plizee
Roshun et al. ) woges s pSoslail gl s paiges
(525 @35 Siltend Sk Gelgl sl il o (2018
Sy50 Lol g giged (gumgd and Joo L ailog) )0 3las

el 4235518 L)

: kot sl 2o I

(hw Cwd |
¥,/

"~/
Sy

Zi)) / /F Zs
T |

Dl 409, SO 30 by Gos (080 Ol i (V) S50

Sguzo syl gy a1 Culi g gigns dlslao Jo
S ollao ool ogase slyl g, 5l eolawl (5l
o o 32 by 03 iz 4 Ol s B (55 (Y
e 48,5 5l 0 Glesle 0)5 Sy g a0l 2
Aol olpo (olad a5 090 0 PP e Ogd
5 A dlsly Y oo ,e dlold 4 Lasd (V) Jedl a0

oAy (aeily o po ¥ slo (V) il yins doles
Ce o 520 Jdon sbrosls SIS a4 Wl a5
Sl Candy adllas 890 pls Aoy, sy Slaslin
oolatwl Sgazo slil (hg, 5l clolre ol (g0 J> 1y
MATLAB 76 low 0 J> s, opl asby g



Ue o oS 5 atls ol olf o alls o jgm
Ol snl ads> 09 o (75 AlB0g, 0,15 99,0 )5 (b,
IS vasmsls sl adem wilie pb e 4 5
03,5 o Dgmime (75 S il adg> slbade>
4 03y yeghS VY- 30> 0gyp )5 ailbog; Jsbo
ol S e S |, S AAYID Canmsy 4 (slailaie
YU asBo Ve gax,0VF sla o0 oogame ,o ddg>
a5 OF LLdl i slaJobs o s 4iads VY 5 4z o
ool ooy 2Bly 3,0 a3 80 VY gax 0 OF L agds -V,
sloo s Sl Gl g Shuass slaihis wis> ol
9 039 (=il Ol il Hgrpe w0y, el s
el 4l xS gte FIO 305 o] 4Vl oo Lgie
Ol ¥V s 5o phussle il jo ade (nl CusBoe
S yegyud o] 5l oled 55 ¥ S o .l ool ools

el 00l ooy yinles 39,0 ,5

\ S Gl g

J YA

e |

Sloa oty el azl s cosiisa el g

s Ny x= 720868 , y= 4038535
A 4
{
LR TR EE
'’ oS Glssgs g T s

Ol ] 9 6)l¢fi JPEVRCTI N Y3 PN PP YReA, vy
VoY liwsli . g0 g olxdy o)lols .o jowr JLw

S ey dobie () yurie i SIS 4 &g 0pl
ol bows e doles SG @

U(y)=u3(y) M

2

—piU (y) 1+(%J
8 dy M

dfp 2\/IdU(Y) (B —
+dy(zm 5 dy J—(ﬂs LpgHSo,

slas g30e Jo 092 5 550 Ll oS Sl s>
ool «il,l (Nabizadeh et al. 2021) axlas ;o 598
]
axdllae 3 yg0 dibaie
(395p,13) 99,)IB 4S9,

Jas oyl JI3 haisle bl jo 0g,p )15 ailsog,
o 9 485 detzr p 5yl Jla ad Jlid slaasals
(SBolw ety oS 0)3 s sloogS asls 5l e

Lo (gt padnd olSizel 39l L0y,
x

y
{
L
.//)
./'.
|"_‘
—~ -'{-)
A
.I-
S
-




Olnl &1 9 ol (it (hugfy sole & i
VFY lenl. 90 g olody o Lol o0 juw JLw

\Al

o pdiged S @ lee Jb cdale (OTT Joo LT
Sl s S tigns Bsgs S Sl 5 sran e
SMb| 5 glaods Vo 50 el a5 50 5lul
odls osls Hlas (g S oslail slaosls pgwy g STy
ol oy esls ) sl Hley jo eesls pl ol

Aloads cuils p VWANNYAY o Lo b ailso,

¥

39)P55 (609 ydud ol (V) S

ooliswl 890 (9w 9 (Slg uad slrosld
Blro g Sy oo, e loosls 5l allas ol po
sl ;o vgyp)ly albog, yo eul (g pSoslall
Sheikhpoor, ) ol sas solazwl 59,0,5 (5 yi0g 000

u’.ﬁ) a.....uu.c).w Ko .‘a.wj.v OL’)} u.c)....: (2014

ooliiuwl 8590 oSS (cwiid 9 (Sudgjuud Wledbl 4oMs (1) Jgu

wod Ooo,kd Oso ld S L el
Ligie (mm) (mm) (kgls) (kgls)
ofe v A ARV \Ni4 Y¥/AQ ARNS

