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Abstract

Introduction: Duckbill spillways are widely used in irrigation networks due to their extended effective
crest length, which allows them to limit upstream water level fluctuations under varying flow rates.
However, sediment deposition upstream of these structures is a critical operational challenge that can
significantly affect their hydraulic performance. This study investigated how different sediment-
deposition patterns affect duckbill-weir performance under various channel slopes in an adjustable
rectangular flume. It also examined how two crest geometries (sharp and rounded) influence the
discharge coefficient with and without sediment. Findings show that upstream sediment causes a
substantial reduction of 24-28% in the discharge coefficient, leading to higher upstream water levels.
Although steeper channel slopes generally increase the coefficient, the negative impact of sediment
becomes more severe at higher slopes. A comparison of crest geometry revealed that the rounded crest
offers a clear advantage under sediment-free conditions (about a 6.5% increase in the discharge
coefficient), but this benefit sharply declines when sediment is present (only about a 2.5% increase).
Overall, the results highlight that sediment accumulation is a major factor limiting the performance of
duckbill weirs. Therefore, accounting for sediment effects during both design and operation is essential
for maintaining effective water-level control in irrigation distribution systems.

Methodology: A laboratory flume with adjustable longitudinal slope was employed to simulate flow
over duckbill spillways under two operational scenarios: initial operation without sediment and advanced
operation with full sediment accumulation. Two crest geometries were tested, including a sharp-edged
crest and a rounded crest commonly recommended for improving flow detachment. The sediment layer
upstream of the spillway was shaped to represent a real-world deposition pattern observed after long-
term network operation. Flow depth and hydraulic response were recorded for each condition, and the
discharge behavior was evaluated based on changes in the discharge coefficient.

Results and Discussion: The findings revealed that sediment accumulation plays a significant role in
altering the hydraulic entrance conditions of duckbill spillways. In sediment-free conditions, flow
approaches the crest smoothly, preserving energy and leading to efficient discharge. However, in the
presence of sediment, especially when it extends close to the spillway nose, the flow experiences partial
blockage and redirection. This condition increases upstream water head and reduces flow velocity just

Journal of Hydraulics
21(2),2026

101


https://doi.org/10.30482/jhyd.2026.567508.1757

Hydraulic Behavior Analysis of Duckbill Weirs under the ... Mahdavi Amraei et al., 2026

before passing over the crest, resulting in a noticeable decrease in discharge efficiency.

Moreover, while increasing the channel slope generally improved flow capacity by supplying additional
flow energy, this benefit was partially offset by the disruptive effect of sediment. At steeper slopes,
although the flow had higher energy, the interaction between flow and deposited sediment generated
stronger turbulence and localized energy losses, indicating that the positive effect of slope becomes
limited if sediment is not managed properly.

The comparison between crest geometries demonstrated that the rounded crest exhibited better
performance under clear-water conditions by facilitating smoother flow transition and reducing flow
separation. However, when sediment was present, the effective overflow edge shifted from the physical
crest to the sediment surface, masking the hydraulic benefits of the rounded crest. This finding suggests
that crest geometry optimization alone is insufficient in networks with persistent sedimentation and
must be complemented with sediment management strategies.

Conclusion: This research highlights that upstream sediment deposition is a key parameter influencing
the hydraulic performance of duckbill spillways and cannot be neglected during design and operation.
The study emphasizes that channel slope and crest geometry interact with sediment conditions, and
their combined effect determines the actual field performance of the structure. Therefore, for long-term
efficiency, spillway design and maintenance strategies must incorporate predictive assessment of
sediment behavior and targeted flushing or dredging plans. The outcomes of this study provide practical
insights for irrigation authorities, offering guidance for both initial design decisions and adaptive
management during operation.

Keywords: Channel slope, Crest geometry, Discharge coefficient, Duckbill weir, Sediment deposition.

Conflict of Interest: The authors declared no potential conflicts of interest concerning the research,
authorship, and publication of this article.

Funding: The authors received no financial support for the research, authorship, and publication of this
article.

Data Availability Statements: All information and results are presented in the text of the article. The
datasets generated and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Authors’ contribution:
First Author: Investigation, Formal analysis, Writing — original draft.
Second Author: Conceptualization, Methodology, Supervision, Writing — review & editing.

Third Author: Resources, Methodology, Supervision, Writing — review & editing.

Journal of Hydraulics
21(2),2026

102



Olp! Sdgyuud (pozxdl

Slgyiud 4yl o~ pg R allio

gyl

o]

1P+ Gl A)1-110 Olxdis ¥ o5l TY Jl venenHyarastc Assoclaon https://doi.org/10.30482/jhyd.2026.567508.1757

Flos (o) &g Gy I ) 25
SI10 po 9@ Wl 10 Vowy Cld!

roélj@(.';y’ THe 6*76ﬁ)&)9ﬁ’ &ble 4‘é)o' S 9ago Jal

ol oS el oS ¢l mulin g (55,5LaS HEASs ¢ SISLT 5 (6 kel swsiie 05,5 o) ol I ggmmtils -
Il s 5 ol ¢ e qlin g (535LES FASls ( SILT 5 (6 )lal pusiiges 05,5 Letils -Y
Sl S el oS ¢ gl ailie 5 (55,558 EASasls o SISLT 5 (6 LT siigee 08,5 Sbiwl Y

