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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

Hydraulic Engineering Circular No. 13 

HYDRAULIC DESIGN OF IMPROVED INLETS FOR CULVERTS 

The Federal Highway Administration, U.S. Department of Transportation, 
has published a new design circular, Hydraulic Design of Improved Inlets 
for Culverts. The publication was prepared by the Hydraulics Branch, 
Bridge Division, Office of Engineering, in collaboration with the 
Research and Development Demonstration Projects Division, Region 15, 
as a part of Demonstration Project Number 20. 

Hydraulic Design of Improved Inlets for Culverts incorporates the 
results of culvert hydraulic research conducted by the National Bureau 
of Standards, under the sponsorship of the Federal Highway Administra­
tion, into design methods for improved culvert inlets. The publication 
is intended to be used in conjunction with the conventional culvert 
design publications, Hydraulic Engineering Circulars No. 5 and No. 10. 

Improved inlets may be effectively utilized on culverts under 
a certain combination of hydraulic conditions. The conditions result 
in what is termed culvert "inlet control." That is, under a given 
set of hydraulic and site conditions, the culvert barrel will have 
more capacity than the inlet and, thus, the inlet governs the culvert 
flow capacity. Little can be gained by the use of sophisticated 
improved inlets on culverts flowing in outlet control, when the 
capacity of the inlet exceeds the barrel capacity. 

The publication contains a brief review of conventional culvert 
hydraulics, describes the types of improved inlets that may be 
used for box culverts and pipe culverts, discusses general design 
considerations, and presents a comprehensive prograrrnned procedure 
for improved inlet design. Nomographs, charts, tables, and calcula­
tion sheets are included for each type of barrel and inlet. Two 
detailed example problems are solved, one for a box culvert and one 
for a pipe culvert, and additional examples are contained in an 
appendix. In a second appendix, the basic equations used in developing 
the design aids are set forth, along with reasons for the selection 
of the recommended inlet configurations and their related coefficients. 

Use of Hydraulic Design of Improved Inlets for Culverts in 
conjunction with hydrologic data and construction cost information 
will result in a culvert of the optimum configuration for a given 
site. 
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Foreword to Second Printing 

More than 2,000 copies of the November, 1971, printing of 
this Circular have been distributed to highway agencies. As a 
result of connnents received and further consideration of the 
design procedures and culvert design philosophy by personnel in 
the Hydraulics Branch, this second printing presents a more direct 
approach to improved inlet design for culverts. The design 
procedure in this printing is revised from that contained in the 
original printing and pertinent design charts and tables from 
Hydraulic Engineering Circular No. 5, "Hydraulic Charts for 
the Selection of Highway Culverts," have been incorporated in 
order to eliminate the necessity for referring to that publica­
tion for design aids. Design charts, limitations, and information 
as derived from the research reports remain unchanged and designs 
prepared according to procedures described in the first printing 
are valid. 

The capacity of culverts on steep grades is controlled by 
the inlet configuration and limitations on headwater depth. 
Research (5, 6, 7, 8, 9, 10, 11) has provided the means for 
reducing constraints imposed by inlet configurations. Procedures 
described herein provide a technique for overcoming, at least 
partially, constraints imposed by headwater limitations. There­
fore, culvert performance can be maximized or the design optimized 
to fit site characteristics, design and cost considerations. The 
resulting design can be termed a ''balanced" design, or a design 
in which full use is made of the selected culvert barrel and· inlet 
configuration, site potential and economics. 

Many people have contributed to the development of this 
Circular in its present form. Messrs. Lawrence J. Harrison and 
Johnny L. Morris developed the original design procedures and 
design charts. Most of the design nomographs were prepared by 
Mr. Paul N. Zelensky of the Office of Research. Messrs. Jerome M. 
Normann and Frank L. Johnson developed the revised design proce­
dures and culvert design philosophy. Mr. Mario Marques of the 
Office of Development provided insight into the design process 
through the use of an electronic computer. Others in Region 15 
and the Hydraulics Branch who contributed materially to the 
Circular in its present form were Messrs. Charles L. O'Donnell, 
Murray L. Corry, Dennis L. Richards, and Philip L. Thompson. 
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---------···--

U.S. DEPARTMENT OF TRANSPORTATION 

Federal Highway Administration 

HYDRAULIC DESIGN OF IMPROVED INLETS FOR CULVERTS 

Prepared as a cooperative effort of the Hydraulics Branch, Bridge 
Division, Office of Engineering and the Demonstration Projects 

Division, Office of Development, Region 15 

Principal Authors 

L. J. Harrison, J. L. Morris 
J. M. Normann and F. L. Johnson 

I. Introduction 

The passage of water through highway culverts involves complex 
hydraulic phenomena, some of which are not yet thoroughly under­
stood. A variety of fluid dynamic and pneumatic situations may 
occur, making it extremely difficult to exactly define culvert 
flow characteristics at a given time under a specified set of 
conditions. Recognizing the potential for substantial savings 
which would result from improved knowledge and design techniques 
in the field of culvert hydraulics, the Federal Highway Administra­
tion (FHWA, then the Bureau of Public Roads) initiated research 
in 1954 to obtain hydraulic information from a series of model 
tests. The research was performed by the National Bureau of 
Standards (NBS) and resulted in seven progress reports (5, 6, 7, 
8, 9, 10, 11) covering conventional culverts with a constant slope 
and cross section as well as inlet modifications to improve flow 
characteristics at the culvert entrance. Culvert flow capacity 
was found to be limited either by the culvert entrance conditions 
or by barrel resistance. The former was designated "inlet control" 
and the latter "outlet control. 11 When a culvert operates in inlet 
control, the barrel will permit the passage of more flow than the 
inlet, and in outlet control the reverse is true. 

Hydraulic Engineering Circular No. 5 (REC No. 5), "Hydraulic 
Charts for the Selection of Highway Culverts," (12) and REC No. 10, 
"Capacity Charts for the Hydraulic Design of Highway Culverts," 
(13) incorporate results of the conventional culvert research and 
present design methods for these culverts in both inlet and outlet 
control. These Circulars are in common use throughout the United 
States and REC No. 5 has been translated into several foreign 
languages, including Spanish, French, and Norwegian. Design methods 
presented herein are an extension of methods and information presented 
in REC No. 5. A thorough.understanding of culvert design principles 
contained in that Circular is necessary to an understanding of methods 
presented in this Circular. 
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This Circular incorporates the results of the NBS research 
on improved inlets into a new culvert design procedure. The 
research demonstrated that improved inlets, with their more 
efficient flow characteristics and better utilization of 
available head, may greatly improve the performance of culverts 
operating in inlet control. Use of the design procedure of 
Section VI will result in the inlet design and barrel size 
most appropriate for a given combination of site characteristics. 

While many improved inlet configurations were tested in 
the research, only those determined to best satisfy the criteria 
of hydraulic efficiency, economy of materials, simplicity of 
construction, and minimization of maintenance problems are 
presented. For example, while the use of curved surfaces rather 
than plane surfaces might result. in slightly improved hydraulic 
efficiency at times, it was decided that the advantages were 
outweighed by the construction difficulties involved. Thus, 
only plane surfaces are discussed and recommended. 

The improved inlet design charts of this publication 
apply only to rectangular or circular barrel shapes. No other 
barrel shapes were tested with improved inlets, and different 
coefficients and curves would be necessary. However, identical 
concepts are applicable to barrels of any shape. 

As in previous Jm:WA publications, the design procedures contained 
herein are based on the philosophy of "minimum performance." At times, 
favorable hydraulic conditions will cause a culvert t0 operate at a 
greater capacity than the design would indicate. Some of these 
favorable conditions are transient and cannot be depended upon to 
operate continuously; thus, their precise analysis is not warranted. 
For instance, approach velocity is neglected, as are possible negative 
pressures within the culvert barrel, both of which would result in 
lower headwater requirements to pass a given discharge. 

If inlet control governs, inlet improvements can result in the 
need for a barrel size smaller than would be required for a conventional 
culvert at the same site. The amount of barrel size reduction depends 
on the site and a subjective judgment regarding the dependability of 
the design flood estimate and the risk of damage inherent in exceeding 
the allowable headwater elevation. If the design discharge estimate is 
not well supported and considerable damage would result if the allowable 
headwater elevation were exceeded, it may be wise to select a culvert 
barrel somewhat larger than would be required to accommodate the design 
discharge. On the other hand, if the design discharge estimate is 
liberal or well supported by data and analysis or a headwater elevation 
higher than the allowable would result in little or no damage to the 
highway or the adjacent property, then the smallest possible barrel 
size might be selected. Design techniques presented in this Circular 
will enable the designer to evaluate the hydraulic variables and select 
the most rational design for the particular site. 
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The general benefits of good culvert design procedures include 
reduction of upstream flooding and highway damage due to underdesign 
and lower culvert construction costs by avoiding gross overdesign. 
If site conditions permit the use of an improved inlet, construction 
costs may, be reduced still further. At times, improved inlets may 
also be installed on existing culverts with inadequate flow capacity, 
thus avoiding replacement of the entire structure or the addition of 
a new parallel structure. 

A field survey (14) of highway culverts with improved inlets 
constructed in the United States before 1971 produced detailed 
information on 66 installations which were estimated to have saved 
a total of over two million dollars in capital outlay. Many 
variations of the improved inlet designs discussed in this Circular 
have been built but were not included in the survey. If a full 
accounting of all improved inlets had been possible, the savings 
would likely have been many times the amount reported. 

