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Design of Rip-Rap Apron at FES 200

The design of the rip-rap apron is based upon equations and exhibits published by the FHWA in Hydraulic
Engineering Circular (HEC) Number 14. The equations come from Chapter 10, Section 10.2 and are as follows.
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The equation below is recommended for use in determining the rip rap size:

Dsg=0.2D = {Q/(Ng « D*H)}*3 « (D/TW)

Where: Q
Dso = Rip-Rap Size (ft.)

Q = Design Discharge, (ft¥s)
D = Culvert Diameter (fi)

g = Acceleration of gravity
TW = Tailwater Depth ([i)

The above values are found to be:

Q = 46.76 fi*/s (15 Year, 20 minute frequency discharge from culvert)

D-=3.0M (based upon 367 culvert)
g = 322 fus?
TW = 3 ft (Inside Top of Pipe) F/ O W/ I‘I,? e

Inserting the above values into the above referenced equation. D50 is found to be 0.534 feet = 6™
Using the following Table 10.1 from HEC 14 the rip-rap apron’s length and thickness/depth can be determined.

Table 10.2 Example Rip-Rap Classes and Apron Dimensions

Class Dso (in) Apron Length Apron Depth
1 5 4D 3.5Dso
2 6 4D 3.3Dsa
3 10 5D 2.4Ds0
4 14 6D 2.2Dsp
5 20 D 2.0Dsq
6 22 sD 2.0Dso

D is the culvert diameter

From the previous equation Dsp was determined to be 37,
Using Class 1 in the above table:
Apron Length = 4 < 3.0 1 = 12/t
Apron Depth = 3.5 < 37 = 10,57

Rip-Rap Apron Design Parameters (see plan for details)

Proposed Rip-Rap Stone Size: 7 Min. Diameter = Required 3" v
FProposed Apron Length: 43 ft = Required 12 _\'
Proposed Apron Depth: 18" = Required 10.5”

Per the recommendations from the FITWA HEC 14 design guidelines the rip-rap apron at FES 200 meets or exceeds
the calculated parameters.
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