*parvarsh@ut.ac.ir

VECFN 100 il o
VE-OI YN s ,5550
VRO YNY il

Sy yoen 4,48

Olpl Sy e ezl $$$

www.jhyd.iha.ir : g 00 4 55 ooy
VE O/ VI 5 O

SRaSs 55 (slo0 1S 9,5 0l el i (0,5 S9amme p0 Ul 5 ey S Jsb o 4 (SIS glagy ) s 0SS
0, Ses peamd o 7y 0)lge el 45 aS ool ol CawdVU j0 Cogusy Selil 31 e )10 0 a0 5T 51 o (b ol bas s 5L, s 5ke]
Fob ot Cod (SIS 5 5w 0 Shee (IS 0gm; G Sl 2bj)l Baa b Aagh (nl s atine )y Sy
2 0k e Sl p (04 g 55 ad) ) 4SS5 93 ST rizmen 0 plonll pdycend (elaitns gl S o JUI il
VF el s 0nSilos jsb 4y a e StV 53 Sl 3529 a5 ol (Lts @l ) 18 (aleil 90 gy g 5 b Ll
ax ST U Job o 0l381 b (piman 098 oo CawdWU 10 O 6l )] ogame (iolpdl azes 10 5 by copd 10 00,0 YA L
D9 g0 MaiS JAl gl )0 (Dl jeax 5l LU bz oo Rl Glie Lel el go I8 IS ek 4 bz oy
gz (b, o o (0o )0 PIB sgu ol 8l L) Gamny g Lol 0 0.5 ad (65 0 aS ol L 3y e ad daie aslie
) o5 Lol 51y o 2lS gz BB oo 4 (5o s VIO S50 Lot il 1) gy tlil Ll 1o g el Lol et
Oezed 5 b 5o edse (nl @ azgi )l (So)S g slag e (b e SR )0 GuulS A ) e ewsdVL )0 g

el IS SOl 5wl 0 Ol gl g8 J S 1 g 818 &gy 5l 0 0 e

gy ad 58 (JUI ol (o BT gy by pS (SIS G Gy :dlf3|9'*§15

Davoudmaghami et al., 2017; ) o—z o glo,5uS dodio —)

b oy » >l Slalas (Erpicum et al., 2011 ool Jt GJL:-.’" e age gl 5l s,

sz ol ((Sdgyae 2l i)l sl g e iy T yuoslail 038l Wosles ol ] oo Lo
st sals) 2 S)loree sl et 5 25l Lol sage p Sl Glp |y ol gl 51y ol
Chazarra et ) ailoass 35 jain ogmmwy byl i g cor 3l

O yguo ua.?:..wo oo L) LSC)S 6L®JbL§ .la.wy u] w‘dﬁ

{al., 2019; Ferc, 2017 (Tajari et al., 2018; Mohammadi et al., 2017) s,.5
e 9 €8 e Jsb S Sl (So)S ages e ol shls (JUB 5o 625 )18 (Ss%a wlol 2 o)
Sl 8 > cla; Coand ol . . e
ead P B sl b St (Spn S 5 SIS e ge (b slon) —w alox ) alike

Journal of Hydraulics
21(2),2026

103



VFeb ol)ed 9 (J ol (gt

S Oyl Sgh gy gy (Sdg i LS, b5,

Syte 2o VA B 55 (6,080 cond) 4l Jae o
5 gove gilwans 4 Tajari et al. (2020) ooy o
S gy sVl 50 ()38 a5 2Kt Le]
Bl a5 g (5 ,une glrazas | eslaiul b (S
obul b 5 yxie Olxas a5 o lid bl oSl
4l g Calas )0 (65 (o852 9wl slach >
)l ol oz ;o bl sl 4 Do,
Jore Oh e e & e et slagiegh
ol o fles Ll ailasls y abisee Lalpl jo SolSe
oS SVl o gy Bl 55LsS lacdl )5 55
03925 4z gi 3y50 «uwl l2aSl Jolate (5l oy sl
ST 5 e (SIS g 5y e stV 0 gy bl .l
Obr s 2 Wl 5 W30 ) Adnen (513050
Ero0 ol o Sl Jlo 35 (il 3K, s 53 3y, e
S bl VUK 09d oo a8 S ool (b B s
3 Syl oy e o &S das e i |y (So Sy
I T T I R e ]
3 s (60 e sladle Jsbo ) 50y e 4 (izren
adg) ki (i s oS (g yeb o IS
iz 5l K iged onl Sl Jlsds (4 (g 9,5 L ) o
Gy 3 ad Ghwan el 5 (N ogm, 9590
5 Glel slaaslts ;0 008 b 4 &5 el (SIS
Wgh oo osaline iS ASa;

Sogle 53 gy e e Ol J] slaasis 5
e Mg alpd G Sl @y Gloway e
Ok curd p Soles 50 9 oS Slml e dwsin 45 (55
Gogype Sdspan il sy 03
S Jb 55 0sile Joine ooy clsl o yo (So)S'$
S & e sleaSd i o alyd e
2 o) @o8 Sl g ol 3 el oSl (S lSs
Pl Sy 40 oddnal (SIS g )y 0 Sae p CewsVl
oy desin g JU (Job ot 1ol aslllas pdy ol
PELle] &0t GtV 3 ey il b (S S
38des 1 65333 S 50 lgi oo aalllas (nl gl A (o) 2
03,5 wald (HBly oy e Ll ph 0 (SIS 5 slag e
2 el sools )l 00 300l 9 (b S5 41 5

ol @b (b il ool jals o o] asin iz e
5 O IS aile plaasinal P s 4 Gliomes by
9,4 S ol 10 jeap 4 Col dily U gLl
wge LR (nl 3 S50 Job Gl Wlowis s
<l Gl (25 s (b e codils
oS gl Slalllas 0 o5 pla Sy w9t oo sVl
Bazin., 1865; Scimemi., ) el o0 &uST 5 baojls o]