Savings were reported ranging from $500 (12.5 percent), 
resulting from reducing the diameter of a 200 ft. long reinforced 
concrete pipe from 54 inches to 48 inches, to $482,000 (38.7 percent) 
by reducing a 2, 700 ft. box culvert from a triple 13 ft. by 14 ft. 
to" a double 12 ft. by 12 ft. The latter case illustrates that the 
greatest savings usually result from the use of improved inlets 
on culverts with long barrels. Short barrels should also be checked, 
however, especially when an improved inlet might increase the 
capacity sufficiently to avoid replacement of an existing structure. 
For instance, a $9,900 (72.2 percent) benefit was realized by 
installing a variation of an improved inlet on an existing 60 inch 
corrugated metal culvert 140 ft. long rather than replacing the 
entire culvert with an .84 inch diameter culvert. 

In the following sections, a short review of conventional 
culvert hydraulics, a discussion of the types of improved inlets 
suggested with definitions of the terms used, and design procedures 
for box and pipe culverts with improved entrances will be presented. 
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II. Culvert Hydraulics 

Conventional Culverts 

A culvert operates in either inlet or outlet control. Under 
outlet control, headwater depth, tailwater depth, entrance configura­
tion, and barrel characteristics all influence a culvert's capacity. 
The entrance configuration is defined by the barrel cross sectional 
area, shape, and edge condition, while the barrel characteristics 
are area, shape, slope, length, and roughness. As shown in Figure 1, 
the flow condition for outlet control may be full or partly full 
for all or part of the culvert length. The design discharge usually 
results in full flow. Inlet improvements in these culverts reduce 
the entrance losses, which are only a small portion of the total 
headwater requirements. Therefore, only minor modifications of the 
inlet geometry which result in little additional cost are justified. 

In inlet control, only entrance configuration and headwater 
depth determine the culvert's hydraulic capacity. Barrel character­
istics and tailwater depth are of no consequence. These culverts 
usually lie on relatively steep slopes and flow only partly full, 
as shown· in Figure 2. Entrance improvements can result in full, 
or ~~arly full flow, thereby increasing culvert capacity significantly. 

Figure 3 illustrates the performance of a 30-inch circular 
conduit in inlet control with three commonly used entrances: thin­
edged projecting, square-edged, and groove-edged. It is clear that 
inlet type and headwater depth determine the capacities of these 
culverts. For a given headwater, a groove-edged inlet has a greater 
capacity than a square-edged inlet, which in turn outperforms a 
thin-edged projecting inlet. The performance of each inlet type 
is related to the degree of flow contraction. A high degree of 
contraction requires more energy, or headwater, to convey a given 
discharge than a low degree of contraction. Figure 4 shows 
schematically the flow contractions of the three inlet types 
noted in Figure 3. 

Improved Inlets 

The improvements presented in this Circular are inlet geometry 
refinements beyond those normally used in conventional culvert 
design practice, such as those discussed above. Several degrees 
of improvements are presented, including bevel-edged, side-tapered, 
and slope-tapered inlets. 
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Bevel-Edged Inlets 

The first degree of inlet improvement is a beveled edge. The 
bevel is proportioned based on the culvert barrel or face dimension 
and operates by decreasing the flow contraction at the inlet. A 
bevel is similar to a chamfer except that a chamfer is smaller and 
is generally used to prevent damage to sharp concrete edges during 
construction. 

Adding bevels to a conventional culvert design with a square­
edged inlet increases culvert capacity by 5 to 20 percent. The 
higher increase results from comparing a bevel-edged inlet with a 
square-edged inlet at high headwaters. The lower increase is the 
result of comparing inlets with bevels with structures having 
wingwalls of 30 to 45 degrees. 

Although the bevels used herein are plane surfaces, rounded 
edges which approximate the bevels are also acceptable. 

As a minimum, bevels should be used on all culverts which 
operate in inlet control, both conventional and improved inlet 
types. The exception to this is circular concrete pipes where the 
socket end performs much the same as a beveled edge. Examples of 
bevels used in conjunction with other improved inlets are shown 
in Figures5 and 6. Culverts flowing in outlet control cannot be 
improved as much as those in inlet control, but the entrance loss 
coefficient, ke, is reduced from 0.5 for a square edge to 0.2 for 
beveled edges. Therefore, it is recommended that bevels be used 
on all culvert entrances if little additional cost is involved. 

Side-Tapered Inlets 

The second degree of improvement is a side-tapered inlet 
(Figure 5). It provides an increase in flow capacity of 25 to 40 
percent over that of a conventional culvert with a square-edged 
inlet. This inlet has an enlarged face area with the transition 
to the culvert barrel accomplished by tapering the sidewalls. The 
inlet face has the same height as the barrel, and its top and bottom 
are extensions of the top and bottom of the barrel. The intersection 
of the sidewall tapers and barrel is defined as the throat section. 

Side-tapered inlets of other configurations were tested, some 
with tops tapered upward but with sidewalls remaining an extension 
of the barrel walls, and others with various combinations of side and 
top tapers. Each showed some improvement over conventional culverts, 
but the geometry shown in Figure 5 produced superior performance. 
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Figure 6 
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For the side-tapered inlet, there are two possible control 
sections: the face and the throat. Hf, as shown in Figure 5, 
is the headwater depth based upon face control. Ht is the head­
water depth based upon throat control. 

The advantages of a side-tapered inlet operating in throat 
control are: The flow contraction at the throat is reduced; and, 
for a given pool elevation, more head is applied at the throat 
control section. The latter advantage is increased by utilizing 
a slope-tapered inlet or a depression in front of the side-tapered 
inlet. 

Slope-Tapered Inlets 

A slope-tapered inlet is the third degree of improvement. Its 
advantage over the side-tapered inlet without a depression is that 
more head is available at the control (throat) section. This is 
accomplished by incorporating a FALL in the enclosed entrance 
section (Figure 6). 

This inlet can have over 100 percent greater capacity than a 
conventional culvert with square edges. The degree of increased 
capacity depends largely upon the amount of FALL available between 
the invert at the face and the invert at the throat section. Since 
this FALL may vary, a range of increased capacities is possible. 

Slope-tapered inlets of alternate designs were considered and 
tested during the research. The inlet shown in Figure 6 is recommended 
on the basis of its hydraulic performance and ease of construction. 
As a result of the FALL concentrated between the face and the throat 
of this inlet, the barrel slope is flatter than the barrel slope of a 
conventional or side-tapered structure at the same site. 

Both the face and throat are possible control sections in a 
slope-tapered inlet culvert. However, since the major cost of a 
culvert is in the barrel portion and not the inlet structure, the 
inlet face should be designed with a greater capacity at the allowable 
headwater elevation than the throat. This insures that flow control 
will be at the throat and more of the potential capacity of the barrel 
will be utilized. 

Performance Curves 

To understand how a culvert at a particular site will function 
over a range of discharges, a performance curve, which is a plot of 
discharge versus headwater depth or elevation, must be drawn. Figure 
7 is a schematic performance curve for a culvert with either a 
side-tapered or slope-tapered inlet. 
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Figure 7 
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For these inlets /> it is necessary to compute the performance 
of the face section (face control curve), the throat section (throat 
control curve), and the barrel (outlet control curve), in order to 
develop the culvert performance curve for a range of discharges. 
The actual culvert performance curve, the hatched line of Figure 7, 
represents the performance of the face, throat and barrel sections 
in the ranges where their individual performance determines the 
required headwater. In the lower discharge range, face control 
governs; in the intermediate range, throat control governs; and 
in the higher discharge range, outlet control governs. 

Performance curves should always be developed for culverts 
with side-tapered or slope-tapered inlets to insure that the designer 
is aware of how the culvert will function over a range of discharges, 
especially those exceeding the design discharge. It is important to 
emphasize that outlet control may govern for the larger discharges, 
and, as shown in Figure 7, the outlet control curve has a much 
steeper sl oe - a more rapidly rising headwater requirement for 
increasing discharges - than either the face or throat control 
curve. It should· be recognized that there are uncertainties in 
the various methods of estimating flood peaks and that there is 
a chance that the design frequency flood will be exceeded during 
the life of the project. Culvert designs should be evaluated in 
terms of the potential for damage to the highway and adjacent 
property from floods greater than the design discharge. 

As alternate culverts are possible using improved inlet design, 
a performance curve should be pl.otted for each alternate considered. 
The performance curve will provide a basis for selection of the 
most appropriate design. 

The advantages of various improved inlet designs are demonstrated 
by the performance curves shown in Figure 8. These curves represent 
the performance of a single 6 ft. by 6 ft. reinforced concrete box 
culvert 200 ft. long, with a 4 ft. difference in elevation from the 
inlet to the outlet. For a given headwater, the culvert can convey 
a wide range of discharges, depending on the type of inlet used. 

Curves 1 through 4 are inlet control curves for a 900 wingwall 
with a square-edged inlet, a 1.5:1 bevel-edged inlet, a side-tapered 
inlet, and a slope-tapered inlet with minimum FALL, respectively. 
Curves 5 and 6 are outlet control curves. Curve 5 is for the square­
edged inlet and curve 6 is for the other three inlet types. As 
previously discussed, curves 5 and 6 show that improved entrances can 
increase the performance of a culvert operating in outlet control, but 
the improvement is not as great as for culverts operating in inlet 
control, as demonstrated by curves 1 through 4. 
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Tables A and B compare the inlet control performance of the 
different inlet types. Table A shows the increase in discharge 
that is possible for a headwater depth of 8 feet. The bevel­
edged inlet,, side-tapered inlet and slope-tapered inlet show 
increases in discharge over the square-edged inlet of 16.7 , 30.4 
and 55.6 percent,, respectively. It should be noted that the 
slope-tapered inlet incorporates only the minimum FALL of D/4. 
Greater increases in capacity are often possible if a larger FALL 
is used. 