AY YAID YA« </A /7Y

Bl L S s
(kgls) ol mls) oL~
md/s)
ARTAZ VIV VIY Jslo>
\RATVARE V-FIY YIY S las

waly 5,5 Jolis oy, U5 5L 0yl ly Jse
oolaw! )Jj.«c 9 )w—)».c 9 ‘O.w)y ‘u.iula ‘u.waL‘b—u\.:ﬁLiv‘

el 00 SLIY Jsoz 5 b Jgerd ol 5 gligas a5 o

J5 9 3ro Doy 5l (medd (12 s g0 58
Sy dmlne Sl Jge b (i) Gedow cnl o
Sl Jse® e Soled jo 9 485 18 s 050
Js03 0 5l meehy cplpo uwl sad &3] Jlas o g0 dil>og,
~od (Sap ool Jeli Aoy, lae Jb 09T n @il
Woomial 5 (g bmy Pgere- Sl (SuiJls
AL Jga g s yae Jold e )b oyl p gl Jse b
SOb Gaked wepgd o Sbld nliy edljie
gl ygudss S HL-Sig 0mz gl i

0 5 g5l 5 ruila-iglSil i 3-25glSl gk



oyl ‘?’T 9 c.G)l'.‘.“.’T W (g (ool Ayl

v¥
VPV lwsl . g0 g oldy o locds o0 juw JLw
5L gy 5L e@lro 5L dwlno gl g0 8 5l slaiges (V) Jgux
g alal, ol akl) g5
qs 4 (AEasle;] cglanls) Sy Bl Sk
=F(K—,Z g )
yqumd ( U*151)
wa Bislosl « glawls) S S
ds = YwqCaPrexp (—UD) (Eabshlaty S5
3 r (2talojl () Yy g sy o Fomt 5k
q, =80, g(Gs _1)d50 ————0.047
(7 = 7)dso
3 T T («Sbli‘“-’t“’j ‘Ls""“’) 9“‘3)57“39&‘
q, =11.6p,+/9(G, -1)d3,| ————-0.05| | ————— —0.156
(7, —7)dso (7, =7 s
(Bslojlglanle 2)egls -5, Js st

ocds(VY(F_)
o-acely) (5

G, VS,

RS,

((2Eialos] (slawle) Cpamile —254lSil

Qt =0.0Q G

. —1/(G, -1)gdy, (G, -1)d,,

—ua>Lw » og)LC el l.Qddj.o) Sloss N “Lu‘lj) U"‘ 5o as
5o s Slanye oS0le a ) 55l] a3Ls 5l (398 slo
] 00l ooltul iy O g A

Z?I:l(Qc_Qm)z

RMSE = )
N
S g s

55l gy 5L Bl 5L oSy il e
JBle R 50 IS 0L 5y L Blae gy Lail ) (oolod
ok sl <l 4 Ll @l g ab (cmgiaaly JuS]

A sl 390 )5 (6 leg o olSis] )
Gl )b gunSy gilw e

alag, Bles b 05505 sln ¥ Jgir @l bl
S b o 5 (wSgp 5 o) comiinl Laly) 09,05
YO ¢ DAY FFIV squ> G 10<R<Y als 1) &,5=L
5 O abal) Geizmes il ge CES (n e )l w0
DRPGurs Jo 3 VIV g0 (65521 Cand L e JIS

el 0ol 43|)‘ ‘) C"L*"

Sy 331 3 Abaily (32 yie (e SRS Lo
(R) 53926 b BB s

31 odel oty Cgany b s bl a3l
58 oS3l Cgasy Sl 4 Qo) (225 ladse b
e & Cowd ol 4z o ] e Cewsy (Qm) ailboy,
el (275 Jg058 YL s il il 305wl

R =2 (f)
Qm

63970 Camnd Hlaro Bl yzxil 9 (5 SSleo

Ol ol (5,92l S (a3l egdle
Gl gl 55 (0) 652 L o lons Gilyzil 5 (R)
10555 o0 )18 oolnl 0550 Cgay )b alal) oy g

R= TR o)

N
%\I=1(Ri - ﬁ)z
N-—-1

*)




Vo OInl ST 5 63kl (it (i gly (oade 4 i
VPe¥ Lol 90 g ol o )lods o0 o Jlw

ouds &l 5yl sla sl (wlul p @hao )b 0591 » 35y S b9y Guiuas; :(Y)Jgaa

o R - ¥y<R<y -10<R<y @ L,

< [OF «[AY AYINY lddid Cyaaiida]

