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Introduction:

River changes happen due to the periodic erosion and sedimentation along river bed, destruction
and widening of river banks, movement of the meandering pattern and flow direction, changing of
river form (braided, sinusoidal, and straight), and shortcut or diversion of river path. One of the
common hydraulic structures for erosion controlling in river bend is spur dike. Ezzeldin et al (2007)
conducted experiments on a permeable spur dike to investigate the effect of the fluctuation ratio and
the angle of attack on the scour hole dimensions. Based on the obtained results, for the same flow
conditions and the degree of tightness, a 30-degree angle has been found to have a good effect on
scour depth reduction in the nose and controlling coastal erosion. Nasrollahi et al (2008) examined
the experimental investigation on the scouring hole around permeable and impermeable spur dikes.
Based on the dimensional analysis, the important parameters affecting the scour hole are Froude
number, permeability of the spur dike, and the ratio of flow depth to the length of the spur dike, the
ratio D50 to the spur dike length and the channel width-to-length ratio. The results showed a
significant reduction in the maximum permeability of scour depth compared to an impermeable spur
dike, and there were also relationships for maximum scour depth.

Methodology

In this study, 36 experiments were conducted to investigate the effect of effective length and
permeability of permeable spurs on the dimensions of scour-hole around them (table 1). In this
research study, the effect of spur dike permeability of (0, 33 and 64%) and length (10.5, 14 and
17.5cm) corresponding to (0.15, 0.2 and 0.25 of flume width) on scour-hole dimensions was
investigated for four Froude numbers of (0.21, 0.23, 0.26, and 0.28) in a 90° mild bend.

Table 1- General pattern of experiments

Parameter Range of changes
Flow (Q) 25-27-30-33 (lit/s)
Flow depth () 14 (cm)
Froude number (Fr) 0.21-0.23-0.26-0.28
The ratio of the flow speed to the 0.71-0.77-0.88-0.94

critical speed (U/U,)
Permeability () 0-33-64%
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Average sedimentary 1.5 (mm)
particles(Dsq)
Angle of position(©) 90
Distance (a/L,) 4
Effective relative length (L./B) 0.15-0.2-0.25

Results and Discussion

The results show that for a constant Froude number, the scour-hole dimensions decreased by
increasing of the spur permeability for different lengths. For instance, for spur dike with a length of
14 cm with 33% permeability, the maximum depth, length and width of scour area were decreased
59.8%, 47.9%, and 38.6%, respectively in comparison with 0% permeability (impermeable spur
dike) for Froude number equal to 0.28. The corresponding values for the spurs with 64%
permeability were 82.9%, 66%, and 47.5%. For any size of permeability, the dimensions of scour
area around the spurs were significantly increased with increasing of the spur length, as the
maximum scour dimensions were obtained for the spurs with 17.5cm length and the minimum one
for the length of 10.5cm. The percentage reduction in the maximum dimensions of the scour-hole in
spur dike with an effective length of 10.5 and 14 cm, compared to an effective length of 17.5 cm, is
given in Table (2) for the four Froude numbers. It was also observed that the hole dimensions were
increased with increasing of the Froude number, and the critical area for scouring was the ending part
of the bend.

Table 2- The reduction percentage of scouring in spur dikes with an effective length of 10.5
and 14 cm, compared to an effective length of 17.5 cm

The spur Froude Permeability  Reduction  Reduction  Reduction
dike number of the spur  percentage percentage percentage
effective dike of scour of scour of scour
length (cm) depth length width

0.21 0 51 17 21
14 0.23 0 42 33 13
0.26 0 20 27 12
0.28 0 19 23 16
0.21 0 73 50 28
10.5 0.23 0 49 38 26
0.26 0 25 37 18
0.28 0 25 26 23
0.21 33 58 12 10
14 0.23 33 10 5 12
0.26 33 6 17 17
0.28 33 10 18 27
0.21 33 67 67 55
10.5 0.23 33 64 53 54
0.26 33 25 46 38
0.28 33 42 47 39
0.21 64 37 36 33
14 0.23 64 34 25 32
0.26 64 36 20 23
0.28 64 36 27 26
0.21 64 63 71 67
10.5 0.23 64 58 60 55
0.26 64 56 40 43

0.28 64 53 45 36
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Conclusions

- For any size of permeability (0, 33, and 64 percent), the dimensions of scour area around the spurs
were profoundly increased by increasing of the spur length, as the maximum scour dimensions were
obtained for the spurs with 17.5cm length and the minimum one for the length of 10.5cm.

- By increasing of the Froude number in all three effective lengths for all three permeability modes,
the stress concentration in the area of the constriction of the section (spur dike confirmation location)
is greater and as a result of the bed topographic changes caused by local scouring, as well as
increasing the Froude number of landings and, consequently, the power of carrying sediments
increases the size of the scour-hole at the location of the depletion of the spur dike.

- In all three effective spur dikes, 15, 20 and 25% of the flume width are 10.5, 14, and 17.5 cm, with
increasing of the permeability, the scour hole size significantly decreases.
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