TABLE A 

COMPARISON OF INLET PERFORMANCE AT 
CONSTANT HEADWATER FOR 6 FT. x 6 FT, RCB 

Inlet Type Headwater Discharge 

Square-edge 8. O' 336 cfs 
Bevel-edge 8.0' 392 cfs 
Side-tapered 8.0' 438 cfs 

*Slope-tapered 8.0' 523 cfs 

* Minimum FALL in inlet • D/4 = 1. 5 ft. 

% Improvement 

0 
16.7 
30.4 
55.6 

Table B depicts th~ reduction in headwater that is possible 
for a discharge of 500 cfs. The headwater varies from 12.5 ft. 
for the square-edged inlet to 7.6 ft. for the slope-tapered inlet. 
This is a 39.2 percent reduction in required headwater. 

TABLE B 

COMPARISON OF INLET PERFORMANCE AT 
CONSTANT DISCHARGE FOR 6 FT. x 6 FT. RCB 

Inlet Type Discharge Headwater 

Square-edge 500 cfs 12.5' 
Bevel-edge 500 cfs 10.1' 
Side-tapered 500 cfs 8.8' 

*Slope-tapered 500 cf s 7.6' 

*Minimum FALL in inlet • D/4 = 1. 5 ft. 
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% Reduction 

0 
19.2 
29.6 
39.2 
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The performance curves in Figure 8 illustrate 
geometry affects the capacity of a given culvert. 
use of performance curves to compare the operation 
of various sizes and entrance configurations for a 
charge are discussed in detail in Sections III and 

how inlet 
The practical 
of culverts 
given dis­
IV. 

In improved inlet design, the inverts of the face sections 
for the different types of improved inlets fall at various locations, 
depending on the design chosen. Therefore, it is difficult to define 
a datum point for use in comparing the performance of a series of 
improved inlet designs. The use of elevations is suggested, and 
this concept is used in the design procedure of this Circular. 
The example problem performance curves are plots of discharge 
versus required headwater elevations. Allowable headwater is 
also expressed as an elevation. 
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III. Box Culvert Improved Inlet Design 

Bevel-Edged Inlets 

Four inlet control charts for culverts with beveled edges 
are included in this Circular: Chart 8 for 90° headwalls (same 
as 90° wingwalls), Chart 9 for skewed headwalls, Chart 10 for 
wingwalls with flare angles of 18 to 45 degrees, and Chart 13 
for circular pipe culverts with beveled rings. Instructions 
for the use of nomographs are given in HEC No. 5. Note that 
Charts 8 through 10 apply only to bevels having either a 33o 
angle (1.5:1) or a 45° angle (1:1). For example, the minimum bevel 
dimension for an 8 ft. x 6 ft. box culvert designed using Chart 8 
for a 1:1 bevel, or 450 angle, would be d = 6 ft. x 1/2 in/ft = 
3 in. and b = 8 ft. x 1/2 in/ft = 4 in. Therefore, the top bevel 
would have a minimum height of 3 in. , and the side bevel would be 
4 in. in width. Similar computations would show that for a 1.5:1 
or 33.70 angle, d would be 6 in. and b would be 8 in. 

The design charts in this Circular are based on research 
results from culvert models with barrel width, B, to depth, D, 
ratios of from 0.5:1 to 2:1. 

Multibarrel Installations 

For installations with more than one barrel, the nomographs 
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 a double 
8 ft. by 8 ft. box culvert, the top bevel is proportioned based 
on the height, 8 ft., and the side bevels proportioned based on 
the clear width, 16 feet. This results in a d dimension, for the 
top bevel of 4 in. for the 1:1 bevel, and 8 in. for the 1.5:1 
bevel and a b dimension for the side bevels of 8 in. for the 1:1 
bevel and 16 in. for the 1.5:1 bevel. The ratio of the inlet face 
area to the barrel area remains the same as for a single barrel 
culvert. 

For multibarrel installations exceeding a 3:1 width to 
depth ratio , the side bevels become excessively large when pro­
portioned on the basis of the total clear width. For these struc­
tures , 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. Until further research information becomes 
available, the design charts in this Circular may be used to 
estimate thi~ hydraulic performance of these installations. 
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The shape of the upstream edge of the intermediate walls of 
multibarrel installations is 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 also project from the face and slope 
downward to the channel bottom to act as debris fins as suggested 
in REC No. 9 (15). 

It is reconnnended that Chart 9 for skewed inlets not be used 
for multiple barrel installations, as the intermediate wall could 
cause an extreme contraction in the downstream barrels. This 
would result in underdesign due to a greatly reduced capacity. 
As discussed in Section V, skewed inlets should be avoided 
whenever possible, and should not be used with side- or slope­
tapered inlets. 

Side-Tapered Inlets 

Description 
' 

The selected configurations of the side-tapered inlet are 
shown in Figure 9. The barrel and face heights are the same except 
for the additior. a top bevel at the face. Therefore, the 
enlarged area is obtained by making the face wider than the barrel 
and providing a tapered sidewall transition from the face to the 
barrel. Side taper ratios may range from 6:1 to 4:1. The 4:1 
taper is reconnnended as it results in a shorter inlet. 

The throat and the face are possible flow control sections 
in the side-tapered inlet. The weir crest is a third possible 
control section when a FALL is used. Each of the possible 
control s-ections should be sized to pass the design discharge 
without exceeding the allowable headwater elevation. Plots 
of the performance of each of the possible inlet control 
sections along with the outlet control performance curve define 
the culvert performance. 
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Throat Control 

In order·to utilize more of the available culvert barrel 
area, the control at design discharge generally should be at the 
throat rather than at the face or crest. Chart 14 presents the 
headwater depth, referenced to the throat invert, required to pass 
a given discharge for side- or slope-tapered inlets operating in 
throat control. This chart is in a semi-dimensionless form, Ht/D 
plotted against Q/Bo3/2. The term, Q/Bo3/2, is not truly dimension­
less, but is a convenient parameter and can be made non-dimensional 
by dividing by/the square root of gravitational acceleration, gl/2. 
A table of BD::S 2 values is contained in Section VIII. 

Face Control 

Design curves for determining face width are provided in 
Chart 15. Both the inlet edge condition and sidewall flare angle 
affect the performance of the face section. The two curves in 
Chart 15 pertain to the options in Figure 11. The dashed curve, 
which is less favorable, applies to the following inlet edge 
conditions: 

(1) wingwall flares of 15° to 26° and a 1:1 top edge bevel, 
and 

(2) wingwall flares of 260 to 900 and square edges (no 
bevels). A 90° wingwall flare is commonly termed a 
headwall.. 

The more desirable solid curve applies to the following entrance 
conditions: 

(1) wingwall flares of 26° to 45° with a 1:1 top edge bevel, 
or 

(2) wingwall flares of 45° to 90° with a 1:1 bevel on the 
side and top edges. 

Note that undesirable design features, such as wingwall 
flare angles less than 15°, or 26° without a top bevel, are not 
covered by the charts. Although the 1.5:1 bevels can be used, 
due to structural considerations, the smaller 1:1 bevels are 
preferred. 

13-23 

Arch
iva

l 

Sup
erc

ed
ed

 by
 H

DS-5 

3rd
 ed

itio
n -

 A
pri

l 2
01

2



Figure 11 
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Use of FALL Upstream of Side-Tapered Inlet 

A depression may be utilized upstream of the face of a side­
taper~d inlet. As illustrated in Figures 9 and 10, the depression 
may be constructed in various ways, as an extension of the wing­
walls, or by a paved depression similar to that used with side­
~apered pipe culvert inlets, shown in Figure 16. The only require­
ments are: the plane of the invert of the barrel be extended 
upstream from the inlet face a minimum distance of D/2, to provide 
a smooth flow transition into the inlet; and, the crest be long 
enough to avoid undesirably high headwater from crest control at 
design discharges. Chart· 17 may be used for checking crest 
control if the fall slope is between 2:1 to 3:1. The length of 
the crest, W, may be approximated, neglecting flow over the sides 
of sloping wingwalls. This provides a conservative answer. 

Performance Curves 

Figure 12 illustrates the design use of performance curves 
and shows how the side-tapered inlet can reduce the barrel size 
required for a given discharge. (The detailed calculations for 
Figure 12 are given in Example Problem No. 1). Performance 
curve No. 1 is for a double 7 ft. x 6 ft. conventional culvert 
with 90 degree wingwalls (headwall) and 1:1 bevels on both .the 
top and side. This conventional inlet will be the "standard" to 
which curves for the improved inlets may be compared. 

The hatched performance curve is for a doubl:.e 6 ft. x 5 ft. 
box culvert with a side-tapered inlet with no FALL upstream. It 
is a composite of the throat and face control curves. The outlet 
control curve was also computed, but falls outside of the limits 
of the figure. This indicates that further increases in capacity 
or reduction in·headwater are possible. Face control governs to 
a discharge of 375 · cfs, and throat cont-rol for larger discharges. 
Thus, the barrel dimensions (throat size) control the designs at 
high discharges, which should always be the case. In this example, 
the size of the culvert was reduced from a double 7 ft. x 6.ft. 
box to a double 6 ft. x 5 ft. for the same allowable headwater. 
Use of an upstream FALL would reduce the barrel size still further 
to a size comparable to that required with a slope-tapered inlet. 

