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Abstract

Introduction: Masonry check dams are one of the common structures which are used to
regulate slope and control erosion in the fluvial channels. Due to the hydraulic head difference
of water flows upstream and downstream of these structures, the flow has a lot of kinetic
energy after passing through the structure that should be dissipated in the settling basin and
before entering the river in downstream. Experience has shown that this phenomenon can
make continuously erode the sediment in downstream of structure and can be lead to
structure's fail. One of the methods to control scour of downstream of the structures is using
the stilling basin. The stilling basin is usually designed in such a way that the hydraulic jump
is completely formed inside the stilling basin. However, due to the high energy of jet passing
over the crest of check dam, scouring may still occur downstream. There are two rows of pipes
which can be used during low flow condition in order of connectivity of upstream and
downstream flow in rivers. During high flow condition the flow passes from the series of pipes
and over the crest of check dam structures. Due to the fact that flow over the crest can interact
with flow through pipes during high flow condition, the flow pattern is complex and causes
the scouring downstream of stilling basin.

Methodology: A physical hydraulic model of Tul Beneh with scale of 1:20 was used for
simulating of scouring during different hydraulic conditions. The check dam height in
prototype is 6 m and the check dam width is 20m. There are two rows of pipes with dimeter
of 0.6 m inside the body of checkdam structure. The experiments were conducted in a
recirculating channel flume 9 m length, 1m width and 1m height. The sediment samples were
taken from surface and subsurface of the river bed and size distribution of sediment was
obtained with sieve analysis. The experiments were design in such condition that the flow can
passes the series of pipes installed in two rows and over the weir structure. The water surface
profile and scouring pattern were measured by 3D bed profiler instrument. The experimental
results were also compare with different empirical formulas such as Borman and Julien (1991),
Scurlock et al. et al. (2012), Fahlbusch(1994), Catakli et al et al. (1973), Novak(1961), Farhoudi
and Smith (1982, 1985) and Dargahi (2003).

Results and discussion: For assessing the time of experiments, a test was conducted for 48
hours and the temporal evolution was measured. The results showed that 75 and 94 percent
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of maximum scour depth was occurred during 1 and 8 hours from the starting of experiments,
respectively. Comparison of results with available empirical formulas showed that the
Farhoudi and Smith (1985,1982) and Dargahi (2003) give reasonable results. The results also
showed that the maximum scour depth occurred when the flow pass over the check dam
structure. The comparison of results showed that when the flow pass only through the pipes,
the hydraulic jump formed in stilling basin. The sedimentation upstream of check dam causes
the pipes filled with sediment, so the flow passes over the check dam and cause major scouring
downstream of stilling basin. The results showed that there is sedimentation bar downstream
of scouring region which can extend more when the flow passes both through the pipes and
over the crest of check dam structure.

Conclusion: Complex flow pattern was observed when the flow passes through the pipes and
over the crest of check dam structure. The scouring pattern showed that the scouring expanded
both vertically and laterally when the flow pass over the crest of check dam. The ratio of
maximum scour depth to downstream flow depth is 2.2 when the flow passes through the
pipes and crest of check dam. This ratio is 0.66 when the flow only passed through the pipes.
The maximum scour depth in prototype was 0.86 m which is 66 percent of downstream flow
depth in river and shows that the flow passes through the pipes during the operation of check
dam structure due to sand mining upstream of check dam structure.

Keywords: Scouring, River bed material, Masonry check dam, Ziarat river, Physical Model.

© 2021 Iranian Hydraulic Association, Tehran, Iran.

This is an open access article distributed under the terms and conditions of the
BY

Creative Commons Attribution 4.0 International (CC BY 4.0 license)
(http://creativecommons.org/licenses/by/4.0/)

Journal of Hydraulics
16 (1), 2021
82


http://www.iha.ir/

Oln! Sgyuad (pozxl b3y allio
ot
Sl yiud 4y i <% https://doi.org/10.30482/jhyd.2021.259048.1492

]
o
Iranian Hydraulic Association

allae) guolyl dmog QL 55 (Sdsl Fos duds 3597
(OB 5 <5l ol 03ge (Mo — w3 183390

" St Lo Jlous & Al o Suge T SES dosl gl ¢ o Aoz

OB S b mle 5 (55,0l psle ol @T sl o3l (6,550 (gemiils -
OB SS erb mlis 5 (55,0laS pole olKzsls ‘GJ sleojlu Lozils Y

