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Fig 1. Characteristics of the flip bucket and riprap in the downstream
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Table 1 - The results of the riprap movement threshold test

oalw ‘;a\:.- o slalls (ol 55
The Flip Buckets without dentated The Flip Buckets with dentated
D50 Q D50 Q
Frt D50/Yt SN t Frt D50/Yt SNt

(mm) {/S) (mm) {1/8)

23.1 0.007 0.28 0.36 0.38 23.1 0.007 0.24 0.33 0.42

12.7 0.007 0.26 0.19 05 12.7 0.007 0.23 0.17 0.55
11.23 0.007 0.24 0.16 052 11.23 0.007 0.22 0.15 057
9.52 0.007 0.22 0.13 053 9.52 0.007 0.21 0.12 0.58
23.1 0.008 0.27 0.33 039 23.1 0.008 0.23 0.3 0.43
12.7 0.008 0.24 0.17 051 12.7 0.008 0.22 0.16 0.56
11.23 0.008 0.23 0.14 0.53 11.23 0.008 0.21 0.14 0.58
9.52 0.008 0.21 0.11 054 9.52 0.008 0.2 0.11 0.59
23.1 0.01 0.26 0.28 041 23.1 0.01 0.22 0.25 0.46
12.7 0.01 0.23 0.14 0.53 12.7 0.01 0.21 0.13 0.58
11.23 0.01 0.22 0.12 0.55 11.23 0.01 0.2 0.11 0.59
9.52 0.01 0.2 0.1 0.56 9.52 0.01 0.19 0.09 0.61
23.1 0.012 0.25 0.24 0.43 23.1 0.012 0.21 0.21 0.47

12.7 0.012 0.22 0.12 0.56 12.7 0.012 0.2 0.11 06
11.23 0.012 0.21 0.1 057 11.23 0.012 0.19 0.1 0.62
9.52 0.012 0.19 0.08 058 9.52 0.012 0.17 0.08 0.63
23.1 0.015 0.24 0.2 0.45 23.1 0.015 0.2 0.18 0.49

12.7 0.015 0.21 0.1 0.57 12.7 0.015 0.19 0.09 0.63
11.23 0.015 0.2 0.09 0.59 11.23 0.015 0.18 0.08 0.64
9.52 0.015 0.18 0.07 0.61 9.52 0.015 0.16 0.06 0.65

070 d 50=9.52 mm 070 d 50=11.23 mm

: : ]

_ 0.60 ey, 0.60 "

Z 0.50 ® simple flip bucket z 050 = simple flip bucket
0.40 dentated flip bucket 71040 dentated flip bucket
0.30 0.30

0.10 0.15 0.20 025 0.30 0.10 0.15 0.20 0.25 0.30
Frt
Frt
d 50=12.7 mm d 50=23.1 mm
0.70
0.70

_ 0.60 . . 0.60

c’% 0.50 B simple ﬂlp.bucket Z 050 = =a2 simple flip bucket
0.40 dentated flip bucket 0.40 dentated flip bucket
0.30 0.30

0.10 0.15 0.20 0.25 0.30 0.10 0.15 0.20 0.25 0.30
Frt Frt
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Fig 2. Investigating the stability of riprap based on Froude Number of instability in the downstream of the flip buckets
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Energy Losses
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W 60 L = simple flip bucket
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Fig 3. Energy losses
80 Comparison Energy Losses = simple flip bucket
" dentated flip bucket
u
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Y 40 x x cup
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~ 20 - _ cup
- steiner. et al (2008) 32.2
2 om =
0
2.0 4.0 Fr 6.0 8.0
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Fig 4. Comparing the results with other studies in Steiner et al.
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Table 2. Estimating the parameters of Eq. 4 in the flip buckets without dentated and the flip buckets with dentated
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Table 4. Comparison of the results of the present research with the results of other researchers

RMSE
oS o wlead
NEPURIEr o
Research presented Movement
P threshold
S ol Sl 0.032
The current study is flip buckets without dentated
Sl sl ol i 0.045
The current study is flip buckets with dentated
(¥4 (Gdoees 5 O 0l 0.034
Naserian and Masjedi (2016)
(Y80) Sl olide s sae 0.008
Mansoiri-Shafe Bejestani (2018)
(1848) W5 S35 5 S5 o Ol 0.017
New Zealand transport and traffic authority (1994)
(AVY) ) 5 Osesla 0.033
Simon and Lois (19710
(Sl s S5 oyl pn b olSass ) (1441) 53,1 —08L 0.046
Pagan-Ortiz (1991) (Support with circular tip wall)
(83 508 n)\ﬁ)L_»nKA.:ﬁ) (\‘\‘x\)):..”)!—olflﬂ. 007

