Yoy [ g5y - ol JolS o ]

SB gl cblis glayiag s &yl

ITAQ (il 8 ylowd (il g Connnny >
-1

http://jwsc.gau.ac.ir
DOI: 10.22069/jwsc.2021.17114.3258

2950 gD (S Sl 3y v (ST gy & Sos ARG T (wi g
Cawd gl Jowi JOU s &y 31 yilio

TASGT L ple 7 Sudg) &y 08 T 5u9 8 e
1 oKty (O i 03,5 (Ol pas prdige 0dS23ls sliul Ol 3 i oS3 Dl jae g 03,8 st sl
Oal I8 el oKLils Dl s g 03,5« pmlign 5 BB i it
VFRA/ /Y0 5 5 e YA TNV Sl s

S
o3l cp Sed, I8 Olgeas 5 axdls 0L > (6550 S50 Ol s (gD LB ti S 5 e 1 g sl
23 @ hate sla s ax ST sl g il Ob 2 (6550 035 Shgtes Sl 2 sl o 4 Cond (S50
Gl e Ol Sges daze glaiass culs s sb cl O Slo e gy » el el 0 plomil e !
S5 2 a5 48,50 3w gassm 08U Sl it JUS o Dk 3 e e 3 SIS
ol 03 ol il slile il OgSE s ol gl Saodes W3 ees a4 el sl O
Sl bl sise fas b Ol pibeos Colize 3l slaeilps bspme b SSL s ek

sl 0l

o B L Gl S 3 Sles ASLLGT s Saa b Stasy ol s, g sl
55V gl e )0 b 4y et s G s ailesT il s bl s JUS o Sl e
).,\{.sjf (atq;,\ﬁ)ﬂ b e A VY B eNe s il sla oo Ls\j\ql.:sujﬂ.il,aj..k.i <=l>.;;\):,a\ U
S sl syse v S VTY AN YV Lls (1) Cewstol bas JUS il o sdantle s Je

NG

bds JUS s Ol i ) o e e SSL Gl e 5 oS sl Ol b el = laasl

03 e A el St e e VG Gl e ads S B oS ol RS L (M) s
. . . . - It H .

e Sl 508 el e 5o SBL (S5 Js 5o (00 o SR (A e 8 o) L) Al o3k

- , . H _ .
el Lb)\b &Ua_? USBR RO é).,\g.:‘ 2 L )Uuu U"‘ '/V< H_d < \Y o)'l.g BEl J{-’ﬁ sdalin USBR AJLA

aliforudi.civil@yahoo.com :45s J st *

Ly



YA (1) ko (YY) dlr SB g OF Clis glagyingsy & puid

ols oLz sl (pl osdle 555 oo sdalie USBR 51kl sl 3oy 0 G ) b5 2alS
2 S g Olg A3l olde 53 S il e pladde s an=\XY s m=r Lo JUS ol b gladae
sbal glls m=VYT S JUS s aS bl 5 ol ls (0m) Slme gyl Shas 55 1) fetme Dl
Ll owd onl plply sl M= S0 JUS cud b oanslie 3 Csoml JUIS 55 6 58S wikia

33,8 B me sl JUIS s LS el o Soln Ol gea

33,8 o a5 S pon SOl e AS 5 oS S i S e
SRl b s o eled il 4 3 ot wiees VLl DL I L e 8 ISl (sl e 3 )
A s b S 3l 13 S B s Gl S0k s3sdes 53 5 S oK B 35 5 e
4 35 Ohled (23 pd 53 W 33,8 0 Bt o (B il ot I 3 e Sl
L ladis bl il o 2805 s il b 65,80 Soemal =Y il OLL s b se Glanal bls 4 Wl 5 s
Lds JUE b b dae =Y S 0 Sl SV la o 3 ) 6500 S5 5SS b oo sl
Olpea Ll Sol Lls (M) Sloe pli)) SIam o 1 Joime Ao 3 Sl 550 Ol o m=) XY

235 B Szl JUS s s il o Sl

S dde (Las JUIS g gmme o8 ¢ (S soden 5 Sas (S 5 e s dS slae s

Dbl ams s LS 5 65 Sl sy oo
SEE o GG e e Jhe s db s e Sle 5l S o Jll 5 e
3 S bl bl S o 0L mls sl Wb & o Saal Gy el i Oded ana
oSl 3 53 W Olssar Wil SOl odd axle 5 b g S slaesle
SSL e s 58 Sl Ve/om/s/m Shas sl plad Sl IS0ze S ) e o
O8) WS il Yy Glo sy, Sy 5 1A o Sesdmly By oddps il pom 20 (Soop
o S Ok Sk (184Y) el (g0 A el G55 YL SOl sl aall
35 op et ¥osal cilohe IS5 8 L, SISL Sosba s et 4 nom g8 Rl S
o il slacad sl IS b marg by ol oss o Ol e G5 e o
Sil Ol Shol sla, st L) a O e el 4 e glady 65
() 3505 s 1y aly g JS5 pimen 5 s 3008 slacd iy 5 UG LS s il
S sy Ly AH) S350 JS <3l (Fean) gl b BB axe s e S sbade cxle
Sde s Ct eSS Tl 4 e el L3 0L vt b oM Wil o alagtecn Sl
5 sl ¥ 5\ sladdad 44_(\‘\‘\'\)L;;\:lsjw_\).nﬁ&acjbtmq;u