* a.dehghani@gau.ac.ir

www jhydihair «Ss s i o850y $EE VFelo 1) e i bk AYA/ /Y sl

o 2l Ol wisd o 48,5 Sa; ladal T ol d Lo g o olaid (gl a5 sl gloojle (e (S loos; tounS
S 355 0l 35 Sl 5 ] A s s 53 oty 8 ool 535 i 55, s ool ol 53, 1 30
S ol o ly 53 Sl me iy 3351 St e 53 233 sl ol s Gl 5 (K] o S
b aslo VYV ulide [0 o3l (Sojd Jow s ol 4 CawdVU O joae gl ot ans jo gl Caus, ¥ ogxg b )b e
Jire Coss g 41y Glyzr 2l 4 by o5 (Al Gl laialojl doojls (nl sihe yoe S Jsb 53 by (3l 4 sk
Ol gl 285 13 (g3l s 090 S 0 5508 )i (59, 31 Ol dadly) ol g lagu; (AL | ey oS (> g wiS
S g g g el iy 5 o Jobwe ) ialesl adsl cel A jo Sl Bos diiing do e AF aS ol las el FA Jolw e
2 e gl Caad g e 90 Jole ) yie oo Yo il a4 Swits] Gas aiiios uizen ol 00ls F) ((H8ly wlidie o 4B Ss
et o Szt il a4 (Sl g a5 8 e 5 ln g sl o ((oly ol
ey sloalyl s, 51 T ol 85 Al 33 5 Sl Bae (2505 oo B 555 JUS 2 55 5 il il Snt]
Gy (Soeda] Ay B8 Cad (rizred 05 o0 )8 a5 (09,0 (Selspded G el rd (al ) 45 983 00 ) S o 5
laddg) (5,0 5l by b o8 (Giley gl 5 VIV 090> S je (lojon laalgl 5 505 50 (5, 51 by &5 (b sl ojlo DL o

Ll < [FY Sgum w0l Jale Cawd b a

(S ke ol ailEog ) o e (Siwasy gl Aoy, mllas o Sl :Olfjls awls

oo ;0 ol cpl Gidi 0550 0 gl so [l 5 ()b doudo —)
oS cod B F Oj50 (95 b (Slanid Sl p J5S 5 Wigd oo 4l lares Slo 5 K b (o 5 (Ko 0
8,8 o)l 235 0)le 4 g5 (o0 Alez ] Ap 3 ol Gl Jele oS 009 ol Sjs slaan =3
a4 ol slaayy las! 3L Sheng and Liao (1997) 3 dg dgmg andl il o o] UK g 059 «S e (slog
loanlpl oo e 0 5550 LS iy, sl ol en Sl olgS sloaus oo b o3l ol puled dg dus oy o A
W3S on ) e 0 et 2 S5l 05 i8ugmy 5 ol B 695U (6 2 s L o3l

Slaslas adl o olyeo slo o, » L Zhou etal. (2004) Gl g, lid S, Glo Sis 5 awiis s o0b;

I bEas 90 (el slaon 5l lasgaxe 0397 ;o diy Jgi (o (Kow o ) o)leds pgai oIS
oo sy 2075 Ol Gl o (sl o, 0550 a3 _go i |y S bl &L el

9, Piri Ardakani (2000) .05k oo Cuws ol 4 oud 6530 elro o3 eVl (oL s 1o el Lol oy

Journal of Hydraulics
16 (1), 2021
83


https://doi.org/10.30482/jhyd.2021.259048.1492

VFer o) Kon g (o

o bl 53 il o it 59

5 Sl gladlgd (Do (Ko slasy ) iy 0 L
Ol (Swgey g (ol & Wsb oo 215 (b (b
.Msakb;‘sﬂpfﬁli;m)o‘s‘;;bcwowlwwﬂb
Iy eVl Ol bz s oo ohigo ST o ladgl oyl
oy 090 41y Ol Ol war Sjgon g ool yse 395
b do) 3l 18wVl bz ol ol b oS o ol
ol ooz bz Se g 008 Joe i baojle (nl e
Wxd9> 09)0 e 89 3 Sops S g g 5 U cer
) ool ol o Gl (Kol (5550 o5 3550 sl
B3 oS ol 005 (Lt lnoaalice a5 o 3 b o
S 3 b A ool ol w6135 5 e
(0 Jie Cewd Gl 1y CewdVl (b2 0 poo o5 g 00
o3k (S (S3ldao b 9 o (rw 3o (ol 3 IS
o )bj wldg; alipw (59, 2 an Jo§ o (S
095 31 e ol sgee Jalds calises (glacdlo o Sl
559 I8 e e 3 3 5 1805 Gl e dindly

D9 (g 03k (ol Canmd (s g;“’“‘“""‘“'] SNl 32y oo

Lo gy 9 Olgo -¥

G ogS 3l aS cul &by a0y, sloaslis jlas Jo alzog,
Sy SrekS YY &y adpes W BV
Db Slimgy (28 Lo 50 9005 (o0 Aoty (55 05
Shyst Dy log, 4 g Ay o2 4 Ll Al b
godal Jloids 4 g 0,8 ail3-0g, gl AL oo 5l b Al
)l )13 S s el iz 5

