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4.1 Introduction
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Primary considerations for the final selection of any drainage structure are that its design be based
upon appropriate hydraulic principles, economy, and minimized effects on adjacent property by
the resultant headwater depth and outlet velocity. The allowable headwater elevation is that
elevation above which damage may be caused to adjacent property and/or the highway. It isthis
allowable headwater depth that is the primary basis for sizing a culvert.

Performance curves should be developed for al culverts for evaluating the hydraulic capacity of a
culvert for various headwaters. These will display the consequence of high flow rates at the site
and any possible hazards. Sometimes a small increase in flow rate can affect a culvert design. If
only the design peak discharge is used in the design, the engineer cannot assess what effects
increases in the estimated design discharge will have on the culvert design.

4.2 Symbols And Definitions

To provide consistency within this chapter as well as throughout this manual the following
symbolswill be used. These symbols were selected because of there wide use in many culvert
design publications.

Table 4-1 Symbols And Definitions

Symbol Definition Units
A Area of cross section of flow sq. ft
B Barrel width ft
Cq Overtopping discharge coefficient -
D Culvert diameter or barrel depth in. or ft
d Depth of flow ft
de Critical depth of flow ft
d, Uniform depth of flow ft
g Acceleration of gravity ft/s
Hs Depth of pool or head, above the face section of invert ft
ho Height of hydraulic grade line above outlet invert ft
HW Headwater depth above invert of culvert (depth from

inlet invert to upstream total energy grade line) ft
Ke Inlet loss coefficient -
L Length of culvert ft
N Number of barrels -
Q Rate of discharge cfs
S Slope of culvert ft/f
TW Tailwater depth above invert of culvert ft
\% Mean velocity of flow ft/s
Ve Critical velocity ft/s

4.3 Engineering Design Criteria

The design of a culvert should take into account many different engineering and technical aspects
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at the culvert site and adjacent areas. The following design criteria should be considered for all
culvert designs as applicable.

Frequency Flood - The design storm for culvertsis the 100-year storm using future devel opment
land use conditions, assuming no detention. The design for lateral systems shall be based on the
25-year storm event using future development land use conditions assuming no detention. The
100-year frequency storm shall be routed through all culverts to be sure building structures (i.e.,
houses, commercia buildings) are not flooded or increased damage does not occur to the
highway or adjacent property for this design event.

Velocity Limitations - Both minimum and maximum velocities should be considered when -
designing a culvert. The maximum velocity should be consistent with channel stability require-
ments at the culvert outlet. The maximum allowable velocity for a pipe flowing full is 15 feet per
second. A minimum velocity of 3.0 feet per second, for the 2-year flow velocity, when the culvert
isflowing partialy full is required to ensure a self-cleaning condition during partial depth flow.

Buoyancy Protection - Headwalls, endwalls, slope paving or other means of anchoring should be
considered for al culverts where buoyancy may be a problem.

Length And Slope - The culvert length and slope should be chosen to approximate existing
topography, and to the degree practicable: the culvert invert should be aligned with the channel
bottom and the skew angle of the stream, and the culvert entrance should match the geometry of
the roadway embankment. The maximum slope using concrete pipeis 10% and for CMP is 14%
before pipe restraining methods must be taken. The maximum drop in a drainage structure is 10
feet.

Debris Control - In designing debris control structuresit is recommended that the Hydraulic
Engineering Circular No. 9 entitled "Debris - Control Structures' be consulted.

Headwater Limitations- The allowable headwater elevation is determined from an evaluation of
land use upstream of the culvert and the proposed or existing roadway elevation. Headwater is
the depth of water above the culvert invert at the entrance end of the culvert.

The following criteriarelated to headwater should be considered:

- The allowable headwater for design frequency conditions should allow
for the following upstream controls.
18 inch freeboard.
Upstream property damage.
Elevations established to delineate flood plain zoning.
Low point in the road grade that is not at the culvert location.
Ditch elevation of the terrain that will permit flow to divert around culvert.
- Following HW/D criteria-
1. For drainage facilities with cross-section area equal to or less than
30 sg. ft - HW/D =toor < 1.5.
2. For drainage facilities with cross-section area greater than
30sg. ft- HW/D =toor < 1.2.

The headwater should be checked for the 100-year flood to ensure compliance
with flood plain management criteria and for most facilities the culvert
should be sized to maintain flood-free conditions on major thoroughfares
with 18 inches freeboard at the low-point of the road.

The maximum acceptable outlet velocity should be identified (see Section
5.2.3 in Open Channel Design chapter). Either the headwater should be set to
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produce acceptable velocities or stabilization or energy dissipation should be
provided where these velocities are exceeded.

Other site-specific design considerations should be addressed as required.

In general the constraint which gives the lowest allowable headwater elevation
establishes the criteria for the hydraulic calculations.

Tailwater Considerations - The hydraulic conditions downstream of the culvert site must be
evaluated to determine atailwater depth for arange of discharge. At times there may be aneed
for calculating backwater curves to establish the tailwater conditions. The following conditions
must be considered:

If the culvert outlet is operating with a free outfal, the critical depth and equivalent
hydraulic grade line should be determined.

For culverts which discharge to an open channel, the stage-discharge curve for the
channel must be determined. See Open Channel Design Chapter.

If an upstream culvert outlet is located near a downstream culvert inlet, the headwater
elevation of the downstream culvert may establish the design tailwater depth for the
upstream culvert.

If the culvert discharges to a lake, pond, or other major water body, the expected high
water elevation of the particular water body may establish the culvert tailwater.

Storage - If storage is being assumed upstream of the culvert, consideration should be given to:

the total area of flooding,

the average time that bankfull stage is exceeded for the design flood up to 48 hoursin
rural areas or 6 hours in urban areas, and

ensuring that the storage area will remain available for the life of the culvert through the
purchase of right-of-way or easement.

Culvert Inlets - Hydraulic efficiency and cost can be significantly affected by inlet conditions.
Theinlet coefficient Kg, is ameasure of the hydraulic efficiency of the inlet, with lower values

indicating greater efficiency. Recommended inlet coefficients are given in Table 4-2.

Inlets With Headwalls - Headwalls may be used for a variety of reasons including increasing the
efficiency of theinlet, providing embankment stability, providing embankment protection against
erosion, providing protection from buoyancy, and shorten the length of the required structure.
Headwalls are usualy required for all culverts and where buoyancy protection is necessary.

If high headwater depths are to be encountered, or the approach velocity in the channel will cause
scour, a short channel apron should be provided at the toe of the headwall. This apron should
extend at least one pipe diameter upstream from the entrance, and the top of the apron should not
protrude above the normal streambed elevation.

Wingwalls And Aprons - Wingwalls are used where the side dlopes of the channel adjacent to
the entrance are unstable or where the culvert is skewed to the normal channel flow.

Improved Inlets - Where inlet conditions control the amount of flow that can pass through the
culvert, improved inlets can greatly increase the hydraulic performance at the culvert.

Material Selection - Reinforced concrete pipe (RCP) is recommended for use (1) under a
roadway, (2) when pipe slopes are less than 1%, or (3) for al flowing streams. RCP and fully
coated corrugated metal pipe with paved invert can be used in al other cases. High Density
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Polyethylene pipe may also be used as approved by DeKab County. Table 4-3 gives
recommended Manning's n values for different materials. Aluminized steel type 2 corrugated
stedl pipeisan approved material for use outside the public right-of-way.

Culvert Skews - Culvert skews shall not exceed 45 degrees as measured from a line perpendic-
ular to the roadway centerline without approval.

Culvert Sizes - The minimum size road culvert shall be 18 inches.

Weep Holes - Weep holes are sometimes used to relieve uplift pressure. Filter materials should
be used in conjunction with the weep holes in order to intercept the flow and prevent the
formation of piping channels. The filter materials should be designed as underdrain filter so that
it will not become clogged and so that piping cannot occur through the pervious material and the
weep hole.

Outlet Protection - Outlet protection should be provided where erosive potential is adesign
concern. See Energy Dissipation Chapter for information on the design of outlet protection.

Erosion And Sediment Control - Shall be in accordance with the latest approved DeKalb
County Soil Erosion and Sediment Control Ordinance. See the Manual For Erosion and Sedi-
ment Control in Georgiafor design standards and details related to erosion and sediment control.

Environmental Considerations - Where compatible with good hydraulic engineering, asite
should be selected that will permit the culvert to be constructed to cause the least impact on the
stream or wetlands. This selection must consider the entire site, including any necessary lead
channels.

4.4 Design Procedures
4.4.1 Inlet And Outlet Control

Inlet Control - If the culvert is operating on a steep dopeit islikely that the entrance geometry
will control the headwater and the culvert will be on inlet control.

Outlet Contral - If the culvert is operating on amild slope, the outlet characteristics will probably
control the flow and the culvert will be on outlet control.

Proper culvert design and analysis requires checking for both inlet and outlet control to determine
which will govern particular culvert designs. For more information on inlet and outlet control see
the Federal Highway Administration publication entitled - Hydraulic Design Of Highway Cul-
verts, HDS-5, 1985, and AASHTO Model Drainage Manual, 1998.

Table 4-2 Inlet Coefficients

Type of Structure and Design of Entrance Coefficient Kg
Pipe, Concrete
Projecting from fill, socket end (grove-end) 0.2
Projecting from fill, square cut end 0.5

Headwall or headwall and wingwalls
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Socket end of pipe (groove-end)

Square-edge

Rounded [radius = 1/12(D)]
Mitered to conform to fill slope
*End-Section conforming to fill slope

Beveled edges, 33.7° or 450 bevels
Side- or slope-tapered inlet

Pipe, or Pipe-Arch, Corrugated Metall
Projecting from fill (no headwall)
Headwall or headwall and wingwalls square-edge
Mitered to fill slope, paved or unpaved slope
*End-Section conforming to fill slope

Beveled edges, 33.7° or 450 bevels
Side- or slope-tapered inlet

Box, Reinforced Concrete
Headwall parallel to embankment (no wingwalls)
Square-edged on 3 edges
Rounded on 3 edges to radius of [1/12(D)]
or beveled edges on 3 sides

Wingwalls at 30° to 75° to barrel
Square-edged at crown
Crown edge rounded to radius of [1/12(D)]
or beveled top edge

Wingwalls at 10° or 259 to barrel
Square-edged at crown

Wingwalls parallel (extension of sides)
Square-edged at crown

Side- or slope-tapered inlet

1 Although laboratory tests have not been completed on K, values for High Density Polyethylene (HDPE) pipes, the K, values for

corrugated metal pipes are recommended for HDPE pipes.

* Note: End Section conforming to fill slope, made of either metal or concrete, are the sections commonly available from

0.2
0.5
0.2
0.7
0.5

0.2
0.2

0.9
0.5
0.7
0.5

0.2
0.2

0.5

0.2

0.4

0.2

0.5

0.7
0.2

manufacturers. From limited hydraulic tests they are equivalent in operation to a headwall in both inlet and outlet control.

Table 4-3 Manning's n Values

Type of Conduit

Concrete Pipe

Concrete Box

Corrugated
Metal Pipes and

Wall & Joint Description

Good joints, smooth walls

Good joints, rough walls

Poor joints, rough walls
Good joints, smooth finished walls

Poor joints, rough, unfinished walls
2 2/3 by 1/2 inch corrugations

6 by 1 inch corrugations

Manning's n

0.013
0.016
0.017
0.012
0.018
0.024
0.025
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Boxes Annular 5 by 1 inch corrugations 0.026

Corrugations 3 by 1 inch corrugations 0.028
6 by 2 inch structural plate 0.035
9 by 2 1/2 inch structural plate 0.035

Corrugated Metal 2 2/3 by 1/2 inch corrugated

Pipes, Helical 24 inch plate width 0.020

Corrugations, Full
Circular Flow

Spiral Rib Metal 3/4 by 3/4 in recesses at 12 inch
Pipe spacing, good joints 0.013
High Density Polyethylene (HDPE)
Corrugated Smooth Liner 0.011
Corrugated 0.024
Polyvinyl Chloride (PVC) 0.011
Note: For further information concerning Manning n values for selected conduits consult Hydraulic Design of Highway

Culverts, Federal Highway Administration, HDS No. 5, page 163

4.4.2 Procedures

There are two procedures for designing culverts: (1) the manual use of inlet and outlet control
nomographs and (2) the use of a personal computer system such as HY 8 - Culvert Analysis
Microcomputer Program (Section 4.8 of this chapter). The following will outline the design pro-
cedures for use of the nomograph.

4.4.3 Nomographs

The use of nomographs require atrial and error solution. The solution is quite easy and provides
reliable designs for many applications. It should be remembered that velocity, hydrograph
routing, roadway overtopping, and outlet scour require additional, separate computations beyond
what can be obtained from the nomographs.

Figures 4-1 and 4-2 show examples of an inlet control and outlet control nomograph that can be

used to design concrete pipe culverts. For culvert designs not covered by these nomographs, refer
to the complete set of nomographs given in Appendix A at the end of this chapter.
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4.4.4 Steps In Design Procedure

The design procedure requires the use of inlet and outlet nomographs.

Step Action

(D) List design data:
Q = discharge (cfs) L = culvert length (ft)
S = culvert slope (ft/ft) TW-= tailwater depth (ft)
V = velocity for trial diameter (ft/s) Ke= inlet loss coefficient

(2)

3

(4)

()

HW= allowable headwater depth for the design storm (ft)

Determine trail culvert size by assuming atrial velocity 3 to 5 ft/s and computing
the culvert area, A = Q/V. Determine the culvert diameter (inches).