(1946
Jore Obr cups de) 50 0ad el laiagh
Sty e 4255 31 ol o (T3S 5
Nikpiek & iwgh bl p.canl 05,5 Ll 045 a4 |,
ey, g3, » bl Kashefipour (2016)
LS ol ol (alKalejl o5l oS, o e s (So)55
ol ware G gl e ol gl 5 e Gl
Sagy s gRlS (oS
JUOR )_..>l.a =, ‘Davoudmaghami et al. (2017)

sl )y

Sy 0byr copd p Cwedimlb g SwsVl o
G oy i) i o8 ol olts e (Sl
Bmami & agh 0 )l Gl cuyd p owgme
uSu,.s 5 o sl oo awslie Parsa (2019)
S 8as y5 5las slo las hle g (SIS 5 sla ) e
oy blo slop, oS GJ syl jo ( Ssjoe
alS T gl Sl L Ll il (g2t ol

g Fadd (SS9 slag )y 55 Ol o e
e oS 5 sl Jos Tajari et al. (2018) yiogh ;o
ssbre 4 Glize il 4z ys ol b (SolS'g 4z s
A plad BT Gragy bl wd (o 2V 095 (213
So 3 VUL ol jeee Cud)b (il azm )0 925 a5
acled 4z ;0 & o (295 SLLL IS5 g ools 238l
L Tajari et al. (2019) 5,5 Slgawy (595 gcmds 1O 33 ) puw
Slrio eal g qyp A% ) (Sl G Sadil obxl
o Gl sl 559y sz 4 o0l etV 5 s
GaSed 3 (o)l S lap, e SVl 3 Slige,
Sl b 5 yittne Sloio a5 ol Lt gl .ouisls » (g,
PO L (pgdogm) o0l (il cel s & gl by

4 00l dal 3y e 3l (65508 00y Connd a8l (igd g0 S0 )

Journal of Hydraulics

21(2)

104

,20

26



VP28 Ll ¥ o lods (YY 0,90

Sy yuap

o o9, 9 olgo -¥
255 e VY Jgb 4 (alfalel gl G 50 o ilos]
el Db a2 ol a5+ gl 5 gl A
sazul b 5 olinlel Sl 5 sled 5l Jsb
Ly a8 bl 5 ol oad ) ¥ S5 o olb
gle 30 (IS slog,pm slp oad jaiie 2
o IR 43‘)‘ )15)53...4\) )l wbj).b QJ"‘ B ! RPRC S
s o0liial 5150 £55 0l o> (sl YHIT g6 4y,
L oe3eims cpl )0 (SIS e 5, slal (FAO, 1975)
Syl s Gl 2 g golal Julow (bg, 605 54
0+ o alBislosl Lyl slioe yepold (509,9 00y aiin
S Fhb sleazialg ab ad s Ly 4l 2
ldie @ ol Cavoas olal e ool 4yl
(¥ U5 o loicS 5y Ceand) 0 s a8yl

1- Feeding pipe

2- Upstream feeding tank
3- Piezometer taps

4- Duckbill weir

S S8 5 ol Ul slaasiss

Fig. 1 Duckbill Spillway located in the Bam irrigation
network - Kerman Province

Ol = o 5 Ll 4l ;5 Wly (SIS g 5y ) S

oS
- Z
7%
M=\
! \
\—

5- Downstream collecting tank

2| 6-Piezometric board

I

:B o o3 o opflow
B

|

5]
~

3

~

6
Plan
6
722\
7 VR 7 i 7
T, -
To the ivvert piezometer taps 5
Section A-A
Hm
i\

Fig. 2 Schematic diagram of the flume and laboratory equipment.

AEilej] Ol g pold oloz b ¥ IS

Journal of Hydraulics
,202

21(2)
105

6



VFe0 )08 9 (J ol G90

eSO S gy gy (Sgyaas Hld,y Sb )

(F 5K2) 0g mlawspe (Sl s

Fig. 4 A view of the sediment-filled state upstream of the
spillway.

5 gy | )y SVl elS (Sl onl g3
3545 A A o) S5 5 )
et 5l S olysa okl sleaSil I g ke
b Gols S aes o Fy Solo g sl
4,0 O 6,J88 g, cdl> L) candVl JolST Sas
Sl GlagSl den £ IS )0 020 o0 Gluled Zgos 4
il (e U ailoas dulie gy (g0 Sl b g
Jare O were Oled g Gl e Sod)b

29 Jolod gl &0

B. 15° Sediment deposition with 23.5 cm height

Fig. 5 A comparison between the fully silted condition
and the 15-degrees condition.

0 V0 S by 6 138 g,y clo glis B S5

1. Point Gauge
2. Piezometer

Sualeo b G (S 59 51 (SIS 55 lag
(Y USCs) wiocs caal pald jo g aisl e Jo Coii
S0l ol S b oy VL o O es
s JULS oo o 45 ¥ agiy sus F0 o) glaai
Fob b aw o b iolej] s (g uSoslail cwsloais
aols aS ol ploxil ofe e e ¥ g /oo e Aefo e VD Sglaie
BRIPR CE U I XV-X PPN B P | DY) UL U
Sl 50 9 Jgaxe jsbo 4y S0 s 90 5 0ligS (b3l

gy ) 4 5k kel Sl U o aiilsi e daosly

Fig. 3 Duckbill spillway with an 8-cm nose and an
effective length of 1.8 meters.

Foo Job 5 yetlo A adles b (So)lS's 0, ¥ S50

S VA

Royw CawdVl 50 Qg ] il -
Sy 2 Shes 5 Ol gl p5d) 2 gy Sl (o) 2
Sl Glaassly b g selol oy 5loslaianl b (So Sy
5 et yslate &y i al e 13 i alonil alises
Sl gl ) 3 Shee o lpEl g
s 5 oy 1 L Il s alol (glagyd el
FO 570 YO N0 laashy b ooy jlocd glaws iz
VA glas )l 90 30 ogmsy oAy cpl o ialejl ax o
5982 i e VI 5 (e (S ) o
5 o oalo 1,8 i el o JUIST @Sl (JelS
Views #06 sl L e mbas e de Sl YYD slas |

Journal of Hydraulics
21(2),202

106

6



VPO lawal ¥ o lols oY) 0590

Sy yuap

520 st gy b anglie o o nas
w>bs 0lyr @b Gleossy » ng dae (nlple ol
A a2 30 (pl ) JEs gl g 0095 S5 LA
ol il ol 2 eogazms o laiales] (caled (roizean
W5le) olyz eaglio oy cdalid cnl o b el
5 099 (oo 530 3 2B S Blomaly (o)l oo
alple S lea jalan) se Slpd 4 Sons
Sige sl ioles] oogame jo jalen, Sae &l
S sy Shyz cuys ey bl b s s
dod ;0 Slgw, mhw (e 5 pold ojlns 5y
U5 53 @/R) (o 55 ol 5 039 <ol Lol