Double Barrel Design 

As shpwn in the above example, double barrel structures may 
be designed with improved inlets. The face is proportioned 
on the basis of the total clear width as described for bevels. 
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Figure 12 

15.0 

14.0 

13.0 

12.0 

11.0 

10.0 

~ 9.0 
w 
w 
I.I... 

z 8.0 

-~ 
E 1.0 
a:: 
w 
~ 6.0 ~ 
a 
ct 
w 
:I: 

4. 

2.0 

1.0 

(j) FA~E CONTROL FOR DOUBLE 7
1
x6

1 
CONVENTIONAL 

CULVERT WITH 1:1 BEVELS ON TOP AND SIDES 

@-·-THROAT CONTROL-DOUBLE 6
1
X5

1 

@-++-FACE CONTROL FOR DOUBLE 6
1
x5

1 

//////. H,AT~HED LINE IS PERFORMANCE CURVE FOR DOUBLE 
6x5 CULVERT 

100 200 300 400 500 600 700 800 900 1000 1100 1200 
DISCHARGE IN CFS 

PERFORMANCE CURVES FOR DIFFERENT 
BOX CULVERTS WITH VARYING INLET CONDITIONS 

{SIDE-TAPERED INLET> 

13-26 

Arch
iva

l 

Sup
erc

ed
ed

 by
 H

DS-5 

3rd
 ed

itio
n -

 A
pri

l 2
01

2



The center wall is extended to the face section with either a 
square, rounded, chamfered, or beveled edge treatment. A side­
wall taper of from 4:1 to 6:1 may be used. 

The face width, as determined from Chart 15, is the total 
clear face width needed. The width of the center wall must be 
added to chis value in order to size the face correctly. 

No design procedure is available for side-tapered inlet 
culverts with more than two barrels. 

Slope-Tapered Inlets 

The inlets shown in Figure 13 are variations of the slope­
tapered inlet and provide additional improvements in hydraulic 
performance by increasing the head on the control section. The 
difference between the two types of slope-tapered inlets lies in 
the face section placement. One type has a vertical face configura­
tion and the other a mitered face. The face capacity of the latter 
type is not based on its physical face section, but on a section 
perpendicular to the fall slope intersecting the upper edge 
of the opening. This is illustrated by the dashed line in 
Figure 13. 

Excluding outlet control operation, the slope-tapered inlet 
with a vertical face has three potential control sections: the 
face, the throat, and the bend (Figure 13). The bend is located 
at the intersection of the fall slope and the barrel slope. 
The distance, L3, between the bend and the throat must be at 
least 0.5B, measured at the soffit or top of the culvert, to 
assure that the bend section will not control. Therefore, the 
hydraulic performance needs only be evaluated at the face and 
throat sections. The slope-tapered inlet with a mitered face 
has a fourth possible control section, the weir crest. 

Throat Control 

As with side-tapered inlets, throat control performance 
should usually govern in design since the major cost is in 
the construction,of the barrel. Chart 14 is the throat control 
design curve for both slope-tapered inlets. By entering Chart 14 
with a computed value for Q/Bn3/2, Ht can be determined from 
the value Ht • · 

D 
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Figure 13 
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Face Control 

Face control design curves for slope-tapered inlets are 
presented in Chart 16. The two design curves apply to the face 
edge and wingwall conditions shown in Figure 11. 

Crest Control 

The possibility of crest control should be examined for the 
slope-tapered inlet with a mitered face using Chart 17. The 
crest width, W, is shown in Figure 13. Again, there may be 
flow from the sides over the wingwalls, but generally this can 
be neglected. As the headwater rises above the wingwalls, 
there is little chance that the crest will remain the control 
section. 

Design Limitations 

In the design of slope-tapered inlets, the following limitations 
are necessary to insure that the design curves provided will always 
be applicable. If these limitations are not met, hydraulic 
performance will not be as predicted by design curves given in 
this Circular. 

The fall slope must range from 2:1 to 3:1. 
Fall slopes steeper than 2:1 have adverse performance 
characteristics and the design curves do not apply. If 
a fall slope less than 3:1 is used, revert to design 
Chart 15 for side-tapered inlets and use the fall slope 
that is available. Do .!!£.!:. interpolate between Charts 15 
and 16. 

The FALL should range from D/4 to l.5D for direct 
use of the curves. For FALLS greater than l.5D, frictional 
losses between the face and the throat must be calculated 
and added to the headwater. For FALLS less than D/4, use 
design Chart 15 for side-tapered inlets and the FALL that 
is available. Do not interpolate between Charts 15 and 16. 

The sidewall taper should be from 4:1 to 6:1. Tapers 
less than 4:1 are unacceptable. Tapers .greater than 6:1 
will perform better than the design curves indicate, and 
the design will be conservative. 

L3 must be a minimum of O. 5B measured at the soffit or 
insicre-top of the.culvert. Larger values may be used, but 
smaller ones will cause the area provided for the bend to 
be so reduced that the bend section will control rather 
than the throat section. Do not use an L3 value less 
than O.SB. - --
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Performance Curves 

In Figure 14, performance curves for the slope-tapered 
inlet are shown in addition to the performance curves shown in 
Figure 12. Detailed calculations may be found in Example 1. 

As can be seen from Figure 14, the performance of a single 
7 ft. by 6 ft. culvert with a slope-tapered inlet is comparable 
to a double conventional 7 ft. by 6 ft. culvert with beveled edges. 
Note that the performance curve for the single 7 ft. x 6 ft. 
culvert (hatched line) is developed from the face control curve 
(Curve 5) from 0 to 950 cfs, the throat control curve (Curve 4) 
from 950 to 1,200 cfs and the outlet control curve (Curve 6) 
for all discharges above 1,200 cfs. This illustrates the need 
for computing and plotting the performance of each control section 
and demonstrates the barrel size reduction possible through use 
of improved inlets. The performance curves clearly indicate 
the headwater elevation required to pass any discharge. This 
is an invaluable tool in assessing the consequences of a flood 
occurrence exceeding the design discharge estimate. The use of 
performance curves in maximizing performance and optimization 
of design will be discussed in Section VI of this Circular. 

Double Barrel Design 

Charts 14, 16, and 17 depict single barrel installations, 
but they are applicable to double barrel installations with the 
center wall extended to the face section. 

In addition to the comments and limitations for single 
barrel slope-tapered inlets, the face must be proportioned on 
the basis of the total clear width. The center wall is extended 
to the face section and may have any desired edge treatment. 

The face width, as determined from Chart 16, is the total 
clear face width. The center wall width must be added to the 
value found from Chart 16 in order to size the face correctly. 

No design procedure is available for slope-tapered inlet 
culverts with more than two barrels. 
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IV. Pipe Culvert Im.proved Inlet Design 

As with box culverts, for each degree of pipe culvert inlet 
improvement there are many possible variations using bevels, 
tapers, drops, and combinations of the three. The tapered 
inlets are generally classified, as shown in Figure 15, as 
either side-tapered (flared) or slope-tapered. The side-tapered 
inlet for pipe culverts is designed in a manner similar to that 
used for a side-tapered box culvert inlet. The slope-tapered 
design for pipes utilizes a rectangular inlet with a transition 
section between the square and round throat sections. 

Bevel-Edged Inlets 

Design charts for conventional pipe culverts with different 
entrance edge conditions are contained in Section VII. Instruc­
tions for use of these charts are contained in REC No. 5 and 
will not be repeated here. As previously mentioned, the socket 
end of a concrete pipe results in about the same degree of 
hydraulic improvement as a beveled edge. Therefore, it is 
suggested that the socket be retained at the upstream end of 
concrete pipes, even if some warping of the fill slope is 
required because of the longer pipe or skewed installation. 

Multiba~rel pipe culverts should be designed as a series 
of single barrel installations using the appropriate design 
charts in Section VII, since each pipe requires a separate bevel. 

Side-Tapered Pipe Inlets 

(Flared Inlets) 

Description 

The side-tapered or flared inlet shown in Figure 15 is 
comparable to the side-tapered box culvert inlet. The face area 
is larger than the, barrel area and may be in the shape of an oval, 
as shown in Figure 15, a circle, a circular segment, or a pipe­
arch. The only limitations on face shape are that the vertical 
face dimension, E, be equal to or greater than D and equal to or 
less than l.lD and that only the above face shapes be used with 
inlets designed using Chart 19. Rectangular faces may be used in 
a manner similar to that described for the side- and slope-tapered 
inlet. The side taper should range from 4:1 to 6:1. 
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As with the box culvert side-tapered inlet, there are two 
possible control sections: the face and the throat (Figure 15). 
In addition, if a depression is placed in front of the face, the 
crest may control. This variation of the side-tapered inlet is 
depicted in Figure 16, and will be discussed in a following 
section. 

Throat Control 

As stated before, the barrel of a culvert is the item of 
greatest cost; therefore, throat control should govern in the 
design of all improved inlets. Throat control design curves for 
side-tapered inlets are presented in Chart 18. Note that this 
chart contains two throat control design curves while the box 
culvert charts have only one. One curve is for entrances termed 
"smooth," such as those built of concrete or smooth metal, and the 
other is for "rough" inlets, such as those built of corrugated 
metal. The need for two curves results from different roughness 
characteristics and the difference in energy losses due to friction 
between the face and throat of the inlets. 