Find the actual HW for the trial size culvert for both inlet and outlet control.

For inlet control, enter inlet control nomograph with D and Q and find HW/D
for the proper entrance type.

Compute HW and, if too large or two small, try another culvert size before
computing HW for outlet control.

For outlet control enter the outlet control nomograph with the culvert length,
entrance loss coefficient, and trial culvert diameter.

To compute HW, connect the length scale for the type of entrance condition
and culvert diameter scale with a straight line, pivot on the turning line, and
draw a straight line from the design discharge through the turning point to the
head loss scale H. Compute the headwater elevation HW from the equation:

HW=H +hg-LS (4.2)
Where: hg = %2 (critical depth + D), or tailwater depth, whichever is greater.

Compare the computed headwaters and use the higher HW nomograph to deter-
mine if the culvert isunder inlet or outlet control.

If outlet control governs and the HW is unacceptable, select alarger trial size and
find another HW with the outlet control nomographs. Since the smaller size of
culvert had been selected for alowable HW by the inlet control nomographs, the
inlet control for the larger pipe need not be checked.

Calculate exit velocity and expected streambed scour to determine if an energy
dissipator is needed.
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4.4.5 Performance Curves - Roadway Overtopping

A performance curve for any culvert can be obtain from the nomographs by repeating the steps
outlined above for arange of discharges that are of interest for that particular culvert design. A
graph is then plotted of headwater vs. discharge with sufficient points so that a curve can be
drawn through the range of interest. These curves are applicable through a range of headwater,
velocities, and scour depths versus discharges for alength and type of culvert. Usually charts
with length intervals of 25 to 50 feet are satisfactory for design purposes. Such computations are
made much easier by the computer program discussed in Section 4.8 of this chapter.

To complete the culvert design, roadway overtopping should be analyzed. A performance curve
showing the culvert flow as well as the flow across the roadway is a useful analysistool. Rather
than using atrial and error procedure to determine the flow division between the overtopping
flow and the culvert flow, an overall performance curve can be developed.

The overall performance curve can be determined as follows:

Step Action

(1) Select arange of flow rates and determine the corresponding headwater
elevations for the culvert flow alone. The flow rates should fall above and below
the design discharge and cover the entire flow range of interest. Both inlet and
outlet control headwaters should be cal culated.

2 Combine the inlet and outlet control performance curves to define a single perfor-
mance curve for the culvert.

3 When the culvert headwater elevations exceed the roadway crest elevation,
overtopping will begin. Calculate the equivalent upstream water surface depth
above the roadway (crest of weir) for each selected flow rate. Use these water
surface depths and equation 4.2 to calculate flow rates across the roadway.

Q =CgL(HW)1> (4.2)

Wheree Q = overtopping flow rate (cfs/s)
Cq = overtopping discharge coefficient
L  =length of roadway (ft)
HW = upstream depth, measured from the roadway crest to the
water surface upstream of the weir drawdown (ft)

Note: See Figure 4-3 on the next page for guidance in determining a value for
Cg. For more information on calculating overtopping flow rates see pages 39 -

42 in HDS No. 5.

4) Add the culvert flow and the roadway overtopping flow at the corresponding
headwater elevations to obtain the overall culvert performance curve.

DeKalb County Manual 4-11



FLOW J h

3.10 T
PAVED —
/
“lwg\./‘/ cd- k'c'
[
3.00 - 1.5
p= Qp = C4 L H W,
Cr
2.90 1.00 —
0.6 020 0.4 028 032
(FAVED
A) DISCHARGE COEFFICIENT FOR 0.90
HW, /Ly > 0.18 N
3.10 GRAVEL’LX\
PAVED 0.80
3.00
G@V\‘(‘»/ = \\
2.90 0.70
Cr 2.80
2.70 /
/ 0.60
2.60 \
2.50
0.50
(o] 1.0 2.0 3.0 4.0
0.6 0.7 0.8 0.9 1.0
HW, ft. h'/HWr
B) DISCHARGE COEFFICIENT FOR C) SUBMERGENCE FACTOR

HW, /L, £0.15

Figure4-3
Discharge Coefficients for Roadway Overtopping

4-12 DeKalb County Manual



4.4.6 Storage Routing

A significant storage capacity behind a highway embankment attenuates a flood hydrograph.
Because of the reduction of the peak discharge associated with this attenuation, the required
capacity of the culvert, and its size, may be reduced considerably. If significant storageis
anticipated behind a culvert, the design should be checked by routing the design hydrographs
through the culvert to determine the discharge and stage behind the culvert. Routing procedures
are outlined in Hydraulic Design of Highway Culverts, Section V - Storage Routing, HDS No. 5,
Federal Highway Administration.

The storage should be taken into consideration only if the storage area will remain available for
the life of the culvert as aresult of purchase of ownership or right-of-way or an easement has
been acquired.

4.5 Culvert Design Example
4.5.1 Introduction

The following example problem illustrates the procedures to be used in designing culverts using
the nomographs.

4.5.2 Example

Size a culvert given the following example data which were determined by physical limitations at
the culvert site and hydraulic procedures described elsewhere in this handbook.

4.5.3 Example Data

Input Data

Discharge for 2-yr flood = 39 cfs

Discharge for 100-yr flood = 70 cfs

Allowable Hy, for 100-yr discharge = 7.0 ft

Length of culvert = 100 ft

Natural channel invert elevations - inlet = 15.50 ft, outlet = 15.35 ft
Culvert slope = 0.0015 ft/ft

Tailwater depth for 100-yr discharge = 4.0 ft

Tailwater depth isthe normal depth in downstream channel
Entrance type = Groove end with headwall

4.5.4 Computations

Steps  Computation

1 Assume a culvert velocity of 5 ft/s. Required flow area= 70 cfg/5 ft/s = 14 sq. ft
(for the 100-yr recurrence flood).

2. The corresponding culvert diameter is about 48 in. This can be calculated by
using the formulafor area of acircle: Area= (3.14D2)/4 or D = (Areatimes
4/3.14)0-3, Therefore: D = ((14 sq ft x 4)/3.14)0-5 x 12 in./ft) = 50.7 in.
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3. A grooved end culvert with a headwall is selected for the design. Using the inlet
control nomograph (Figure 4-1), with a pipe diameter of 48 in. and a discharge of
70 cfs; read a HW/D value of 0.93.

4, The depth of headwater (HW) is (0.93) x (4) = 3.72 ft which isless than the
allowable headwater of 4.5 ft.

5. The culvert is checked for outlet control by using Figure 4-2.

With an entrance loss coefficient Kg of 0.20, a culvert length of 100 ft, and a pipe

diameter of 48 in., an H value of 0.77 ft is determined. The headwater for
outlet control is computed by the equation: HW = H + hgy- LS

For the tailwater depth lower than the top of culvert,
hg =Ty Or ¥z (critica depthin culvert + D) which ever is greater.
hg=3.0ftor hg =%2(2.55 + 4.0) = 3.28 ft

The headwater depth for outlet control is:
HW =H + hy-LS=0.77 + 3.28 - (100) x (0.0015) = 3.90 ft

6. Since HW for outlet control (3.90 ft) is greater than the HW for inlet control
(3.72 ft), outlet control governs the culvert design.

Thus, the maximum headwater expected for a 100-yr recurrence flood is 3.90 ft,
which is less than the allowable headwater of 4.5 ft.

7. Estimate outlet exit velocity. Since this culvert is on outlet control and
discharges into an open channel downstream, the culvert will be flowing full at
the flow depth in the channel. Using the 100-year design peak discharge of 70
cfs and the area of a 48 inch or 4.0 ft diameter culvert the exit velocity will be: Q
=VA
Therefore: V = 70/ (3.14(4.0)2)/4 = 5.6 ft/s

8. Check for minimum velocity using the 2-year flow of 39 cfs.
Therefore: V =39/ (3.14(4.0)2)/4 = 3.1 ft/s> minimum of 3.0 — OK

9. The 100-year flow should be routed through the culvert to determine if any
flooding problems will be associated with this flood.

Figure 4-4 provides a convenient form to organize culvert design calculations.
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Figure4-4

B - Width of culvert barrel or diameter of pipe culvert
D - Height of box culvert or diameter of pipe culvert

The following symbols are used in these figures:

Hs - Depth of pool or head, above the face section of invert

N - Number of barrels
Q - Design discharge
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4.6 Design Procedures For Beveled-Edged Inlets

4.6.1 Introduction

Improved inlets include inlet geometry refinements beyond those normally used in conventional
culvert design practice. Severa degrees of improvements are possible, including bevel-edged,
side-tapered, and slope-tapered inlets. Those designers interested in using side- and slope-tapered
inlets should consult the detailed design criteria and example designs outlined in the U. S. Depart-
ment of Transportation publication Hydraulic Engineering Circular No. 5 entitled, Hydraulic
Design of Highway Culverts.

4.6.2 Design Figures

Four inlet control figures for culverts with beveled edges are included in Appendix A at the end
of this chapter.

Chart Page  Usefor -

3 4A-3  circular pipe culverts with beveled rings

10 4A-10 900 headwalls (same for 900 wingwalls)

11 43A-11 skewed headwalls

12 4A-12  wingwalls with flare angles of 18 to 45 degrees

4.6.3 Design Procedure

The figures for bevel-edged inlets are used for design in the same manner as the conventional
inlet design nomographs discussed earlier. Note that Charts 10, 11, and 12 apply only to bevels

having either a 330 angle (1.5:1) or a450 angle (1:1).

For box culverts the dimensions of the bevels to be used are based on the culverts dimensions.
The top bevel dimension is determined by multiplying the height of the culvert by afactor. The
side bevel dimensions are determined by multiplying the width of the culvert by afactor. For a
1:1 bevel, the factor is %2 inch/ft. For a 1.5:1 bevel the factor is 1 inch/ft. For example the
minimum bevel dimensions for a8 ft x 6 ft box culvert with 1:1 bevels would be:

Top Bevel =d = 6 ft x ¥2inch/ft = 3inches
Side Bevel = b = 8ft x “2inch/ft = 4 inches

For a1.5:1 bevel computations would result in d = 6 and b = 8 inches.
4.6.4 Design Figure Limits

The improved inlet design figures are based on research results from culvert models with barrel
width, B, to depth, D, ratios of from 0.5:1 to 2:1. For box culverts with more than one barrel, the
figures are used in the same manner as for a single barrel, except that the bevels must be sized on
the basis of the total clear opening rather than on individual barrel size.

For example, in adouble 8 ft by 8 ft box culvert:
Top Bevel - is proportioned based on the height of 8 ft which resultsin a bevel of
4in. for the 1:1 bevel and 8 in. for the 1.5:1 bevel.
Side Bevdl - is proportioned based on the clear width of 16 ft which resultsin a
bevel of 8in. for the 1:1 bevel and 16 in. for the 1.5:1 bevel.
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4.6.5 Multibarrel Installations

For multibarrel installations exceeding a 3:1 width to depth ratio, the side bevels become
excessively large when proportioned on the basis of the total clear width. For these structures, it
is recommended that the side bevel be sized in proportion to the total clear width, B, or three
times the height, whichever is smaller. The top bevel dimension should always be based on the
culvert height.

The shape of the upstream edge of the intermediate walls of multibarrel installationsis not as
important to the hydraulic performance of a culvert as the edge condition of the top and sides.
Therefore, the edges of these walls may be square, rounded with a radius of one-half their
thickness, chamfered, or beveled. The intermediate walls may aso project from the face and
slope downward to the channel bottom to help direct debris through the culvert.

Multibarrel pipe culverts should be designed as a series of single barrel installations since each
pipe requires a separate bevel.

4.6.6 Skewed Inlets

It is recommended that Figure 4A-11 in Appendix A for skewed inlets not be used for multiple
barrel installations, as the intermediate wall could cause an extreme contraction in the
downstream barrels. Thiswould result in under design due to a greatly reduced capacity.
Skewed inlets should be avoided whenever possible, and should not be used with side- or
slope-tapered inlets. It isimportant to align culverts with streamsin order to avoid erosion
problems associated with changing the direction of the natural stream flow.

4.7 Flood Routing And Culvert Design
4.7.1 Introduction

Flood routing through a culvert is a practice that evaluates the effect of temporary upstream
ponding caused by the culvert's backwater. By not considering flood routing it is possible that the
findings from culvert analyses will be conservative. If the selected allowable headwater is
considered acceptable without flood routing, then costly over design of both the culvert and outlet
protection may result, depending on the amount of temporary storage involved. However, if
storage is used in the design of culverts, consideration should be given to:

the total area of flooding,

the average time that bankfull stage is exceeded for the design flood up to 48 hoursin rural
areas or 6 hoursin urban areas, and

ensuring that the storage area will remain available for the life of the culvert through the
purchase of right-of-way or easement.