Pagan-Ortiz (1991) (Support with vertical wall)

95,5 &S > sbd s Sl 2de 5 ey L”uﬁ'&“ solub
Ak Shas Al S Gl ol SR8 RIBIL s e
3l Ko &S > slin] S 53 555 sde 4 LalaK o
Dl s e 55 3 AU s a8 s b s Rl L
el g5 sde Aulgsl ool o s s ools @ b
pade Lo S ILL 5 O x 2 e SRl
S dd D e K d 5 e g sl eas
AR i b sl ool 5l ol il (Stes oy 5
sd> glalls el 5y 5 0/8 3sd el ol 5w (6 2
NG R VA
&b

1. Bhavan< M and Shahzafar marge B (2010) Bureau of Indian
Standards. Central for Hydraulic Design of Bucket Type Energy
Dissipators. Second Revision. Bureau of Indian Standards, New
Delhi.

2. Chiew, YM. 1995. Mechanics of riprap failure, J] Hydr Eng
ASCE 121(9), 635-643.

3. Escarameia, M. and May, RWP. 1992. Channel protection
downstream of structures. HR Wallingford Report SR 313

4. Farhoudi, J. and Sadast H, SM. 2009. Design of Stable Riprap

Downstream of Stilling Basins Using Froud Number. J soil and

VELY ol 1Y 5ylows — phaia Jlo

04

S S oIl Gl a3 slie Ole  Sterens skiie &
ol (/\)Jg,iz)b}u' (&) abasly 3 0l acles olde 5ol
YooY e bt gs g A esls OLAS dlaesls skile 3L Ao s
el 035y 453 £0 Lty ol el Bl OB ae Ao s

(RMSE)S > wlia] Lyl b 3 ol Gdos bl ml
o3l (8) Jgdr 5 [puidses lo @L... L el § yores dsLin g
3l edel Ces C’L" aslie [VY] o 5 OL Lol sl o
S ols Ol fpdey ellioes Lo g ol )l B L G )
Lﬁjﬁ-)w@j{&ovséé&;‘-wﬁu@:qwﬂwx_@u
;,;;;,mﬁpglj;&jw\;&md\,;miw%@up
YW cswl(i)dawélﬁ@xaﬁ%ﬂ

S5 4o § Som
o S 3L s sl 4 bbbl G cnl
T sl Ls“‘l’f 9 oslw u"L’f o 83 gmu:u.:.,Ll 3
MY Q70T s ab Jlex Lash o zJ V0 )Y O ALY
b S 3 s 3 S o wlad 3 e e VYN VYV
S o Ko ol B3 5 3 G () 0 e e e
e gy Ll s Al sy sl OLAS Gl @L:.'.
V) 35l 55 e Sl 53 e Ko (551G 158 sl
2 A el b S ol B8 s 55 Ao

Ol S 13l (owsiaes 9 @ole



15. Parola, AC. 1993. Stability of riprap at bridge piers, J Hydr
Eng ASCE 119(10), 1080-1093.

16. Peterka, AJ. 1968. Hydraulic design of stilling basins and
energy dissipators engineering monograph No. 25. USBR. USA.

17. Pilarczyk, KW. 1990. Stabiuty criterisi for revetments, proc.
of 1990 National Conf. on Hydraulics Eng, Am Soc Civ Eng. (eds.)
HH Chang and JC Hill, San Diego, USA. 15-26.

18. Posey, CJ. 1974. Tests of scour protection for bridge piers, J
Hydr Div ASCE 100(12), 17731783.

19. Quazi, M. E. and Peterson, A.W. 1973. A method for
bridge pier riprap design. Pro. First Can. Hydraul. Conf., CSCE,
Edmonton, AB, pp: 96-106.

20. Ran, Y.B. Liu, C. Deng, J. Wei, W.R. and Long, Q. 2023.
Numerical simulation study on spread angle in oblique cut
flip bucket. Engineering Applications of Computational Fluid
Mechanics. 17(1): 2236673.

21. Raudkivi, AJ. 1998. Loose boundary hydraulics. AA
Balkema, Rotterdam, The Netherlands.

22. Simarro, G. Chreties, Ch. and Teixeria, L. 2011. Riprap
sizing for pile group. Journal of Hydraulic Engineering, 137(12),
1676-1679.

23. Steiner, R. Heler, V. Hager, W.H. and Minor, H.E. 2008.
Deflector Ski Jump Hydraulics, Journal of Hydraulic Engineering,
Vol. 134. No.5. pp. 571-562.