A BAAT AY/YY DAY o)

YIfY AN O Yo oS 9y

fIva 719\ \#IPY \#IPY S5 - ]
e 9 Sbild (g9 Laly a5 el i Sy ()l ot 3l (G S (g5l Jo
Ly Gl 4 g 00g (clbe S Gl Yoo g 2o bl o yien b Jsl oo Lalg ) GBS gy o ol
ML‘&" Ul-'>‘-“ J.:LS “-3[5'-55) d‘ o Y] )lJ ~>)5‘)‘ )‘)‘ L)"’L'“"‘ » el 00 ﬁ‘)l \i LJB» Bl 3) 6L® ,a.} Lo

ouds )l (gmy S A LS (wlwl p i 3b 0591 p 5 0 G, Guivay (F) Jgua

c R -I¥Y<R<y - [6<R<Y o Ly,
v - APV YY/vY S
Y/¥5 Y/sa APV YY/vY Sl
vIvY 100 APy /Py VPRI

YO/ YA . . il — 33153
FY/FY 512V . . hos
FEIVE 8O/ Y . . S5
V1454 VRV . . JURYERRONL ¢
VEOIVY 14Y/50 . . Sk~
VASITE Yoo/t . . 39l =i
Y¥5I5- YV Y . . salos
Y1V/E0 Yo /fA . . g =5,
YYE/50 YAAIA . . S

Y5 VY F1-/A¥ . . saione —lan]
YEE/FA FIVYVY . . o
YAVNA FRATY . . o5y
FEVIPE DOY/A- . . oy
BAY/VY VAYI00 . . s

oy J5 b Guny gilw ]
oy, U5 5L 0500 lp 0 Jguz b elul 5
~WslSl 5 Cals 3,8l Jse 9 e e Slaghs; s,
C10<R<Y als 30) 682 b Gl b ol g e
— 50 S8 (e sl a3 VEIFY g FVIY FFIV sg0
5 Kb slahy) 4 bape 8 @mls (o ydens il

Bl oo )Y



Ol ©1 5 skl (owoign (hup gy oole 4 2l
VPV lwsl . g0 g oldy o locds o0 juw JLw

ool 4il,f 55kl (sloasLis ol 1 JS 5L 03T 2 5 32 S gy sy :(B) Jgur

c R - ¥y<R<y
\7A V/O¥ AY/IYY
<IYA <10 Yo
DARs </f OAIYY

-16<R<y S g,
FEIZY Ao 9 F =
£A/8Y Caly = 5,5
VRISV il — 5l

<8
oY

Sl VYA OT a5l gl a0l S )
el ol ooy Hlas B S 5o (VVVIYY £)50 )
g9 (D (23 (pl el 4 Siile (525 oy n e
&S wlae o dilocil o 4y axgi b KUY RCRRVIRY RS 7N
5 Shelice b ,> sl oo .cul alate 05,615 ailsog,
i ol g G5l il 4wy, Sl
s a5 sl 4l caSe e VVF/4F 5 V- /YD
RYPY FUIS I CUON 2\ JUERV-R PN KA FRRWSSRR VA RPN ES
2 @9 Sileand Sl 625 copl o
o plnil (555 po e b (6,500 Vs gl e s
S99 it Al o (ol )3 (Slewlore g Slaalive b >
el 45 Wl Ceway a6y S e VAN O 5 1V/OR

Ao oo sl Ll Jaw slp 1) de,ys VIV sg0-

Gorgdand (g 3lw S
Ol S p (9658 2395 (55 lwdnnsd
0= 839 bl p (2ol Jae (miwly -~ A
e

Samgdant b, gl Jow 5 eslitl gl ol o1y
Slied (s baaildg, Gy b eSS sl
e OB cnl el lp Ghey e Sl (£5L; Joe
ol elal aileey, Sile s ey il
ogkite cnlar Sl by e (p20e @98 Slaslis
Slabs slace pw polie 5ol L allie cpl o
SeS a4y 395055 (5 ey ied o] ;5 39,05 Al
@Wldog) Goe g (28 53 (Aidse) griwie yu olliws
05 s (6 y9b Kiile (65w pd 35 L i
by Joe SaS 4 ol dlne e ju polde as

Lateral Distance (m)

-0/5 ¢ 6 12

E-1/5

N

-2/5

Bed elevation (m) ——Model

18

24 30 36

¢ Data

(VA JoI L OMw) (iunly ad 3050 e puw (0856 22598 (219 y20lo 9 (2L 5 Juo o b8 dunn Liox(F) U