XYY 4 s il Sl iy Jy e S 33
Dby by (28 Lo SreskS a0 y=FAPVARY
Fo VoID il azmdg> Jsbo g 5o # glis) st Yo Jobo
QL ¥ S8 o an Job (e (S iy SusBge 0l )3
s eyl Sl Ll llids (gl e o ol
ol 00 il olSilosl 10 05l (ol (SG b Joko ol ]
Omb S Wl0g) 6 )lpeal b (B)lee SSld g oy n Sl
03l Cewd sl s 3l (g0 s Do (S o5l e
plol 4509, (Slosges 5l 03Y (555 diged olST g i3 5 plox
JPS SR VERLINC LIV PRS- CRV.1- s S PNWINTA IRGA T g
e e ol |y Ay g S

Fig. 1 Masonary check dam (Tul Bene)
a2 55 o Sy et ) S5

alaly 508,5 Gaiod Mol slaass slal g alold (g5luaigs
lae Gl Ty Gloe » 9o b anile Gl 1) 2o
LI5» Sanei et al.(2005) .l 03,5 8,20 anl pl s § s
ol o e 5 gy 5 65 slos alas
i ol lax! 56 Nazemi et al.(2015) .ailos S
o e 2l b st ) el Wl (55, 2 (e
XS

953590 3 o 2l Dbz Jgens job 4 Sl azgi
domog> Cawd by j0 il g0 0L (6550 sl ol oyl
ot 53 3980 (0 &5 0k (Smnial baosls ol idl]
s 95 ol 3 ogdise ol ST e 55 4 ke 3)lge ]
ol g0l Copott] (gl s Booslas sl Cansd s (Sianiiy]
5 b Sl (59, 2o o), Farhoudi et al.(1985)
Sare e Zesd Gl Gl azmase Sl (e by
Cowd u.ul) ‘;:MT Gos 0)91}5 6‘}, b;Lb‘da)‘) 9 Qols PL?U‘
Scurlock et al. ( 2012) .wis,S al)l iel,l amog>
b g o Ty i 315 ST loojles o (raly (St
Sylp lyp 1y gledkl) ( aKisle;] slassls 5l ool
Q35,5 )| Kl os aris

Olyee s o Shafaei Bajestan and Omidi (2015)
O S5 Ll o Gt )] azmoge Candipmly (Sl
W3S oz ) B g (Sgyone

L aS 5,5 oo 995 oy gl ,> Novak (1955, 1965)
i 4 B Jsb b el amoe Sl ool

Os Al 4y S Szl Goe 0,5 5 3 1) (S yuee
b o 2ol 2o )0 FO L FO sga el azesgs 5l ooliil

Journal of Hydraulics

84

16 (1), 2021



Voo )Le‘-j Al O)m Ald 099

(S““JJU'CJ‘“‘WSB&}“L?M‘U'J)S“ v, ui,AD LQQT)OAS
A (Soiletw Crgi

bz OO pbdlie byl ped Cuannd (58 (6l (rizeen
el 0 &) () 0 s ala

A =1, >(175§X'3 In11*(X'3)J3 2
o g (Bl @B el w55 @ X34, Ap b ] o
al> yo plol 4 4255 b (plplty i o) b 4y Ol Gae
555 ik s oo il o5 _wlie YU o plovl clo
bl alde oRaleyl Lulpt 4y axg b oasl 28/7
A oo lid g Canl wbiae oyl 5l 2555 a8 cl 1/20 oas
oSl lSel 4y 45 b pnizeads el )5 VU o a8
390 b @04 Soop as ol Cbesladl p S YO oo Gliee
o551 ol ojls 1o (4l > e yie ) ALY i3l
]

i)l 5 o eiie A sk 4 i anlpl o psliie ul (ol
saalie gl aalpl o)l 4o pimen ab adle o S
oaliiadl yio oo Ve B 4y o oS s S ) (Sl
oolie b e Ll asile o JUS iy IS pllins
el ooy s

Pl JEdl 5 0053 Sl (£ O S 3l shol anlpl LS 0
ALl e 4 0,33 35 3l sy oy ol ol eolanl
'aljc)p’m@gh””\&.u@o)lj aalpl glaxl oaxsS
0 oolitil coze 1518 S 3l )b > (6 S0l (gl coaisS”

Lo

10 100

Grain size (mm)

Fig.4 Size distribution of bed material (Downstream of
check dam)