Chart· 1s applies only to circular barr:els. It should not be 
used for rectangular, pipe-arch, or oval sections. Chart 14 is 
used for rectangular sections, but no information is available 
for using improved inlets with pipe-arch or oval barrels. 

Face Control 

Face control curves for the side-tapered pipe culvert inlet 
are presented in Chart 19. The three curves on this chart are for: 
the thin-edged projecting inlet, the square-edged inlet, and the 
bevel-edged inlet. Note that the headwater ·is given as a ratio 
of E rather than D. This permits the use of the curves for face 
heights from D to l.lD, as the equations used in developing the 
curves do not vary within this range of E. 

In Chart 19, flexibility is allowed in choosing the face 
shape by presenting the flow rate, Q, in terms of Q/AfEl/2, rather 
than n5/2. By using the area of the face, Af, and its height, E, 
the designer may choose or evaluate any available shape, such 
as elliptical, circular, a circular segment, or a pipe-arch. 
However, this chart does not apply to rectangular face shapes. 
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Standard Designs 

Some State highway departments have developed standard plans 
for the side-tapered (flared) inlet. Such standard designs are 
geometrically similar, with the face width and the inlet length 
expressed as fixed ratios of the pipe diameter. These standard 
inlets are precast or prefabricated, delivered to the construc­
tion site, and placed in the same manner as the other pipe 
sections. 

When standard inlets are used, the control section may be at 
the face rather than the throat for steep slopes or high flow 
rates. Thus, Charts 18 and 19 should be used to develop a standard 
inlet plan which would operate in throat control for the majority 
of pipe installations, recognizing that, under certain conditions, 
face control may govern. 

It may be advantageous for adjacent States with similar 
topographic condicions to develop common standard designs. Such 
a procedure could result in lower costs for all concerned, 
particularly if some suppliers serve more than one State. 

FALL UpstremD: of Inlet Face 

In order to provide additional head for the throat section 
of pipe culverts, the slope-tapered inlet may be used, or a 
depression can be placed upstream of the side-tapered inlet face. 
There are various methods of constructing such a depression, 
including a drop similar to that shown for the side-tapered box 
culvert inlet with flared wingwalls. This configuration consists 
of a constantly sloping bottom from the crest to a point a minimum 
distance of D/2 upstream of the face invert, and on line with the 
barrel invert. Chart 17 should be used to assure that the weir 
crest is long enough to avoid crest control. 

Another means of providing a FALL upstream of the face is 
depicted in Figure 16. This configuration can be used with goo 
wingwalls (headwall). The depression will probably require paving 
to control upstream erosion. Research results indicated that such 
a depression could cause a moderate decrease in the performance 
of the face. To insure that this reduction in performance is not 
extreme, the following dimensional considerations should be 
observed (Figure 16): 

(1) The minimum length of the depression, P, should be 3T; 
(2) the minimum width, Wp, of the depression should be 

Bf + T or 4T, whichever is larger; 
(3) th: crest length should be taken as Wp + 2(P) when 

using Chart 17 to determine the minimum required weir 
length. 
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Slope-Tapered Inlets for Pipe Culverts 

In order to utilize more of the available total culvert fall 
in the inlet area, as is possible with the box culvert slope­
tapered inlets, a method was devised to adapt rectangular inlets 
to pipe culverts as shown in Figure 17. As noted in the sketch, 
the slope-tapered inlet.is connected to the pipe culvert by use 
of a square to circular transition over a minimum length of one­
half the pipe diameter. The design of this inlet is the same as 
presented in the box culvert section. There are two throat 
sections, one square and one circular, and the circular throat 
section must be checked by use of Chart 18. In all cases, the 
circular throat will govern the design because its area is much 
smaller than the square throat section. Thus, the square throat 
section need not be checked. The culvert performance curve 
consists of a composite of performance curves for the inlet 
control sections and the outlet control performance curve. 

Square to round transition sections have been widely used 
in water resource projects. They are commonly built in-place, 
but also have been prefon;ned. It is recotmnended that plans 
permit prefabrication or precasting as an alternate to in-place 
construction. 

Rectangular Side-Tapered Inlets 
fox Pipe Culverts 

The expedient suggested for adapting the slope-tapered inlet 
for use with pipe culverts can also be used on side-tapered inlets 
where unusually ~arge pipes or sizes not cotmnonly used are 
encountered. ~t~m~y not be economical to prefabricate or precast 
a "one-of-a-kinci side-tapered or flared inlet, in which c,ase, 
a cast-in-place re·ctangular side-tapered inlet would be a logical 
bid alternate. Also, flared inlets for large pipes may be too 
large to transport or to handle on the job. In this case, the 
flared or side-tapered pipe inlet could either be prefabricated 
or precast in two sections or the rectangular side-tapered inlet 
may be used as a bid or design alternate. Information for deter­
mining throat and face control performance is provided in Charts 18 
and 15, respectively. 
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Design Limitations 

In addition to the design limitations given previously for 
box culvert sfope-tapered inlets, the following criteria apply 
to pipe culvert slope-tapered inlets and rectangular side-tapered 
inlets for pipe culverts: 

1. The rectangular throat of the inlet must be a square 
section with sides equal to the diameter of the p:f.pe 
culvert. 

2. The transition from the square throat section to 
the circular throat section must be no shorter than 
one half the culvert diameter, D/2. If excessive 
lengths are used, the frictional loss within this 
section of the culvert should be considered in the 
design. 

Multibarrel Designs 

The design of multiple barrels for circular culverts using 
slope-tapered improved inlets can be performed the same as for 
box culverts, excep~ that the center wall must be flared in order 
to provide adequate space between the pipes for proper compaction 
of the backfill. The amount of flare required will depend on the 
size.of the pipes and the construction techniques used. No more 
than two barrels may feed from the inlet structure using the design 
methods of this -Ci~cular. 

An alternative would be to design a series of individual 
circular culveris with slope-tapered inlets. This permits the 
use of an unlimited number of barrels, and the curves and charts 
of this publication are applicable. 
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V. General Design Considerations 

The primary purpose of this Circular is to provide the 
design engineer with the tools necessary to design improved 
inlets for culverts. There are many factors to consider in 
culvert design in addition to hydraulic and structural adequacy, 
many of which are subjective. Following is a discussion of 
some of the aspects that should be considered in improved 
inlet design. 

Highway Safety Aspects of Improved Inlets 

Improved culvert inlets should not be a greater hazard to 
motorists than conventional culvert inlets. In both cases, the 
inlets should be located a sufficient distance from the pavement 
so as not to present an tmdue hazard to errant vehicles.. Other­
wise, suitable restraints should be provided to prevent vehicles 
from colliding with the inlet structures. 

Hydrologic Estimates 

The design discharge for a culvert is an estimate, usually 
made with some recognition of the risk involved or the chance that 
the discharge will be exceeded. For inst.ance, there is a 2 percent 
chance that the 50-year flood will be exceeded in any one given 
year. Or, a structure with a 25-year life expectancy designed 
for the 50-year flood has a 40 percent chance of experiencing 
a higher flood during its life. If the frequency analysis is 
based on short period of flood or stream.flow records, the chances 
of the estimated peak for the design flood being exceeded are 
much greater. 

This further emphasizes the necessity of evaluating a culvert's 
performance through a range of discharges. The risk of damage to 
the highway or adjacent property due to floods greater than the 
design discharge may be greater with these culverts than with 
conventional culverts, as performance may shift to outlet control. 
The designer should examine the performance of the proposed 
culvert in outlet control to deterinine whether or not that performance 
is acceptable. 
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Allowable Headwater Elevation 

The ~aximum permissible elevation of the headwater pool of 
the culvert at the design discharge is termed the Allowable 
Headwater Elevation. This elevation must be selected by the 
designer based on his evaluation of many factors, all of which 
should be well documented. These include highway elevations, 
upstream development and land use, feature elevations, historical 
high water marks, importance of the highway, and damage risks. 
Possible loss of life and property, and traffic delay and 
interruption should be considered in the damage risk analysis. 

Throughout the design process, the designer should remain 
aware of the consequences of exceeding the Allowable Headwater 
Elevation. In some situations, such- as in rural areas, the 
damages might be negligible, while in others, exceeding the 
Allowable Headwater Elevation should definitely be avoided. 

Drift and Debris 

A frequent objection to the use of improved inlets on highway 
culverts is that use of the side- and slope-tapered inlet configura­
tions will increase problems with drift and deb.ris. 

AB with conventional culvert design, if the drainage basin 
will contribute a large amount of drift and debris, the debris 
control design procedu~es presented in HEC No. 9 (15) should be 
utilized. 

To prevent large drift material from lodging in the throat 
section of inlets with side tapers, a vertical column may be 
placed in the center of the inlet face. Any material passing 
the face section should then easily clear the culvert throat. 

A survey of improved inlet usage in the United States was 
conducted for this publication (14), and counnents on debris 
problems were specifically requested. Reports on 75 installa­
tions were received, and no problems with debris were reported. 
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Sedimentation 

For beveled-edge and side-tapered illlproved inlet culverts 
with their barrels on nearly the same slope as the original stream 
bed, no unusual sedimentation problems are to be expected. 

The inlets with FALLS have barrels on a flatter slope than 
the stream bed, which may tend to induce some sedimentation, 
especially at low flow rates. These deposits will, however, tend 
to be washed out of the culvert during periods of higher discharge. 
From the field survey, 8 of the 75 installations reported some 
sediment build-up, but in no case was it of a significant depth. 
No clogging problems due to sediment were cited in any improved 
inlet installation. 

