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Abstract

Spur dikes are river training structures that developed from the natural river banks with proper length and angle from the flow dominant direction,
cause to divert the flow attack at the riverside and the critical regions and directs the flow to the river central axis. There are several researchers
focused on the effect of the spur dikes angles on the flow pattern however there is not any study on hockey spur dikes angle on scouring patterns. In
present study, the effects of the hockey spur dikes angle on scouring and the bed topography was carried out experimentally while the results were
compared to those provided for L-shape. The experiments were conducted on a series of hockey spur dikes also the L-shape in three various angles
equal to 30°, 60° and 90” (towards the downstream channel lateral walls) inside a laboratory flume in 10.5m length, 0.5 width and 0.5m height under
the clear water conditions. The results revealed the scour hole parameters including the length and thickness of the sediment hill are lower in hockey
spur dikes than the L- shape by increasing the spur dikes angle. Furthermore, the maximum scour depth, mean area and volume of scouring are
increased by 41.4, 41 and 75.5 percent in hockey and by 33.8, 39 and 73 percent in L-shape through increasing the angle from 30° to 90°,
respectively. Also, no scouring was taken place in the vicinity of the channel lateral walls downstream the hockey spur dikes, hence, those beter act
against the destruction also in protection of river beaches against the erosion, with respect to the L-shape.

Keywords: Bed Topography, Hockey Spur Dike, L-shape Spur Dike, Laboratory Model, Scour, Spur Dikes Angle.
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Figure 1. View of the hockey spur dike series in angles a) 90° b) 60° and ¢)30°
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Figure 2. Sediment granulation curve
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Figure 3. Effect of spur dike's angle on maximum
dimensionless scouring depth: a) L-shaped spur dike
and b) hockey spur dike
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Figure 5. Longitudinal bed profile at the intervals a) 0.12B, b) 0.18B and c) 0.24B from the wall of the L-shaped spur
dike series at different angles

- -
RIESI»
" Ll e

Ve mbm Y oledm VYo,

£



ok s (5258 o Liglrly sl

hs/h

0 05 1 15 2 25 3 35 4

4.5

distance from downstream bench mark/B

(b)

hs/h

0 05 1 15 2 25 3 35 4 45
distance from downstream bench mark/B
@)

hs/h

0 05 1
distance from downstream bench mark/B

1.5

2

©

25 3

35 4 45

Figure 6. Longitudinal bed profile at the intervals a) 0.12B, b) 0.18B and c) 0.24B from the wall of the hockey shaped
spur dike series at different angles

23 ST sl a8les s 4 i JUS 555 (50l
Gl sy s Ll ls welsl b Sl cas oyl
s ol B am s Y asly b S (Sl (e
sl ey e 4l JUS 5 e g0l V/0
s aolie ol aalsl b Sl sl s Sl
S Slp s A 5T Tl e s e S
Ol (V) 5 (0) o IS llas S8 5 5 IS L S
oS S gl ables > Seesol sl das e
g 4ty b s il e S L glaeSCa
Al IS5 L glag Sl 5l 508 S8 sl S
N5 Sl G (ST e Sel oy
5 A3l 568 IS LSl 4 s O 53 Obx

i &S 355 0 sdalie (V) 5 (0) la IS5 s

oSl s SR L Sl wbles J - (Sas
Slr s iy (0) S8 & am s b5 Al e 018
5 SIS amys 4wl L s L oSal
02 Sl YN a0 U g shls (65 i Culbes
Gl 53 Sl sl a8les e 4 s JUKS
Ol (G Gl gy i Lol ls aslsl La S
Sl VW 3sd sl B pn ¥ asly L S L
2 oSl oyl s e 4 s JUS 5 e
(V) JSE @ a5 s ol aslsl b Sl casml
Vsl b G oSl o sl e iy

Y/od 550G 5550 (6 5 A Colbes 5 SodliS ax s

- -
RIESI»
" Ll e

Ve mbmYoledm VYo,

ey



IS I KT b 0T amslis 5 (Sawd ol 5 S8 g oSl agly L5t a&a T anlllas

o (St Ol JUS 051503 sl L3 JSC
oSl Szl dhie 3 S Sl Sl s oS
Coge Soeil JUS olps Dsbre 53 S
Fvoasly e 53 s o2 Lo aslie S

S gshiles SEL 5 S Sl s de 5
b slal spde sdalie (A) 5 (V) gl S5 s
S oSl canol s sVl s Sl
sdalin opmes il S8 L oSl gl s
Sosles > s GSET sl s a5
oS 3 &S S e Sl JUK o)l
e wbagy ol Slep cblis= 5 S

S Jos e KA L S

hs/h

0 0.2 0.4
distance from channel wall/B

(b)