Dgdige 4id)S a0 ol (g pSejlail an b
Lo talesl 50 5050 Fse Jsb 5 JUB 2,0 &5 Ll
oby> cope o Halle g Had'W cans 31 ecnl ol
55 (@) 2y ugly b Bl Jolod 5l g 0uds (AL 52U
OF s 51 25l Gl g Consl 2oli ot lojl dan 5o
W5 8 0 axmiwl B nl g )l 925 by e ps 2
a0 a5 el gyglol Ll s 8)ly am o ala
s slacdle Bpme plored B amiul (Budo gl
gl Jelod 85 5y SVl 50 gmy i
ey 3l iyl e glodio latalesT ploxil 51 ey Js
5 9 b bl (6,10 0 0 ol Ll i oaiyled lgicay
ol s o5 ol tal,T el o ol (gl il
25 0l s g adlal) (ol p B 50 9 Senl ol B Azl
slael 5l (ol Gxdow (nl )3 (b o pd Wl (nl by

el gy D0 4 S (9

4)

Cony g b -Y
oy 0,See Syl Gaa b Lm&bﬂ ol bz (o
el 55l U Oglite Jobo slacad ;3 (S5 5
a4l blil gy iz lacdl> 0425 9 3 ) a0 4

358 (g AT Bl (s sl e Slosie slaalesl yo
WY b Slga) CawdVb o cogw; 0395 (49,0 @ 0l
o po Dglas oS ols lis s ol saslig &5 51 Sb
S S oS ke 5 i Sl i ol
55 Sligs 5l (ol lagialel dan ol ply scel

i oliul (i) xeebs il

solssl Jaloxs —Y-Y
Lo S5 as by i o FAO 262 (1975) oy,
(o2 GoaiSealat g (b Jy5S leojls (Sspae
el 035" e |y (SONS 55 Gloga ) (b S o
Job 5l (b 32— 5l (55308 00 S pgi s (ol sl
el J& LS 9 26 (59, Gl EW)] gy S
0=C,x\2g xL, XH;T/Z O
S 7 69, Ol 2 She sleaz i g arg L
Glacas 5l ol by oo a5 ls Glss Glg e
il 25 Sl 5 Jelge

H_, WP, L,

C,=f|AH,x,g,¢

= (2)
o, P M, a0

o €W P sy 2 (53, ol iy Hor (1) alad 5
S ) DS AH ) pe 9o Jsbo Le o JUS (200 W
i S 0 i b g JUS g x JUlS
sl @ llae 625 € ((Seolus 6915 1 (S JB
Fore 5> ey 035 ] il s> 0 g 5
LN SN N TN KN KRR DL A & g

3)

Grogghen 00 5l i) atalejl jo (b > Bos 4 az g5 b

Journal of Hydraulics

21(2)

107

,2026



VFeb ol)ed 9 (J ol (gt

S Oyl Sgh gy gy (Sdg i LS, b5,

(599,9 (s Sl o Gl Colae glray &S
CawdVb 50 Gy (Sojom obxl g (Sianl ol
YY oga cdl> cpl jo Ca ials (o ot 44 050 o0
0diRd LS 9 0391 Cgusy Hgds Sl A Cad Ao, YY U

el 3w 0 Slas p Cgu ) dwdid Wil (5,135,
b dumlie cual S (sloj s e 13, b gl (nl (e
o0 g Ogbce oas LGl wais slacals o
el Sl gy (Slgpaed el o ol slacgles
woly wligl a5 ols olas Al-Shukur et al. (2017)
i 5l U s el pl g aes talS ws e Y
o..\...uu.u)‘)f C.vL..v o ol 59,9 C_E.w ‘5...:..\.&
Oll8l 4SS o )Lu Al-Yousefi et al. (2024) Lawgs
TP sg0 S 5 VO L VY @ VY 5l cawoVl o
i S g 10510 ol 4y 1y Cq 28l s o OZANV B
3y Sl (Gt JB g 3905 0)lgen cual S50 ot

095505 BEFLIRVESRINVES

0.025

10 gy cabbil dlie cledls I )Y

SIS P 3y Caws¥l
Sore &9y » edbebal sl 5l Jel mls
Slgawy a5 oK 05l by (Sdgyoue LS, o
gl 5 az,0 FO 4 YO YO N0 lls; L caws¥l o
3 Gt gl e SO il o el JUKS
IS a5 455 Lo S so Colad ad (G 4y S (55 ]
g g0 Dy 3 S A Cd Gl > oy Gl
(42,3 YO 5 V0) jpS locad ;0 ohgs a5 (5l
woyge g b oojesp j0 by 1) canl i ugmse
4>l yo grdge oz 9 00,5 ly (6585 S5y e
JJLQ.A alags )Q C«.w)n) s)tl.é) u.)‘ s.\Jl)d ‘_)A&ls 6&9)9
F) Cogm,y Jol5 Sab,p» a0 aS il Sinsy
Slga, 5l st Fobls adu o ol o 1) aas o
Ao LS g 009y Bl (6090 U gl 4y SGoy axl o

0.02

0.015 |

H].S

001

0.005

eFull

® Without
sediment

O -Hs

45-23.5

35-235
025-23.5
015-23.5
045-18
035-18
025-18

®15-18

0.01 0.02

Q (cms)

0.03

0.04 0.05 0.06

Fig 6 Results of different sediment deposition patterns upstream of the duckbill spillway.
SIS g 3 CawdVh j0 gy kil iz ol s £ S

Journal of Hydraulics

21(2)

