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Study on Sediment Sorting around Single Spur-dike with Different Orientations
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Synopsis

This paper presents an experimental study on the impacts of orientation of a spur-dike
on the bed topography and sediment sorting process of bed surface around a single
impermeable spur-dike. The importance of one governing parameters, the orientation of
the spur-dike, was emphasized through quantitative and qualitative evidences. It was
found that each case of the spatial progress patterns of scour-deposition and sediment
sorting were different in comparison with different types of orientations. Compared with
the deflecting and attracting types of spur-dike, the repelling type has the property of
promoting deposition in the wake region of the spur-dike. This property is caused by the
difference of flow structure in the vicinity of spur-dike. The coarsened longitudinal
region and fine sediment regions were observed, and it was indicated that the repelling
type of spur-dike has the strongest intensity of sediment sorting of the three orientations
of spur-dikes under same approach flow condition.
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Table 1 Hydraulic conditions

Flow discharge @ (I/s) 5.7
Channel slope 1 1/1000
Channel width B (cm) 40.0
Flow depth A (cm) 5.0
Flow velocity U (cm/s) 28.5

Friction velocity U+ (cm/s) 1.98
Reynolds number Re 14,250
Froude number Fr 0.41
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Fig. 3 Grain size distributions of sediment particles at
initial bed
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Table 2 Experimental conditions for all cases

No Case Su/h Do o U.JU,, o;
name (mm) (deg.)
1 U-NS-D | >1.0 90
2 U-NS-R 1.03 1.14 0.83 135
3 U-NS-A 45
4 M-NS-D 90
5 M-NS-R 1.01 2.55 0.84 135
6 M-NS-A 45
7 U-S-D 0.5 90
8 U-S-R 1.03 1.14 0.83 135
9 U-S-A 45
10 | M-S-D 90
11 M-S-R 1.01 2.55 0.84 135
12 | M-S-A 45
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Fig. 4 Bed contour at the quasi-equilibrium stage for
different orientations with  uniform/non-uniform
sediment bed under non-submerged conditions (Cases
1-6)
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Fig. 5 Bed contour at the quasi-equilibrium stage for
different  orientations  with  uniform/non-uniform
sediment bed under submerged conditions (Cases 7—12)
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Fig. 6 Sketch of scour hole dimension parameters

Table 3 Bed topography features in current experiments.

No. 1 2 3 4 5 6

Case U- U- U- M- M- M-
Name NS-D | NS-R NS-A NS-D | NS-R NS-A

en(cm) 11.7 | 12.3 10.8 9.3 10.8 7.2

em* 1.65 1.74 1.53 1.32 1.53 1.02

Viems3) 5481 6422 4960 3662 4993 1699

Vdem3) | 1788 | 2947 | 1792 | 1847 | 2550 1236

a/L 2.3 3.2 1.1 2.1 3.2 0.4
b/L 2.8 2.8 2.7 2.9 2.8 2.3
c/L 2.0 0.5 3.1 1.0 0.4 0.0

O/(deg) | 27.4 | 321 | 302 | 228 | 262 | 269

6Adeg.) | 31.0 | 264 | 306 | 236 | 24.0 28.2

0/deg.) | 140 | 137 | 170 | 127 | 12.8 13.0

No. 7 8 9 10 11 12
Case U- U- U- M- M- M
Name SD S-R S-A S-D S-R S-A
en{cm) 6.8 10.1 7.4 5.9 7.3 3.9

em* 0.96 1.43 1.05 0.83 1.03 0.55

Viems3) 1284 2682 1896 918 1979 486

Vcm3) 1147 1600 1154 1175 1757 600

a/L 1.2 2.4 0.7 1.1 2.4 0.0
b/L 2.0 2.0 2.2 2.1 2.2 1.7
c/L 0.0 0.0 3.3 0.0 0.0 2.9

6ddeg) | 29.2 26.1 | 33.0 | 257 | 21.7 | 0.8

0Adeg.) | 25.0 258 | 314 | 228 | 26.7 | 27.8

6s(deg.) 7.4 4.2 9.3 6.3 8.6 10.9

* e, maximum scour depth.
V,: Scour hole volume, V,;: Deposition volume.
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(a) Deflecting case (M-NS-D).
G G

[cmi/s]
00 20 40 6.0 80 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0

(c) Attracting case (M-NS-A).

Fig. 12 Streamline of simulated flow field near the
bottom with velocity contour in the case of
non-submerged conditions (Cases 4-6)
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Fig. 15 Streamline of simulated flow field near the
bottom with velocity contour in the case of submerged
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(b) Repelling case (M-NS-R)
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Fig. 16 Grain size distribution D,/D,, (circles:
sampling points; belts: fine sediment belts; lines: bed

contours)
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Fig. 17 Comparison of transverse width of coarsened
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