0.6

ol Jlsas s S, ol asles s L;JSVS L;wwui
o 4y oo 5 IS s s Jem D508 Ol
el 508 andy Jsb a0 il e 50S
23 25 Jban oo (N) 5 (V) gl S s
Gre oSl ol csomb s eV i
QoW elly o S 5 ISE L slapSad
ssee 3 lssad cpl ille Lol sl atls 4
Al e 53 5 0L e (Sado] Ges (53500
ol A o JUES 50w o SiT slos o)l s 5l ol
St B 05 5 520 Jsn pon S
a3 ORlB L asd e edalie (ST Gl an sl
syl 5 VL Cb.u 33 vizmi%j kel US,.J
L oSl caoimly waie 53 5 2580 Fbe oS0

| 30 —A—60 —=—90 |

0 0.2 0.4 0.6
distance from channel wall/B

(@)

Figure 7. Bed cross section profiles at a) 20 mm upstream and b) 40 mm downstream from the first L-series spur
dikes at different angles

hs/h

0 0.2
distance from channel wall/B

0.4 0.6

(b)

hs/h

0 0.2
distance from channel wall/B

0.4 0.6

(@)

Figure 8. Bed cross section profiles at a) 20 mm upstream and b) 40 mm downstream from the first hockey spur dikes
at different angles

- -
RIESI»
" Ll e

Ve mbm Y oledm VYo,

&y



ok s (5258 o Liglrly sl

ot LSl Ol 53 (Sl g 5 Sl
JSEL GlaeStl sl Sl b s 5 et 42 2550
Sl a5 Coles (ke a3 40 4 Y
LS Sopess b Rl o3 VO/0 5 ) o Sa
e A o Yl B gl Sl sty sl
W5 Y o Kbl e 5 Colee SLa
Al o el s s
Oplm (Sl amm 5 Colos alie 51y
Qv 5T P aglyan s ISGL 5 S8 ol (6
Sy g odalie (Vo) 5 (4) sla K5 55 45,5 5b0les o s
S Sl o Dgol Sl o 5 Ll
S 3 a8lad 53 Ol p i Sl 5 568 Wb Jsey
2 Sadol S 5 Sl 508 K LS

s o a3 Y asls b G s slan Sl Ol

3000 a3 Y Ay W 4.
6000
5 4000
>
2000 D —
0
7 8 9 10 11 12 13 14 15
Q(L/S)
(b)

A(cm?)

Sl o 5 Eln p al3 2B s 8l

Sleslimad U ISE L5 B clar Sl 6w 0ol
Oyl 5> (Seecdiol e 5 Co-la Surferl6 ) sile
SV el SOL 5 S8 glan Sl
Jolie 55 Lol slalssed 5 ol 0l acloue a3 4
Sl odd bl (V) 5 Q) g IS b oL e
Sl el JUIS olf whade prla 3 0L (3 Sl
i s s S o OF a5 Ok e
s ol 5 b o L2l e Sl Ol bl 3w Koy
b Seedol e s colee I Csl
AT o J ST sl IR L s
Oljes 5 odd S5 Ol ghte wdd ke Ol
el ol 5t oKl baw g O > sddslol Gl sl

fm 3 3yt Al oSl adles 5 (LYW 54d

I a3 Y A s B 4. I

2500
2000
1500
1000
500

0

7 8 9 10 11 12 13 14 15 16

Q(L/s)

(a)

Figure 9. Variation of a) Area and b) Scour volume with increasing discharge for L-shaped spur dike
at 8=30°, 60° and 90°

¥ A5 e |
4000
3000
5 2000
>
1000
0
7 8 9 10 11 12 13 14 15 16
Q(l/s)
(b)

| 4 ,aF A Iy I
1000
500
0
7 8 9 10 11 12 13 14 15 16
Q/s)
@)

Figure 10. Variation of a) Area and b) Scour volume with increasing discharge for hockey spur dike at 6=30°, 60° and 90

- -
Sh s s
" * »
Ve mbmYoledm VYo,

e



IS I KT b 0T amslis 5 (Sawd ol 5 S8 g oSl agly L5t a&a T anlllas

L L;ubi,,uj By ;w..&ui o 2 Gas Sl -
3 Yo Cod a3 A asly s B 5 IS
ol 5 a3 YYIA 58V S

iy Colhs s sk LSl asls SIS -
5 dsb 5 M Sl Sl sl 0> g
S Sl Caninly 53 g ity ol
ol JSEL glag Sl 51 508

ol S L sla Sl aly bl b -
PR AR IPY L;:m,igiv.?r;-) ol wf;l:.a a5
wsly SRR L &S Shsmnn b e Sl As s VOO
5 Colas o She a3 A L T 51 S g gla S
YRS NWSEL) r) S WU SOV U e

a5\ X sl an s e o -
asly Sl b odas e 0lis ISE Ly S8 S
Abr sl 5 osie Sote Shedod de e
FeS S ST il 5 eVl s (Saa
oSl sl s e b e SO L ol
Cogo Saiol AU olps Sosles 3 S8
oyl sl p cbli- 5 Sal co s 3 S w S

AS o e e ISSL Sl & o ailta

Ble oo
2ol 3 g s O s 5 b 5wl (2 )la5 4 S

@la.o

1. Abbasi, A. (2014). Experimental Investigation
on the Effect of Length, Space and Shape of
Gabion Groynes on Local Scouring Depth.
Journal of water and soil conservation, 21(4),
231-246. (in Persian)

2. Asgari, S., & Nazari, S. (2012). Effect of
hockey spur dike on thalweg scouring in 90°
bends. Second conference on sustainable
development in arid and semi-arid regions,
Abarkooh, Iran.

