5.7  Riprap Design

5.7.1

5.7.2

CHAPTER 5

OPEN CHANNEL HYDROLOGY

Assumptions

The following procedure is based on results and analysis of laboratory and field
data (Maynord, 1987; Reese, 1984, Reese, 1988). This procedure applies to
riprap placement in both natural and prismatic channels and has the following
assumptions and limitations:

5.7.1.1
5.7.1.2
5.7.1.3
5.7.14
5.7.1.5
5.7.1.6

Minimum riprap thickness equal to d;go

The value of dgs/d;s less than 4.6

Froude number less than 1.2

Side slopes up to 2:1

A safety factory of 1.2

Maximum velocity less than 18 feet per second

If significant turbulence is caused by boundary irregularities, such as installations
near obstructions or structures, this procedure is not applicable.

Procedure

Following are the steps in the procedure for riprap design.

5.7.2.1

5.7.2.2

Determine the average velocity in the main channel for the design
condition. Use the higher value of velocity calculated both with and
without riprap in place (this may require iteration using procedures in
Section 5.4.5). Manning’s n values for riprap can be calculated from
the equation:

n=0.0395(d,)"° (Eq. 5.7.2.1-1)

Where: n = manning’s roughness coefficient for stone riprap
dsp= Diameter of stone for which 50 percent, by weight, of
the gradation is finer (ft)

If rock is to be placed at the outside of a bend, multiply the velocity
determined in Step 1 by the bend correction coefficient, C,,, given in
Figure 5.7.2-1 for either a natural or prismatic channel. This requires
determining the channel top width, T, just upstream from the bend and
the centerline bend radius, Ry,



5.7.23

5.72.4

Where:

If the specific weight of the stone varies significantly from 165 pounds
per cubic foot, multiply the velocity from Step 1 or 2 (as appropriate)
by the specific weight correction coefficient, C,, from Figure 5.7.2-2.

Determine the required minimum dso value from Figure 5.8-1, which is
based on the equation:

d30/D=0.193 Fr2.5 (Eq.5.7.2.4-1)

dso = diameter of stone for which 30 percent, by weight, of the
gradation is finer (ft)

D = depth of flow above stone (ft)

Fr = Froude number (see equation 5.8), dimensionless

v = mean velocity above the stone (ft/s)

g = acceleration of gravity (32.2 ft/sec)



Figure 5.7.2-1
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Figure 5.7.2-2
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5.7.2.5

5.7.2.6

5.7.2.7

Determine available riprap gradations. A well graded riprap is
preferable to uniform size or gap graded. The diameter of the largest
stone, digo, should not be more than 1.5 times the dso size. Blanket
thickness should be greater than or equal to d;oo except as noted below.
Sufficient fines (below d;s) should be available to fill the voids in the
larger rock sizes. The stone weight for a selected stone size can be
calculated from the equation:

W =0.5236 SW.d’ (Eq.5.7.2.5-1)
Where: w = stone weight (Ibs)
d = selected stone diameter (ft)

SWg = specific weight of stone (Ibs/ft%)

Filter fabric or a filter stone layer should be used to prevent turbulence
or groundwater seepage from removing bank material through the
stone or to serve as a foundation for unconsolidated material. Layer
thickness should be increased by 50 percent for underwater placement.

If dgs is between 2.0 and 2.3 and a smaller d3g size is desired, a
thickness greater than d;oo can be used to offset the smaller d3, size.
Figure 5-10 can be used to make an approximate adjustment using the
ratio if dso sizes. Enter the y-axis with the ratio of the desired ds size
to the standard dsqo size and find the thickness ratio increase on the x-
axis. Other minor gradation deficiencies may be compensated for by
increasing the stone blanket thickness.

Perform preliminary design, ensuring that adequate transition is
provided to natural materials both up and down stream to avoid
flanking and that toe protection is provided to avoid riprap
undermining.

END OF SECTION 5.7



