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Synopsis

This paper presents an experimental study on the impacts of series of spur-dikes on
bed topography and sediment sorting process of bed surface around impermeable
spur-dikes. It was found that the vortex systems around spur-dikes were different in
comparison with different number of spur-dikes and different submerged conditions on
equilibrium stage. Compared with the results of single spur-dike cases and series of
spur-dikes cases, the vortex systems are quite different between the spur-dikes. These
differences cause different sediment transport and sorting process between the
spur-dikes. The coarsened longitudinal region and fine sediment regions were observed,
and it was indicated that series of spur-dikes also create not only bed morphology, but
the diversity of surface bed composition. Furthermore, the scouring, deposition and
sorting processes around spur-dikes were simulated by 3-D RANS with non-equilibrium
bed load model using unstructured mesh system. The simulated results show generally
good agreement with the experimental results of bed morphology and sediment sorting.
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Fig. 1 Sketch of the experimental flume
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Table 1 Hydraulic conditions

Flow discharge @ (I/s) 5.7
Channel slope 7 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

Dm0
No | Casename | N: | Sw/h o, | U.JU,
(mm)
1 U-NS-S1 1
2 U-NS-S2 2 1.03 1.14 0.83
3 | U-NS-S4 4 |10
4 M-NS-S1 1
1.01 2.55 0.84
5 M-NS-S4 4
6 U-Sh4-S4 4 0.8
1.03 1.14 0.83
7 U-Sh2.5-S4 4
0.5
8 M-Sh2.5-S4 4 1.01 2.55 0.84
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203 Table 3 Maximum scour depth and volumes of scour and
103 deposition.
0 = TT 2\0 TT \\ \6\0 TTTT 8‘0 TTT \160\ TT \150\ TT \1)‘0\ TT \1é0\ TT ‘1‘80‘ TT \260 NO. Case name em(cm) VS (CmS)
(a) Case 1: U-NS-S1 1 U-NS-S1 11.7 6090
407
w0l 2 U-NS-S2 8.6 6611
2 3 U-NS-84 8.0 7403
109 ="
0:\ TJrrrr i rrrr 1T rrrrtrorr 1 I 11T Tt it T rr I I T T rTr I TTrrI] 4 M.NS.Sl 9~3 4290
20 40 60 80 100 120 140 160 180 200
(b) Case 2: U-NS-S2 5 M-NS-S4 7.9 6383
6 U-Sh4-S4 9.6 4801
7 U-Sh2.5-S4 7.7 1668
8 M-Sh2.5-S4 5.7 1251

* e,,: maximum scour depth. V: Scour volume.
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Fig. 6 Streamline of surface flow field in the case of
non-submerged conditions (Case 4, Case 5 and Case 7)
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Fig. 7 Unstructured mesh for 3D-RANS simulations
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Fig. 8 Streamline of simulated flow field near the bottom
with velocity contour in the case of non-submerged
conditions (Cases 1, Case 4 and Case 7)
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Fig. 9 Side view of simulated flow on y=5 section in
Case 7(U-Sh2.5-S4); submerged condition
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(b) Case 5 (M-NS-S4)

(c) Case 8 (M-Sh4-S4)
Fig. 10 Bed surface at the quasi-equilibrium stage for
three cases with sediment mixtures; (a) Case 4, (b) Case
5 and (c) Case 8
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Fig. 11 Grain size distribution D,, ; (a) Case 4, (b) Case 5
and (c) Case 8 (circles: sampling points; belts: fine
sediment belts; lines: bed contours)
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Fig. 13 Mean diameter contour of simulated bed surface
results
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