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Accepted: Among the approaches to reduce flood damage is to reduce the flow
February.25.2021 rate near the shore by spur dikes. The study first simulated the transfer
Available online: of sediment and scour around series spur dikes in an experimental
October 5, 2022 model using Flow 3d software. According to the comparison results,

one can observe a good match between the results of the numerical and
experimental models that the error rates of MAPE around the first spur
dike, for U/Uq, ratios were, 0.75, 0.85 and 0.95 and were 9%, 13.79%
Keywords: and 14.10%, respectively. Then two protective spur dikes with various
Series spur dikes, scour, | lengths (10 and 20 cm) were used in canal upstream and the effects of
numerical models, and | the presence of these two protective spur dikes simultaneously on the
protective spur dikes. scour around the main spur dike were examined. In modeling done,
increase in U/U, depth increases the maximum spur dike depth, so that
with increase in U/U¢ by 26% (from 0.75 to 0.95), the increase in the
maximum depth of the first spur was 51%, in the second spur dike 4
times, and in the third spur dike 116%. When the protective spur dike
couple with various lengths is used simultaneously, and then these two
protective spur dikes simultaneously drastically reduce the effect of the
flow intensity to the wall and nose of the main spur dike. Moreover,
the maximum depth of scour around the first, second and third main
spur dikes has decreased by 79, 42, and 78%, respectively (U/Uq =
0.85).

1.  Introduction

Many of the hydraulic structures built in the rivers have been destroyed and caused irreparable damages
due to scour around and downstream of them during normal and flood times. Spur dikes are one of the
most important structures that are built in the river for this purpose. One of the most important
parameters that play an important role in the design of spur dikes is the maximum scour depth (Jabbari
etal., 2014, Saeedi et al., 2019). Erosion of the bed downstream of hydraulic structures due to high flow
intensity or as a result of local turbulent flows is called scouring (Acharya and Duan, 2011, Olsen and
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Basson, 2004). Karami (2011) studied the development of scouring around impermeable spur dikes in
a straight channel, the results showed that under the same conditions at low ratios of U/Ucr, the scouring
depth reaches the final scouring depth in a shorter period of time, also generally between 70 and 90%
of the equilibrium scouring depth occurs in the first 20% of scouring time. The increase in the velocity
gradient can be caused by the reduction of the flow cross-section or the presence of obstacles such as
bridge foundations, water diversion structures, etc. (Fatahi et al., 2018).

2. Materials and Methods
 Equations governing the flow

In this study, using Flow3D software, continuity equations and averaged Navier-Stokes equations have
been solved. These equations are in the form of relations 1 and 2, respectively
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In this equations, Uiand “iare the velocity in the x and y direction respectively, p is the total pressure

and p is the fluid density. In the above equations, the terms (_ P UJ) are the Reynolds stresses.
* Equations governing the sediment transport model
The main equation governing sediment transport is written as equations 3.
dc dc dc (3)

g tUigstWs, = axl( axl
In equation (3), U is the average velocity of water, W is the fall velocity of sediment particles, X is the
distance between particles, Z is the vertical distance, and I is the diffusion coefficient, t is time, and d
is the diameter of sediment particles.

3. Results
In this simulation, two protective spur dikes with different lengths and thickness of 1 cm were used at

the upstream of Kerami laboratory channel (2011) (Figure 1). The effects of these two protective spur
dikes on scour around the main spur dikes have been investigated. The distance and length of protective
spur dikes have been selected according to the geometric criteria of breakwaters in Kerami's research
(2011). All the hydraulic conditions of the flow (velocity and critical velocity, etc.) and the geometry
of the main channel and the main spur dikes are the same as the laboratory model. According to Figure
(1), the first protective spur dike with a length of 10 cm is located at a distance of 0.8 meters from the
entrance of the channel and the second protective spur dikes with a length of 20 cm is located at a
distance of 0.9 meters from the entrance of the channel.
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Figure (1): Schematic representation of the installation of main spur dikes and protective spur dikes with different lengths

in the channel

First, the effect of a pair of protective spur dikes on scour values in conditions close to the movement
threshold has been tested. The results of the numerical model are shown in Figure (2). Figure (2) shows
that in all U/Ucr models, the maximum scour depth around the main spur dikes has decreased

significantly compared to the case without protective spur dike.
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Figure (2): The effect of protective spur dikes on scour around the spur dikes

In Figure (3), the changes in scour rate around protective spur dikes and main spur dikes in U/Ucr state
equal to 0.85 have been investigated. In this form, the scour hole around the first protective spur dike
is extended downstream and the second protective spur dike is placed in these holes. Therefore, the
maximum scour depth around the second protective spur dike increases. The remarkable point is the