Sbaaly Coovss 55 26 oy JWEI 0Lz s 2

A



Ol)Se 9 (53958 e

ARV,
e 1 e
AH 1 <8sina> cosa+ 3 <8sina>
Hmax é + Hdam
2t 74,
V" e s (L )
e = e
AR <8sina> cosa + 7 <8sina>
Hmax Hdam + HO
de

S5 G oe s e e ol 0l ol
Ui K bl e UE) 5,0 Sgad il il
D 5 058l (0N 5p dalet 5SS ol
23 SoA Sl s a Aasn 5 (Y0)4)
e b laaly (655 il 25ms b S lag ) o
El sl ‘s S ol Jue s S
ORIl Sel mlse 2 e s sk SRl sl Ol
BENNT-S R NGt R g O el ol SV
A s gl Wl Sl Sty ktes &l
ool o5 g dald Jdo &g Sl VWY ATV L
2 Sl (YY) O s i o ()
Lsls 13 anllaas g 1y ST - S (las s
S5 S o e ) Sl dols w1l
wly S5l S s b S8 e
Ol e 5 et (glagijes JKSI 55 O e
SR S e s (el SR 8551 S
SO 4 S S SR 5 Sl sl S 5o
S b e b BT o (1) Ll e LS
Sl s €SS nl sl (JSE sl 2B L
Lile sylllal b gl )l s o0 K &S
BEPS a (VL 0L Ll s s s
Slacante dgg Sl 8 L b S

1- Flow 3d

£a

o > Ok oy e

")

e 3 b Ror=

™

don —of ool > Shwl [ SG f, ol s &
Haam oo, o O 55y CowdVL As Hipgx
S Gas o e sy B £l Dl
zb @ s O N e gl Hos 0L~
(Yoo V) 0L 5 Sl il (V) WL oo 50w
S s 0 2 AT Sl el L
e SO > 53 SLad Ol &35 RCC
OV Losed mpp L O o5 5 ool
o sy s S b () Sa s e
Gk 4y Sk e s e 5 s e
S b ailsy o sls)) 3 asllaes e JAKJ..LLAJ'T
3 Sose (B) gl &Ll Lag, el AL
655 Gose Oz G o) 40 (Y010) (Gulgims
Jbe 5 ode adlas I eslaad L S 5w
50 33 a5 &S sl Bl s sl g
slavka 5l Lol Olss Gl 5 las
ol b bl el She g5 @l Ll s &lize
=230 3 AR Dl laas Ok 55 5s b nelly
OLler 5 o5 (W) Aibis clos, oL~
Fore St 3 Ses (YIA)

JUS oo cud Oleds iboow |y e

o S5k

Wen G . . . = sl
2 ) gl 03 e B R e Sedml

@L:.r oals )‘J.; JM’)J{JJJA /YA G ARES °).Lf



YA (1) ko (YY) dlr SB g OF Clis glagyingsy & puid

o) 56 5 5 Bl er s 5 dudS o5 sV

58 s 85 Sl

g, 9 S0

S e s S S e e nl

Ggad a Cad S Gl mha leS 4 b gl
BRIV S-A PR G IR S e RSO PP
sl olel 5 Sl ekl oaSKiags
boose s Sk Jbe el s sl
Slaol s a3 VY u-i‘;i*" aoly ys N0 lde
Soeslial Lopse dde a3 el (osla
5ol ol O s 8 JUlL e
oI Sl U s eyl cxle gl
Gl s gU osllal by, a3 8 asliza
oo 35 by &S Sy = -0.196524 X" dslas
W6 4> 4 R=1.2cm 5 R/=4.8cm slagled L
o oled dbd 5 s el el Jeate sV
o S g oS wils 1, IV IH Cl ) e
Eal 5ol ol fate 4y 4 Vr/00 cm e 4
Vieo em ol s Ol eSS laadg gl A w
@10 pl oSS a s pane sl a £ gLl les s
Se basas S Loz Sl /A 50V e
sskiea A2l eles e syl s o Laaly
SRl s s e o (Sasde Ll o wlis
sde SOl s b s S eslanal (6o wlis
o A B ey 585 (00h) ol a5l 5l s
oM\ s s (Ye) asb ki s LB
ol &l A3ly &sed 5 e gl b gla el L
G o0 o cilises gla oo il & ba bl ol
S dde s 8 el b s ol Y/
(M) cewsipmly LS U Cod § o ol ala
23S 5 bl spse AT AN AV L

