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Figure 1. Plan of water surface transverse slope and twisted vortex flow channels formed in the interval.
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Figure 2. Flow pattern in curved shaped channel (6).
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Table 1. Laboratory channel characteristics.
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Figure 3. Schematicview of the experimental flume.
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Table 2. Spur dikes characteristics.

b/B b(cm) AMcm) Mb
15% 10.5 34.34 3.27
20% 14 45.80 3.27
25% 17.5 53.86 3.08
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Figure 4. Location of Spur dikes with length equal to 15% of flume width in the external bend.
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Figure 5. Schematic view of the grid used in the software.
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Figure 6. Velocity pattern in bend without spur dikes.
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Figure 7. Optional sections for comparison of simulated and measured velocities.
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Figure 8. Comparison between the simulated and measured velocities of the bend without spur dikes.
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Figure 9. The flow pattern in bend with spur dikes with lengths equivalent to: a) 15% b) 20% c) 25% of the

channel width.
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Figure 10. Vortices formed in the intervals between the spur dikes with lengths equivalent to: a) 15%

b) 20% c¢) 25% of channel width.
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Figure 11. Comparison of simulated velocities and measured velocities of the Bend with spur dikes With

lengths equivalent to 15% of channel width.
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Figure 12. Comparison of simulated velocities and measured velocities of the Bend with spur dikes with
lengths equivalent to 20% of channel width.
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Figure 13. Comparison of simulated and measured velocities of the Bend with spur dikes with length

equivalent to 25% of channel width.
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Figure 14. Erosion and sedimentation pattern in bend without spur dikes (Q=34 (lit s7) and y=14(cm)).
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Figure 15. Erosion and sedimentation pattern in bend without spur dikes (Q=30 (lit s") and y=12.5(cm)).
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Figure 16. Erosion and sedimentation pattern in bend without spur dikes (Q=25 (lit s") and y=11(cm)).
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Figure 17. Optional sections for comparison of simulated and measured bed changes.
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Figure 18. Charts comparing the measured and simulated changes in bed in different sections.

Yo



AT (F) 0jboud (YE) Ao S5 g ol Clilis sl g3 41 i

A3l e p sl (B ,e Ao YO 5 Y O Jalas J b
Gos o 4l 2 YE s sl Jae Sl s
> S S S0k L3S Il e sle V8
B SN bl e LSl e 38
Sl anl Jiole b s s Jlisl Csl 5 aniS >l
g b S e B S oa ol
Soolew a8 53 03 5 Ges O35 U 4
Jsb Ll L &S s5d e salie (giluans
55 b e Sl anl ol b Ges Ol e Sl
5 omle g eagdeas AYO 5 LNVO gla Sl
s sk Y Sl 3l 5t @ gy
S 3 Skes Lls IY GlaeSal 0 ki
L oSl o oS el e O w0l opl il
S ek Plas L odae oos AT Jb
5 el O JUS wle Cawa OL x> (S
Spl ged 358 o Chilee il gl
o o3 e IY0 5 /N0 Uk Lol Sl
Jsb b oSl o 0 55 o I gy 1
oAl el &S aule o sl e 5 Y

38 o | e ke (5 0

A

dols s Bl j e (G50 slajlaged s
0ok Sobe 55 WU e 5 |ame il 51 e 3
S L il e O e e Sk Cud A
Aoy amS ol & 015 o DA S glaglasad o
alep Sl bt s Sslee s S
Jde Sosdea slxl sl Q.i‘ASJ.iTL;a 3 g 94
W wgly 3 Co e ST s el Casa 5
03 s g Sl 25 Uy e g0 5 A
3o e 5o Il sl e aslsl s ol
5 il Ol VU Sl o35 L ol il
mE bl leand wblas s 1 (UK s,
Oan 5 815 slatasn s bosdel Cosey
Clae (YY) OLan 5 Ogw o 5 (YY)
a0
B 03 Sl g G gy S s
S Jel w5l e agSal e b
i 0> Sl D5y e B 53 sy s
3 ol ol Jol ilaand @ i ol b
sy oSl jpam b e s I )
ool S by N S sl e

Gz oSl spam b e 5> N s



o8 g byl Je

Elevations
000 -oo+
-co4 -po2
-002 ooo [l
ocoo ooo0 [
coo oo
coo oo1 [l
oor oo [
oot o0z [
002 D04
D04 0.08
0.06  0.07
007  0.08
ooe a1z
o1z 013 [
013 o014

o1 N |
— o |
D N |
o0 o| B
0.00 1| B
0,01 2|
0.02 3
0.03
Q.06
.08
.10 ]
1 2| R
DIz N |
0.13 ]

C(C)

$55 50 X0 (5 TX (o N0l dslan Sy (slyfs Sa p Sl s b o8 3 gy 5 b (55801 14 IS
Figure 19. The depositionand sedimentation pattern in bend with spur dikes with lengths equivalent to:

a) 15% b) 20% c) 25% of the channel width.
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Abstract

Background and Objectives: One of the highest losses due to natural disasters is bank erosion.
Rivers affected by erosion and sedimentation are subject to various changes such as change of
direction, movement in transverse and longitudinal directions, bed level changes and
transformation of geometric features. There are several methods to protect the bank in the outer
arc, spur dikes are one of thebest and most economical methods used in most parts of the world.
In this study, flow and sedimentpatterns in a 90 degree mild bendwith and without spur dikes by
changing the position and length of the spur dikes with Configurations 15%, 20% and 25% of
the flume width was examined using numerical model CCHE2D and by considering the
hydraulic performance of spur dikes the optimum combination of parameters, length and
position of spur dike in the bend were investigated.

Materials and Methods: The bend used in the numerical simulation in this study isa 90 degree
mild bend flume with 70 cm width in hydraulic laboratory of Shahid Chamran University. In
order to simulate the flow and sedimentpattern the numerical model CCHE2D was used in this
study. This model is a two-dimensional hydrodynamic model which has been prepared and
developed at thelnternational Science and hydraulic center of Mississippi School of
Computational Engineering in America.

Results: Hydraulic and sedimentary results were verified by comparing the simulated results by
model with experimental results. The results indicatethe numerical models high capability in
simulating the flow and sediment pattern in the bend. Comparison of the model and
experimental velocity results indicates an accuracy of more than 94 percent. The sediment
validation also indicated that the models accuracy in estimating the sediment erosion and
deposition is over 90%.

Conclusion: The results show that by increasing the length of the spur dikes, the maximum
velocity and depth of erosion and sedimentation also increases. For example, the maximum
scour depth of spur dikes with length equal to 15 and 20 percent of flume width compared to
spur dikes with 25 percent of flume width length decreases 44% and 33% respectively. Also the
maximum velocity of spur dikes with 15 and 20 percent of flume width length decreases 9% and
16% respectively compared to spur dikeswith 25 percent of flume width length. The results
show that the erosion and sedimentation pattern of spur dikes with length equal to 20% of flume
width is preferred. Because, firstly they divert the flow to the center of the main channel with
causing the least changes in the channel bed. Secondly, the spur dikes with 15% and 25% of the
channel width length cause a massive volume of sedimentation in the inner arc of bend.
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