Ignoring temporary storage effects on reducing the selected design flood magnitude by assuming
that this provides a factor of safety is not recommended. This practice results in inconsistent
factors of safety at culvert sites asit is dependent on the amount of temporary storage at each site.
Further, with little or no temporary storage at a site the factor of safety would be unity thereby
precluding a factor of safety. If afactor of safety isdesired, it isessential that flood routing
practices be used to insure consistent and defensible factors of safety are used at all culvert sites.
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4.7.2 Design Procedure

The design procedure for flood routing through a culvert is the same as for reservoir routing. The
site data and roadway geometry are obtained and the hydrology analysis completed to include
estimating a hydrograph. Once this essential information is available, the culvert can be
designed. Flood routing through a culvert can be time consuming. It isrecommended that the
HY 8 computer program be used as it contains software that very quickly routes floods through a
culvert to evaluate an existing culvert (review), or to select a culvert size that satisfies given
criteria (design). However, the engineer should be familiar with the culvert flood routing design
process.

A Multipletrial and error procedure is required for culvert flood routing. In genera:

atria culvert(s) is selected,

atrial discharge for a particular hydrograph time increment (selected time increment to
estimate discharge from the design hydrograph) is selected,

flood routing computations are made with successive tria discharges until the flood
routing equation is satisfied,

the hydraulic findings are compared to the selected site criteria, and
if the selected site criteria are satisfied then atrial discharge for the next time increment is
selected and this procedure is repeated; if not, a new tria culvert is selected and the entire
procedure is repeated.

4.8 HY8 Culvert Analysis Microcomputer Program

It is recommended that the HY 8 computer model be used for culvert design. This culvert design
model is available in many computer software packages and is included in the HY DRAIN system
available from McTrans Software (address given under References below). The personal
computer system HY DRAIN uses the theoretical basis for the nomographs to size a culvert. In
addition, this system can evaluate improved inlets, generate and route hydrographs, consider road
overtopping, and evaluate outlet streambed scour. By using water surface profiles, this procedure
is more accurate in predicting backwater effects and outlet scour.

References

American Association of State Highway and Transportation Officials. 1982. Highway
Drainage Guidelines.

American Association of State Highway and Transportation Officials. 1998. Model
Drainage Manual.

Debo, Thomas N. and Andrew J. Reese. Municipal Storm Water Management. Lewis
Publishers. 1995.

Federal Highway Administration. 1978. Hydraulics of Bridge Waterways. Hydraulic
Design Series No. 1.

Federal Highway Administration. 1985. Hydraulic design of highway culverts. Hydraulic
Design Series No. 5.

Federal Highway Administration. 1971. Debris-Control Structures. Hydraulic En-

4-18 DeKalb County Manual



gineering Circular No. 9.

Federal Highway Administration. 1987. HY 8 Culvert Analysis Microcomputer Program
Applications Guide. Hydraulic Microcomputer Program HY 8.

Federal Highway Administration. 1996. Urban Drainage Design Manual. Hydraulic
Engineering Circular No. 22.

HYDRAIN Culvert Computer Program (HY 8). Available from McTrans Software,
University of Florida, 512 Weil Hall, Gainesville, Florida 32611.

U. S. Department of Interior. 1983. Design of small cana structures.

Appendix A - Design Charts and Nomographs

DeKalb County Manual 4-19



— 180
[ 168
156
- 144

132

— 120

—108

— 96
— 84
— 72
— 60

— 54

- 48

- 36

- 33

DIAMETER OF CULVERT (D) IN INCHES

— 30

— 27

— 24

— 21

— 18

— 15

— 12

kY

DISCHARGE (Q) IN CFS

BUREAV OF PUBLIC ROADS JAN. 1963
HEADWATER SCALES 2&3 REVISED MAY 1964

4-20 DeKalb County Manual

— 10,000

[ 8,000 EXAMPLE

B D = 42 inches (3.5 feet)
— 6,000 Q =120 cfs

— 5,000 N

o WY aw

L 4,000 D ({feet)
:— 3,000 1) 25 8.8

n 2) 21 7.4

E- 2,000 3 22 7.7

;_ *Din feet

- 1,000

— 800

— 600

[— 500 /
— 400 /
— 300 -

: Example

[ -~

- 200 /

F

P

- 100

— 80

— 60

50 Hw ENTRANCE
40 Tp SCALE TYPE

— 30 1) Square edge with
o headwall

- {2) Groove end with
E 20 headwall

= (3) Groove end

C projecting

— 10

— 8

— 6

- 5 To use scale (2) or (3) project
B horizontally to scale {1), then
__ 4 use straight inclined line through
3 D and Q scales, or reverse as
o illustrated.

L 2

1.0

CHART 1

(2)
BN
(1) [ s
_5 -
— & | —5
i . i
|- 5 F 4
= 4 - -
= _3 -
- L —3
_3 B [~
R —
//- 2 2
a - o
_— _2 B =
Er R
Tl i
o F —15 L5
[ L
w
- 15
|_u — -
gt
< | = B
a
Z | - B
x
Etr
o 1.0 B L
E L —09 | g9
5 .
= (09 B
(o]
ﬁ N
T e 08 |08
— =0.7 ——( /-
| o —0.6 | o6
o5 —05 L os

HEADWATER DEPTH FOR
CONCRETE PIPE CULVERTS
WITH INLET CONTROL



CHART 2
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CHART 3

FEDERAL HIGHWAY ADMINISTRATION MAY 1973
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BUREAU OF PUBLIC ROADS JAN. 1963
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CHART 5
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DISCHARGE, G (cfs)

CHART 6
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CHART 7
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CHART 8
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BUREAU OF PUBLIC ROADS JAN. 1963
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CHART 9
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CHART 10

B=7ft D=5ft Q=500cfs Q/NB =71.5 INLET FACE - ALL EDGES:

EXAMPLE
HW HWwW
ALL EDGES D (ft)

Chamfer 3/4" 2.31 11.5
~ 12 1/2in/ft Bevel 2.09 10.5
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| Face dimension of all
side and top bevels
shall not be less than
shown. To obtain bevel
- termination in one plane
in a rectangular box,
either increase d or b, or
decrease the bevel angle.
[ Face Bevel Angle
I 45%ford =1/2" x D
0 -
Top Bevel d 33.7% ford=1xD

Height D in feet
-2 Face Bevel Angle

& 45%forb=1/2"x B
Side Bevel b 33.7°forb=1xB
Width B in feet

Face dimensions b and d of
bevels are each related to
the opening dimension at
right angles to the edge.

DISCHARGE PER FOOT OF BARREL WIDTH (Q/NB) IN CFS PER FOOT
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0.7 .
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06 [0-6
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HEADWATER DEPTH FOR INLET CONTROL
RECTANGULAR BOX CULVERTS

FEDERAL HIGHWAY ADMINISTRATION MAY 1973 90° HEADWALL

CHAMFERED OR BEVELED INLET EDGES
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EXAMPLE
B=T7ft D=5t Q=500cfs

EDGE & SKEwW ~ HW HW
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J\
HEIGHT OF BARREL (D) IN FEET
[ut]
=

DISCHARGE PER FOOT OF BARREL WIDTH {GQ/NB) IN CFS PER FOOT
I
=
=

_E% Min.

0.042D E -5

45"
TOP EDGE
-2 — 3
OBTUSE ANGLE SIDE
BEVEL NOT NECESSARY FOR SKEW 30° AND MORE

‘-—Hvo.oazs ,; \EE\W,- ;

2b
Skew Skew
i b
See ’b Variable ,{ ’

Table
Skew Less Than 30° Skew 30" and More

ACUTE ANGLE SIDE
BEVELED INLET EDGES
DESIGNED FOR SAME CAPACITY AT ANY SKEW

FEDERAL HIGHWAY ADMINISTRATION MAY 1973

4-30 DeKalb County Manual

— 12 45° 251 125 — 600
L 30° 243 121 [ 500
L 11 15° 236 11.8 B
i VARIED BEVEL L 400
10 10°to 45° 2.07 103 =
i - 300
— 9 L
i — 200
~ 8 s
L — 150
L 7 I
I — 100
— 90
-5 :_‘80,,— -
—
- — — 60
— 5
— - 50

CHART 11

BEVELED EDGES - TOP AND SIDES
3/4" CHAMFER ALL EDGES —

—_—
SKEW ANGLE —» 45° 350 450 10%-45°

—7
-8 — -
- 8 - 7 O T C 6
-7 L - B
L S e
-_ 5 —5 L 5 — 4
-_4 —4 =4 b
[ N = _—3
= N i
art F b F
_ E - = -~ ——_2
2L I [.F
E_xample = b2 2 _—2 5
5 L
% - [ [ —1.5
[ 4501515
l.ol. _1 5 i i |
w =
s | B -
[
il - -
|— ™ -
= | L
I I —1.0
o 1.0 10
w 4o ™
2 —0.9
_pol 0.9
E fog[09
g —0.8
E —U 8 —08
o 0.8 .
w
I 0.7
0.7 0.7 0.7
0.6
0.6 [0.6 [ 06
0.5
[ p.5L05 03
BEVELED EDGES
AS DETAILED
SKEW SIDE
ANGLE BEVEL b
10° 3/4" x B (ft)
15° 1"xB
22.1/2° 1114 x B
SKEWED HEADWALL INLET 30° 141/2" x B
37-112° 2" x B
48° 212" x B

HEADWATER DEPTH FOR INLET CONTROL
SINGLE BARREL BOX CULVERTS

SKEWED HEADWALLS

CHAMFERED OR BEVELED INLET EDGES



CHART 12

EXAMPLE
B=7ft D=5ft Q=500cfs
Qo715 30° SKEW
B NORMAL INLETS
Inlet & WW HW HW WINGWALL FLARE - 45° 184" 18.4°
Normal D (ft) — 8
45° WW 218 10.9 L, F¥ FE8
18.4°WW 2.27 11.4 [ B00 " 6 —7 =7
12 skewed 15°- 40° — 500 s &
18.4° or More i L B B
11 — 400 5 L -
ww 220 1.0 R
10 E- 300 —4 | 4 4
= " : C E
i — 200 g [ 3 3 Fs
-8 s ES i N
o — 150 £ L B
[ St 5 -
= o A —— ] — — —
-7 = B (D
— — m — 2 —
R @ 100 EXAMPLE g L -2 [?
g r gg_,./ — w C -
i _E-F1n e [ F -
il . —"T§ fe E 1.5 [45 [19
— e o '6 - 50 = T B |
=T ol o[ Z r B
a e u —40 T - =
m 2l = I
x | w o
% Lol g a - -
m - C [+
w 4 o] B 1T}
o o | g k10 10 F10
= w £ s [
5] & F =]
o L g F “ —0.9
k4 & E1s G loe [09 )
8 L
-3 % " 10 NOTE: | 05 (o8 }os
1] — 9 Headwater scale for skewed
= — 8 inlets is constructed for 30°
B -7 skew and 3:1 wingwall flare 0.7 - 0.7 =0.7
= (18.4°). :
Also a good approximation
— 5 for any skew angle from 15°
B to 45°and for greater flare | - 0.6
2 — 4 angles of wingwalls. — 0.6 0.6
EQUAL —3
FLARE & N
ANGLES ;¥ o - g5 =05 -05
-2
SKEWED
WINGWALL
EQUAL NOT OFFSET
FLARE
ANGLES
18.4°0R

45°

HEADWATER DEPTH FOR INLET CONTROL
RECTANGULAR BOX CULVERTS
WINGWALL INLETS FLARED WINGWALLS
NORMAL AND SKEWED INLETS
3/4" CHAMFER AT TOP OF OPENING

NORMAL

BUREAU OF PUBLIC ROADS
OFFICE OF R&D AUGUST 1968
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EXAMPLE
B=7ftD=5ft Q=600cfs Q/B =715

WINGWALL TOP EDGE HW HW

FLARE ANGLE BEVEL D {ft)
12 45" 4/2inffit 2.06 10.3
33.7° Adinft 1.90 9.3
| 184° Ainft 1.82 9.0
1
—10
9
— 8
(-
N o
- 2
W o
o &
= v
5 [ g
g | "8
e __—— :
2 =
o [=]
o | =
- - |
I w
o &
o <
[T
o
- =
o
0
('8
- i
o
w
)
o
4
- I
8]
2]
(=]
D —+—.,
— 2 ﬁMIg-"‘d:-"'-._:'-'.'--'.-.'.:--
BEVELd-1|I L
BEVEL ANGLE

L
EQUAL
FLARE (]

CHART 13

18.4° WW & d = 0.083D
33.7°WW & d = 0.083D
45" WW & d = 0.042D—} \ 6

_6 5
— 600 AP -5
[ 500 TOP EDGE L 3 -
400 BEVEL ANGLE =5 | -4
3 REQUIRED - -4
E 200 d_ ANGLE m S .
0.042 45° - 3 -
B 0.083  33.7° 3
— 200 — F - 5
= o - L
150 T - [,
- - - _2 -
C —STEI LT
100 — Q -1 = =
L g0 EXAMPLE-"" v+ - R
80— 5 i 1.5
— 70 S Y
prs .
- 50 = 15 | -
E -
_— 50 e
10 = |
L N
i &
30 ] _
wo) N
; i
[ 20 ETHo 1o |10
E =
= 2]
15 E | 0g 0.9 -0.9
L I
10 | 03 0.8 [08
— 9
I WINGWALLS
-7 FLARE ANGLE MIN. OFFSET 07 boz
L6 11 45 34" xB(ft) —0.7 .
[, 115 337" 1"xB
B *1:2  26.6° 1-1/4"xB
— 4 1:3 184" 1-1/2"xB 06 Fo06 |06
[ s * USE 33.7°x 0.0083D TOP
EDGE BEVEL AND READ
HW ON SCALE FOR 18.4° L os Los Los