24. Worman, A. 1989. Riprap protection without filter layers, J
Hydr Eng ASCE 115(12), 1615- 1630.

25. Yoon, T. H. Yoon, S. B. and Yoon, K. S. 1995. Design
of riprap for scour protection around bridge piers. 26th IJAHR
Congress, UK, 1: 105-110.

26. Zhou, M.. Zhang, J. Xu, W. & Li, X. (2022). Hydraulics
of Wedge-shaped Flip Bucket to Investigate Flow Pattern with
Retracted Bottom Plate. KSCE Journal of Civil Engineering,
26(11), 4552-4562.

VELY ol 1Y 5ylows — phaia Jlo

water Vol (19) Nol

5. Farhoudi, J. and Valizadegan, E. 2004. Bed protection criterion
downstream of stilling basins. ISRS. Yichang. China.

6. Kikhaei, M. Hyderpour, M. and Mousavi, S.F. .2009.
investigation of riprap covering pattern in the place of construction
of cylindrical foundations in bridges, Journal of Agricultural
Sciences and Natural Resources 13(49): 13-29. (In Persian)

7. Lauchlan, CS. Melville, BW. 2001. Riprap protection at bridge
piers, ASCE J Hydr Eng 127: 5.30-38.

8. Magela Pereira, G. (2020). Spillway Design - Step by Step
(1st ed.). CRC Press. https://doi.org/10.1201/9780367816902.

9. Masjidi, A. and Taeidi, A. 2017. Investigating the effect of
roughness on the stability of stone slabs around the cylindrical
foundation of the bridge in the river arch, Journal of Water
Engineering/Year 10/Spring 10(32), 1-12. (In Persian).

10. Mehboodi, A. and Attari, J. and Majdzadeh Tabatabai, M.R.,
2010, Laboratory study of scouring control caused by submerged
horizontal jet using rock picker, 5th National Congress of Civil
Engineering, Mashhad, Iran.

11. Melville, B.W. Van Balleggoov, S. Coleman, S.E. and
Barkdoll, B. 2007. Riprap size selectin at wing-wall abutments.
ASCE.J. Hydraul. Eng. 133(11): 1265-1269.

12. Naserian, M. and Masjidi, A. (2018). Investigating the size
of the stone diameter around the bridge support in the 180-degree
arc of the river. Journal of Water and Soil Sciences, 21(4), 229-241.
(In Persian).

13. Omidvarinia, M. and Mousavi Jahromi, S.H., 2014.
Comparison of energy losses in circular and triangular cup
launchers. Scientific Journal of Agriculture, Volume 37, Number 1,
Spring. 133-142. (In Persian).

14. Panahi, S. and Farsadizadeh, D. and Hosseinzadeh Delir, A.
and Karimi, J., 2011, Effect of flow characteristics on downstream
scour of a submerged cup-launching structure, 6th National Civil

Engineering Congress, Semnan, Iran.

Ol S 13l (owsiaes 9 @ole



wole g pls

Ol S 13l (omwsian 9 @ole
Iran-Watershed Management
Science & Engineering

9, i
T la 550 U

Vol. 17, No. 63, Winter 2024 VEOY b 1Y 5o —phaia Jlo

Investigating the Effect of the Flip Buckets with Dentated for Stability of Riprap at
Downstream of the Structure

M. Niroubakhsh', A.R Masjedi?, M. Haidarnejad® and A. Bordbar *
Received: 24.11.2022 Accepted: 27.08.2023

Abstract

Spillway is among the most economical energy dissipating structures used in dams to dissipate flow at
the end of the structure. Scouring is a phenomenon that occurs next to the hydraulic structures, leading
to their deterioration and even collapse. One of the methods to control scouring downstream of a dam is
using riprap. In this study, the stability of riprap based on relative particle diameter (RPD) downstream of
spillways of two different categories of energy dissipators: simple and dentated flip bucket was investigated.
The experiments were performed in a rectangular test flume. Ripraps of the same density and of four
different diameters were investigated at five discharges at the movement threshold. Results suggested that
the RPD was an important factor in stability of the riprap. Besides, in both of the examined spillways, the
stability number at the movement threshold was found to decrease with increase in the RPD. For all of
the RPDs studied, the stability number downstream of the dentated flip bucket was found to be 11 percent
greater than that of the simple flip bucket, which may be ascribed to the presence of dentate in the former.

Likewise, dentated flip bucket offered a higher level of energy dissipation.

Keywords: Froud number, Riprap, Stability number, Flip bucket.
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