\44



vy

Oln! @ 5 6rlal (owiige Syl (oods s 23
VPe¥ Lol 90 g ol o )lods o0 o Jlw

Lateral Distance (m)

£ .y

N

-2/5

- Bed elevation (m)

8 10

——Model oData

QA Lol b OMw) (oo o w0 §0 S s (058 23595 (B9 polio 9 (0L ) Jowo g bo duy lio (D) ST

Glao Sl oyl coiie o by, e gl @l
5 WA Ol gl slajl sl 4 (Soy 5 ooy s
el o o0l Lis ¥ 5 8 gla S o jtestile VYA
abaly ool gl 5l 50 2 50 Ceol Lasiie o5 jshailes
Loy S alaly 5 (oigm S oS Tl it
SRSl L el Blae Gy b oy sl
Blae Sy 5L Glae )b (g2, sloas S o250
Sy o f Jouz gl bl 5ol onlds auloes ailsog,
4 lae ,b oo 051 ol raniile WA O s 515
Gongddnd g (GanSy Sl 93 )0 il by, SeS
b i oS el 4l o8 YVIY 4 OY il i s
iy 4 (@b p)S TEIA) ot (ool 3las b
b 15 gl ails de 0 Ve g VI sgus ollas lls
St 4 Somgdacd oo o8 ferle VYA O
Sl o slhs cul aily gonSs b a4 cus
aleog) Blao JS )L oS )0 Gumgdand 9 GunSy

9y )b o @lro 5k Dgu) (2850 22595 3l
39ypyl5 ailsog, U5 5L
—ad Ol Sy (5250 8595 Sileand ] g
2 J5 b g e b Blae [ gy o050 e S5l
Slaslboes oplcwl plnl LB ce s m565 gl olal
5 oS 5 b plow] cize oo Ly, 4en sl
Slodel oy IS5 Blas gy (o200 @i @SNV U
s>l o 4l pp)S e ) Culs sl (5k; oo
Blae b 05515 coiie Gigy des (6l lad (Wlog, o0
s WA Ol gl slosly sl 09,005 w09, U7 )L 5
odls Hlias 3g,,5 (5 g, 0 olKin] Ho yianle QA
01,) 525 0 (5 o3l prolie o Sl 15 el o0

395p,l5 o9y Flro )b (8,0 2595 lwani
olie ISy Cep Lo @ig elul

P o0k 2 ln g, sladsed )3 e
Ol el sl BB Blae (b (o250 @jes il



80 -
70 o

60 -

30 - =

Suspended Load (Kg/s.m)

40 - /'

Ol ©1 5 skl (owoign (hup gy oole 4 2l
VPV lwsl . g0 g oldy o locds o0 juw JLw

— -Einstein (1950)
Rouse (1937)

— - — Brooks (1963)

160 -
140

=
N B O ®©® O N
o O O O o o

Suspended Load (Kg/s.m)

Lateral Distance (m)

(Foatibi QA J) (29w (2205 aly ¥ 51 (Glawlro @lao )b (0858 @2595 dummlo :(F) S5

= = -Einstein (1950)
Rouse (1937)
— - — Brooks (1963)

18 24

Lateral Distance (m)

(ol WA J&l) (9w y (o255 alasly ¥ 51 (Flawlxo Ghao )b (06,0 20595 dum Lo (V)Y JSC&
ity | i aluly SoS 43 990 )15 ailB0g;y Glro jU (peid (Gumgd 9 (G (g 5lw oo gl Ao :(F) Jgu

30 36

Gmgddd

YVvIiY

ARARIVN

(Kg/s) les b
R
oy

Y-YRIE

&S o3l
Y¥/A

Yvaa/y

o @
(md/s)

\V/iad

ARA AT

Sl WA 5 AN Ol gl slals sl Glse 5 5
g A Gl S jo ouds (6,5 05lasl polie b anslie (o

Js0 3 Y cpl ol 5l a8 sl asrios .l oal ooly Lis

By polie b g e Hlms Bllail (9290 alally ¢ gm,

9 e Lailg,y 0l Aoy, oye j0 s Jb g,

39 el alBog, yw )b (2058 23595 (S ilwdnd

s 5l 22598

(Blae )b (050 @y drule i

25 &P SeS 4 g Al (Bye )0

P b oo @y @l el ploxl LB e (D
— o 9 Shl B (55298) coie o9y abail ) Y51 Lol

YA



va Ol 0T 9 bl (s (g} (ode 4 2l
VPe¥ Lol 90 g ol o )lods o0 o Jlw

350

300

N
(O]
o

N
o
o

150

100

Bed Load (gr/s.m)