03l Ceawd b )0 0920 pllae (gau dils jloged F S

Fig. 2 Location of masonary check dam (Tule Bene)
2 J55 o Kty Soabpe ¥ JSC

Fi. 3 Mappin oWnstrearh 'of'M'asti)nr check dam

e

5 o0d (5 pSaiged | Shled gy & e o o,
o el oad Slop (e (g, b (Prla psslacge,
G il g, ey i pdlas o dils las il 5
Blo ) s il Jbo 0 a5 ol gl 28,5 ploxl S
g a5l g el 18 (ol diged g Joe G s i
Al 33 (S o0 5 SFES o pd (g
SVl 5 Cawd b )0 39290 pllas (gaiuaily loges ol

ol 030l 0 9 F o jlos Jloges IS5 4o
ad bl S e (Spd il and Gl e
ala ool Bl St (g5l 4ns (51,5 Yalin (1971)
g il Wb b, aaly cpls . ool slpin 1)V o )les
wasl pj ol bydanil aule b 3 50 dllas g 009 5

ol 0als sl (V) alayly o

M

1 Pebble Count

Journal of Hydraulics
16 (1), 2021

85



o bl 53 il o it 59

ht yt
yS |
hd
!.—Lh 4-{
r Lb
Fig. 6 Geometric charachteristics of flow and scour

pattern

il s g ol ol wie sl She & S

Jaw ojle g (Lol o5l sl Y Jgue
Table 1 Dimensions of the prototype and model structure

DIMENSIONS ~ DIMENSIONS
STRUCTURAL
OF MODEL OF PROTOYPE Row
PART
(cm) )
100 20 Check dam 1
weir length
52.5 105 stilingbasin
length
Check dam
% ® height 3
3 0.6 DIAMETER OF 4
PIPES

- ‘ . e
Fig. 7 Installed model in channel
anl ] 4o oo cuas ol Jow ¥ S

[
~

@
(=)]

/J‘n:heightoftbe structure is 30 cm

he height of the pipe from the flooris 21 cm

PR

o
|u.w

Base

Rk

Fig .8 Schematic of cross section of check dam structure

Pl (S by 50 glae | ol A S

100 ¥ and

g w o
g 0

/

01 1 10

0
10 /

Grain size{mm)
Fig. 5 Size distribution of bed material in the model
Joe 30 i pllas (gus dils logei & JS&

Qe o lis |y Jaw g (Lol ojlu slal Y oleds Jgam .l
y anlpl (o oo aisle ojlw Joo ¥ ojleds JSi puimon

A2 o b
2 bislesl plosl ol calise J>lhe ¥oojles Jgo 50
Ao oo i ) ouds (il Al Joe dlewg 4 al> o i
el ol (gl Jgl al= o po i 2 o iales]
Jobo o (Stuactal (Jolas w351 Camsd 4y 5 S 31,0 50
garg b.owlad § plxl asl p 5 YO oo b cels FA
bl Gi,.w..ﬂ oy AF & Soog cels A5l G a5
@ e b plnl celw A loy e b o sinlesl S0 il
039 yio 1Y ol Cesd by 18 Gigay Calud el (5 55l0b

ol 00 r:l:;i‘ Slo UT ol sl Lasu,..uLo)] 9

ol Jodoxi —V-Y
axdge Cusd Ol (Sl 59, p guxte byl
@L\ u‘ﬁ*@b ;w TOJ.D Awdid ML\ g5°)"9'°u*~°‘)1

sl 2) LglzbJ.clc

T(qc]—[cyt ‘p‘sg‘g‘ps‘u‘V‘Ds‘YS‘hd‘dp‘np) =0 ("
ut’uug‘).\.nwy)w@}w)u‘)d oj‘J&‘Ds [)T)Jdg
SlyS oy S pS sl jedme p S ens S
Jbw oy I P jo p p5kS s
Jhw (Seolas gl S yte 2 0,5 6kS o
amdg> ol yo gl Gee Vi sl JBub o
c41$3L3 5 )S.o o> g)LiJ;?' &:A‘:)-UJ \Y 6);LA o> g g)ihol)]
CawdVl Ol 55 BWSTH (5,0 a1y 0 b= o0
¢ ~>‘j9aa °:}i19 ‘_sjlsi;iy SSQ; ‘\;;444)\)~>[l€ ‘_sgi 4)[3 r]d Cawd L;’i'ili 9
Jlods Np 5 &gl a8 p iyl sy S 51 5l Gas Vs
ROWMR

Journal of Hydraulics
16 (1), 2021
86



\f.o )LQJ. Al c)l.o.{;') Ald 099

Sl yaad

oyl Ll 4 azg b Y o)lels Jgaz ;0 9290 slaalal,

Sy g gl -
(Sl s Wiy G} Sy gy ) F
inlesT G 5lel o ¢ Kol Jolss o 190,91 sty (g1
Gos Al Sloj Ol puss (283 plodl cels FA oo o
Joges bl oo ools Lz A o les Jloges yo (Sl
AP soe 4 Soo5 a8 1y gl cele a0 Sl e
Ol a8 s o it |y sl o y Aoy Sl Sy
ST b 55 0pi 23 5 (g pdy Gabeyd wulp ooy
aido Vo0 a5 gyeb a .l oogr oby Sl o oles]
Jol celus &.Jag%wi&;q@PA? WCne
O ol 5 ley CalsdE L a5 dpsy o S pd VO &5 s0e ]
Celw 0oyl yo Sl Bos aicin ax ST .040 o atulS
(20> AF) Sl (Vb lime 4 az g b Lol wams 0 &,
can o som sla il ey e ¢ gl cel i o
Loy asass by oo celo cue @) JI@) d>y
ialesl aiilen Jobss aseles FA ilesl Lasl i ol (55100