)J\ZW} ARICEARAY le.«hg_,..m:v DL ASU{‘JJCMpJS

G gheas mjb&a e A i 1, 0L e
S Jelse ¢u_: (S5l 6L°CJ]° Sldlas ol
(P ran pllas CdS 5 CoaS cdhu g5 b b
S i e 4 atealy Sl 655513 0
(S5 (SIS ns lld paeme 4 gL
3 PSS s b gl s g Rl
g b LS e U3 G e pase Spsdes
sl i sy gl Sny o«

A\Su{‘ JL?- 9 .,\M:)L;d J]a_: “ JJJO\-J cCJL:-Jj&

Semy e nml s AlEsy, s O o2 eS
5 ol 0 clul e sl 5 el
s 3l ol s ool (S ) @ et il
ol 3y il bl gl a2l glacs L
(sl s Ay e 0o o2 AL
Sl @ o Sl de AU 0L s
Slwly 3 e kipiaS (o0 Ll b5 by 2,008
Sl placys gt 51 SGopl le 5 fis Jsb
(ol pesdle .l sdlasls ol 4 leo NLBER'Y
3 0L o ga 53 adais (STssdea sla ey
Sl Ss g b Sdade gbs bl
Lilgy ba fags ol by col sl (’l’*.’\ S5
5 Sllons i n 5 S 5 Sl e
o plsil S b Ik 5o (6551 SOl
sy L0453 IY & AV 0)owl sls S
odaze glatagn bl ol ol Sl
Sl e o8 S lages i 0L S5 ods
AP e 058U s JUS b Ol s
I R e Ol a5 sy 5 85
OpSE s o g cnl St (s ees
oy sk ol o3 alale el skile s lil
ol gola laoslps b opme e SIS
350 el JUS s ot Ol en ibess
Sso » Jets JUS b 35 eks S Bl e

2 S Gk e s s e sl



Ol)Se 9 (53958 e

5 83, 03 LS Lo e slee m=r il s &S
)gj;ﬂ\ijpl{JJLxA)Oh&vﬁkffﬁJ’;

5 G008 3 el LS 5 e u_i_ifs Jde
LS*';\} 4.':)&.; w@)b}ﬁ.ﬁ\bﬁqbd)\m fﬁj"
B R R A s

(Bl dsed 5 (S dhe gl b sl ol o) g
Table 1. Model and Prototype Design Elements and Dimensions.

S g5 5 (Ko sladae

ol 4 gad
Physical models (sl 35) S e b lasis
Prototype Design elements
4 3 2 1 (Smooth ogee spillway)
(m, o) Cows b Lis b
0 133 1:30 127 0 Wil i ot
Downstream transition channel slope
0.24 12 ( Wen, m) 55,5 53 Szl JUS 5 0
Downstream channel input width
(Wen, m) (5,5 3 Cawd b JUS 2
0.24 0.18 9 P FTIST O mmiemy BE o2
Downstream channel output width
% % (S 0) s ymly JUS
Downstream channel slope
0, dearee) , Sl glae,l | K 5
120 120 Oeee) silr Sanslzs ol Son 51
Convergence angle (o) of training walls
W, m) z6 J
0.837 4283 e
Crest length (m)
(Qd, m3rs) !
0.0225 398 Qums) (b o2
Design head (m)
( m3/s) Sl
0.0405 717 Quuemss) o 52
Maximum flood discharge (m3/s)
Ham) b aa
0.06 3 an) >
Design head
P) ; s,
0.156 7.8 R O

Spillway height (m)

e s S35 Laesls Skl (sl ol oslid
233 o Bl 53 gl G lan g O
pobre Slais b oKl VY el 55 oS pllad ¥
o S o bt Gy p gl Sl bl sy
Sl 3 s gl ) 5 (Center Line) oM s
g 53 cnl o > s pllad 5 oale (slaolps

o)

s B S e Sl ) ISS s

Sl psbal s Las JUS coline glacd cos
55 Lamll ol std esls Olis Wadde pes
VRl 5 e Y ase e VO sk pasls sle
Sl 285 bl sy ol Hlae o 5l
bt 5ad pom SOl Ol (23 s Sesll

o JUS Ll a3 s am Al s



AR (1) o5l (TY) s> S8 g O cblis glagying sy 4 puid

daiaﬁ;;liﬁwwbﬁjdajuﬁuéfj&s
SOl o Sl 5 Ll 3 A2 pladl s
5 ol s alle 5w Gay z S5
51 oAbl (5 il Ol (Y00 ) slscdlus