50

nolie 5l 5555 olesygly @hls Sl 55 g Jse

1- — -Duboy (1879)
{ —— MPM (1948)
11— - —Frijlink (1952)

*  Measured Data

\\
- - = = -_—_—— =TT T T - . &

L : Y 2 . : ' <~ -
0 2 4 6 8 10

Lateral Distance (m)

(ol AN 1) 5225 ally ¥ 51 lowlone 5 0k 5 50311 i o (83 2387 Ansglhn () S

5000 1= = -Duboy (1879)

—— MPM (1948)
4000 A

< — - —Frijlink (1952)
% 3000 { ® Measured Data
]

T

@©

S 2000

T

[

2]

1000

T a4l

Lateral Distance (m)

(ol WA J0l) (o p2x5 alasly ¥ 51 (Slawlxo g oo (6 a5 03103l y b (06,8 20595 Ao Lo (1) S
BS990 eiin alaly oS a3 395515 4ilB09;) yuws Hb (uod (GurIgOa g GRSy (S lw S g LS s lio (V) Jguo

(9r/8) yws St ol @

Sorgoads oSy S Sl (m¥s)
VVAN VA5 YAY/A VI
109/ A VELIA \q. YYIVA
VYWEL- A VY. YAAY VAIAS
YVAIY Y. YYa/xa YAIFE
OFFNY FYY oY+ /) s+ IA

VOYA TYOY- OOAD (RA AT




Oz @ el WA Of gl 515 L s £53
ghie 5l 6 )9me Cguy S5 )bg adl S e V- FIVO
0dls (g pSojlail asl p p S elS YA« sgus> dilso,,
Ao Lags 0 8,505 US4 el I 5 el o
TYE gancSy cllo o ppmilewiglSil Ciie o2
VPPV 3g0> amgodnd clls o 5 asli s p,oLS
B b3l Sl a5 el oal Gy 4l ;o SolsS
Lol gamgoas Lol Jae o Slale cds alax>de
loiliog, 5 (srgmy loaslome o ol | po3l 4 az s b
2 Gamgdans sl Joe 9,8 (Dl Ll jo 055 4

Lol a0 BB 053 4 a5l

24 4 = = -mpm (1973)
21 -

Total Load (Kg/s.m)

Ackers - White 9.9'73)
18 4 — - — Engelumla.nd’Hansen (1967)

Ol ©1 5 skl (owoign (hup gy oole 4 2l
VPV lwsl . g0 g oldy o locds o0 juw JLw

395005 409,y IS )b (b 259 Gilwannd
J5 oL sladse,d o e, polie 6,135 L
&5 Wby, oy 50 Slawlbre o3l o gl g,
A L.S‘)" C.'L..a u_v‘ w‘ GMT w.b Sgwy Jf)b ‘5.0)5
Sge 9 7 o) oy JS L0l p e 028 s,
ol v ol sl ay (Guila-aislSl 5 wcaly -3,
ot o0ls Lii 1) 51+ (gla S 5 testil VYA 4 9A
@Wlog) 2,8 50 o) b5l 520 S IS L ol
)l Jgaz j0 @lbs ol e ool Cawdy g, IS L

6
Lateral Distance (m)

(rogiibo AN J&N) (o220 bl ¥ 51 (Flowlno JS )b (0056 @598 dummlio (V) S0

140 1 _ _ . mpm (1973) N

120 1 Ackers - White (1973) /-

100 4 — - — Engelund and Hansen (1967)./ ‘N
E 80 -
N~
bo
X 60 -
]
M
S 40 -
©
e 20 -
'—

0
0 5 10 25 30 35

15 20
Lateral Distance (m)

(oatl WA Jb) (o5 alaaly ¥ 51 (Glowlomo S )b (b 58 22595 dumnlio:(1)) S

Ao



A

Oln! @ 5 6rlal (owiige Syl (oods s 23
VPe¥ Lol 90 g ol o )lods o0 o Jlw

Crila— WiglSl citin (19w ) alaal ) SwS 4 396,15 4ilg) US 5 et (Gumgd 9 Gun e ilw e s amlie :(A) Jgua