/
u’/t S

Ve mbm Y oledm VYo,

£no

-

SO L oSl sl e (V) S0 Gilas
ol 4uulie (2018) Zhang et al. juass b ,ol= fags
Gos By SIS amd U5 e S0 4 g Lol
PR Gy St e Sl (S (Sail
Saeil Ges Sl b bl ols cilae ool U L g
ek 35S e pb Ghasy Sl o
Uislesl Olos el ol W 45 3L e (2018) Zhang et al.
£4 (2018) Zhang et al. _iass il Oboj il e
Cola iy ol ass Gl Ol S Jl s cela
5 e Gee Sadol hlesl Ol hlE Lo
2she Fot (Sl e ks

A Sl Gass
Li Zhang et al (2018) _slualie sla o sl
LiZhang et al (2018) slolos sls ol
12000
10000
8000
E 6000 At
> A
4000 ab
AL
2000 AA®
AllN"
0 Lo A ALS
0 2 4 6 8 10 12
hs (cm)

Figure 11. Variation of scour volume with increasing
scour depth

S 5 4o
S oSl wlss ARl ) 0 anllas ol
L oSl b of aglis 5 s 1855 5 Samiid 5
14 s o DL aptle3T s ool s il IS0
oy amys W w ¥l Sl wgly il b -
SSlas) Jels Saes ] o gla bl a0 4w
S (Gl 5 sVl s o0 S (e
ST Oply Sadol i bl 5 Al
el S L Sl 5l 58 S G

| < ru



G Aome (5 28 s (i glry Sloms

. Fazli, M., Ghodsian, M., & Salehi Neyshabouri,
S. A. A. (2008). Scour and flow field around a
spur dike in a 90° bend. International Journal of
Sediment Research, 23(1), 56-68.

. Kuhnle, R. A., Alonso, C. V., & Shields, F.D.
Jr. (2002). Local Scour Associated with Angled
Spur Dikes. Journal of Hydraulic Engineering,
128(12), 1087-1093.

. Masjedi, A., Dehkordi, V., Alinejadi, M., &
Taeedi, A. (2010). Experimental Study on Scour
Depth in around a T-shape spur dike in a 180
degree bend. World Applied Sciences Journal,
10(10), 1146-1152.

. Nath, D., & Misra, U. K. (2017). Experimental
Study of Local Scour around Single Spur Dike
in an Open Channel. International Research
Journal of Engineering and Technology, 4(6),
2728-2734.

. Ozyaman C., Yerdelen C., Eris, E., &
Daneshfaraz, R.  (2022).  Experimental
investigation of scouring around a single spur
under clear water conditions. Water supply,
22(3), 3485.

. Ozyaman, C., & Yerdelen, C. (2017).
Experimental study of local scour around spur
dikes in straight open channels. International
Journal of Advances in Mechanical and Civil
Engineering, 4(3), 131-134.

/
u’/t S

Ve mbmYoledm VYo,

¢

-

9.

10.

11.

12.

13.

14.

15.

Pandey, M., Jamei, M., Ahmadianfar, I,
Karbasi, M., Lodhi A.S., & Chu, X. (2022).
Assessment of scouring around spur dike in
cohesive sediment mixtures: A comparative
study on three rigorous machine learning
models. Journal of Hydrology, 606, 127330
Perdok, UH. (2002). Application of timber
groynes in coastal engineering. M.Sc Thesis,
TU delft University of Technology.

Shafaei Bajestan, M. (2009). Sediment
Transport  Hydraulics.  Shahid  Chamran
University Press.

Yabarehpoor, E., & Kashefipour, S. M. (2014).
Comparison of Bed Topography for the
Permeable and Impermeable Spur Dikes Group.
Journal of irrigation science and engineering,
37(4), 77-86.

Yazdi, J. Sarkardeh, H. Azamathulla, HM., & A
Aminuddin. (2010). 3D simulation of flow
around a single spur dike with free-surface flow.
International ~ Journal of  River  Basin
Management, 8(1), 55-62.

Zare, M., & Honar, T. (2015). Effect of Groyne on
Reducing Coastal Erosion in River Bend. Water
and soil science, 25(1), 181-193. (in Persian)
Zhang, L., Wang, P., Yang, W., Zuo, W., Gu,
X, & Yang, X. (2018). Geometric
Characteristics of Spur Dike Scour under Clear-
Water Scour Conditions. Water, 10(6), 680.

| < ru