Outlet Velocity 

Intuitively, it would seem that reducing the size of the 
culvert barrel would increase scour problems at the outlet due 
to increased outlet velocities. On the contrary, the outlet 
velocities for a conventional culvert and a culvert with an 
improved inlet for the same location and design conditions are 
essentially the same. When the barrel area is reduced, the 
flow depth is increased, and the flow area and velocity remain 
essentially the same. This fact can be confirmed by reviewing 
the example problems. 

The method for computing outlet velocity given in HEC No. 5 
also applies to culverts with improved inlets. Outlet velocity 
is simply the discharge divided by the flow area at the outlet. 
For culverts flowing in inlet control, the depth at the outlet 
is approximated by assuming the flow approaches normal depth. 
This depth may be determined by trial and error using a form of 
Manning's Equation: 

Q = 1.49 AR.2/3sl/2 
n 

Direct solutions of this equation are provided by charts 
in Hydraulic Design Series (HDS) No. 3, "Design Charts for Open 
Channel Flow" (16). 

For culverts flowing in outlet control, the depth is assumed 
to be: critical depth when the tailwater depth is less than 
critical depth; the tailwater depth when it is greater than 
critical depth but less than the culvert height; or the full 
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culvert height when the tailwater is equal to or greater than 
the height of the culvert or when critical depth is greate~ 
than the height of the culvert. 

In the field survey, 8 of the 75 improved inlet installations 
were noted to have some scour at the outlet, and only two of 
these cases were severe enough to require corrective action by 
the use of riprap. From the above discussion, it is reasonable 
to assume that conventional culverts at these sites would also 
have required outlet protection against scour. 

Orientation with Stream 

Faces for both the side-tapered and slope-tapered inlets 
should be oriented normal to the direction of flow in the stream 
and not necessarily parallel with the roadway centerline. By 
constructing the entrance in this manner, hydraulic performance 
will be improved and structural design complications reduced. 
The embankment may be warped to fit the culvert and remain 
aesthetically pleasing. 

Avoiding inlet skew is especially important in multiple 
barrel culverts. The interior walls, which are neglected in 
unskewed culverts, may produce unequal flow in the culvert 
barrels, reduced performance, and possible sedimentation in 
some barrels. 

Culvert Cost 

The total cost of various alternatives should be considered 
in the final culvert selection. For instance, a slope-tapered 
installation or a side-tapered inlet with a depression will 
probably require more excavation than a culvert with its invert 
near the original stream flowline. If this excavation must be 
made through rock or other difficult material, it may be more 
economical to use a side-tapered design, assuming that both designs 
are hydraulically feasible, even though the barrel size of the 
slope-tapered culvert may be smaller. 

Culvert Length 

As previously mentioned, the culvert barrel cost usually 
far outweighs the cost of the inlet structure. Therefore, if a 
very long culvert operates in inlet control, opportunities may 
exist for great savings by using an improved inlet and reducing 
the. barrel size. 
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Short culverts should also be analyzed for possible cost 
reductions through the use of improved inlets. Many significant 
savings have been recorded for these structures, especially in 
cases where the capacity of an existing culvert was increased by 
addition of an improved inlet rather than by replacement of the 
entire culvert. 
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VI. Design Procedure 

General 

The objective of the design procedure is the hydraulic design 
of culverts, using improved inlets where appropriate. Such fac­
tors as hydrology, structural requirements, etc., are important 
to the design but are beyond the scope of this Circular. Economic 
considerations, although not specifically discussed, are implied 
in the design procedure. · 

The design procedure hinges on the selection of a culvert 
barrel based on its outlet control performance curve, which is 
unique when based on elevation. The culvert inlet is then 
manipulated using edge improvements and adjustment of its eleva­
tion in order to achieve inlet control performance compatible 
with the outlet control performance. The resultant culvert design 
will best satisfy the criteria set by the. designer and make 
optimum use of the barrel selected for the site. 

The flow chart shown in Figure 18 outlines the steps of the 
design procedure, and each step is discussed in detail below. 
Design calculation forms are contained in Appendix D and design 
charts and tables are included in Sections VII and VIII, 
respectively. 

Step 1. Determine and Analyze Site Characteristics 

Site characteristics include the generalized shape of the 
highway embankment, bottom elevations and cross sections along the 
stream bed, the approximate length of the culvert, and the allowable 
headwater elevation. In determining the allowable headWater eleva­
tion (AHW El.),roadway elevations and the elevation of upstream 
property should be considered. The consequences of exceeding the 
AHW El. should be evaluated and kept in mind throughout the design 
process. In some instances, such as in unpopulated rural areas, 
little or no damage would result, while at some sites great losses 
may ensue. 

Culvert design is actually a trial-and-error procedure 
because the length of the barrel cannot be accurately determined 
until the size is known, and the size cannot be precisely 
determined until the length is known. In most cases, however, 
a reasonable estimate of length will be accurate enough to 
determine the culvert size. 
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• 

The culvert length is approximately 2SeD shorter than the 
distance between the points defined by the intersections of 
the embankment slopes and the stream bed, where Se is the embank­
ment slope, and D is the culvert height. The inlet invert 
elevation w~ll be approximately SoSeD lower than the upstream 
point of intersection and the outlet invert elevation is approx­
imately SoSeD higher than the downstream point of intersection, 
where S0 is the stream bed slope • 

All points referenced to the stream bed should be considered 
approximate since stream beds are irregular and not straight 
lines as shown in the schematic site representation. 

Step 2. Perform Hydrologic Analysis 

By hydrologic methods, define the design flow rate. The 
probable accuracy of the estimate should be kept in mind as 
the design proceeds. The accuracy is dependent on the method 
us.ed to define the flow rate, the available data on which it is 
based, etc. 

Step 3. Perform Outlet Control Calculations and Select Culvert 
(Charts 1 through 6) 

These calculations are performed before inlet control 
calculations in order to select the smallest feasible barrel 
which can·be used without the required headwater elevation in 
outlet control (HW0 ) exceeding the allowable headwater eleva­
tion (AHW El.). For use in this procedure, ~he equation for 
headwater is in terms of elevation. 

The full flow outlet control performance curve for a given 
culvert (size, inlet edge, shape, material) defines its maximum 
performance. Therefore, inlet improvements beyond the beveled 
edge or changes in inlet invert elevation will not reduce the 
required outlet control headwater elevation. This makes the 
outlet control performance curve an ideal limit for improved inlet 
design. 

When the barrel size is increased, the outlet control curve 
is shifted to the right, indicating a higher capacity for a given 
head. Also, it may be generally stated that increased barrel 
size will flatten the slope of the outlet control curve, although 
this must be checked. 
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The outlet control curve passing closest to and below the 
design Q and AHW El. on the performance curve graph defines 
the smallest possible barrel which will meet the hydraulic 
design criteria. However, that curve may be very steep'(rapidly 
increasing headwater requirements for discharges higher than 
design) or use of such a small barrel may not be practical. 

a) Calculate HW0 at design discharge for trial culvert 
sizes, entrance condition, shapes, and materials. 

b) Calculate headwater elevations at two additional 
discharge values in the vicinity of design Q in 
order to define outlet control performance. 

c) Plot outlet control performance curves for trial 
culvert sizes. 

d) Select culvert barrel size, shape and material. 

This selection should not be based solely on calculations 
which indicate that the required headwater at the design dis~ 
charge is near the AHW El., but should also be based on outlet 
velocity as affected by material selection, the designer's 
evaluation of site characteristics, and the possible conse­
quences of a flood occurrence in excess of the estimated 
design flood. A sharply rising outlet control performance 
curve may be sufficient reason to select a culvert of 
different size, shape or material. 

Figure 19 
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In order to zero in on the barrel size required in outlet 
control, the applicable outlet control nomograph may be used 
as follows. 

(1) Intersect the "Turning Line" with a line drawn between 
Discharge and Head, H. To estimate H, use the 
following equation: 

H = AHW El. - El. Outlet Invert - h
0 

where ho may be selected as a culvert height. Accuracy 
is not critical at this point. 

(2) Using the point on the "Turning Line, 11 ke, and the. 
barrel length, draw a line defining the barrel size. 

This size gives the designer a good first estimate of the barrel 
size and more precise sizing will follow rapidly. 

Step 4. Perform Inlet Control Calculations for Conventional and 
Beveled Edge Culvert Inlets (Charts 7 through 13) 

The calculation procedure is similar to that used in HEC 
No. 5, except that headwater is defined as an elevation rather 
than a.depth, a FALL may be incorporated upstream of the culvert 
face, and performance curves are an essential part of the proce­
dure. The depression or FALL should have dimensions as described 
for side-tapered inlets. 

a) Calculate the required headwater depth (Hf) at the 
culvert face at design discharge for the culvert 
selected in Step 3. 

b) Determine required face invert elevation to pass 
design discharge by subtracting Hf from the AHW El. 

c) If this invert elevation is above the stream bed 
elevation at the face, the invert would generally be 
placed on the stream bed and the culvert will then 
have a capacity greater than design Q with headwater 
at the AHW El. 

d) If this invert elevation is below the stream bed elevation 
at the face, the invert must be depressed, and the amount 
of depression is termed the FALL. 
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e) Add Hf to the invert elevation to determine HWf. 
If HWf is lower than HW0 , the barrel operates in 
outlet c@ntrol at design Q. Proceed to Step 8. 

f) If the FALL is excessive in the designer's judgment 
from the standpoint of aesthetics, economy and other 
engineering reasons, a need for inlet geometry refine­
ments is indicated. If square edges were used in 
Steps 3 and 4 above, repeat with beveled edges. If 
beveled edges were used, proceed to Step 5. 

g) If the FALL is within acceptable limits, determine 
the inlet control performance by calculating 
required headwater elevation using the flow rates 
from Step 3 and the FALL determined above. 
HWf = Hf + El. face invert. 

h) Plot the inlet control performance curve with the 
outlet control performance curve plotted in 
Step 3. 

i) Proceed to Step 6. 