Qb e oy Dae o s ] glds 5 00 (@1)

140

120

100

ys (mm)

0 500 1000 1500 2000 2500 3000 3500

T (minutes)

Fig. 9 Temporal evoultion of scour (48 hours)

(asbo FA) Siwin] Gos Sloj Ol s & S

Shocklitz Ly, L Guios cpl ,0 oad slxl iolejl
Scurlock et al. Borman and Julien (1991) (1932)
Novak Catakli et al. (1973) Fahlbusch (1994) (1991)
¢ Farhoudi and Smith (1985, 1982) (1955, 1961)
aal, dedll, o 5l os awslis Dargahi (2003)
Dargahi (2003) 4 Farhoudi and Smith (1985, 1982)

b bejl clazie ¥ Jgu
Table 2 Experiments characteristics

Upstream Flow conditions legend
water
level (cm)
347 Flow passes through all a1
pipes and over the weir
295 Flow passes through all a
pipes (No flow over weir)
225 The bottom series of pipe as
pressurised and the upper
pipes pass the flow with
half capacity
90 The bottom series of pipe as
pressurised
75 The bottom series of pipes as
pass the flow with half
capacity
353 The lower pipes closed and as
flow passess through the
upper pipes and weir
360 The bottom and top pipes ar

are closed and water only
passes over the weir

S ol azg b plSisl o solal Julos by, 4 4z b
Oygody d o 0ae V) e sae VTl pel )b olaws
OS5 o b lealaly cnl osh e al)l (F) ojleds ala,
Ced Ol > (Srmiel oy 5o sl el asgene

Lol 0395 yinal ] Az

Ps 2ha ¥ D Q)
(np 2 R fr2 22, s .Vyz)—o )

Ds H
.’y 29,y
5 99950 1 B0 julsisy ae 5l bz (og ikl Jdo o
Bl dsle 3 S, 5% JCII O SRV G
P2 (99 9 ooy i 13U 4 425 b rizmod 390 o0
556 dp gl a8 00 Sl 4y azgi b g g0 Dbl il
S e g H alive ;50 @ azgi b g 050 o0 Bdo dlolae
iz @ olgse ) (1) aaly cnlply 998 o0 Sl 9

g (B) c)Lo.,.‘B n\.}a.gl)

Vs
\G

D H
=f(f7”2,np,7,;)=0 (a)
Ll Sonial b ally o 2,55 b alaly -Y-Y

oyl slo azsg>
Loakal, o bt o8 Lulyy aas o lis b o) p

215 39y T (gl azmdg> bl (Sriyl apslors

Journal of Hydraulics
16 (1), 2021

87



VFeo (Ko g (o

e Ol 53 St G diiin 3591

oS oin b g WS e e e Sl g il Aty
wli4J§Jolﬁm@ﬁ),»jlgidliﬁ5¢wlwlmd9]j

Syl ek Al &

039 ol 9 oy oS (i 0 gams ey ol Bes

§ Ol s o i 390 00 7

ol Wsdie 5 5 desd Dygots VL lo Ag Sl Ol
A oo LS JIoged gulls a0 095 O (s aS Ay Dl

e Sl o 4 . 1 Bos Aoy Comd (5eSibio

29 99dse TPV WSS s e g9 3 0l b oS
g aals VIV 08 j.e 50550 59y 5l ol Gl & Jy90
ol e plomil Jlgte slo il o el (gy9lol @ o3V
o ctlsy oo 4 45 cand ot ovalie Dl Ko
o) a4 Do (23 Aoy (izmed g 2 Sudy ool
25 3w 695 312l 05T (@Wlo YO 00 9> )0) disgsy
Sl Ges At e pSeilil Ll 00 S5
Comd &S B3 oo lis (o gibe AP) ol cawoymly

Qb oo IPY SLL o by Bes 4.3‘;;....&.;‘ Bos Ao

80
S50
k=4 —8—testing
=
40 Farhoudi and Smith
b
20 l
0
0 100 200 300 400 500

t(mm)

Fig. 10 Temporal evolution of scour depth (experimental
results and Farhoudi and Smith (1985,1982) formula)

WM‘ 9 6099)9 u,us) L: 03 r:L?u‘ wLo)T MLM “J&M}
(V3AD 5)2AY)

120.0
100.0
80.0

60.0 -
—e—testing

depth(mm)

40.0 Dargahi

0.0
0 100 200 300 400 500

t(minutes)

Fig. 11 Temporal evolution of scour depth (experimental
results and Dargahi(2003) formula)