ONGITUDINAL SECTION

ANGLES 1 —_—
w

J_T‘

WINGWALL
OFFSET

BUREAU OF PUBLIC ROADS
OFFICE OF R&D AUGUST 1968
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b’

ww

HEADWATER DEPTH FOR INLET CONTROL
RECTANGULAR BOX CULVERTS
OFFSET FLARED WINGWALLS
AND BEVELED EDGE AT TOP OF INLET



CHART 14

5
| "
4 _——
,/
——
3
2 A -~ dc CANNOT EXCEED TOP OF PIPE
1
/
0
0 10 20 30 40 50 60
Q/B
16
rd
15 A
zd
14 7
2
d
13 ra
7
12 7 /
W
y
1
// . i
P’ B = base of section (ft)
10 Q = flow (cfs) -
y dc = B 23113 _
4 c = ((/B)*)
9 <
8
A
7 4
y
I/
6 -
W
/!
5 /, dc CANNOT EXCEED TOP OF PIPE
A HEEREEREREREN
50 100 150 200 250 300 350
QB

BUREAU OF PUBLIC ROADS JAN. 1963

CRITICAL DEPTH
RECTANGULAR SECTION
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CHART 15

— 5000
4000 - — _
5 = ! A\ H
—3000 HW - =
- —» o
[ T Slope 5o —» P
:_ 2000 SUBMERGED QOUTLET CULVERT FLOWING FULL
- For outlet crown not submerged, compute HW by
N methods described in the design procedure.
[ _ — 0.4
1000 12 x 12 [
— - 0.5
:800 10)(10—:100 - 0.6
o 800 9x9— 80 B
- 8x8 I 'I.E - 0.8
- 500 |60 -
B C s - 1.0
- 400 7x7-1-50 E - I
E = - < ur
F o, [0 3 ke = B
=300 W Bxb6— bre z |
B = = = F
o F g -30 2 ke =0.9 = ,
w + o ke = 0.7 Qr
O po 4 5x5€ @ 50 =
= L x - o Ir
gF S - 20 ; C s
w S axaf D i
IOl . = -
& |- L C =T o
< [ ] N 5 [~ 4
5 100 g 3.5 x 3.5 b |
- 7 B o 7 5
O Fa = — 10 l-ol- L = 306 B
- o 8x3 - P ke = 0.5 500 ~ 6
=] b 8 w -
- o ¥ [
— 60 - S - e
B 2.5 2.5 ~ ——— — H=73 |3
—50 — 6 - EXAMPLE —
[ 5 ——[ 5~ 10
B - ~%x2 -
2x2-1=4 BOX B
:30 —
o C_ 20
20
o w
— Z
= ]
B ]
- =
N 2
—10 £
— =
— 8
- ° HEAD FOR
— 5

CONCRETE BOX CULVERTS
FLOWING FULL
n=0.012

BUREAU OF PUBLIC ROADS JAN. 1963
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AD"® of Box Culvert

CHART 16

— 400

- 300

— 250

200

—150
140

130
120

110

100

30

Nomographs adapted from material furnished by

—
Example,

5000

4000

3000

2000

1500

1000

® N ® ©
o © © 9
o © © o

{

o
o
(=]

IS
o
(=]

Discharge (Q) in cfs
w
8

200

150

100
20
80

70
60

50

|. RlsJ

|~— SPAN ——|

Kaiser Aluminum and Chemical Corporation.

20

15

Entrance Condition (2) (3) (5)
(2) 90° headwall =
(3) Thick wall projecting T 4
(5) Thin wall projecting 4 Fso
i S
—+30 T +
+ —+30 T
T I o
420 | [
-+ 20 T
T18 T, 20
1 T Fis
I 16 T,6 I
5 +14 | I
a 414 1.6
= 4 1
z 4
-+ +14
—_— @ 12 112
— o 1 4
T — T
° _ | —
= -T1.0 +1.2
pe 1.0
s T
@ T —+1.0
a 109
- <09 |
g T
S T T 0.9
2 T08
g +08 L
o 4+
T T +08
5 tor
o o7 T
=
e T 1 + 0.7
T96 tos T
1 +os
<05 Los |
—+0.5
Example: 1
Q=494 cfs Loa
Entrance HW HW T04
Type D (ft) TOo4
(2) 1.02 459
(3) 1.05 4.73 T 1
(5) 1.13 5.09 +
T03 03
T0.3
HEADWATER DEPTH

FOR C.M. BOX CULVERTS
RISE/SPAN < 0.3
WITH INLET CONTROL
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CHART 17

Entrance Condition

4 700 (2) 90° headwall @ 3 6
(3) Thick wall projecting +s50 +
(5) Thin wall projecting + +50 L
T 600 T I ES
4 440 T + 5.0
5000 I 40 I
I F T 40
-1+ 500 4000 430 -+ X
] + 30 T
T T —+30
T 3000 -+ I +
___UQ Tz :2.0 I
1 2000 +18 T 18 20
T ™~ T T1e I8
i Example 1500 T 4 4 1.8
+ 300 N T4 L4 1
] T T 14
1000 a 4142 T12 |
1 250 900 \ E 1 1 1
1 800 . T '
700 @ —+-1.0 d10 T
1 ™~ U S |
T 600 ™~ & Lo Ao
t 200 o <409 |
o I o 500 o 1L
= C £ g g—— —F 09
= - -~ .
O £ 400 2 +os 4
§ | c a 1 tos
300 L to7 1
% 150 & ® T0.7
= =
3 + 140 = 5T 4 T07
[m] rT] S
< T30 3 200 T T% 1los T
4120 s 1 Los
4 ° 4
+ 110 150 = 1
+ e +05 |
4100 0.5
4 -+ 0.5
100 1
-+ 90 90 4
T 80 T
T80 70 T4 to4
+ 60 104
-+ 70
T 50 T 4
I Example: T
40
T D=8.08ft Los
T Q =960 cfs 43
I [) 30 -+ 0.3
4 s ﬁ Entrance HW HW
1 [ Type D (ft)
+ 4 2 2 081 654
1 | 3 083 67
T span —| 5 089 7.9
-1 40 15
HEADWATER DEPTH
FOR C.M. BOX CULVERTS
Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation. 035 RISE/SPAN < 0.4
Duplication of this nomograph may distort scale. WITH INLET CONTROL
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CHART 18

Example:

D=9.67ft
Q=1520cfs

Entrance HW HwW
Type D (f)
(2) 0.8 8.51

3 090 9.38

(5) 0.97 938

AD"°of Box Culvert

Nomegraphs adapted from material furnished by

Kaiser Aluminum and Chemical Corporation.

Duplication of this nomograph may distort scale.

Entrance Condition

2 O (5
| 700 (2) 90° headwall 150
(3) Thick wall prejecting ¢ ¥ ¥
(5) Thin wall projecting ¥ 40 X .0 Eg 50
[ 600 5000 I T T4
:\ +30 +. +
[ 4000 —+ T30 T
- 500 \ :: 1 -1 3.0
Example 3000 i T 4
i ~ 420 T. T
N I 120 1
T18 T 4 2.0
- 400 +18 3
™\, 2000 Ti6 T 18
AN I +16 +
- 416
1500 +14 1aa 1
T T 414
- 300 o +12 412 1
Q
1000 ~ E 112
900 . = T
800 = 410 4
- 250 A —+1.0
700 & T+ 1
4 —+1.0
600 PR s PP L
- ——
o 500 £ T
L 200 w ¥ Los T0¢
£ 400 a T T
- = 1 tos
e & Loz 1
@ 300 g To7
i 2 k= 0.7
- 150 8 g T '
o =+ =+
L 140 B o T 706 los
a o
- 130 o 4 + 0.6
- 120 150 E 4
—+05 L
- 110 08
—+05
- 100 100 T 7T
90 4
- 90 80
] o T4 Loa
+ 04
- 80 60
50 T 7
L 70 T
40
=% +03 +o3
- 60 w 403
7] 30 ’
[
4
- 50 |«— SPAN ——| 20
15 HEADWATER DEPTH

FOR C.M. BOX CULVERTS
0.4 <RISE/SPAN <05
WITH INLET CONTROL
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CHART 19

Entrance Condition

(2) 90° headwall (2) @ 6
(3) Thick wall projecting 5.0 T +4 6.0
{(5) Thin wall projecting F F50 4
+40 T = 5.0
5000 T Fao X
T T T 4.0
4000 Is0 X I
-+ —+3.0
T T T30
3000 -4 T T
400 +20 1,, 1
T 2000 +18 43 G20
T 16 T1s I°°
4 1500 + I 1.
S 1 1
- 300 ~— Example - T4 114
T e~ o+ +  T14
4 —_ =
+ 1000 — T T12 +12 +
I 250 900 T~a_3 T 412
+ 800 I, W
T 700 ¥ +1.0 10 T
1 800 L+ 1~ o
c 1 —+ 1.
-+ 200 @ 500 = 09 log I
T T o LT T 4 0.9
g < c [a] -
> £ 4o = T% los 4
3+ ) gl
o | e B 1l  tos
3 @ 300 407
@ s 2 E Jor T
S J1a0 = T —+ T
© - 3 .-
a T g 200 © 1o logs T
< °
+ 120 ® 4 T 08
. o +
Example: 1110 150 1
D=8.0ft T T05 | s
Q = 1004 cfs + 100 45
100 ’
Entrance HW HW + 90 90 T -+
Type D (ft) [ 80 -4
(v)] 1.04 8.32 + 80 70 4oa
3) 107 858 I 50 T4 Loa
{5) 115 9.20 L
=T 70 50 +
40 T
- 60 []
% T03
= 30 TO03 | 03
4 :
|—— SPAN ——|
20
Nomographs adapted from material furnished by HEADWATER DEPTH
Kaiser Aluminum and Chemical Corporation. FOR C.M. BOX CULVERTS

0.5 < RISE/SPAN
WITH INLET CONTROL
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0.9

0.8

0.7

0.6

j=1
I3

0.5

04

0.3

0.2

0.1

CHART 20

0.4 < Rise/Span < 0.5

0.3 < Rise/Span < 0.4

AL
P =
// .
Rise/Span » 0.5] /[ A1 }~ |~ |RiseiSpan < 0.3
l”
AL
[~
2
¥V
ALY
ALY
/944

EXAMPLE: ]

e s 3+ + Rise (D) = 6'6" [ |

| Span (B) = 221" ]

A 13 Area (A) = 118.4 ft2 ||

! Flow (Q) = 1050 cfs | |

| Rise/Span = 6.5/22.08 | |

Vi : =0.29

f Q/AD = 1050i(118.4)6.57° [

: =3.48 |

: d./D=0.63 —

} dc = 0.63(6.5) = 4.1' —

/7 ! |
V/ :
. !
H
4 T
]
1
|
|
|
A |
4 !
1
[l
]
[l
1
1
1
]
:
:
I
|
i

1.0 2.0 3.0 4.0 5.0 6.0 7.0
QIAD®®
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CHART 21

3000
= I
CULVERT H
AREA ]
2000 —+
|-— SPAN —~|
1500
Fe =+ 0.75
o %
95 s
4 150 s %
1000 T a0 [ < T
900 4130 ©
—+120 Q
800 &
+110 ©
700 4100 =+ 15
600 -4 g0
% 500 -1+ 80 -+ 20
£ -+ 70
g 400 1L eo L=250— " T2 3%
g — Ke =025 — ~ =
o o e =
g o~ - 300 T* =
£ 300 -T 50 —— - T
Q
2 I P, st 35 2
[a] - e~ z
+ 467 A =40t ~~ —~ T 2
Q = 400 cfs ~~.. Example T 45
200 T —_— =+ 5.0
4 30 1o
H=86.8 ~_ ’
™~ 70
® -+ 80
-+ 20 £ — =+ 9.0
3 Area (ft2 n -
100 > (ft9) L oo
= 20-30 0.025
g 31-150 0.024 T 120
-+ 14.0
-+ 16.0
50 -+ 18.0
=+ 20.0
HW -+ =
— ho
Slope Sg  —» A
SUBMERGED OUTLET CULVERT FLOWING FULL HEAD FOR
For outlet crown not submerged, compute HW by C. M. BOX CULVERTS

methods described in the design procedure.

FLOWING FULL
CONCRETE BOTTOM

Nomographs adapted from material furnished by RISE/SPAN < 0.3
Kaiser Aluminum and Chemical Corporation.

Duplication of this nomograph may distort scale.
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Discharge (Q) in cfs

CHART 22

3000 mf
o
CULVERT T
AREA —+
2000 I—— $PAN —|
1500 1 200
—+190
180
=170
-T160
150
1000 J120
900 1130
800 120 o]
-+ 110
700 <100
600 90
=1 L=100"
500 T8 — K208 —— =
1, : .
L A = 65.6 ft2 —
400 L eo @ = 600 ofs ~mxample
-1 50
300
+440
200 [
- 30
4]
20 £ Area (ft2) n
100 =
E 25-75 0.025
5 76 - 200 0.024
'_
50
= 7/ A
HwW -1 =
—p he
TR ST Slope Sg  —» PN TN

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

SUBMERGED OUTLET CULVERT FLOWING FULL

For outlet crown not submerged, compute HYY by
methods described in the design procedure.