Figure 20 
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Step 5. Perform Throat Control Calculations for Side- and 
Slope-Tapered Inlets (Charts 14 or 18) 

The same concept is involved here as with conventional or 
beveled edge culvert design. 

a) Calculate required headwater depth on the throat 
(Ht) at design Q for the culvert selected in Step 3. 

b) Determine required throat elevation to pass design 
discharge by subtracting Ht from the AHW El. 

c) If this throat invert elevation is above the stream 
bed elevation, the invert would probably be placed 
on the stream bed and the culvert throat will have a 
capacity greater than the design Q with headwater 
at the AHW El. 

d) If this throat invert elevation is below the stream 
bed elevation, the invert must be depressed, and the 
elevation difference between the stream bed at the 
face and the throat invert is termed the FALL. If 
the FALL is determined to be excessive, a larger barrel 
must be selected. Return to Step S(a). 

e) Add Ht to the invert elevation to determine HWt• If 
flWt is lower than HW~, the culvert operates in outlet 
control at design Q. In this case, adequate per­
formance can probably be achieved by the use of 
beveled edges with a FALL. Return to Step 4. 

f) Define and plot the throat control performance curve. 

Step 6. Analyze the Effect of FALLS on Inlet Control Section 
Performance 

It is apparent from Figure 20 that either additional FALL 
or inlet improvements would increase the culvert capacity in 
inlet control by moving the inlet control performance curve 
to the right toward the outlet control performance curve. If 
the outlet control performance curve of the selected culvert 
passes below the point defined by the AHW El. and the design Q, 
there is an opportunity to optimize the culvert design by 
selecting the inlet so as to either increase its capacity 
to the maximum at the AHW El. or to pass the design discharge 
at the lowest possible headwater elevation. 
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Figure 21 
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OPTIMIZATION OF 
PERFORMANCE IN 
THROAT CONTROL 

Some possibilities are illustrated in Figure 21. The 
minimum inlet control performance which will meet the selected 
design criteria is illustrated by Curve A. This design has 
merit in that minimum expense for inlet improvements and/or 
FALL is incurred and the inlet will pass a flood in excess 
of design Q before performance is governed by outlet control. 
This performance is adequate in many locations, including 
those locations where headwaters in excess of the AHW El. 
would be tolerable on the rare occasion of floods in excess 
of design Q. 

Curve B illustrates the performance of a design which 
takes full advantage of the potential capacity of the selected 
culvert and the site to pass the maximum possible flow at the 
AHW El. A safety factor in capacity is thereby incorporated 
in the design. This can be accomplished by the use of a FALL, 
by geometry improvements at the inlet or by a combination of 
the two. Additional inlet improvement and/or FALL will 
not increase the capacity at or above the AHW El. 

There may be reason to pass the design flow at the 
lowest possible headwater elevation even though the reasons 
are insufficient to cause the AHW El. to be set at a lower 
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elevation. The maximum possible reduction in headwater at 
design Q is illustrated by Curve c. Additional inlet 
improvement and/or FALL will not reduce the required head­
water elevation at design Q. 

The water surface elevation in the natural stream may 
be a limiting factor in design, i.e., it is not productive 
to design for headwater at a lower elevation than natural 
stream flow elevations. The reduction in headwater elevation 
illustrated by Curve C is limited by natural water surface 
elevations in the stream. If the water surface elevations in 
the natural stream had fallen below Curve D, this curve would 
illustrate the maximum reduction in headwater elevation at 
design Q. Tailwater depths calculated by asswning normal 
depth in the stream channel may be used to estimate natural 
water surface elevations in the stream at the culvert inlet. 
These may have b.een computed as a part of Step 3. 

Curve A has been established in either Step 4 for 
conventional culverts or Step 5 for improved inlets. To 
define any other inlet control performance curve such as 
B, C, or D for the same control section: 

a) Select a point on the outlet control performance 
curve. 

b) Measure the vertical distance from this point to 
Curve A. This is the difference in FALL between 
Curve A and the curve to be established, e.g., the 
FALL on the control section for Curve A plus the 
distance between Curves A and B is the FALL on the 
control section for Curve B. 

For conventional culverts only: 

d) Estimate and compare the costs incurred for FALLS 
(structural excavation and additional culvert 
length) to achieve various levels of inlet 
performance. 

e) Select design with increment in cost warranted 
by increased capacity and improved performance. 

f) If FALL required to achieve desired performance 
is excessive, proceed to Step 5. 

g) If FALL is acceptable and perfonnance achieves the 
design objective, proceed to Step 8. 
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Step 7. Design Side- and/or Slope-Tapered Inlet (Charts 15, 
16, 17, and 19) 

Either a side- or slope-tapered inlet design may be used 
if aFALL is required on the throat by use of a depression 
(FALL) upstream of the face of a side-tapered inlet or a FALL 
in the inlet of a slope-tapered inlet. 

The face of the side- or the slope-tapered inlet should 
be designed to be compatible with the throat performance 
defined in Step 6. The -basic principles of selecting the 
face design are illustrated in Figure 22. 

Figure 22 
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The minimum face design is one whose performance curve 
does not exceed the AHW El. at design Q. However, a "balanced" 
design requires that full advantage be taken of the increased 
capacity and/or lower headwater requirement gained through 
use of various FALLS. This suggests a face performance 
curve which intersects the throat control curve: (1) at 
the AHW El., (2) at design Q, (3) at its intersection with 
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the outlet control curve, or (4) other. These options are 
illustrated in Figure 22 by points a through e representing 
the intersections of face control performance curves with 
the throat control performance curves. The options are 
explained as follows: (1) Intersection of face and throat 
control performance curves at the AHW El. (Point a orb): 
For the minimum acceptable throat control performance (Curve 
A), this is the minimum face size that can be used without 
the required headwater elevation (HWf) exceeding the AHW El. 
at design Q (Point a). For throat control performance 
greater than minimum but equal to or less than Curve B, 
this is the minimum face design which makes full use of 
the FALL placed on the throat to increase culvert capacity 
at the AHW El. (Point b). (2) Intersection of face and 
throat control performance curves at design Q (Points a, c 
or d): This face design option results in throat control 
performance at discharges equal to or greater than design Q. 
It makes full use of the FALL to increase capacity and reduce 
headwater requirements at flows equal to or greater than the 
design Q. (3) Intersection of the face control performance 
curve with throat control performance curve at its intersec­
tion with the outlet control performance curve (Points b or 
e): This option is the minimum face design which can be 
used to make full use of the increased capacity available 
from the FALL placed on the throat. It cannot be used 
where HWf would exceed AHW El. at design Q; e.g., with 
the minimum acceptable throat control performance curve. 
(4) Other: Variations in the above options are available 
to the designer. The culvert face can be designed so that 
culvert performance will change from face control to 
throat control at any discharge at which inlet control 
governs. Options (1) through (3), however, appear to 
fulfill design objectives of minimum face size to 
achieve the maximum increase in capacity possible for a 
given FALL, or the maximwn possible decrease in _the 
required headwater for a given FALL for any discharge 
equal to or greater than design Q. 

Figure 23 illustrates the optional tapered inlet designs 
possible. Note that the inlet dimensions for the side-tapered 
inlet are the same for all options. This is because performance 
of the side-tapered inlet nearly parallels the performance of 
the throat and an increase in headwater on the throat by virtue 
of an increased FALL results in an almost equal increase in 
headwater on the face. Each foot of FALL on the throat of a 
culvert with a side-tapered inlet requires additional barrel 
length equal to the fill slope; e.g., if th~ fill slope is 
3:1, use of 4 ft. of FALL rather than 3 ft. results in a 
culvert barrel 3 ft. longer as well as increased culvert 
capacity and/or reduced headwater requirements. 
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Figure 23 INLET STRUCTURE DIMENSIONS 

~ 
a 
b 
c 
d 
e 

~ 
AHW EL. 

z· ~ 0 
j:: 
c( 
> 
I.I.I 
-I 
I.I.I 

cc 
I.I.I LO 
I- !i!? c( 

~ 
c( 
I.I.I :c 

800 

FALL 
3.5 
8.0 
8.0 
10.0 
9.0 

900 

Side· Tapered 
Bf x L1 (Ft.) 

12.0 x 8.0 

1000 
DISCHARGE, cfs 

Slope· Tapered 
Bf x L1(Ft.) 

13.5 x 11.0 
17.0 x 20.0 
27.5 x 39.0 
52.5 x 89.0 
22.5 x 29.0 

NATURAL W.S. 
ELEVATIONS 

INLET DESIGN 
OPTIONS 

8' X 6' REINFORCED 
CONCRETE BOX CULVERT 

1100 1200 

Face dimensions and inlet length increase for th~ 
slope-tapered inlet as the capacity of the culvert is 
increased by additional FALL on the throat. No additional 
head is created for the face by placing additional FALL 
on the throat. On the other hand, use of a greater FALL 
at the throat of a culvert with a slope-tapered inlet does 
not increase culvert length. 