Sohrab Karimi,Hojat Karami *, Khosrow Hosseini, Saeed Farzin. Numerical Investigation of the Effect of a Pair of

Protective Spur Dikes on the Scouring around the Series Spur Dikes



37 _ Iranian Journal of Irrigation and Water Engineering

dramatic reduction of 66 and 70 percent of scour around the second and third main spur dikes compared
to the results of the laboratory model without a protective spur dike and with the use of a spur dike (in
all U/Ucr states).

dsl dsZ
012 ~0000
i ol
0036
E o0t L
E v
i T
i b
L Qo072
N -014 N
N ¥
E
T c -ows
¢ -0z N
A g
g %A l (m) -0144
(m) o040 .,v
l/\ ~0180
0. 300, 600, 900, 1200, 1500.
TIME (s)
-053
[} 300. 600. 900. 1200. 1500.
TIME ()
dss dspr
001 0.0
E -006 E 0.01 ﬁ 1
E E
v v
SFIE i J H
| ﬂ !
9 .01 Q002 i~
N j U \ N m
¢ ;
T
c 020 c 003
H H
: ; N
N N
g r g ’// lfq
(m) -027 J (m) 008 U"U
-034 005

0. 300. 600. 900. 1200. 1500. 0. 300. 600. 900. 1200. 1500.
TIME (s) TIME(s)
dspz

.000
E -016
E l\
v
A
T
1
Qo3 W
N l
E
‘ )
ﬁ -048 (Aow
A
N
G
; 1|
(m) -064 Lj\“\

-.080

0. 300. 600 1200. 1500,

. 900.
TIME (s)

Figure (3): Scour rate around protective spur dikes and main spur dikes in the state of U/U¢r equal to 0.85.
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4, Discussion and Conclusion

In the present research, based on valid laboratory research, numerical modeling was based on the
scouring rate and evaluation of the phenomenon of sediment transport around series spur dikes. Then,
upstream of the channel, two protective spur dikes with different lengths were used simultaneously, and
the effects of these two spur dikes on scour around the main spur dikes were investigated. In the
modeling done by increasing U/Ucr, the maximum scour depth increased. The other results obtained
show that the first protective spur dike with a length of 10 cm reduces the impact of the flow collision
with the second protective spur dike with a length of 20 cm and then these two protective spur dikes
simultaneously greatly reduce the impact of the flow collision on the wall and nose of the main spur
dike. For this reason, the dimensions of the scour hole around the main spur dikes have been reduced.
In addition, the maximum scour depth around the first, second, and third main spur dikes has decreased
by 78, 42, and 79 percent, respectively (U/Ucr is equal to 0.85).
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Numerical Investigation of the Effect of a Pair of Protective Spur Dikes on
the Scouring around the Series Spur Dikes

Sohrab Karimi!, Hojat Karami?*,Khosrow Hosseini %, Saeed Farzin*

Abstract

Among the approaches to reduce flood damage is to reduce the flow rate near the shore by spur dikes.
The study first simulated the transfer of sediment and scour around series spur dikes in an experimental
model using Flow 3d software. According to the comparison results, one can observe a good match
between the results of the numerical and experimental models that the error rates of MAPE around the
first spur dike, for U/U. ratios were, 0.75, 0.85 and 0.95 and were 9%, 13.79% and 14.10%,
respectively. Then two protective spur dikes with various lengths (10 and 20 cm) were used in canal
upstream and the effects of the presence of these two protective spur dikes simultaneously on the scour
around the main spur dike were examined. In modeling done, increase in U/U. depth increases the
maximum spur dike depth, so that with increase in U/U. by 26% (from 0.75 to 0.95), the increase in
the maximum depth of the first spur was 51%, in the second spur dike 4 times, and in the third spur dike
116%. When the protective spur dike couple with various lengths is used simultaneously, and then these
two protective spur dikes simultaneously drastically reduce the effect of the flow intensity to the wall
and nose of the main spur dike. Moreover, the maximum depth of scour around the first, second and
third main spur dikes has decreased by 79, 42, and 78%, respectively (U/U¢ = 0.85).

Keywords: Series spur dikes, scour, numerical models, protective spur dikes.

LPh.D. student, Department of Civil Engineering, Semnan University, Semnan, Iran, Email: M.karimi@semnan.ac.ir
2* Associate Professor, Department of Civil Engineering, Semnan University, Semnan, Iran Email: hkarami@semnan.ac.ir

3 Associate Professor, Department of Civil Engineering, Semnan University, Semnan, Iran , Email:

kh.hosseyni@semnan.ac.ir

4 Associate Professor, Department of Civil Engineering, Semnan University, Semnan, Iran Email: saeed.farzin@semnan.ac.ir

Ao


mailto:kh.hosseyni@semnan.ac.ir