-+ 0.75

135
140
145
+5.0

Head (H) in feet

1 8.0

-+ 7.0
-+ 8.0

- 10.0

- 12.0

- 14.0

- 16.0

- 18.0
-+ 20.0

HEAD FOR

C.M. BOX CULVERTS
FLOWING FULL
CONCRETE BOTTOM
0.3 < RISE/SPAN < 0.4
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CHART 23

3000
CULVERT
AREA w
2000 [
l— span—|
1500 T2
-1 200 075
+ 180
-+ 160
1000 1 -1.0
4140 ,_ 2
900 1 \A ﬁﬁ ft
800 — 7120 _ | Q=800cts  oqg
~
700 —_— 100 Ke=05 ~ Example -1.5
600 90 ~
o L 8o L300
% 500 L ~ - 2.0
£ T 70
<) r |
g 00 Leo 25
) I ]
g | &
S 300 TS0 ?os
2 =
2 | L35 &
°
]
+ 40 40 9
L 45
200 i
—+ 5.0
30
—+ 6.0
- ~ 470
o Area (ft2) n 8.0
120 - -
100 = 20 - 57 0.026 T o0
g 58 - 142 0.025 T 10.0
5 143 - 220 0.024
= 4 120
4 14.0
4 16.0
50 4 180
1 200
/N
he HEAD FOR
- C.M. BOX CULVERTS

Slope So —» R
SUBMERGED OUTLET CULVERT FLOWING FULL

FLOWING FULL
CONCRETE BOTTOM
Kefoor Alominum and Chaeal Corporation. 0.4 < RISE/SPAN < 0.5

Duplication of this nomograph may distort scale.
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CHART 24

3000 —
—+ CULVERT it
AREA ]
[
2000 +— -
T —span—
T 075
1500 ——
1 —+1.0
1120
— 110 +15
— 100
—T1 90
—+ 80 - 2.0
- 70
500 +—
- I \-\ T2
‘G T — 60 =
400 L —+ k]
E T 3.0 o
e T 50 a5 =
@ 4 [— - 3. f
2 3001 i = zA -
s 1 A=484f2 N ~— ~—_Ke=00 -+ 4.0 T
— 40 =0.
g1 AN — T =
a8 1 - 5.0
200 Q=600 cfs 4 60
Example -T— 7.0
T + 8.0
\ + 9.0
O -+ 10.0
£ ) _ H=160
100 - Area (ft?) n \
g’ _— —_— - 12.0
= 40 -65 0.026
2 66 -120 0.025 \ T 140
16,0
+ 180
- 20.0
50
/TN
L=
—> | ° HEAD FOR
W
Slope So — CM BOX CULVERTS
SUBMERGED OUTLET CULVERT FLOWING FULL FLOWING FULL
CONCRETE BOTTOM
Nomographs adapted from material furnished by 0.5 < RISE/SPAN

Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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3000 —
—+ CULVERT w
_—)
2000 &
T l— span—]
1500 |-
4 1150 s
+ + 140 %
s
1000 T 130 o
900 -+ 120 “So
+110
800 0
—+ 100 %o
700 F
-+ 90 50
600 -
F —+ 80
& 500 r
© T + 70
£ I L
g =+ 4
¢ 400+ 60
o T ~r
g 1 18~
S 300 L ~
8 I - = T~ Ke =0.9
o = 2 e = U.
T 140 A=455t e L = 450
———
1 Q ﬁf ~
. [ = cfs Example
200 amp
—+ 30 ~ ~
H=144"
® Area (ft?) [
£ ——
—+ 20 - 20-28 0.035
100 2 2963 0.034
£ 64 -150 0.033
2
50
= _H
HW he
AT TR ST ]

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.

Duplication of this nomograph may distort scale.
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Slope So —»

SUBMERGED OUTLET CULVERT FLOWING FULL

CHART 25

- 0.76

435
£ a0
+ 45
—+ 50
-+ 6.0

-+ 7.0

-T 8.0
- 9.0
- 10.0

Head (H) in feet

- 120

~g 140
—+16.0

- 18.0
T 20.0

HEAD FOR
C.M. BOX CULVERTS
FLOWING FULL
CORRUGATED METAL BOTTOM
0.3< RISE/SPAN



CHART 26

3000 —

1500

Discharge (Q) in cfs

200 —

100 +—

Nomographs adapted from material furnished
Kaiser Aluminum and Chemical Corporation.

CULVERT
AREA

[
T
-,
=]
S

by

Duplication of this nomograph may distort scale.

p—

A=3741t2

b

~
Q=400 cfs ~_

Area (ft?)

20-30
31-63
64 - 154
155 - 200

Turning Line

|

}—span—

0.035
0.034
0.033
0.032

ho

HW
ATIOTRTAS

RISE

SUBMERGED OUTLET CULVERT FLOWING FULL

- 0.75

Head (H) in feet

Slope So —»= ST

HEAD FOR
C.M. BOX CULVERTS
FLOWING FULL
CORRUGATED METAL BOTTOM
0.4 < RISE/SPAN < 0.5
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CHART 27

3000
+  CULVERT w
AREA [
[
2000 + 220 = = —+ 075
T 1 200 SPAN
T + 180 410
1500 160
I I <
-+ 140 £ g/
T e %y s
T P 7%
1000 - 1120 0 <
S,
o
100 [4 T20
L 9o
T 50 + 25
ES T8 +30
+ 170 1
@ 500 L 3.5
o I -
= ¥ 1 eo 40
£ T 4145 o
g 4w0f__ L 5
v + 10 TS50 <
= -+ ~ £
] T L ~ - L=3se . — 160 T
S sl ~ L e - 400 %
& T F 40T T A=atofr | T - 400 +70 ¥
T Q=400%r Teo T
- = cfs~_
+ Bagpe + 90
2001 Lo HoTRa ~ 100
~
~-120
T i +14.0
) _ + 160
T2 ® Areafft) n + 180
=
1004~ 3 20 - 57 0.034 T 200
2 58 - 142 0.033
€ 143 - 220 0.032
2
50 L
~ T
HW _
—_— hO
Slope So —= VA7
SUBMERGED OUTLET CULVERT FLOWING FULL HEAD FOR
C.M. BOX CULVERTS
Nomographs adapted from material furnished by FLOWING FULL
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scalo. CORRUGATED METAL BOTTOM

0.4 < RISE/SPAN< 0.5
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CHART 28

3000 —
-+ CULVERT
]
2000
I —span—I
1500 1
+ Q
1000
o
900 - 120 Yo
m 110 acimere o
800 | ~ e - -
r 100 \\ Ke=09 J-_th___.so
700 - 2 Q;Eoogi _,.\(\-" 50
600 r 80 ~ ~~. Example
7 T B -~ ~
S s00F T 70 L=200'~
£ TI r
g T -+ 60
Yy 400 T |
o T
s + - 50
S I
2 300 -
a 1
- -+ 40
200 +—
)
£ ) _
| Area (ft<) n
o 7
100 £ 40 -56 0.034
'E §7 -120 0.033
50—

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

Slope So —> Va7
SUBMERGED OUTLET CULVERT FLOWING FULL

RISE

-+ 0.75

- 2.0

- 25

— 3.0

- 4.0
- 4.5
- 5.0

7.0

8.0
9.0
—-+10.0

Head (H) in feet

T 120
T 14.0
-+ 16.0

--18.0
- 20.0

HEAD FOR
C.M. BOX CULVERTS
FLOWING FULL
CORRUGATED METAL BOTTOM
0.5 < RISE/SPAN
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- 151 x 97

- 136 x 87

121 x77

113 x72
- 106 x 68

- 98 x 63

- 91 x58

- 83 x 53 —

—
o

-
=76 x 48

~ 68 x 43

- 60 x 38

- 53 x34

- 49 x 32

- 45x29

- 42 x27

SIZE (SPAN x RISE) OF OVAL PIPE IN INCHES

- 38x24

- 30x19

- 23x14

BUREAU OF PUBLIC ROADS JAN. 1963
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DISCHARGE (Q) IN CFS

LN RARE

L LB RS B

2]
o

TTTTd
o o

IS

3000

2000

200

100

60
50

40

30

20

0 =
o

w

1.0

EXAMPLE
Size: 76" x 48"
Q=300 cfs

HW*  HW

D (ft)
(1) 28 112
(2) 22 8.8
(3) 23 9.2

*Din feet

-
e* per&
L

To use scale (2) or (3) draw a
straight line through known
values of size and discharge
to intersect scale (1). From
point on scale (1) project
horizontally to solution on
either scale (2) or (3).

HW/D ENTRANCE

SCALE TYPE
(U] Square edge with
headwall
) Groove end with
headwall
3) Groove end projecting

!

D

L

CHART 29

2)
"0 O
N —40
(1) L
—40 [-30
- — 3.0
30 [ i
p—— = — — —»|
- 20 |
r - 2.0
20 [ L
C 15 Ls
E15 [
§ - _ -
= L
z L
w
@ 1.0 —1.0
| 40 |
s L
= 09
= L L
e |
- 08 |08
Z +o0s
I L L
'—
i 07 |07
Q |07 ' ’
o
m - —
IE -
2 Fo6 o6
2 (os
w
I - L
| o5 [05 |08
L gq S04 Loa

HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS HORIZONTAL
WITH INLET CONTROL



CHART 30

— 97 x 151

— 87 x 136

77 x 121

~72x113
— 68 x 106
— 63 x 98

— 68 x 91
—53x83

48 x76

— 43 x 68

=38 x 60

— 34 x563

—32x49

— 29 x45

SIZE (SPAN x RISE) OF OVAL PIPE IN INCHES

— 27 x 42

- 24 x 38

— 19 x 30

14 x23

BUREAU OF PUBLIC ROADS JAN. 1963

DISCHARGE (Q) IN CFS \

0 =
(=
°°

I
o
=)

[
o

| T
S
=)

w
o

5000
4000

[ 23
(=3
(=4
o

[
(=
(=4
o

300

N
[=3
o

n
o

[

-
o

EXAMPLE (2) 3
Size: 38" x 60" ( )
Q = 200 cfs =6 —5
HW* HW M -5 L5
D (feet) —6 4 L
1 26 130 |5 C -4
(2) 2.0 10.0 - r r
3) 21 10.5 4 -3 - 3
* D in feet C - i
-3 | -
A 2 ——|
= -2
~ B L L
- e - L -
— 2 L r
e E =1.5—F
e 1.5
—~ a Ll B L
S 15 | |
E -
w L r L
(7]
To use scale (2) or (3)draw a E i r
straight line through known O
values of size and discharge » 1.0 1.0
to intersect scale (1). From s 1.0 L L
point on scale (1) project [v4 )
horizontally to solution on w r 0.9 ~0.9
either scale (2) or (3). =L 0.9 o -
2
|:I_: i —0.8 —0.8
a [ 0.8 | |
wl
2 | 0.7 0.7
14 — 0. 0.
w 07
=
< I - -
HW/D ENTRANCE E 0.6 0.6
SCALE TYPE < 0% . .
I
1) Square edge with r r
headwall B
(2) Groove end with
headwall 0.5 —0.5 0.5
(3) Groove end projecting "
B Los4 04 Loa

HEADWATER DEPTH FOR
OVAL CONCRETE PIPE CULVERTS
LONG AXIS VERTICAL
WITH INLET CONTROL
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CHART 31

3.4
//
3.0 — el
=
=
A
//
Eo // e
P 'A/,/
E /A{/
i %%
= § ///
o
= A, 4
x 0 L o5xaz
53"x34"
f)%"xzw' dc CANNOT EXCEED TOP OF PIPE
38"x29"
|
23"x14"
0
0 20 40 60 80 100 120 140 160 180 200
DISCHARGE - Q (cfs)
7 ;
G =l /
//
7
£ // /'/
.g 5 > —_
: s L~
T > /'/
et
o
g 4 //rér/
3 gz
= %7
: Zn
6'—41")(97"
de CANNOT EXCEED TOP OF PIPE

200

300

BUREAU OF PUBLIC ROADS JAN. 1964
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400 500
DISCHARGE -

600
Q (cfs)

700 800 900 1000

CRITICAL DEPTH
OVAL CONCRETE PIPE
LONG AXIS HORIZONTAL



CRITICAL DEPTH - d¢ (ft)

CRITICAL DEPTH - d¢ (ft)

CHART 3

2

%,
//5
/ L1
/ L1
P
dc CANNOT EXCEED TOP OF PIPE
2 %/ 7 °
T~ 43"x68"
A/
34"x53"
29"x45"
1 |24"x38"
14"x23"
0
0 20 40 60 80 100 120 140 160 180 200
DISCHARGE - Q (cfs)
10
-’-_
8 =T 1|
—ull ~al
4/ f///
s
L
6 o Zﬁ
L~
L7 7|‘=97"x151"
/,£77"x121"
%:xgﬁ X108 dc CANNOT EXCEED TOP OF PIPE
2 {48'&76"
38"x60"
00 100 200 300 400 500 600 700 800 900 1000

BUREAU OF PUBLIC ROADS JAN. 1964

DISCHARGE - Q (cfs)