108

,2026



VPO lawal ¥ o lols oY) 0590

Sy yuap

e ao,S ad g piad ln Gels sla ke oo oA
ol 5 g oy YY1 eSS Sl g oy YO og0
g 0o, Y8 090> o 5 4 b jlade cpl oo/ 0 VD Job

ilodgs duo o YA dg0>
SlpeS (Job ol jo a5 il e mbi cnl
05 slaced 1 eS me (b cups p Slge) Sie
2 0k Ges 2ol 4 azgi L lgiee ) ol ol o
3 595 o Slaad 55 ) e A5 sland
Goe pal (al il oo BRSOy Bos 2ol on ]
7S sy o) H P ae 05 o0 el 0> agi &
WS o0 g (1) alaly 5l olyz oy a5 L ol

C,=f ©/H3%) (5)
5 ol ailil Glgw, bwg Gly> capo Sl
Senils Lo o ( Sy paen Jole diz 0 plgiee | sVl
i3 os i 1) 0l B cogm) S92y alanly 4y oS
4 eolio gl g Sy b Lz cogesy o il d yo
ST o5st «Sligas 3925 Lol 35800 Calad o pos Caos
syl ceely sl azils adsl 5,y ailes Spop b
g e (69,9 ihaie ;0 ()b, (rdge Lol (( Suadl
e @bl RS 5 65l W e Sl ol
ol (Henderson, 1966) 54i oo 3, 53, 31 ob,>
b Zo p ol 51 (S50 b2 655 ST 5 ralS
S b 4 el S5 e eVl Sligas,
cely g ad )5 )18 b blie ;o o aile Slbgw,
Jol 85 0 b wsbiee Oy Cepe a8
2 0k Bes Ol S 20U L sl (Sl
Ol o pd ail )3 g 03,5 lag (A3l 5y CewsVL

S e oy rals 5 e
e S GRIB 2 098l (JUB (Jsb cudh ol s
b salys s (b cure R4 e Ol
a5 w3 oo olis (Jsb ot aw o 0Ly cups anlie
a (JS8) wliee Gl Gl o pd et GBI
o 1alS 5150 by o po el Sk (IS 5k

3. Sharped edge and no sediment
4. Sharped edge and full sediment

Gahgex @ Ol @l gl ol 3 e LS L
P A b b Slgw, &5 Gloy ) (S,
KO S PR N I N E RO
o et b owlS slag) o )18, (63905 b (wiin
5l gy Jedgp a5 (oBla (Jlio )3 S (oo w5
) g oo 8l T 5 By g ead gz B CSIeS
Gl g i, ) s gailan ol (JelS Sy
ol S gy e sl 0B 855 ke o5l Sagas Co
2 R 8399 b Sl a4z ST Sina wed e &)
Comlbus Lol el 00isS s S0l Sg5 )0 o2 gl S
(Dligas; oo Gl 4 (SS9 52550 Oz o
e St el S e Sl 5l i Lo

ol o)'Lw Qﬁ.‘;

&9 9 cawd¥l Ho ol allil Cgw, JI-Y-Y

Fopwad ey
ok e A 33 (SIS S e Ol b
2l g e g oyl /e e Y g /e et A /o0 N0
S5 ad g s ad Bl 9o bg e, o 5 s,
oy Az Sl ez o Job ot o 50 0l )

RE- gy 5l 90,5 ad 5l il )l oS ot (505
O3+ 9 55 4 TRE-NS s o) (g0 9 0,5 4 'FS

TSE-FS «ogus 5l 9 525 ad 9 TSE-NS g,
9 9b dlne o)y dmp 9l j0 e o ps ke
A e IS 50 ead g05] Ik slaced Gl
g CawdYl 5o g,y cublsl aS v o plis S
Ol Gl g Olyr cupd (Rl g (SO)NS s
e e o2l b sl 0 1y oVl o Ll gl )
232y Os sl 0 Gl ol G S
o2 JU Jsb ol 5 5oy ad Sl 4 g
Cym) GO9S Byl oS G ad 55 o Sl anly
Olsz pd o0 VY sgu fals 4y g Sl 4
Sob el jo sl 009 w0 YV Gl iy o680 S

1. Rounded edge and full sediment
2. Rounded edge and no sediment

Journal of Hydraulics

21(2)

109

,20

26



VFeb ol)ed 9 (J ol (gt

S Oyl Sgh gy gy (Sdg i LS, b5,

1 2
0.5 ©) 0" 2
C 0° pooo®@™ L Q9 pooo™
03 | . 03 | 6'9
5 r D’_ &Y NN Nk g% Ao e o F [ _..o.ro- P 9Ga el P o &
02 [ 02 |
0.1 «RE-FS ORE-NS OSE-NS = SE-FS 0.1 | *RE-FS ORE-WS OSE-NS = SE-FS
O " " " " 1 " " 1 " " 1 " " 0 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
H./P H,./P
3
0.5 3)
0.4 i o002 °
‘ r oooooognm@l:nju
L DDD
i &
03 r OD ° °
Qc _ .I.. %% N9 2% F A pn on
02 |
0.1 eRE-FS ORE-NS OSE-NS ®SE-FS
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

x5 el 28 SVl s ol i
03gazs 8l (5 asilbanwsi bdgn Loy el Obz
OB e ad e (Gl iz j0 0ghise e
oRgd (Bl walys by SRS g colas o i
5 03,5 ol ulee Ojgon |) by a5 35 ad
St o os aas g0 28I, Gl Ghalaz g (Suas]
o po digad sl (Novak, 2001) sas oo olis 595
s ad p 8 i b g pm) e Sl o Ly
ol B, FID sgam 20l jebas 0,5 ad & 55 o
dga5 Lol gy 3l Il o ial58l pt Lol asS o oy

RUVIRVESR g7\
ad g B oy ooVl jo Slgw; glis)l a5 Sl
G 99959 Ll rd (Ggm) 5l ) wboe I
5oz b ol o 05 walss gl S 4 ol >

0.