13 S dlos 5 il

E,=P+H
V2 QZ
E,=d+—=d+——
2 +2g +2gA2
E,—E,
AE (%) = ———=x 100
E;

&;JB@H}&EJ?&JQL%)JQQJ?&JZA

00) L3l o ) 21 S0 2 ol s

1:33

Stepped spillway

Sl & el Y OsSde slaglad n @3ls ey
s el il ble SOl s eslaal CUa.B A

b Skl L 3 dpes Olpea 5 ) JSS
QLMAL>:.4 (\\) Gl ol eals OLES m=1:27

Qbﬁ (")J“""L’L;:"“’j:i 4.‘1:‘))‘ ebulaﬂ\LgJ':}&L&fﬂ

W)

(¢)

()

RO A:MAJYL DL Ls;f‘ U‘):" E[ LLAQI B aS
&a&dcﬁ)ﬂ%)b djf‘EZ RO CLGS)\P

c‘a.»/A s S QL.:_J?- o Vcbui B QL.:_JP-

Top View
training wall

transition chamel

allowable chamnel width

Side View

-

d
downst ream chamnel

wn gl oS JULS Cilises el Cod s b SIS e 5 s aslal  Soled Je-Y IS

Figure 1. The schematic view and developed physical models of stepped spillway.
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Figure 3. The water surface profile diagram for the

model with m=0.
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model with m=0.
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spillway central line in the design discharge.
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Figure 7. The flow depth near the spillway training
walls in the maximum allowable head passing over
each spillway.
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Figure 6. The flow depth near the spillway training
walls in the maximum common discharge passing
over each spillway.
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Figure 9. The variations of the upstream spillway water head versus the discharge coefficient.
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Figure 10. Ratio of discharge coefficients caused by position of downstream apron effects.
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Figure 11. Ratio of discharge coefficients caused by tailwater effects.
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Figure 12. The variations of the energy dissipation parameter (AE) versus the discharge ratio.
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Figure 13. The stage - discharge diagram for all considered models.
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Abstract

Background and Objectives: The stepped spillway plays a significant role in the effective
energy dissipation and is known as the most powerful hydraulic structure compared to ogee
spillway to dissipate flow energy. Although several studies have been conducted in this field,
there is a lack of research on the comprehensive study of hydraulic performance of stepped
spillway with curve axis under downstream transition channel slope variation. Therefore, in this
study, several physical models of curve axis stepped spillway with converging training walls
were made and the impact of downstream transition channel slope variation on the hydraulic
characteristics of this type spillway was assessed.

Materials and Methods: This study was conducted with the aim of investigating the hydraulic
performance of stepped spillway with curve axis under downstream transition channel slope
variation. The experiments were carried out in a rectangular flume with length of 15 m, height
of 1 m and width of 2 m. The experiments were performed at different discharge rates from
0.015 to 2.1 times the design discharge and the physical model was tested under four different
transition channel slopes of m=0, m=1:33, m=1:30 and m=1:27.

Results: The results of the experiments indicate that in the converging steeped spillway with
downstream transition channel slope variation, by decreasing slope of transition channel, the
discharge flood in the maximum head allowed will be higher. Also, it is find that in the range of
H/Hd = 0.7, the discharge coefficient in the stepped physical model for all transition slopes was
less than the smooth USBR model and in the range of 0.7 < H/Hd < 1.3 there was a good
consistency with the USBR model. However, with increasing the total water head, due to the
spillway submergence, the discharge coefficient for all transition slopes showed a descending
trend and the spillway efficiency decreased compared with the standard USBR ogee spillway.
Moreover, the results showed that the models with slope of 0 and 1:33 are the only models
which can pass the probable maximum flood discharge in the maximum allowable height
successfully and since the model dimension of physical model with downstream transition
channel slope of m=1:33 is smaller than that of m=0, Therefore, model with slope of m=1:33
can be selected as the most efficient model.

Conclusion: According to the results, 1. In the converging stepped spillway by increasing total
upstream head, the discharge coefficient increases for each of the transition Channel slope ()
and until the downstream flow is at either supercritical or critical stages, the discharge

* Corresponding Author; Email: aliforudi.civil@yahoo.com

hY)



coefficient is independent of variation of transition Channel slope. However, at the submergence
stage for the spillway, the difference in the discharge coefficient can be due to tailwater
submergence occurring in the spillway. 2. It was observed that energy dissipation over
converging stepped spillway decreases with increasing the discharge ratio, but model with
smaller amount of transition slope (m) lead to decline more energy dissipation in higher
discharge. 3. It was also found that the model with slope of m=1:33 can be selected as the best
model due to it’s ability to pass the probable maximum flood in the Maximum allowable head.

Keywords: Curve axis, Energy dissipation, Hydraulic performance, Physical model, Stepped
spillway, Transition channel
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