(Y. o\”) QSQL?)O u"ﬁ)l’“‘“’ ﬁL?u‘ u‘*ﬂl'“)'l MLAA )] J&w

Sl G ol sl ialesl @l a1y (Seop it
@) Ll 0 0o plovl sla sioles] dwslio ¥ ojleis Jga

w3 oo (L) 39290 275 slaalal, b avalis 51,
30 odwl Cows 4 s alio V) g Ve o)lads slologad jo
Farhoudi and  slaalal, 5l el s a5 gl b o&isles]
<ol 0 00l s Dargahi (2003) 4 Smith (1982, 1985)
Gos (Sloj St G i (o0 LS gl (pl 8 psblen
Dargahi (2003) akal, 5l soel Cows 4 mbs 5 (Sl

Dy 56 0N (§ oo @lam

Lol Gialesl o (Seetsl aniig e dglie ¥ Jgu

5 sk,
Table 3 Comparison of maximum scour depth from
emprical formulas and experimental results.

scour Maximum Maximum empirical Row
depth  scourinthe scourfor  formula
difference experiment emprical
(mm) (mm) formula
(mm)
-48 112 160 Borman 1
and
Julien.
(1991)
54 112 58 Scurlock 2
etal.
(1991)
-68 112 180 Fahlbusch 3
(1994)
62 112 50 Catakliet 4
al.
(1973)
69 112 43 Novak 5
(1955,
1961)
-18 112 130 Farhoudi 6
and
Smith
(1982,
1985)
2 112 110 Dargahi 7
(2003)

Lol o (Sl Gos donliny oy y ~V-F

owlojl calizo
Y8 (K] (306 Aipidy Cand Sy VY IS5 lagad o
oo ool L alej] calises Ll s 0 Yt bl Ol Gos &

elai)lg oo il L wrs so lis mli oS jeb las Ll

Sy ga fay j (o] o Alntin wojle Cuiy O
S a ey a5 e vas o lis uismen Slisles]

Journal of Hydraulics
16 (1), 2021

88



1Pee 5l o o loid N8 6,90 Sy
ol azogs OLl  Siaciol aule slaalal, F Jgus
Table. 4 Relationships for calculating the scour of the stilling basin
Sy )5 e3guzmo by byl eyl abl Ghizxo
e b S Bl anlyl o je lagiobesl  €5,dg 0, 0, H L, Y, gl o o ys+h55 0 Shocklitz
S fie VAFANTY ol P o gl ] Kt e gy SO (1932)
2 eSeye < IVAY- ok 2o e ¥ <l sl B (Sl Boe ol S /032
wloo Hhad e /YA NYA ol e @il o oie aly 0 8 (w5 CawsYl
e o VO 5 YA D il e gay 1,3 @A50) &l o5lail ¢ St 0,a> Vb O s
Qiglog oofo2¥Vg o[o oYY )oY Job ol Al (25 e o g
el oy plowil e o /) o=+ JOF  Stanital Gos
b ol ol ey s Cemnd il po (Siwitnl sloiolesl 4 dg,y, g, H Ly, b gl o a5 Vs Novak
=0.55 (1955,

Ll odyjl.w.g)lg By

Vb 515 BB ¢ Sl o s
é,o.c ‘ua).: »‘3 32 0 Cawd k)’“l" 9

*

[6H°'25q°'5 {ﬁ}( 1961)

90
Yr]

— ol 5 el azbg d9zg Ll o o iabe]
2 Sy glohy A Sgazme Gy pe Cawd

el azmdg (99,

i a o, Vo O H o Y e s a8
20 @ A_JT )|)a O M’" T o

90 oy b il walpl Sy o b tles]
2l sy g1 e TIO by Bes ey 4l
FeogVe O Jge ol b el Yo g Ve @
VO s Cgay 3 (Os0) ailee B ¢ e Gl
Sop g0 8 139 e oo <TAD 4 +/OY /YO

ol 0y plosl 5 ae g o5

csya yt hd, LY bl eas
ooy ooy ctatine Job o Sl Goe

2@l S)n ikl aalnl o 5o bl
@ dda Al qoyeyie HITVID e a2l
2 e VIO flyz Bos @il p ey VIV
5 IV fs gy 15 (Os0) aile Jlad (s +/A)
ploxl o koo VIVE 5 V/OA ) Qoo « o oo +/¥0

& H,A,kb Yo Ups g,Dp Laao])oaS
¢ ;i.sw/" 1&52‘;&]‘» GJM ul.«..w Caewd

A yl5 9 (o (g 2

Yy, =1.6H?q°°d* -y,  Catakli et
al. (1973)
Y Farhoudi
Y _ [_J and Smith
d, \t (1982,
1985)
Vs + Dp Borman
_ Kpa®uisind 554 Julien
(28g)°2dg¢ (1991)

> g0 50 40 g 8ly 5 2Biole;] sla ools

Gl 00l oslazwl B g a|j R

LboT)QAS CZV :20],4.]4_31) o_ll)adf
G odia 4,0 ,u,, 9,9, h,y,
b;fw" "'Jc;b&‘)“.gyié.o&‘;iww/" T
¢ o JB QLS (o, axly o o0