(Kgls) s b
Gdrgdals Gy
FYTY Vo/
VEYVIE FYA/F

oz (29
& S5l (m3/s)
Y¥/a \V/Iba
YA« <IN VIV

35810 U5 L @l p)SolS YA - g0 5 ailsog, |
s o aila-aiglSl Coxiie g2 adaly awsd ool
Gomgdads L o g 4l e FlS YV anSy
Silo a8 Cenl ol Cawas 4l 0,5 lS VEYY sgas
Gt o o Elslone s adlisde L5 i3l
Cowl 4295 BB 5 oes S cnl 5l 2o Glil cpl el
2 BalE0g, 5l ($)908 Cmy Slin i Lagos a5
baileog) Cgu) Slawlore 80 5] 5 039 M (e
FE&S sl s (b 4 Ghle S dls Gl s
U5 0505 Wles a0y, paible 5 cwiige slaz b
2 oodle Gamgaant slaJae a5 Col cnl Koo e
@ L Ol Gl iag, Slale 235 I
G2 )0 gy ShilE Ok o5 wadpe Gradine
WL un S sle Jaw a5 J o aiuS 54l |, il
2° Slbgwy 2250 @598 5 (BT L axib oo Ul
P s, b el b slaesl plgiee ailsss,
slad=ol; @S’ o lp g sged ain |, albsg,
ol sl eolaiwl b puoren oo slgiin | pgadte
& slosls izl 5 (b sl ceslis Joe ol 0
51 esliiul ol (St (IS jeb 4y oges Sleiiy )
—ail0g, Doy 5 Ol Su e )0 Samgead laJas
@ Wlgiee Gebod (al g oudd 605 LS job 4 o

2l pogaz onl yo 8 gl Dlgre

‘53|.>)..x§
Copde (lgre b (Sl o3y 5l cid axllas (ol
Wo> diws 5 oolaiul b bailsog, Sy Slallae
Sl olo> LYoo/ v oY oloyl 8 0)leds 4 (5,380 5
&le Co pos gaass ole &S 10 (50,5 i 58

wsmy e Ly, 5l eolizul b ozl allie ol 4o

—poly Ao, S by Blae 5l ¢t )b caliSes (i
OO dle 35,0,5 (5 ey o] e jo 55,
Glao 5k 3550 )0 a8 sl Gl @S (anSe 2dl)
B s (wSop g ol comanl Ly, @ilsy,
3505 5 o Qll iy Ll lsie 4 g 009 (6 e
olie &y Coad C85 0y L grg0 alaly iy b
5 S 3 Skl 025 Ly, og el (6T osl
el s Sl 955l 5 Lilsy (g 5 eesd 32 oo
Llyy 5o gmy IS L 000 p0 i e 4 a0
Olye & fpaile —5glSl g ol =5 800 ¢ ge g 5 — e
(5| el g ped Al e s it Gl Luls, oy
OB gy JUEl g9 aw p2 3 (pge) Slewbre 280
—ad g3l o g gilwand (S5 g e )b @lre
R S sguely wlBeg; )0 g, JESI gamgd
Yo bVe ogao as ailog, (o,e ol jolain cplay.cd 8
m2ly Joe S 4 e 9 0D el J S5 ol
Sy polie (ol g gignd amgoard (Slgaee
ey plie (6 IS b dslma o5l 2 40 by
St 5L oBlae Sl ailBog, (250 Slesl 5o 50 bz sl
b G g 0d dalone o5l 5o 0 ailsog, JS Ly
Blae S )b cogu) Sbale polis 5l (o250 65 1S
Aoy, ahaie 5l 5y3ee oy S5 L Eseme 5 s
ol Ao s pl S egas o Ll aiSS ol sl
By wlgw, JESl g8 4w o 0 Lom a5 ol
stz s BB e 4 gamgoas cll> o Sl
s 53 e Jle jsb el 03gy i GamSe >
& il VYA OT mhaw 515 L) AVVIYY #se
So3e 2y 5 0L g 48l S V- FIVO (L >



ol ‘?’T 9 QS)lggT JPEVRCTI N Y3 PN PP YReA, AY
VFeY lwsl . 90 g olxdy o )losds .20 juw Jlw

U"‘ )‘ s QKM}' ! 00 ﬁl.?u‘ 9).»4 u)‘)j u]
S (oo ST Gl je

&b

3y 93ly Joe pymlie et ATAP g oligye @il 5 S Slags o3 b pS 0lioleg w0l
YA-0F (VY axe Giolo 8 sla imgh . o)ljaisle sl 09,015 aslsog, o les

2 dwle g o sy SIS (p) 2 ATAF e lingys @B 9 S Glodk 03 LS elioleg wpim (L)
WY S 5 ol pole i (Olhisle Glsl eg,0,]5 alog) 15990 anlllan) iy Slges; (s, slo S
Yya-via

