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Appendix C PIPE FLOW DESIGN CHARTS

HDS-5, Hydraulic Design of Highway Culverts FHWA, 1985) contains pipe design charts. Some of these charts have been
reproduced in this appendix. Anindex of the design charts provided is given below, not all charts included in the FHWA manual
are reproduced in this document.

Design curves were developed for common conduit shapes, sizes and inlet edge configurations constants using a set of design
equations. The design equations used to develop the inlet control nomographs are based on the research conducted by the National
Bureau of Standards (NBS) under the sponsorship of the Bureau of Public Roads (now the Federal Highway Administration).
Seven progress reports were produced as a result of this research. These reports were one source of the equation coefficients and
exponents, along with other references and unpublished FHW A notes on the development of the nomographs.

A constant slope value of 2 percent (0.02) was selected for the development of design curves. This is because the slope effect is
small and the resultant headwater is conservatively high for sites with slopes exceeding 2 percent except for mitered inlets.

In formulating inlet and outlet control design nomographs, a certain degree of error is introduced into the design process. This
error is due to the fact that the nomograph construction involves graphical fitting techniques resulting in scales which do not
exactly match the equations. Checks by the authors and others indicate that all of the nomographs from HDS-5 (FHWA, 1985)
have a precision of + 10 percent of the equation values in terms of headwater (inlet control) or head loss (outlet control).

Chart Number Shape Control Section Material Type
1 Circular Inlet Concrete
2 Circular Inlet Metal
3 Circular Inlet Metal Beveled Ring Control
4 Circular Critical
5 Circular Outlet Concrete n=0.012
6 Circular Outlet Metal n=0.024
7 Circular Outlet Metal n=0.0328 to 0.0302
8 Box Inlet Concrete
9 Box Inlet Concrete Wingwalls 18° to 33.7° and 45°
10 Box Inlet Concrete 90° Headwall, Beveled Edges
11 Box Inlet Concrete Skewed Headwalls, Beveled Edges
12 Box Inlet Concrete Flared Wingwalls, Normal and Skewed
13 Box Inlet Concrete Offset Flared Wingwalls, Inlet Top beveled edge
14 Box Critical Concrete Rectangular
15 Box Outlet Concrete n=0.012
34 Pipe Arch Inlet Metal
35 Pipe Arch Inlet Metal 18 in. Corner Radius
36 Pipe Arch Inlet Metal 31 in. Comer Radius
37 Pipe Arch Critical Standard
38 Pipe Arch Critical Structural Plate
39 Pipe Arch Outlet Metal n=0.024
40 Pipe Arch Outlet Metal 18 in. Corner Radius
60 Roadway Overtopping Discharge Coefficients
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CHART 36
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CRITICAL DEPTH -d- FEET
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Chart 37 can be used to approximate critical depth for comparably sized RCP-ARCH pipe
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CHART 40
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