CRITICAL DEPTH

OVAL CONCRETE PIPE
LONG AXIS VERTICAL
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CHART 33

2000

E Turning
[ Line
. /T\__H
- 1000 — hg 04
C NIRRT PRSI T '
[ 8000 Slope So —= 5
- ~151 x 97 SUBMERGED OUTLET CULVERT FLOWING FULL 0.5
—_ 600 For outlet crown not submerged, compute HW by __ 0.6
- 136 x 97 methods described in the design procedure. )
500 - 0.7
i F121x 77
0.8
400 L113 x 72 L o0
; 106 x 68 L 10
300 - 98 x 63 -
[ 91 x 58 I
[ ke =02 (30 L
s 200 83 x53 -
S P76 xas ke=0.5 [
zf 5 ” 2
a [ 27 68 x 43 HJJ
E r -9 =\1zo z _— w |
O 100 ~— —~r60x38 - —ke=05 Zr
x W — _— TL=160 = [
<[ [2] ~ e _ 5 -3
T Lgo l53x34 >k SIZE =49 x 32 arl
&) x| — —~ <[
\wr = [49x32 —~ w F
a < T — T4
60 o (45x29 —
n EXAMPLE ~~—_ 500
50 w42x27 ~ -5
L N e— - L
40 @ |38x24 T 6
I NOTE L7
30 Dimensions on size scale are H=70 [
ordered for long axis horizontal -8
r installation. They should be L 9
[ F30x19 reversed for long axis vertical. [ 10
20 r
L -23x14 L
10 L 20
r8
L6 HEAD FOR
[ s OVAL CONCRETE PIPE CULVERTS

LONG AXIS HORIZONTAL OR VERTICAL
FLOWING FULL
n=0.012

BUREAU OF PUBLIC ROADS JAN. 1963
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CHART 34

r 5000
167" x 101" | 4000 (1)4
 r g e i @
15'-4" x 9'-3 3000 EXAMPLE = —2 (3)
Size: 36" x 22" 3 4
[ 12'-10" x 8"-4" 2000 Q=20cfs r
" ; - HW*  HW r -3
2= [ D it r 3 -3
£5 Firsxra (") i i
[r] F 1000 () 1.10 2.0 C
55 - @ 115 24 |5 -
£Es | - 800 @ 122 2.2 L L
(:*g ._9'6 x 6'-5 600 *D in feet + __2 L2
25 L 500 . [ :
-8-2" x 5-9" L 400 1.5 3 i
I F 300 L (15 s
7'-0" x 5'-1" r |
I - 200 I
hN 61" xa7" 3 =
Q ; L
14 e
< 7)) - ~r10 -
D L 1.0
-T E-72"x44" L(.IS - 100 // % L I i
T Z 8 - T o9 o9 '
-65" " _ EXAMPLE ) -
Lol. 65" x 40 Sleo L(IIJJ L i o9
m w L 50 rd e 9 —
o 58" x 36" Qe . w08  Log |
o 40
<< Ve (o]
X T e [ + - 0.8
E g 30 e E
50" x 31" = pd Lo.7 L
o w . 0.7
) P -
=2 - 0.7
w HW ENTRANCE = r
N g3m x 277 e D SCAE Trvpe T I
n Ve =
S 0 Headwall B loe
e L 10 2) Mitered to conform =) ' 0.6
. ~ L to slope x - 0.6
= // - 8 3) Projecting w
g 36" x 22" - E F
& -6 To use scale (2) or (3) project ; B
e - 5 horizontally to scale (1), then =)
g use straight inclined line through < L 05
-4 D and Q scales, or reverse as ':":J ) - 0.5 0.5
29" x 18" 3 illustrated.
25" x 16" L2
- 0.4 | 04 - 0.4
22" x 13" L 1.0 |I‘—B—>| )
L |
0.8
0.6 L -0.35
L+ Lygvx1m  os 038 Loas

. L ! i . HEADWATER DEPTH FOR
Additional sizes not dimensioned are
listed in fabricator's catalog. C.M. PIPE-ARCH CULVERTS
WITH INLET CONTROL

BUREAU OF PUBLIC ROADS JAN. 1963
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CHART 35

EXAMPLE
SIZE 12.9' x 8.3' @ = 1000 cfs TYPE OF INLET
90° HEADWALL:
PROJECT N:E’E?/WQ;\';EL 33.7° 0.10D BEVEL
HWD | 1.42 127 | 147 NO BEVEL
HW (/)| 11.8 105 | 97 PROJECT'NG\ | !
— 5000 ] I
— 16.6' x 10.1° E | 6.0 __50 F 4.0
i C 4000 L C
o 5. —4.0 [
L C L 50 r —3.0
L 15.3'x 9.2" — 3000 C -
i - a0 [ L
i r s —30 [
L — 2000 5 [Cso0 [ i
C = L I~ —2.0
i r s T -
l<12,9'x 8.3' T 1500 T [ L
L \\ C 3 B _—2.0 -
- \ —— : E —2.0 : __1-5
L g L1000 5 [ - L
3 Ewa 900 ~~——_EXAMPLE X | 1.5
L 114 x7.2 <K< - 800 BN < B
oadkE L — w
L > < L 700 ~~0 15
wdo ST -
B D= — 600 =
i g2 = F = | = L
x QK £ |-500 w
L =z 0 E L L - -
, ., 20 w 2 —1.0
—95'x64" Q g ¢ 400 = —
o 8o x L T —1.0
wN 2 < =
- wN 2 g o 0.9
L =0 g o — 300 ] —1.0
i ;’ &| = 7 2 —0.9
o2z ar w
-81'x58 EO A E 08 0.8
<EQ 200 g —0.8
- waA k- L 3
&g 2 Los
- &< B g :
w —0.7
L B T 0.7
7.0'x 5.1 i 0.7
—100
i :gg -os [ %€
I~ - 70 —0.6
L 6.1 x 4.6' ENBANKMENT L 60
SIDE SLOPE
- 50 Los Lo05
— ~-0.5

PROJECTING INLET
WITH PARTIAL HEADWALL FOR ANCHORAGE

B RiLE

1004 |~lo0.150
NO BEVEL

0.10D
33.7°BEVEL

HEADWALL INLETS

BUREAU OF PUBLIC ROADS
OFFICE OF R&D JULY 1968
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HEADWATER DEPTH FOR INLET CONTROLS
STRUCTURAL PLATE PIPE-ARCH CULVERTS
18 in. RADIUS CORNER PLATE
PROJECTING OR HEADWALL INLET
HEADWALL WITH OR WITHOUT EDGE BEVEL



CHART 36

EXAMPLE
SIZE 17.4' x 11.5' Q = 2500 cfs
HEADWALL
PROJECT NO BEV.| BEVEL
HW/D 1.64 1.45 1.32
HW (/)| 18.9 167 | 152
-20.6' x 13.2"
119.9' x 12.9' .
8
£ wJ
119.3'x123' -~ <
odkE
=a<
wgho
— 255
— T x O X
F17.47x11.5 ==
25
£=20
g & &
wN 2
N&2Z
0w 4 =
116.8'x10.77 I <
ocz2
€O g
< = E
w
RN
L14.4'x10.00 & <
L13.3'x 9.4'

ENBANKMENT
SIDE SLOPE 7!

PROJECTING INLET
WITH PARTIAL HEADWALL FOR ANCHORAGE

BUREAU OF PUBLIC ROADS
OFFICE OF R&D JULY 1966

\

DISCHARGE (cfs)

TYPE OF INLET

90° HEADWALL:
33.7° 0.10D BEVEL——————
NO BEVEL 55 [ 3.0
PROJECTING [ 9" B
T Va0 | -
C 30 |
30 | |20
- 6500 r —
- 6000 L
: r 20 |
5000 C L
2.0 |15
4000 8T F C
C P
3000 _—" Y tLis
r —" EXAMPLE ¥ [ B §
E—" e
- O L F L
L 14
<
L2000 w L
r (] 1.0
L g L
B 1.0
L1500 & 5
3 = 0.
C z 10
i z 0.9
- Y
1000 W ~09 0.8
- 900 @ Lo.8
C =
300 < Fos
700 E —0.7
- < 0.7
- 600 w
B 0.7
- 500
- 0.6
- 400 0.6
L 0.6
L 300
Co05
L 0.5
L o5

HEADWATER DEPTH FOR INLET CONTROL
STRUCTURAL PLATE PIPE-ARCH CULVERTS
31in. RADIUS CORNER PLATE
PROJECTING OR HEADWALL INLET
HEADWALL WITH OR WITHOUT EDGE BEVEL
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20

1.8

1.6

14

1.2

1.0

CRITICAL DEPTH -dc (ft)

0.8

0.6

0.4

34
3.2
3.0
28
2.6
24
22
2.0
18
1.6
14
1.2
1.0
0.8
0.6

CRITICAL DEPTH -dc (ft)

CHART 37

BUREAU OF PUBLIC ROADS

JAN. 1964

4-56 DeKalb County Manual

| =A
L1 |
] ol
/ o
// '//
e ,//
/ g%
rd 4
L /'
/// //
77
,/,/
13" " dc CANNOT EXCEED TOP OF PIPE|
| X 27
36" Ix 22"
20 30 40 50 60
DISCHARGE - Q (cfs)
|
;t/
]
'I
1
//,,//
P77
//,/ ,4/
7%
//// dc CANNOT EXCEED TOP OF PIPE
7%
AQ
72" x 44"
- 65"' x 40"
58" x 36"
50" x 31"
1 413" x127" I
20 40 60 80 100 120 140 160 180 200 220 240

DISCHARGE - Q (cfs)
CRITICAL DEPTH

STANDARD C.M. PIPE ARCH



CRITICAL DEPTH -dc (ft)

CRITICAL DEPTH -dc (ft)

CHART 38

BUREAU OF PUBLIC ROADS
JAN. 1964

—
)
P //,/
= e
Py "
- e
,/// L ,//
'/ / L
/// ,//
A A A
)4 pd
/ Vv
44
VAP S
AL AN
YN A 96 x65
W/ B ey
270" X5
61" x 4'-7" dc CANNOT EXCEED TOP OF PIPE
0 100 200 300 400 500 600
DISCHARGE - Q (cfs)
—F
——
i //
= //
/ /,/
o L
A
7 /
/////,//,/
// '/é/
// %,//
/4V/a
Y A 167" x 101 dc CANNOT EXCEED TOP OF PIPE
15'-4" x 9'3
1210 x 84
15" x 73"
s |
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

DISCHARGE - Q (cfs)

CRITICAL DEPTH
STRUCTURAL PLATE
C.M. PIPE ARCH
18 in. CORNER RADIUS
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CHART 39

Turning
— 300 Line
N / \ H
[ — ho
:— 200 A e S Slope So —= e T e
r SUBMERGED OUTLET CULVERT FLOWING FULL
[ For outlet crown not submerged, compute HW by
: methods described in the design procedure.
F — 0.4
— 100 05
- 90 L
- 80 —0.6
[ — 797 " L
[ 70 x 44 0.7
L - |
— 60 - 65" x 40" @ 08
i = 09
%0 58" x 36 10
| L 58" x 36" = K
- S~ E L
40 O \ <[
& Q=40 K| T — w
ST Ts0mx3rm T ExawRE Tr
E 30 % \ - H=17 [
e[ w T
i O |- 43" " SIZE =58 x 36 r
w 43" x 27
Q[ m ~ -2
5 L 7 ™~ L
T 20 74 L
QO [ x L
@ r 2 -
e S 36" x 22 [ 5
[ 2 L
t H 400 s
L > 4
10 - 29" x 18" 500 __5
-9 i
-8 —6
F - 25" x 16" 3
-6 —8
L L9
-8 C 10
4
-3
— 2
HEAD FOR
STANDARD C.M. PIPE-ARCH CULVERTS
BUREAU OF PUBLIC ROADS JAN. 1963 FLOWING FULL
n=0.024
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CHART 40

e 3000 — ho
:_ Slope So —» PR
N SUBMERGED OUTLET CULVERT FLOWING FULL
- 2000 For outlet crown not submerged, compute HW by
o methods described in the design procedure. —1
L w L
L v I
o 4
L ® L
L 2 L
L = ‘@ -
[ —16.6'x 10.1' "’3_‘ Y, I
C = 50 i
1000 : ke = 0.25 44{ :
C - 15.3'x 9.2 ke =0.5 m 2
- r w [
— 800 r w [
- C ke =0.9 =z [
- ] 12.9'x 8.3 50 T E
- E r = [
—600 [ % L3
w [ T | I F
S E 500 SH1N4x72 L
2 <0 F
a B |.I:| : /172 -4
= a0 L A
o r W [~ 9.5'x 64 %ﬂ-fv r .
[ | r
= - L
T I w - 7.0x5.1 [
S 300 @ / 400 [
a Zl goy5e EXAMPLE —F 6
a o ; L Q=260 cfs E
C <t / =7
» % E g
- 200w 4( 5.1 C o
i @ : 10
R - 6.1'x 4.6’ size n B
61x46 00327
I 81x58  0.0321 —
r 14x72 00315 -
L 16.8x10.1 0.0306 15
100 I
| L 20
- 50
HEAD FOR
STRUCTURAL PLATE

C.M. PIPE ARCH CULVERTS
18 in. CORNER RADIUS
BUREAU OF PUBLIC ROADS JAN. 1963 FLOWING FULL
n = 0.0327 TO 0.0306
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CHART 41