2 0.3 0.4

H../P
Fig. 7 Discharge coefficients at various dimensionless head ratios of the spillway, H/P, for: (1) longitudinal slope of 0.0015,
(2) longitudinal slope of 0.0008, (3) longitudinal slope of 0.0002.

ofeeeY k5]5_[‘,

ad G 10 5 a0, YD sgu> o5 ad cll> jo ( Job
Slpess ol auglio (Jl pl b ogs a0 VA sgas 35
Sgu> (2alS :Sile job 4 45) Cgm) (e > L
35 ad Glplyao /Y 505 ad Glp ], as,e Y
s 13l Dlhga ) 999 45 ] QT sbss (Sl oo oyl
23 oo Ry (SONS G 5y 0,Sles  JUS b
S92y Lalyd o a5 wims e i @S ol p ol
oS ad s miad e o Sles o Sl o,

B sn FC oS
ad il 93 G 0Ly e IS (e (eizren
S A gy e L 50 (05 ad g 5 ad) e
Ol gy g b o lal g, 5l I
5 JUS Jsb o petins 3l o 51, 4 639
Sl e ol ol ralS boyls 18 5w ad ansis

Journal of
21(2)

110

Hydraulics
,202

6



VPO lawal ¥ o lols oY) 0590

(1)
0.5
i |
03 | A
- [N
&)
02 |
0.1 4.5=0.0002 ¢ S=0.0008 & S=0.0015
0-"""""""""'
0 0.1 0.2 0.3 0.4
H,,/P
3)
0.5 r
04 [
C (LR Y
At
e
03 [ R
*
= A
U L
02 |
0.1 4.5=0.0002 ¢ S=0.0008 & S=0.0015
0'...................
0 0.1 0.2 0.3 0.4
H,./P

Cq

Cq

SHgyu
(2)
0.5 r
04 |
03 .
[ ,‘M »2e2ehahansh m »
02 |
0.1 f 4S=0.0002 ¢ S=0.0008 ® S=0.0015
O 1 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4
H,/P
0.5
0.4 f
03 F
. !\\‘ thabasasagnae a
02 f
0.1 F |As=0.0002os=0.0008-s=0.0015
0'...................
0 0.1 0.2 0.3 0.4
H,,./P

Fig. 8 Comparison of discharge coefficient variations across different longitudinal slopes. For (1) RE-NS (2) RE-FS (3) SE-
NS (4) SE-FS

SE-FS ()  SE-NS (¥) RE-FS (Y) RE-NS (1) (sl cilizee Job (slaas 10 b2 cupo Sl ass dslie A S

sl S e (29801 Ghlo (65105 Do) oy s Lag]
Abdolpour & Mohammadzadeh-Habili = jiog%s o
Lt cos rgl jm oSkes n 35,e5 (2025)
ody ;0 a5 Cuwl ouls ool lid g 0og (5,lA8 g,
G2l crge Wl oo ailaii ;s Shw; ged (b
Gy )0 oS (> 50 09d (b ps e 3 VTP
O SVl (5185 gy S50 0l po 8l ol
sl s cpl b 0,90p oy YA JIYY
3ol slawsl 4 (SolS s s YL Cowlus
Sfdes 3wl Pl 5 CwnsVl )l 0pm)
el o3l pl (Sdgyaue

ol adlllas 5 ity Slo gl @l (el (o2
).:.)Lls_«:ﬁ; CwVh Ol w515 Ol s 4,0
Slaien 185 50 1) 6,5l 2l Sy v T )

Rl dilw oo (hled (So)lS s g (>l sloy,

o5l e ad 16 asS oo by Slige ) pelans
s 3B 500 G5 b 0,5 5l e 2y 4 dviie
Olye 4 Sbgm jlond JuSas ad fnj o)lw ol »
GBI b iaren WS oo Joo 0Lz AR, Fee 5
olyer oLy 55l g S GRIEL ) JUB ot
13 o aelgs wuaws 65,50 d) 08 ¢ (Saasl cpl (Col
2 S5 4 S gy B Sl G et o
s ad g g b oo GRS By ey

Dyl e (>
2 (SIS G oy 0,8es ae o ookl @S
Slaslio 0ozl S o sVl I sy LlyS
SRR ongt (sl Ry p edplxl Sldlae b
35 3 Abdolpour & Mohammadzadeh-Habili (2025)
4> 5 a5 oo o olis Sadatnezhad (2017) iwogs
Selgyse gl Lol sl @glaza by ) o (pwvin Cale

Journal of
21(2)

111

Hydraulics
,202

6



VFeb ol)ed 9 (J ol (gt

S Oyl Sgh gy gy (Sdg i LS, b5,

20 oslw ool agn o,Shee a5 |y o5l o 1]
b aredan (o pae SNl (9 (IS gy Ll 0
b syt g0, s il

sy oy ol e alaly oot 6l 1 S
Sogee Hgome (JSB (nl Beb ams oo pLts (SIS S
gU s ol i)l plp (Bl e 5 o o0
oo Slysd addllas gl (VO Gles ) Sl )
40 osliinl (s (yge 5 ) Joo 5l ST 0 bz
A58 (Ca) Ol cu b Olie X Gy s & 50k
Sl 35 o sanlin o ,5blan g5 oo 4035
b O S5 sladse 55 Gl cu s (sb ot
15 s o e ozl 85 ol e I
el (IS 0y Ol o

SIS g oy s 04T doo co lid oul ol gl
ol b o] JB sl o5 ol 42 5]

i 22 ol oo 1y by co o Ol Jlade Jl>

0025

oy 4\.._...41.‘790 e ka'b [E W) u‘fv‘d \l::u)’\Boo)S
55 0 b 6 3 5y 5| e
(1)
0.06 —
5$=0.0002
0.05 F Q=2.10x
F R*=0.9984
. 004 £
2 5=0.0008
S003 [ | Q=21lx
= R*=0.9986
002 £ 8=0.0015
Q=212x
0.01 £ R2=0.998
O ||||||||||||||||||||||||
0 0.005 0.01 0.015 0.02
u 1
ert
5=0.0002 o 5=0.0008 o 5=0.0015

