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To determine pier scour, an equation based on the CSU equation is recommended for
both live-bed and clear-water pier scour®” The equation predicts maximum pier scour

depths. The equation is
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Figure 3.2. Schematic representation of scour at a cylindrical pier.





Froude number Fr1=v1/sqrt(gy1)
Depth y1, velocity v1, cylinder diameter

[image: image3.png]As a Rule of Thumb, the maximum scour depth for round nose piers aligned with the flow is:

¥a < 2.4 times the pier width (a) for Fr < 0.8 62)
¥a < 3.0 times the pier width (a) for Fr > 0.8

In terms of y»/a, Equation 6.1 is:
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where
Ve Scour depth, m (ft)

Flow depth directly upstream of the pier, m (ft)

Correction factor for pier nose shape from Figure 6.3 and Table 6.1
Correction factor for angle of attack of flow from Table 6.2 or Equation 6.4
Correction factor for bed condition from Table 6.3

Correction factor for armoring by bed material size from Equation 6.5

Pier width, m (ft)

Length of pier, m (ft)

Froude Number directly upstream of the pier = V4/(gy:)"?

Mean velocity of flow directly upstream of the pier, m/s (fs)

Acceleration of gravity (9.81 m/s?) (32.2 ft/s®)

The correction factor, K, for angle of attack of the flow, , is calculated using the following
equation:

K, = (Cos 8 + L /a Sin 6)°%

If Ua s larger than 12, use L/a = 12 as a maximum in Equation 6.4 ai
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[image: image4.png]9.3 LIVE-BED CONTRACTION SCOUR

A modified version of Laursen's 1960 equa(lon for live-bed scour at a long contraction is
recommended to predict the depth of scour in a contracted section.®? The original equation
is given in Appendix C. The modification is to eliminate the ratio of Manning's n (see the
following Note #3). The equation assumes that bed material is being transported from the
upstream section.
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where:
7 Average depth in the upstream main channel, m (ft)

y2 = Average depth in the contracted section, m (ft)
Yo = Existing depth in the contracted section before scour, m (ft) (see Note 7)
Q; = Flow in the upstream channel transporting sediment, m*s (ft*/s)
Q, = Flow in the contracted channel, m¥s (ft¥/s)
W; = Bottom width of the upstream main channel that is transporting bed
material, m (ft)
W, = Bottom width of the main channel in the contracted section less pier
width(s), m (ft)
ki = Exponent determined below
Velw ki Mode of Bed Material Transport
<0.50 0.59 | Mostly contact bed material discharge
0.50t02.0 | 0.64 | Some suspended bed material discharge





[image: image5.png]To determine if the flow upstream of the bridge is transporting bed material, calculate the
critical velocity for beginning of motion Ve of the Dep size of the bed material being considered
for movement and compare it with the mean velocity V/ of the flow in the main channel or
overbank area upstream of the bridge opening.  If the critical velocity of the bed material is
larger than the mean velocity (Ve > V), then clear-water contraction scour will exist. If the
critical velocity is less than the mean velocity (V. < V), then live-bed contraction scour will

exist. To calculate the critical velocity use the equation derived in the Appendix C. This
equation is:

V,=K,y" D" (5.1)
where:

Ve = Critical velocity above which bed material of size D and smaller
will be transported, mis (ft/s)

Average depth of flow upstream of the bridge, m (ft)

Particle size for Ve, m (ft)

Particle size in a mixture of which 50 percent are smaller, m (ft)
619 Slunits

1117 English units

The Ds is taken as an average of the bed material size in the reach of the stream upstrepm
of the bridge. Itis a characteristic size of the material that will be transported by the stream.
Normally this would be the bed material size in the upper 0.3 m (1 ft) of the stream bed.