Entrance Conditions

2 @ (5
(2) 90° headwall.
(4) Mitered to embankment. 1o
(5) Thin wall projecting corrugated metal. 1™ T 6.0
5.0
10,000 E
9000 - 4.0
8000 C
260 7000 N
240 6000 T 3.0
20 - 5000 T r
4 4000 T T £
200 1, + T
180 T 3000 T 1.8 T -4 2.0
+ +20 4
160 - T4 T T s
140 2000 1 R
4 T14 416 +
1500 1
+ 414
120 ==~ = 11a
4 —~ ) 4
m 1000 2 7" I
i 100— 900 £ ~— Example T 4 T2 +12
— -
Lu: 90 T 800 - % —+ 1.0
© il 700 — z 1 1.0 -T
E 600 ~—— 1 — - =
3 7T i © too 410
o + O 500 r 1 +09 |
=z 70+ 2 Example o 1 09
< g 0 A=12221t Gi tos
] = Q=1014 cfs o T08 T
X 60— w0 © T
< I 8 Entrance  HW HW w 1 Los
5 T < Type D () g +07
X 50 L (2) 0.93 7.37 T
+o7
< T g 200 @ 095 7.5 2 4
+ o (5) 1.03 8.16 mj T07
T 150 T T
40 - T 0.6 4
I 106
il 100 T8
4 90
80 T 4
30 + T 05
1 70
4+ & 405 -+05
1 50 T
1 40 LL 1 £
2 0.4
20 +— 30 i .
T + 04
L_SPAN_‘l -+ 04
+ 20 4
4 +03
10
10 L
HEADWATER DEPTH

FOR C.M. ARCH CULVERTS
0.3 < RISE/SPAN < 0.4
WITH INLET CONTROL
Nomographs adapted from material furnished by

Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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CHART 42

Entrance Conditions

(2) 90° headwall. (2) 4) (5
(4) Mitered to embankment. e
(5) Thin wall projecting corrugated metal. 4o =T 5.0 -+ 5.0
360 —— T Fao0 40
340 10,000 Ta0 T T
320 9000 B I
300 —— 8000 T + T
280 7000 1 T30 T30
260 - = 6000 - — vl T 4
— — xample T T
240 5000 — - —_t — T
220 T2 B
4000 T T
200 —— . -+ 2.0
-+ T T2 T,
180 - 3000 +16 T s I
1 T 1 + 16
160 2000 414 1416 L+
4 1 T +1.4
140 - T |
1 1500 12 T+
1 1.2 4
120 + -+ 12
T 1000 +1.0 w T
T 900 & 1.
100 —/— 800 = T
- T S oo T 410
g o0+ 700 < -
K] | +o9 -
5 + 600 g r
s 87T & 500 € To08 T Toe
=1 =4 7] Q
=3 - < T08 T
» 70 + - 400 Example = T
£ g - T 0.8
© T <2 A=27751ft? o Loz T
 eL g 30 Q= 6000 cfs a T
< T = L 4+ To7
S < Entrance HW  HW g To7
P K] 200 Type D (ft) T dos T
a @ 203 2674 2
150 (4) 240 3164 1 o6
(5) 233 30.69 T T8
- 100 — 05 T T
1 90
4 80
sl 70 1 05 05
T 60
1 50 4 1
1 +04
1 40 IL
] 1 + 04
20 | 30 x 04
_L +
T L—SPAN——I -+
1 20 T
1 —+03
T 10
0 HEADWATER DEPTH

FOR C.M. ARCH CULVERTS
0.4 < RISE/SPAN < 0.5
Nomographs adapted from material furnished by WITH INLET CONTROL

Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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CHART 43

2 @) (5
Entrance Conditions : 6.0 :: 6.0
(2) 90 headwall. a0 I 50 50
(4) Mitered to embankment. T =+ T
400 —— (5) Thin wall projecting corrugated metal. -+ T 40 T 4.0
T 10,000 T30 T I
9000 - T
T T £ -+ 3.0
300 —— 8000 1 0 T
280 + 7000 1 T
200 T 6000 1., T T
240 & 5000 T 1 1
T T 1.8 - 20
220 T 4000 4 L 20 —+ .
200 —— +16 T - 1.
-T- 3000 1 T8 T
180 | — -+ T 1.6
- 7 T14 T8 T
160 1 — 1 1 Laa
1 2000 — L T4 1L
140 — — P - €
I 1500 F _— 1 T Lo
T _— E E
120 - P +10 T+
Ir _—~ 1000 1 +1.
T S0 = T -+ 1.0
100 —— 800 Q -T- 0.9
- 4
] T 700 s | 09 1
& 90 z 1 L oo
g + o 60 s fos T
= 80 : 500 Example ¥ 1 T 08
@ T = - 2 o 408
e 70 g 400 A= 1.05ft 2 4
‘s 4 - Q= 1400 cfs g 07 1
g 2 @ 4
300 0.7
< 60 E Entrance  HW HW e T 407
S T O Type D (ft) [
S ‘2 g 1 1
< 5T o 200 (2) 1.50 12.38 S Tos
r ) 1.75 14.44 g
T (5) 163 1345 o T —+o6
T 150 . . b= o T
40 1 1
-+ 0.5
100
I ot +os5 OS5
30+ 70
-+ 60 1 4
T 50 + o4
1 40 f - 04
+ w <04
» .
20 30 jﬂ_ 4
T L span— 1 T
<+ 20
-T-0.3
T T 0.3
-T-0.3
T 10
10 4+
HEADWATER DEPTH

FOR C.M. ARCH CULVERTS
0.5 < RISE/SPAN
Nomographs adapted from material furnished by WlTH |N LET CONTROL

Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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CHART 44

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

AN

0.4 < Rise/Span £ 0.5 /’ 0.3 < Rise/Span

<04

N

\\\

|
|
]
i
I
// |
|
I
T
|
|
!
I

Example:

Rise (D)=5ft9in

Span (B) = 16 ft*

Area (A) = 66.8 ft
Flow (Q) = 400 cfs

Rise/Span = 5.75/16 = 0.36

Q/AD*®= 400/(66.8)(5.75)°=

25

dc/D = 0.47
dc = (0.47)(5.75) = 2.7 ft

1.0 2.0 3.0 4.0

Q
ADO.5

DIMENSIONLESS CRITICAL DEPTH CHART

5.0

6.0 7.0

FOR C.M. ARCH CULVERTS
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5000

4000

3000

2000

1500

1000
900
800

700

500

Discharge (Q) in cfs

400

300

200

100

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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600 — —

CHART 45

~+0.75
Area of At
Culvert 2 1o
L—SPAN——]
15
260 4
- 240
220 + 200 ke=0.25_ 50 .0 -+ 2.0
190 +
170 1180 ke = 0.50 T25
-+ 160
150 + P +3.0
+ 140 ke = 0.90 2
1301 750 ‘° T35
120 7/ o 1o
1104 Sy 100 a5
100
95 T 90 Area = 40.2 ft? - 5.0
851 /ke=0.5 | 60
—+ 80 Vs 200 :
75+
470 J 7.0
65 1+ Example = -;—0; — L g0
_T60 — —-;" —_— Q=600 cfs - 300 9'0 o
®T L100 £
-+ 50 7 e
as+,” Tioe £
. T120 I
T 14.0 E
38T T160 £
+ 180
—— 30 = 5N
+ 200
251 Area (ft?) n
20 - 60 0.025
61-156  0.024
T 20 156-260  0.023
[
£
-
()]
=
c
£
=
|_
/TN
- ho
E SSulA HEAD FOR
Slope So —»

C.M. ARCH CULVERTS

SUBMERGED OUTLET CULVERT FLOWING FULL

FLOWING FULL
CONCRETE BOTTOM
0.3 < RISE/SPAN < 0.4



CHART 46

5000
~_ |
4000 Area of g
3
Culvert T
3000 l-—s.PAN——|
360 +0.75
3201 340
280 T 300
T 260 +1.0
2000 2401 4
—-+220 .00
04 S
1500 170
160+ ke = 0.50
150
140 T2°
1130 ke = 0.90
120 + 50 + 25
1000 T 110
900 4 £
£ 800 "o e
£ 0L g5 T35
8 700 80 T 75 T 4.0
~ 70+ +45 @
g 600 Les +50 &
E 500 0T =
i +60 =—
8 ol 55 S L=250 z
a Ae=09 T =
4 [}
400 45 -+ 8.0 o
40 Area=2021t T 90
4L — +10.0
300 38 / Example — —_’l -
301 - —— H=ess 1120
4_ o = Q=200cfs 4
—25 ——‘/4 :: 14.0
- +16.0
—_— v 2 = +
200 L — P Area (ft) n +18.0
20—+ 2 20-150  0.026 -+ 20.0
] 1561-360  0.024
(=]
£
£
=}
'—
100
HEAD FOR
C.M. ARCH CULVERTS
R Sy P FLOWING FULL
e oo
Slope  So CONCRETE BOTTOM
SUBMERGED OUTLET CULVERT FLOWING FULL 0.4< RISE/SPAN < 0.5

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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CHART 47

5000
Area of T
4000 Culvert 9
x
1
5000 L—SPAN—-l
360 1
-+ 340 4075
320 -
250 T 3%
2000 T 260 r1.0
2404
T 0 ke = 0.25 ., 50
1500 200 T 190 ke = 0.50
5ot 1.5
-~ ~ 160+ 170
- T 150 ke = 0.90
~ 140+ 20
1000 N 130
w 900 20T o 28
o 110 — L=100"
O 500 100+ — k=09 30
£ T > ~  Area =806 ft? ’
= 700 90T g5 — i 9
<} 80+ ~ o 8
g 600 T 75 \Example 4.0 '.3
5 + 65 ~ [0 T
g 500 ol . 50 T
A Q =1400 cf:
2 455 TN L60
400 50— <470 e
o T 45 ™~ +80
300 H= 1k T80
435 \ -+ 10.0
301 ~r 12.0
200 T o Area(ft?) @ Free
Areaft) o +16.0
£ 20-30  0.026 T80
204 3 31-150 0.025 T 200
oy 151-360 0.024 ’
'
£
=}
-
100
HEAD FOR

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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A -
ho

Slope So N
SUBMERGED OUTLET CULVERT FLOWING FULL

B o

—

C.M. ARCH CULVERTS
FLOWING FULL

CONCRETE BOTTOM
0.5 < RISE/SPAN



CHART 48

5000
Area of IL
4000 Culvert 2
i
2000 L—SPAN——|
+ 075
410
2000 260 - ¢
—+ 240 e
2201 %
T 200 Ke =0.25 . 50 %
190 + e=0. , 415
1500 1 180
7T Ke = 0.50
150 Ke = 0.90 420
<140 e=0.
130 + 1
1000 <+ 120 25
~
o 900 ~— 110 =+ 3.0
S 800 ™~ T ;‘;0 135
c T
— 85+ ~ -T 4.0
g 700 7580 ——~a ASTISM ko009 Loase 145 ‘g
o 600 -+ 70 - 5.0 =
= 65 ~— Example £
S 500 —+ 60 _h‘“ 4 6.0 T
g 551 Q=1000 cfs 170 3
= + 50 4 o
O 400 1 H=108 ~ 400 80 o
45 ~ -+ 9.0
4 40 \:: 10.0
300 35 - + 120
L -+ 14.0
T 16.0
4 T 180
200 25 o Area(ft’) n -+
e ol ius s =+ 200
5 20 - 60 0.029
120 > 61-260 0.028
£
[ =
£
=]
[
100

Slope So — V7
SUBMERGED OUTLET CULVERT FLOWING FULL
Nomographs adapted from material furnished by

Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

C.M. ARCH CULVERTS
FLOWING FULL
EARTH BOTTOM (np = 0.022)
0.3 < RISE/SPAN < 0.4
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CHART 49

5000 ——
T Area of
w
4000 _“_ Culvert :%
I L—SPAN——I
3000 -
T 360 240 T
320+
T - 300
T 0T 20
2000 - 2401
+ +220
£ 200 1 190 Ke =0.25 {50
1500 1 180F
+ +170 Ke = 0.50
ik 160+
L T 150 Ke =0.90
140+
T -+130 50
1000 = 120+
(2l F £
$  e0fF 110 -
c * 100+ A=80.6ft2, o= L=150'
£ 00 F 9 = Sl — = ke=0s
<] 85 — ~— Example
= 80— . ]
& F T75 Q=1000 cfs — 8
5 600 1 70+ -
< + T =
8 s007 80T £
a I -+ 55 =
=+ 50 ——
400 Qo
N -+ 45 I
T 40—+
300 135 T 120
T + 140
T 30+ +
1 + 160
T T2 Area(ft’) @
200+ —_— —
@ 20-90  0.029
20 £ 91-360 0.028
- (=)
£
c
<
>
-
100
/TN
— | o HEAD FOR
Slope So —= VHITT” C.M. ARCH CULVERTS
SUBMERGED OUTLET CULVERT FLOWING FULL FLOWING FULL

EARTH BOTTOM (np = 0.022)
0.4 < RISE/SPAN < 0.5

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.
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CHART 50
5000

4000

3000

2000

[

S

£

)

(]

(=

=

©

K=

Q -

R 400 +—

o I
300 —
200 +
100 -~

Nomographs adapted from material furnished by
Kaiser Aluminum and Chemical Corporation.
Duplication of this nomograph may distort scale.