ye—az aS Wles S 5,155 Sadatnezhad (2017) «as;
3P ogmme 53U Al laglis )l 5 ol b Sliga,
20 I35 e sl g gl e CwdVL O] e
Abdolpour & Mohammadzadeh-Habili (2025) ¢ Jslss
5045 Wyl e o g Al cw FOglaie (glazs 4
YEIV Sals a4 yomie dils ce b0 Slg—uw 2l ooy
S 50 cnl oo (2l 5255 535 2 2T Sl o0
(SIS P 500 95 2 SRR onl Gloadl a5 Cl
Sl oS glaigSay S oo e 5 1) 603 o
s 515 egmms al33l wo3les ol CessVl 53 gs,
€5 95 Ol 5,18, olas b el asls Jlis a1y o
L) SIS ) Vb (Sgyoes Coslas )
Ol 4 05l o KT (6138 gy 030 b (2bs; 50
b 52388 G9n b (gl oy o5 Sl 50 S0
L (S0, S5 oy 5 o0 azlge o L 2ol L
S5ise 5yh9, O 5l U slanaly 5 ol gl (2ol
9 SIS Sladsly 4 oy 4z g &9 0 SlaL (i

O 5l G ) (SIS oy, 50 peie 29 0Y

(2)
0.06
§=0.0002
8
0.03 Q=3.00x
0.04 R2=0.9859
§=0.0008
0.03 Q=3.05x
= -
0.02 R2=0.9872
§=0.0015
0.01 Q=3.09x
R2=0.9885
O ||||||||||||||||||||||||
0 0.005  0.01 0.015 002 0025
H 1
ort
| $=0.0002 ©S=0.0008 ©S=0.0015

Fig 9 Comparison of the discharge coefficient at three longitudinal slopes under (1) Full sediment, (2) Without sediment
conditions

oy s Sl (V) ey 5l Sl (V) [0 (Job ol a0 (b2 (oo awslie 4 IS0

acles o3game ;0 039t Shgwy (i)l g e (K
oS ol oo ojls )5 il jo golay & G )
SVl o ez 49l b g eSS O jguods Slga,

0dd Colad 355 s j0 Gu> U )l > i yS e )8

ol g (g 5 denii —F
SVl jo g,y cadlal as ol las iegh cpl gl
S99 L8 1 (gleaisS s 130 (So)lSg )

g Cwd¥l o Ol glas )| il g b2 o

Journal of Hydraulics
21(2),202

112

6



VPO lawal ¥ o lols oY) 0590

Sy yuap

2 SIS P oy, L8, 5l 55580 Sy il e

REXS SR ey

Lailis w).qé -0

sy oL, ou

< o

(ms‘l) CE

m) ok, Lo

> o

(mz) ul.a).‘> N WA
R m) Sdgyoun glal
Her (M) 5,50 26 9, <! glis)|

M) olSiylo;l psld o0

L. M) 5,0 Sge Job
n Sile 5 ape

AH (m) JUS &S elas )| ol s
Ax m) JUlS Jsb
g (ms?) J&5 obs
Ol oy

by sbalis

kgm?) Jlw J&
(kgm'sT) Sosliss (55,1,5
(Nm) =l 228

) a0

S Q a T ©

Cgmy 0093 )1)4:......;‘ FOWRSE.S

m) Glas 5 55

m

OB w9 28L0 L&
ol_ay digS gt a5 wijle co pMel dllin (pl By

AL g
b @b

(Gebios (sl (I Colex 4555 n (ot 9) edings
253,55 edb o alie Q_ﬂ )L.i;.’;Jl 5 < Jb

Loold 4 w ywd

(e ;o aiS oo w25 ) 6065 ol Gl e S
o g JolS e sloh cl> o
Ok e il Jlw iz 5l Gy ()10 0 00 Ll -0

aiiled 45 € g—w) pela

Bedse S g Ol e pS )3 S P g

Las ol plis sglate Job oo 4 jo Waools ol
93 2 50 0l s e (JUB (Jsb ot a8
B Glie el bgo Gl gy 3925 5 9975 Sl
3050 (il ol i Pal Glacad 55 Sligws, (Al
S i b G JUE o by s 655 Rl
Sz s Ol Gidn g jgam 50 a5 290 00 bog e
Sl Fadl 5 sy slagle (S nz Sro 35l 0l
2245 E8)F Al lei e a9yl 1ot oo balemy]
bl 525 o5l i loce—b b kol la Ul
AD el s b o it ol
5 8kes oS S lgce ol 50 Bl ol jen (29 2Y
Copde g ol cu o 4 Sabay ( SONS g 5, w
5SSl il a3 cpl g col atinly Co,
S @y Slae g alaS (liebl CollB p as o
25,138 31 (5)L.,.J

ogwd o sl plie Wl oo B onl @b
e e sl awain (b5 @92Y 22
ol sl bl Glaasis o pe e (Bl Ll
pols o 50 end el slagiolej] slie p laazily
Cgey £95 o 3l ookl b g dgaza sl b a8 lo)]
31 olaedsl (gl ! ol Cawoay (ool p2) aseice
ol 03V 05,1065 oo paly (g g Soenidy SIS
oy Qb)) 5 b » ST slegiasy &S
b Slga, calides glgil 1 il sblg; b (So,lSss
JUB 9 il a8 — slaisjsd JUB 5o i) gomals
et (Job g ol et baiies okl sbaass )
Le) Sgo Job 5 (P) 52 £li5,] rizman 028l 55 0k
SIS G oy 0, 8as A5 glaaznl 3 Ko
Azl B g0 ol b la lade 6,185 31w o]
gy O3 9 Sl 90 50 (SOISG e 0,Sles

Ol oo Ol adlhe pimen 9d o Sloiioy

Journal of Hydraulics

21(2)

113

,20

26



VFeb ol)ed 9 (J ol (gt

S Oyl Sgh gy gy (Sdg i LS, b5,

Davoudmaghami, D., Moradinejad, A. & Paimozd,
S. (2022). Numerical Simulation of the Effect of
Weir  Magnification on  Hydraulic  and
Hydrodynamic Characteristics in Diversion Dams.
Environment and Water Engineering, 8(2),365-378.
(In Persian)

Emami, S. & Parsa, J. (2019). Numerical
Investigating of Flow and Discharge Coefficient
Over the Duckbill and Oblique Weirs. Civil
Infrastructure Researches, 5(1), 135-145. (In

Persian).