S Gy o dagly g S Al

y.+h =C,\Jausind/g Fahlbusch

CYF A L b iy s B8]ty S g 3y, e
Sl o Gy o B B gie o) Sio ks
REw 009 4.:;[;].1).._\.] YooV

gt LY Y byl e
¢ ;v.»w/" ""Té.o.c‘ob)' » 5&...4...,.4/" Td""
Bosdinion & barye loj 5 ()b

R < ‘

(1994)

Dargahi

Ya _pl L (2003)
Ys t

Journal of Hydraulics
16 (1), 2021
89



VFer o) Kon g (o

o bl 53 il o it 59

Onzned 1 ¢ asidnlio b o9 oo (6 i (Stanil Jobo
Jobo (Ys) 058> Boc il joS o0 dx 104 Wb s
ot S ) 5 €55 8 2o (L) o2

0Lz Og% e 9 05 e by

ks 4 ol &8 Jyge 50 amo o (s
Ghp ik o
P)lo 9 S)l3eal 9 3,5 o0 )13 amds S Sy
ez Sl 0 g 5 05 e (S5m0l S5 3 5
S1aS G900 06000 a0 Giulw$ Siz e cwly g
Goe 45l 3 0938 IS j0ue e 3l o 5 o ) Sl e
o dalpl o (Setl alge Gl (St
03 B oad sbml (6)35m) Geizpen il (o 5 S

A g0 (b aal ] gl

Fig. 14 Scour pattern downstream of stllllng basin (a1

test)
J;J“La)"l Sy dmbgm Cans ol Sty )1 RTSUR) g L
(sl v e lob A
TS w\\ \u ‘k‘ R S
SRS \\wk ©
_»( / Ji
500 f 3 (J B
syt NS
moo ‘3{00 - 35m -
Fig. 15 Scour pattern downstream of stilling basin (a2
test)
sly Ambog> Cuwd u,_:.al.’ ‘_,’.i...wi 655-” \O JS.J)
(s oz 51 0l B2 e

S o5 4xas — 0
Ll Ges Al
a_J"J‘“"“"’" Md‘sc uLwJ > can )o u)

bl o ead ol S

D oy @l
;SN (S
Ol 5009 dts b g dan a5 000 0 7, (SKi St
Sl 3 mizen Sedioo T o Bk o ks
5o Dope onl cody) Gkl ks Ol (e

25l oo yoS Sl p
S s 303 g (LS 523 e Jsbo 4 (Sl (lie (52
S ozl ST 5 050 iS85 5 gy el p ol b

ys/yt

2
15
1
) I I I I
0
al a2 a3 ad a5 a6 a7

Fig. 12 Variation of ( ys/yt ) for various experiments

wilisee oo siale;T o (YSIY 1) Cons Ol s VY S
3,1 Slozan 3w pl @l b aS

2 Cwd ol oy 998 due il (o) g -F-F

o3kw Sl ) (Sl 5l 50
Iy Cawd b 99,8 dae >y Yolyr Ol sy VY IS
Olyz 997 S8 dzyp wad e LS gl s e (i
396 Gl b sl s o] s 55 YSlYh oy 02 s
ol yo2 52 (Sriisl 0, (55 ol Gos (a5l el S 093
Sy s 35 4l o L8l 1 Sl o diin (ol
ol sl il (s o o pizmen g Ol e 11

oW )49.4 oda;b

2.50

2.00

150

1.00

MENNEN

0.00 I
55 0.53 02

Fig. 12 Variation of (ys/yt) for different Fr number
P Froae b awslie ;o (Ysiyt) cams ol ss VW Sl
wilize slaioles]

ys/iy

o

Ll 0w Bolse 9 Goladl Ol pti -F-F

o)'l.w
b 2 g ar gialel 99 50 (Sl 550110 51 F slo S
gl oo odnlie b S pl jo aF el las apo g0 yli

9 et didon Sbul el ol ey O el g 2o Jwlidl

Journal of Hydraulics
16 (1), 2021

90



\f.o )LQJ. Al o)l.o.{;') Ald 099

Sl yaad

de (0.5h) (M) aasive Jobo
Ly (M) (Sl 05> Jsbo
Ly M) (Sl J5' Jsho
ts (S)ple 1 (Fimaital Bos At
n o 2
dy gl ,lad
0 Ay e
kb oo
A Kg/m®) s JB
P kgim?) J&=
u kg/ms) obg g3
y kgims) iz gy
N ) cud 4
0 ) co agl;
A Bl ol
P Wl ol

2o =Y

Bormann, N.E. and Julien, P.Y. (1991). Scour down
stream of gradecontrol structures. J.Hydraulic. Eng.,
117(5), 579- 594.

Catakli, O., Ozal, K. and Tandogan, A. (1973). A
study of Scour at the end of stilling basin and use of
horizontal sills as energy dissipators. 11th Congress
of Large Dams, Madrid.