Area of

~_ !
Culvert o
]
4
4
L—SPAN—’|
360 +
320 1340
- 300
280 4
-+ 260
240 +
1220 Ke=0.25_ 50
200 4
180 190 Ke =050
—+170
160 + Ke = 0.90
—+ 150
140 +
—+130
1201
—+110
100 4
o
+ 85
80—
T 75
70+
—+ 65 oo
Wl " L=300'
—+ 55 - “Te=0s
50 ~ — TA=za121t?
tas_ —S
“ 1= - ~
Q=600 cfs S\ Example
+35
\
30
1o Area(ft’) A
20-40  0.030
o 41-150  0.029
204 = 151-300 0.028
=)
£
c
=
=1
-

Slope So — Va7

SUBMERGED OUTLET CULVERT FLOWING FULL

- 0.76

Head (H) in feet

HEAD FOR
C.M. ARCH CULVERTS
FLOWING FULL
EARTH BOTTOM (np = 0.022)
0.5 < RISE/SPAN
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CHART 51

@
(=]
T
w
T
< =
N3 *
ANL::]
o | N
D) N
2N
2le N
MTT1+= g \\
L118]3] N S
o121 N, N @
e N
Hl]e N
[=2]
T
H——
£ N
___.C____ N
T AN N <
N N N ~
\\\\
-
8 | NN
2 NN
= NN S
NN ©
NN
N
<
N \ b
A 3
<
<]
<
<
<
©
Q
o~
Q
-
\
\\ o
=) [=) =) =)
[\ -
% a INLET CONTROL

HEADWATER DEPTH FOR
CIRCULAR OR ELLIPTICAL
STRUCTURAL PLATE
C.M. CONDUITS
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CHART 52

9.0

7

y
Beveled Edge

Square Edge

Z

Thin Edge Projecting
¥
4

AL

Mitered

Q/AD®®

4.0

2.0

7

1.0

3.0

2|a INLET CONTROL
HEADWATER DEPTH FOR
HIGH AND LOW PROFILE
STRUCTURAL PLATE
C.M. ARCH
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CHART 53

0.9 T

EXAMPLE: | |

7 Rise (D) =13 ft 1

0.8 /’ Span (B)=20 ft1in —

/ Area (A) = 201.8 ft2 ||

i Flow (Q) = 2100 cfs ||

t Q/AD%S= 2100/(201.8)(13.0)°°

/r =29 -

de/D = 0.65 -

0.7 dc = (0.65)(13) = 8.5 ft -
0.6 |
l
[
I
|
0.5 1
/ [
de |
1
D / I
0.4 I
/ |
T
1
/ |
0.3 % I
/ |
I
]
I
0.2 [ |
|
[
T
I
0.1 I
|
T
|
|
o |

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Q/ADY3

DIMENSIONLESS CRITICAL DEPTH CHART
FOR STRUCTURAL PLATE
ELLIPSE LONG AXIS HORIZONTAL
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0.9

0.7

0.4

0.3

0.2

0.1

CHART 54

L~
1A

]

e

]
7

EXAMPLE:

7 Rise (D)= 13 ft3in

7 Span (B) = 26 ft
Area (A) = 294 ft2

2V Flow (Q) = 2000 cfs

Q/AD’®= 2000/(294)(13.25 )°°
=19

7 s =1.
] w4 dc/D = 0.45

7
/ / dc = (0.45)(13.25) = 6.0 ft

<

NG

1.0 2.0 3.0 4.0 5.0 6.0 7.0

Q/AD S

DIMENSIONLESS CRITICAL DEPTH CHART
FOR STRUCTURAL PLATE
LOW- AND HIGH-PROFILE ARCHES
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10,000
— 180 C
- 168 i
L 156 - 5,000
- 144 -
- 132 I
L 120 L 2,000
- 108 I
L 1,000
_96 -
r -
/'//
- 84
—~—" L s00
7 P
w - -
I -
g kn i
=
a
a o L 200
'S
2 |eo S
e Z |-150
T =
E S L0
14 a [
s [T
5| — 48 ¥ B
) g L
6 | £ |so
] i
a |
o 2
- 30
< |3 S
a %]
@
- a o2
|30 L
L L 10
o
L 8
L L7
24 [ 7
-5
L 21 L4
L3
L 18
L2
15
L1
L 12

CHART 55

(1)

SCALE ENTRANCE 40
(1) SMOOTH INLETS (CONCRETE) L
(2)  ROUGH INLETS (CMP) L
3.0
/'/' _______
_ L
-
-
- 2.0
EXAMPLE L 1.9
—
- 1.8
- F1.7
- FACE SECT;V 16
1 [ B
:
. 1.5
!
! L1.4
1.3
F1.2
TAPER F1.1
B, b 1.0
L PLAN
TAPER MAY VARY FRoM [ 00
E L4 4:1TO 6:1
D<E<1.1D r
o8
EXAMPLE i
D =72 inches (6.0 feet) l 0.7
Q=600 cfs )
ENTRANCE HW HW
D (feet) L
) 2.36 14.2
2 242 145
0.6
05
L 04
THROAT CONTROL
FOR SIDE-TAPERED INLETS

TO PIPE CULVERT
(CIRCULAR SECTION ONLY)

(2)

2.0

Fr1.7
1.6

F 0.6

0.5

— 0.4

HEADWATER DEPTH AT THROAT IN TERMS OF DIAMETERS (HW; /D) IN FT. PER FT.



HEIGHT OF FACE (E) IN INCHES

CHART 56 "

168 - 400 a0
1 SCALE ENTRANCE TYPE (2)
156 - 500
T 1) BEVELED EDGE a0
144 - @ SQUARE EDGE .
1 3) THIN EDGE PROJECTING (3)
0.042B OR 0.0838 3.0 |
1321 I 40
200 |
120 | I 3.0 L
108 - r 3.0
96 - 100 T[T T T T
] - 1.9 g 3
90 | - &
] EXAMPLE L1 o
801 - E 2.0 L
84 £ 70 _——" 17z f19
& _ =" T |
s l16 W 1.8 Lao
- O 604 s .
- £ 1 15 T (17 1.9
- - - F1. =
721 g 50 R L1.8
g 1 14 I 1.7
] 14 T
o 401 Z T 15 16
b ] B .
60 6 M- g 4 -1.5
I 30 i
g L1.4
2 F1.3 -
2 1 L12 2
o g
L = 1.2 1.3
Y] 20 2
48 5 ] F11 w
3 1 LiSo ELEVATION e
2 1 = £ s 1.2
o 151 TAPER 5
w B 1.0 T
42 - o i z
2 . T \ S 11
= | 8 |
é 1 B¢ D E I
10+ J_ Mot
36 1 91 PLAN Los = 1o
8 4 TAPER MAY VARY FROM 8 oo .
E Ly | 417061 x - |
74 D<E<1.1D I
J 0.9
20 6 EXAMPLE Los
E =72 inches (6.0 feet) losg
5 Q=600 cfs I r
4l INLET HW a B L Los
TYPE E B (feet)
0.7
24 - 0 20 66 9.1
d 2) 226 66 9.1 0.7
3 3 265 66 9.1
L Fo.7
2 -
Los Los
L 06

FACE CONTROL FOR SIDE-TAPERED
INLETS TO PIPE CULVERTS
(NON-RECTANGULAR SECTIONS ONLY)
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CHART 57

600 —
[ - 4.0
500 — [
M 400 i
8 3.0
[ 300 SIDE - TAPERED |
B | FACE SECTION
Lo i B I
2007 i f THROAT L 20
r HW; [ 1o
) L HW, .
-8 9 R b e o
w B 5 . w
& LS ° F1.7
o 150 w
o I L16  «
S iy
I =2
! Z 100 ! FACE SECTION F1.5 s
g 1 o ;.
<} 4 r14 %
g >
F6 8 1.3 [
£ b
": 1.2 |.°|.
I & 50 WITH FALL a
2 =
3 i _—— 4
3 sdeeme—m—————— 7 SRR
F————" "7 EXMPLE - 5 40 SLOPE - TAPERED z
1 =
E <
m 8 304 L~ FACE SECTION F10 o
w ; g
z [=
= r '(2 T E
) i HW;  Hw log =
< g ! ! THROAT : r
S g So |- SECTION <
m < 20 s b B <
- fa £
s * 2 . FALL—J D e
a ] w
z o 4 . ~J {s. [08 Qa
T o 1 2
u o 1 VERTICAL FACE L ui
I 2 ] E
— C ] o7 9
] #* BEVEL (OPTIONAL) w
10 £
EXAMPLE | seno -
s SECTION / SECTION
§'x5'BOX Q=200cfs b 0>
rs Q/NB = 40 cfs/ft | os
HW; /D =1.12
HW; = 5.6 feet i R .
THROAT |
5 SECTION
MITERED FACE
I 05
4]
3 L
L o4
L2
2 -

THROAT CONTROL FOR
BOX CULVERTS WITH
TAPERED INLETS
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CHART 58 SCALE ENTRANCE TYPE

400 o (1) 15°TO 26° WINGWALL FLARES () (2)
WITH TOP EDGE BEVELED 35
- 12 1 ©or - 4.0 :
300 - 26° TO 90° WINGWALL FLARES
- 11 WITH NO BEVELS [SQUARE EDGES) } - 3.0
(2) 26° TO 45° WINGWALL FLARES
L 10 WITH TOP EDGE BEVELED 30 25
200 o OR . = '
] 45° TO 90° WINGWALL FLARES p”
L g . WITH BEVELS ON TOP AND SIDES i i
[ ] -
8 ] I £ 20
'S
-8 . o _ = L
- E. 1 R i =
EXAMPLE ; 100- e 2.0 S [
5 90+ EXAMPLE = 7|77~ T -7
7 =z 804 D=38feet @ =1200cfs i = -
= . i ] i
g 0 INET HW Q@ B, i g [1°
60 3 60 TYPE D Bf (feet) T 14
] S 504 ) 1.9 109 11.0 - 1.5 8 '
= | 2 1.69 109 11.0
Y Fa 2) 14 2 L3
w w404 w
i z £
Z - 5_0 |-0|- - B 13 E 1 2
- w -1.
a x 307 L12 9
e B 4.5 = - E
o E WITH FALL w
[} = , FACE SECTION IFACE SECTION
w o o ' R I
O 40 - 204 =
= w <
S E ] £
1T, % 15 o 1.0
I B 35 ¥ 1 ] B
L2} o
(= w - 0.9
™ 1 E
O 10~ = i
- 3.0 o 9 4 9( 08
% 8- i -
o 7 - SYMMETRICAL FLARE SYMMETRICAL FLARE | 5
ANGLES FROM 15° TO ANGLES FROM 15° TO
- 2.5 6 M e - 0.7 -0.7
b TAPER 4 TO 1 TAPER 4 TO1
5 T =1
4 L 0.6 L 0.6
- 2.0
3 - L
~- 0.5 — 0.5

FACE CONTROL FOR BOX CULVERTS
WITH SIDE-TAPERED INLETS
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HEIGHT OF BOX (D) IN FEET

42 EXAMPLE
D =6feet Q =800cfs
- 11
INLET HW Q@ B¢
TYPE D B; (feet)
=10
i1 141 61 134
{2) 138 61 131
- 9
-8
-7
EXAMPLE __——~"
- -
-5
-4
-3
~2
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RATIO OF DISCHARGE TO FACE WIDTH {Q/Bf) IN CFS PER FOOT

400

300 4

200

-

=

=
1

=]
=
1

-~ @
==
La_l

.60

i o
= =
L 1

[ ]
=
[

201

10

e
44

CHART 59

SCALE  ENTRANCE TYPE
(1) 15°TO 26° WINGWALL FLARES
WITH TOP EDGE BEVELED
OR
26° TO 90° WINGWALL FLARES
WITH NO BEVELS (SQUARE
EDGES)
2)
WITH TOP EDGE BEVELED
OR
45° TO 90° WINGWALL FLARES
WITH BEVELS ON TOP AND
SIDES

——
-

-

-

VERTICAL FACE

FACE SECTION

-
So .mr‘ A

ELEVATION

=S
By

B

THROAT
SECTION

==
&)

TAPER

SYMMETRICAL FLARE
ANGLES FROM 15°TO 90°

PLAN
MITERED FACE

BEVEL{OPTIONAL)
FACE BEND

N 4 og.
THROAT

SECTION

26° TO 45° WINGWALL FLARES [

1
-4.0

- 3.0

- 2.0
- 1.8

- 1.6
-1.4

- 1.2
1.1

1.0

- 0.9

- 0.8

-0.7

~0.5

- 0.4

—0.3

HEADWATER DEPTH AT CULVERT FACE IN TERMS OF HEIGHT (HW/D) IN FT. PER FT.

(2)
- 4.0

- 3.0
_-2.0

+1.8
- 1.6

1.4

+1.2
- 1.1

-1.0

- 0.9

- 0.8

- 0.7

- 0.6

—0.5

- 0.4

— 0.3

FACE CONTROL FOR BOX CULVERTS
WITH SLOPE TAPERED INLETS



CHART 60

FLOW HW,
—

3.10
_—-._—'—

1 /// Cqy =kt Cr

3.00 = Qr = Cq L Hw,1-6
c ¥

L1

2.90
016 020 024 028 032 1.00 ~
HW, () \ (P‘“’ED
A) DISCHARGE COEFFICIENT FOR 0.90 N
HW, /Ly > 0.15
3.10 GRAVEL_,.B\
PAVED 0.80
3.00
// A \

c, 290
r 4GRAVEL 0.70
2.80 /
270 / 0.60
2.60 \\

2.50
0 1.0 2.0 3.0 4.0 0.50
0.6 0.7 0.8 0.9 1.0
HW (ft)
he F HW,
B) DISCHARGE COEFFICIENT FOR
HW f Ly £0.15 C) SUBMERGENCE FACTOR

DISCHARGE COEFFICIENTS FOR
ROADWAY OVERTOPPING
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