Erpicum, S., Laugier, F., Boillat, J.L., Pirotton, M.
& Schleiss, A.J. (2011). Labyrinth and Piano Key
Weir-PKW 2011. Taylor & Francis Group, London.

FAO. (1975). Small hydraulic structures, Vol. 1 and
2, by D.B. Kraatz and V.I.K. Mahajan. Irrigation and
Drainage Papers 26/1 and 26/2, Rome. 407p and
293p.

Ferc (2017). Engineering Guidelines for the
Evaluation of Hydropower Projects. Federal Energy
Regulatory Commission, U.S.

Henderson F.M., (1966). Open channel flow. New
York: Macmillan.

Holtz, R.D. & Kovacs, W.D. (1981). An
Introduction to Geotechnical Engineering, 733 p.,
Eaglewood Cliff, NJ: Prentice-Hall, Inc.

Mohammadi, A., Parvaresh Rizi, A. & Abbasi, N.
(2017). Evaluation of Hydraulic Performance of
Regulators and Distribution Structures in Varamin
Irrigation Network. Journal of Hydraulics, 12(3), 1-
12. (In Persian)

Nabi, G., Hussain, F. & Sajjad, B. (2024).
Performance evaluation of irrigation outlets with
physical model study in Indus basin irrigation
system of Pakistan. Environmental Monitoring and
Assessment, 196, 1272. https://doi.org/10.1007

/s10661-024-13454-9.

Nikpiek, P. & Kashefipour, S.M. (2016). Effect of
the hydraulic conditions and structure geometry on
mathematical modelling of discharge coefficient for
duckbill and oblique weirs. Irrigation Sciences and
Engineering, 39(1), 1-10. (In Persian)

Novak, P., Moffat, A.I.B., Nalluri, C. & Narayanan,
R. (2001). Hydraulic Structures. Spon Press.

Sadatnezhad, M. (2017). Experimental investigation
of sedimentation on the coefficient of discharge of
Ogee spillway. Master’s Thesis. Faculty of
Agriculture, Shahrood University of Technology.
(In Persian)

ol ool adl | allie e yo gl g Sledlbl dan
Jsb 0 oo Judo b g oob adgi (slosls acgasme
ol g 3l ¢ Joire Cwlgs 10 O ygn j0 Sl dsllae

RESUOWW- w).';.wé B J9’§“*"‘°

)& e eols o o yiule;l plasl gl v o3
Alie 4l

Jloyl slp dlie (40,5 ol 5 Sl 5b caizd Big;
Ol ¢ alBiole;] dcgame (ke oolel o g o 93

Alie Slg33b o owlid by, pudas dayiolesT all 5

bz —F
Abdolpour, M. & Mohammadzadeh-Habili, J.
(2025). Influences of Sedimentation on Hydraulic

Characteristics of Ogee Weir. Iran J Sci Technol
Trans Civ Eng., 50, 3053-3066.

Al-Shukur, A., Al-Jumaili. M.A. & Shaker, Z.
(2017). Experimental Investigation of Flow
Characteristics over Crump Weir with Different

Conditions. Saudi Journal of Engineering and
Technology, 2(10), 373-379.

Azarafza, M., Hajialilue Bonab, M. & Derakhshani,
R (2022). A novel empirical classification method
for weak rock slope stability analysis. Sci Rep 12,
14744 https://doi.org/10.1038/s41598-022-19246-w

Bazin, H. (1865). Recherches Expérimentales sur
I'Ecoulement de 1'Eau dans les Canaux Découverts
("Experimental Research on Water Flow in Open
Channels."). Mémoires présentés par divers savants a
I'Académie des Sciences, Paris, France, Vol. 19, 1-
494. (in French)

Chow, V.T. (1959). Open-channel hydraulics. New
York: McGraw-Hill.

Chazarra, M., Silva, A. & Ramos, H.M. (2019).
Hydraulic Design Optimization of Spillways under
Climate Change Scenarios. Journal of Hydraulic
Research, 57(4), 543-557.

Davoudmaghami, D., Banejad, H., Saneie, M. &
Mohseni Movahhed, S.A. (2017). The effect of
upstream and downstream bed level on discharge
coefficient of duckbill sharp-crested weir.
Watershed Engineering and Management, 9(4),
413-425. (In Persian)

Journal of Hydraulics

21(2)

114

,20

26


https://doi.org/10.1007

VPO lawal ¥ o lols oY) 0590

Sy yuap

(2020). Use of Side Slots and Submerged Vanes for
Sediment Flushing in Upstream of Duckbill Weirs,
Water and Soil Science, 30(3), 121-132. (In Persian)

Tajari, M., Dehghani, A.A., Meftah Halaghi, M.
(2019). Simulation of Sedimentation Pattern in
Upstream of Duckbill Weirs Using Submerged
Vanes, Ferdowsi Civil Engineering, 32(3), 83-98.
(In Persian)

Scimemi, Ettore. (1946). Sulla Forma da Assegnare
Alle Dighe Sfioranti (On the Shape to Be Given to
Overflow Dams)., L'Energia Elettrica,Vol. XXIII,
Fascicle VI.

Tajari, M., Dehghani, A.A. & Meftahhalaghi, M.
(2018). Discharge Coefficient of Duckbill Weir by
Using Side Gate Structures in Irrigation Networks,
Iranian Journal of Irrigation & Drainage, 12(2),
309-323. (In Persian)

Tajari, M., Dehghani, A.A., Meftahhalaghi, M.

© 2026 The Author(s). Published by Iranian Hydraulic Association, Tehran, Iran.

This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits

unrestricted use, distribution, and reproduction in any medium, provided the original

work is properly cited.

Journal of
21(2)

115

Hydraulics
,202

6