Chakherloo, M., Tavakoli, A., Hosseini Mobra, S.A.
and Rezaei, H. (2012). Three-dimensional study of
the effect of different discharges on the
sedimentation of downstream sediments of the sharp
edge, 11th Iranian Hydraulic Conference, Urmia. (in
Persian).

Dargahi, B. (2003). Scour development downstream
of a spillway, J. Hydraulic Research, 41(4), 417-426.

Fahlbusch, F.E. (1994). Scour in Rock Riverbeds
Downstream of Large Dams. J. Hydropower and
Dams, 1(4), 30-32.

Farhoudi, J. and Smith, K. (1985). Local scour
profiles downstream of hydraulic jump. J .Hydraulic
Research, 23(4), 343-359.

Farhoudi, J. and Smith, K.VV.H. (1982).Time scale
for scour downstream of hydraulic jump. J.
Hydraulic Eng., 108(10), 1147-1161.

0yi> g 998 g0 4l (31 Gliae 5l o BTl g 0092 0L
WSSV HICH PV S|

ol auglio g (talosl cul o o0 plol (Sl g5 ()
Gas Aty iee 45 a0 o oLt ilize gl ala, b
Farhoudi and Smith (1985, 1982) (3.5 zols a4y  Kiwwita|
g Sl S0 (@ iwbesl Ll o) Dargahi (2003)
Fore 635 5% dgd d9zg Az o 905 d52g ST el
Al o9y ol Gl e 2 0958 &5 23l (oo ol
D500 Bl (Smdia] gy 50 sl g

Sy oy ) 2l Gz & Gapeys ol Ges @ (Sawt]
9y 32l o & (Goge g 5 9980 IFY WSS 5
e YIYOIS gt 30, o0

39,8 30e day (o Ced Jlia 0 Ys It dmy o duslio
Gl 5 (Sl o 29,8 s0e (I L s e LS
Ol @D el Lialesl jo +/YY 098000y Jle ysb 4.0l 0
(@) pey olojl 43 bgs o </ 058 00e 10 9 VIV &y Cond
Sesygo YV ay e

baslis w).gﬁ -5

q (MS) o ye axly 1o oo
Fr D99 dae
v (MfS) (5 Silee g s
u MfS) Zor ey
u. (s € s
Sy (kgim®) J&
g m/fs) Jas ol
H (M) Cewd b g CawdVl o Ol B
ys (M) Sanie] Bos
he (M) Sl 08 Y ol glis )|
yt (M) SLk Goe
st Mok 5o (Sl s
ho M) 3255 S35 2! Gos
hs (M) 32,5 €15
hm (M) avlols glis |
Ds (Mllas s
doo M) Csl 53, o) 51,370 a5 cal (g lad
dso (M) sl 53, o1 5 370+ a5 cal (g lad

Journal of Hydraulics

91

16 (1), 2021



VFeo (Ko g (o

e Ol 53 St G diiin 3591

Iranian Management and Planning Organization.
(2006). Guide to Field Operations Sample on
Sedimentation of Rivers and Reservoirs of Dams.
No. 349, 67 p.

Haffmans, G.J.C.M. and Pilarczyk, K.W. (1995).
Local scour downstream of hydraulic structures. J.
Hydraulic Eng. 121(4), 326-340.

Hoffmans, G.J.C.M. and Verheij, H.J. (1997) Scour
manual. CRC Press, 224 p.

Hosseini, M. and Abrisamchi, J. (1994). Open
Channel Hydraulics. Astan Quds Razavi. Mashhad,
665p. (in Persian).

Nazari, A. and Heidari, M. (2011). Threshold of
uniform sediment movement, 8th Iran Hydraulic
Conference, Tehran. (in Persian).

Novak, P. (1955). Study of stilling basins with
special regard to their end sill. Proc. 6th I1AHR
Conference, The Hague.

Novak, P. (1961). Influence of bed load passage on
scour and turbulence downstream of stilling basin,
Proc. 19th IAHR Conference. Dubrovink.

Scurlock, S.M., Cristopher, L.T. and Steven, R.A.
(2012). Equilibrium scour downstream of three-
dimensional grade control structures. J. Hydraul.
Eng., 138(2), 167-176

Shafaei Bajestan, M. and Omidi, P. (2015).
Investigation of scour depth downstream of stilling
basin for the case of B-Jump, J. Irrigation Science
and Engineering, 38(4), 136-125. (in Persian).

Sheng, J-A. and Liao, A.-Z. (1997). Erosion control
in south China, J Catena, 29(2), 211-221.

Yalin, M.S. (1971). Theory of Hydraulic Models.
MacMillan, New York, 266 p.

Zhou, X.X., Hong-Wu, Z. and Ouyang, Z. (2004).
Development of check-dam systems in gullies on the
Loess Plateau, China,j. Environmental Science &
Policy,7(2), 79-86.

Journal of Hydraulics
16 (1), 2021

92



