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Table 1 Hydraulic conditions (single pier)

Case Discharge | Water depth * | Mean velocity | Friction velocity | Sediment discharge | Pier height Bed
Q (cm¥/s) h (cm) u (cm/s) U« (cm/s) Qs (cc/min) T (cm) condition
SO
S1 7.5 .
5,700 5.00 285 1.98 Static
S2 3.5
S3 2.5
DO
D1 7.5 .
10,000 7.00 35.7 2.25 65 Live-bed
D2 35
D3 25

Bed material: Mean diameter d,=1.45mm, Specific gravity ¢=1.9, Critical friction velocity u«=2.09cm/s

Pier diameter D=5cm

¢ Quasi-uniform flow depth that is established in Case-SO and DO, where no pier is installed

Table 2 Hydraulic conditions (double pier)

Case | Discharge | Water depth * | Mean velocity | Friction velocity Pier height
Q (cm®ss) h (cm) u (cm/s) U« (cm/s) upstream T, (cm) downstream T, (cm)
S11 7.5 7.5
S22 35 3.5
S33 5,700 5.00 28.5 1.98 25 25
S20 35
S30 2.5

Used bed material, pier diameter and definition of the water depth are the same as in Table 1.
All experimental cases for the double piers are conducted in the static bed condition.
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Fig. 1 Effect of backwater by the single pier
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Table 3  Averaged backwater height (mm)
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Table 4 Equilibrium maximum scour depth for the single pier cases

Case h(m) | T(cm) Equilibrium maximum scour depth Z (cm) ZID h/D Z1Z, T/h
S1 5.0 6.75 1.35 1 1
S2 5.0 35 6.00 1.20 1.0 0.89 0.7
S3 25 4.96 0.99 0.73 0.5
D1 7.0 7.38 1.48 1 1
D2 7.0 35 5.67 1.13 1.4 0.77 0.5
D3 25 481 0.96 0.65 0.36

Note: D=5cm : Z, denotes equilibrium maximum scour depth in Case-Sland D1.
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Table 5 Averaged backwater height (mm)

Case All Movable bed
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S33 0.21 0.33
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Table 6 Equilibrium maximum scour depth for the double pier cases

Equilibrium maximum scour depth
Case T, (cm) T, (cm) Z,/D Z,/ID
upstream Z; (cm) downstream Z, (cm)
S1 5.0 6.75 1.35
S2 35 6.00 1.20 -
S3 2.5 4.96 0.99
S11 5.0 5.0 7.73 6.87 1.55 1.37
S22 35 35 6.41 4.27 1.28 0.85
S33 25 25 5.25 3.43 1.05 0.69
S20 35 0 5.89 2.22 1.18 0.44
S30 2.5 0 5.29 1.35 1.06 0.27
Note: D=5cm
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Local Scour and Bed Evolution around Submerged Cylindrical Piers

Yasunori MUTO and Shigeatsu SERIZAWA

Synopsis

Laboratory experiments were conducted on local scour and bed evolution around cylindrical piers. Not
only with a traditional non-submerged pier, but some cases with a submerged pier were explored. In addition to
the single pier, double piers arranged in the longitudinal direction are also studied. Experiments were carried out
in both static and live-bed scouring conditions. The shape of the scouring hole in the submerged conditions is
similar to that in the non-submerged condition, thus the maximum scour depth appears in vicinal front of the pier.
The maximum scour depth reduces as the height of the pier decreases. A refined equation for estimating the
maximum scour depth including the effect of variable pier height is proposed and shows good performance in
the range tested here. Backwater in the upstream is not so noteworthy in the submerged cases.

Keywords: cylindrical pier, local scour, bed evolution, backwater, submerged pier, embayment
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