Tk Ll o s 5 095055 (5 g 000 oSl 50 390,15 a9 (las 5 e jb 6 SN NTAD 2 g
Oyl gladhaie Ol 8,8 Slidss

oBis) 169,90 dnlllas) adil>0g, 10 b > S s 28,8 m5e5 o AYAY .G oooljlas 5.8, w0dljogl g (s il
FVYY-YAY (VN8 (s molio g (55,5l pole ay i (9,15 dils0g, o S (g yhog )00

2l Jowe sl eslatnl b eailsog, 1o o, JUil go,e aie8 anwloes AYAV L Slans 5 .z 0I5 A8 g sl
AY-2F (Y)W ug" &L;.A (o alo (g0 ,3 4\.'>L">.>5) (89,90 axlas) GIrg0 Al

@23 (09,15 a3 163 90 anlllae) oy, (w93 55 Blae Sy 9 Gl Slgynes (il ITAY s,

3Ly ol Sdgyaue samgs 4l gilwJow VT o ala Fliae dl o Slans g (st cp ( NS glg 0ol oS
AAOF-VAZA AOYIY o)) pl SB 5 Ol Olidss og,e,l; ail3og, s

Ackers, P. (1992). Hydraulic design of two-stage channels. Engrs. Wat. Marit. And Energy, 96: 247-
257.

Aybar, A. (2012). Computational modeling of free surface flow in intake structures using FLOW-
3D software. MSc. Thesis, Civil Engineering, Middle East Technical University, Turkey.

Ayyoubzadeh, S. A. (1997). Hydraulic aspects of straight-compound channel flow and bed load
sediment transport. PhD Dissertation, University of Birmingham, U.K.

Bousmar, D. (2002). Flow modelling in compound channels. Momentum transfer between main
channel and prismatic or non-prismatic floodplains. Ph.D. dissertation, Univ. Cath. de Louvain,
Belgium.

Chonwattana, S., Weesakul, S., and Vongvisessomjai, S. (2007). 3D numerical modeling of
morphological change between fishtail groins. Proceedings of the 30th Int. Conf. on Coastal
Engineering, San Diego, California, USA, 3178-3183.

Da Silva, A.M. (2006). On why and how do rivers meander. Journal of HydraulicResearches, IAHR,
44(5), 579-590.

Darby, E.S. (1998). Modelling width adjustment in straight alluvial channels. Journal of
Hydrological Processes, 12(8), 1299-1321.

Ervine, D. A., Babaeyan-Koopaei, K. and Sellin, R. H. J. (2000). Two-dimensional solution for
straight and meandering overbank flows. Journal of HydraulicEngineering, ASCE, 126(9), 653-669.

Eslami, S., Van Rijn, L.C., Walstra, D.J., Luijendijk, A.J., and Stive, M.J.F. (2010). A numerical
study on design of coastal groins. In: Burns, S.E., Bhatia, S.K., Avila, C.M.C., and Hunt, B.E. (Hg.):
Proceedings of 5th Int. Conf. on Scour and Erosion (ICSE-5), San Francisco, USA. 501-510.

Fernandes, J.N., Leal, J.B., and Cardoso, A.H. (2014). Improvement of the lateral distribution method
based on the mixing layer theory. Advances in Water Resources, 69, 159-167.


https://www.worldscientific.com/doi/abs/10.1142/9789812709554_0267?download=true
https://www.worldscientific.com/doi/abs/10.1142/9789812709554_0267?download=true
https://www.worldscientific.com/doi/abs/10.1142/9789812709554_0267?download=true
https://www.worldscientific.com/worldscibooks/10.1142/6439

AY

Oln! @ 5 6rlal (owiige Syl (oods s 23
VPe¥ Lol 90 g ol o )lods o0 o Jlw

s

Gessler, D., Hall, B., Spasojevic, M. and Holly, F. (1999). Application of 3D mobile bed,
Hydrodynamic Model. Journal of HydraulicEngineering, ASCE, 125(7),

Haddadchi, A., Omid, M.H., and Dehghani, A.A. (2013). Bedload equation analysis using bed load-
material grain size. Journal of Hydrology and Hydromechanics, 61(3), 241-249.

Khosronejad, A., Rennie, C., Salehi Neyshabouri, S.A.A., and Townsend, R.D. (2007). 3D numerical
modeling of flow and sediment transport in laboratory channel bends. Journal of HydraulicEngineering,
ASCE, 133(10), 11-23.

Knight, D.W. (2003). Reducing uncertainty in river flood conveyance. Interim Report 2: Review of
Methods for Estimating Conveyance, Environment Agency, UK, 73p.

Knight, D.W., Shiono, K., and Pirt, J. (1989). Prediction of depth mean velocity and discharge in
natural rivers with overbank flow. Int. Con. on Hydraulics and Environmental Modeling of Coastal,
Estuarine and River Waters, England, 419-428.

Kordi, H., Amini, R., Zahiri, A., and Kordi, E. (2015). Improved Shiono and Knight method for
overflow modeling. Journal of Hydraulic Engineering, ASCE, 20(12), 1-10.

Lai, Y., and Wu, K. (2019). Three-dimensional flow and sediment transport model for free-surface
open channel flows on unstructured flexible meshes. Fluids, 4(18), 1-19.

Lambert, M.F., and Sellin, R.H.J. (1996). Discharge prediction in straight compound channels using
the mixing length concept. Journal of Hydraulic Research, IAHR, 34: 381-394.

Montaseri, H. and Asiaei, H. (2014). Validating of SSIIM 3D Model for flow field simulation ina U
shape channel bend with intake. Journal of Water and Soil Conservation, 21(4), 29-53.

Omara, H., Elsayed, S.M., Abdeelaal, G.M., Abd-Elhamid, H.F., and Tawfik, A. (2019).
Hydromorphological numerical model of the local scour process around bridge piers. Arabian Journal
for Science and Engineering, 44, 4183-4199.

Shiono, K. and Knight, D. W. (1991). Turbulent open-channel flows with variabledepth across the
channel. Journal ofFluidMechanics, 222: 617-646.

Singh, C.B., and Ghosh, L.K. (2000). Application of 3D mobile bed, hydrodynamic model. Journal
of HydraulicEngineering, 126(11), 858-860.

Unal, B., Mamak, M., Seckin, G., and Cobaner, M. (2010). Comparison of an ANN approach with
1-D and 2-D methods for estimating discharge capacity of straight compound channels. Advances in
Engineering Software, 41: 120-129.

Wark, J.B., Samuels, P.G. and Ervine, D.A. (1990). A practical method of estimating velocity and
discharge in compound channels. Int. Conf. on River Flood Hydraulics, London, 163-172.


https://ascelibrary.org/author/Gessler%2C+Daniel
https://ascelibrary.org/author/Hall%2C+Brad
https://ascelibrary.org/author/Spasojevic%2C+Miodrag
https://ascelibrary.org/author/Holly%2C+Forrest
https://www.researchgate.net/profile/Seyed-Ali-Akbar-Salehi-Neyshabouri
https://www.magiran.com/paper/1357169/?lang=en
https://www.magiran.com/paper/1357169/?lang=en
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/13369
https://link.springer.com/journal/13369

Fahl g gl o

Calibration of Hydraulic Flow and Sediment of Quasi-Two-Dimensional
Model of Shiono and Knight in Zaremrood River

Morteza Nabizadeh Valukulaei?, Abdolreza Zahiri?", Amir Ahmad Dehghani®, Mahdi Meftah*

Abstract

In this study, the calculation of hydraulic flow and sediment (suspended load and total load) of
Zaremrood river located in Mazandaran province has been investigated using Shiono and Knight quasi-
two-dimensional model. This model is based on the Navier-Stokes continuity and momentum equations
and is simplified by depth averaged concept. For this purpose, using the finite element method, this
model was solved numerically and the lateral velocity distribution were calibrated at the Garmrood
hydrometric station. Comparison of obtained results by Shiono and Knight model in different flow
discharges against measured data indicates the high accuracy of the model for lateral velocity
distribution. Afterward, by using the computed lateral velocity distribution, the distribution of suspended
load and total load across the river was simulated. The results showed that among the 5 empirical
suspended load equations selected in this study, the Einstein formula (1950) has the best accuracy in
both one and quasi-two-dimensional modeling cases. This relationship in one-dimensional state with
standard deviation of discrepancy ratio of 0.56% has a higher accuracy than the Rouse (1937) and
Brooks (1963) sedimentary relations with a standard deviation of 0.52% and 2.47%, respectively.
Finally, among the 5 experimental relationships of the total load studied, Meyer-Peter-Muller (1973),
Ackers-White (1973) and Engelund-Hansen (1967) sedimentary relationships with discrepancy ratios
of 66.67, 41.67 and 16.67, respectively presented the best results in one-dimensional mode, and the
accuracy of all three methods was better in two-dimensional mode than in one-dimensional mode.
Finally, it was found that the accuracy of suspended load and total load modeling in quasi-two-
dimensional mode is more than one-dimensional, which shows the high impact of Shiono and Knight
model in simulation of hydraulic flow and sediment.
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