The steps followed in the tapered inlet designs are: 

a) Compute Rf for side­
for various FALLS at 
Side-Tapered Inlet: 
Slope-Tapered Inlet: 
at Face. 

and slope-tapered inlets 
design Q and other discharges. 
Hf = Rt - 1.0' (Approximate) 

Hf = HW El. - Stream bed El. 
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b) Determine dimensions of side- and slope-tapered 
inlets for trial options. 

c) For slope-tapered inlets with mitered face, check 
f<r crest control. 

d) Compare construction costs for various options, 
including the cost of FALL on the throat. 

e) Select design with incremental cost warranted 
by increased capacity and improved performance. 

From the above, it is apparent that in order to optimize 
culv~rt design, performance curves are an integral part of 
the design procedure. At many culvert sites, des~gners have 
valid reasons for providing a safety factor in designs. 
These reasons include uncertainty in the design discharge 
estimate, potentially disastrous results in property damage 
or damage to the highway from headwater elevations which 
exceed the allowable, the potential for development upstream 
of the culvert, and the chance that the design frequency 
flood will be exceeded during the life of the installation. 
Quantitative analysis of these variables would amount to a 
risk analysis, but at present, many of these factors must. 
be evaluated intuitively. Procedures described here enables 
the designer to maximize the performance of the selected 
culvert or to optimize the design in accordance with his 
evaluation of si.te constraints, design parameters, and costs 
for construction and maintenance. 

Step 8. Complete File Documentation 

Documentation of the culvert hydraulic design consists 
of the compilation and preservation of all hydrologic and 
hydraulic information and the design decisions made on the basis 
of this information. This should include site information 
such as highway profile, upstream development and land use, 
estimates of the costs that would be incurred if the allowable 
headwater were exceeded, and other data used in determining 
the allowable headwater elevation. Several decisions in 
this procedure are based on the designer's knowledge and 
evaluation of site conditions. These decisions should be 
well founded on field information and documented for future 
reference. 

Each decision regarding culvert performance should be 
made with knowledge of the accuracy of the flood estimate 
and an understanding that, even though the accuracy of the 
estimate may be relatively good, there is a chance that the 
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design frequency event will be exceeded during the life of the 
project. Department files should reflect the basis of the 
design flood estimate, the designer's evaluation of the goodness 
of the estimate, the consideration given to consequences of 
a flood occurrence in excess of the design flood estimate, and 
other information such as historical high water and past flooding. 
This documentation can be of inestimable value in evaluating 
the performance of highway culverts after large floods, or, 
in the event of failure, in identifying contributing factors. 
It also will provide valuable information for use in the event 
that flood damage claims are made of the department following 
construction of the highway. 

Adequate documentation of the design decisions which were 
made and the above basic information on which those decisions 
were based should be placed in the files to support all hydraulic 
structure designs. The completeness of documentation needed 
to support designs will vary with the importance of the structure, 
but structure costs should not be the sole basis for this 
determination. The potential for loss of property and life, 
traffic interruption, the importance of the highway and the 
availability of alternate routes are among the factors that 
should be considered in making this determination. 

Docwnentation should be kept in the department's 
permanent records so that the performance of the designs 
they represent can be used as a foundation for better designs 
in the future. 
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DIMENSIONAL LIMITATIONS 

Side Tapered Inlets 

1. 6 : 1 ~ Taper > 4 : 1 

Tapers greater than 6:1 may be used but performance 
will be underestimated. 

2. Wingwall flare angle from 15° to 26° with top edge 
beveled or from 26° to 90° with or without bevels. 

3. If FALL is used upstream of face. extend barrel invert 
slope upstream from face a distance of D/2 before 
sloping upward more steeply. 

4. For pipe culverts, these additional requirements apply: 

a. D < E < l. lD 

b. Length of square to round transition > O.SD 

c. FALL (Figure 16) 

P > 3T 

WP = Bf + T or 4T, whichever is larger. 

Slope-Tapered tnlets 

1. 6:1 ~Taper~ 4:1 

Tapers > 6: 1 may be used, but performance will be 
underestimated. 

2. 3:1~Sf~2.l 

If Sf > 3:1, use side-tapered design 

3. Minimum L
3 

= 0. SB 

4. 1.SD~FAIJ..~D/4 

For FALL < D/4, use side-tapered design 

For FAIJ.. > l.SD, estimate friction losses between 
face and throat. 
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S. Wingwall flare angle from 15° to 26° with top edge 
beveled or from 26° to 90° with or without bevels. 

6. For pipe culvert, these additional requirements apply: 

a. Square to circular transition length > O.SD. 

b. Square throat dimension equal to barrel diameter. 
Not necessary to check square throat performance. 
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SECTION VII 

Design Charts 
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Chart 10 
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SECTION VIII 

Design Tables 
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TABLE 1 - ENTRANCE LOOS CO.EFFICIEN'!S 

Outlet Control, Full or Partly Ful.l 

Entrance head loss He = ke v2 
2g 

!lPe of Structure and Design of Entrance 

Pipe, Concrete 

Coefficient ke 

Projecting from fill, socket end (groove-end) • 0.2 
Projecting from till, sq. cut end • • • • • 0.5 
Headwall or headwall and wingwe.lls 

Socket end of pipe (groove-end) • • 0.2 
Square-edge • • • • • • • • • • • • • • 0.5 
Rounded (radius = l/12D) • • • • • • • • 0.2 

Mitered to conform to fill slope • • • • • • • • • 0.7 
*End-Section conforming to fill slope • • • • • O. 5 

Beveled edges, 33.7° or 45° bevels • • 0.2 
Side-or slope-tapered inlet • • • • • • 0.2 

Pipe, or Pipe-Arch, eorruga.ted Metal 

Projecting from fill (no headwall) • • • • • • • • 0.9 
Headwall or headwall and wingwe.lls square-edge 0.5 
Mitered to conform to fill slope, paved or unpaved 

slope . . . . • . . . . . . . . . . . . . . . O. 7 
*End-Section conforming to fill slope • • • 0.5 

Beveled edges, 33.7° or 45° bevels • 0.2 
Side-or slope-tapered inlet • • • • • • • • • 0.2 

Box, Reinforced Concrete 

Headwall parallel to embankment (no wingwe.lls)· 
Square-edged on 3 edges • • • • • • • • • • • 0.5 
Rounded on 3 edges to radius of 1/12 barrel 

dimension, or beveled edges on 3 sides • • • 0.2 
Wingwe.lls at 30° to 75° to barrel 

Square-edged at crown • • • • • • • • • • • • 0.4 
Crown edge rounded to radius of 1/12 barrel 

dimensicn, or beveled top edge • 0.2 
Win.gwe.11 at 10° to 25° to barrel 

Square-edged at crown • • • • • • • • • • 0.5 
Wingwalls parallel (extension of sides) 

Square-edged at crown 0.7 
Side-or slope-tapered inlet • • • • • • 0.2 

*Note: "End Section conforming to fill slope, 11 made of either metal 
or concrete, are the sections commonly available from rranufacturers. 
From limited hydraulic tests they are equivalent in operation to 
a headwall in both inlet and outlet control. Some end sections , 
incorporating a close<f"taper in their design have a superior 
hydraulic perforJJ8nce. These latter sections can be designed 
using the inforJJ8tion given for the beveled inlet • 
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TABLE 2 - MANNING'S n FOR NATURAL STREAM CHANNELS (16) 
(Surface width of flood stage less than 100 ft.) 

1. Fairly regular section: 

a. Some grass and weeds, little or no brush . . . . . 
b. Dense growth of weeds, depth of flow 

materially greater than weed height 

c. Some weeds, light brush on banks • 

d. Some weeds, heavy brush on banks 

e. Some weeds, dense willows on banks • 

f. For trees within channel, with branches 

submerged at high stage, increase all 

above values by . . . . 
2. Irregular sections, with pools, slight channel 

meander; increase values given abQve about 

3. Mountain streams, no vegetation in channel, 

banks usually steep, trees and brush along 

banks submerged at high stage: 

a. Bottom of gravel, cobbles, and few boulders 

b. Bottom of cobbles, with large boulders •••• 

13-87 

0.030--0.035 

0.035--0.05 

0.035--0.05 
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TABLE 3 

VALUES OF BD312 

BX D BD3/2 Bx D BD3/2 B x D BD3/2 

4 x 4 32.0 7 x 7 129.6 10 x 10 316.2 
5 x 4 40.0 8 x 7 148.2 12 x 10 379.4 
6 x 4 48.0 9 x 7 166.7 14 x 10 442.7 
7 x 4 56.0 10 x 7 185.2 16 x 10 505.9 
8 x 4 64.0 12 x 7 222.2 

14 x 7 259.3 12 x 12 498.8 
5 x 5 55.9 14 x 12 582.0 
6 x 5 6 7.1 8 x 8 181.0 16 x 12 665.1 
7 x 5 78.3 9 x 8 203.7 18 x 12 748. 3. 
8 x 5 89 .4 10 x 8 226.3• 
9 x 5 100.6 12 x 8 271.6 14 x 14 733.3 

10 x 5 111.8 14 x 8 316. 8 16 x 14 838.1 
18 x 14 942.8 

6 x 6 88.2 9 x 9 243.0 
7 x 6 102.9 10 x 9 270.0 
8 x 6 117.6 12 x 9 324.0 
9 x 6 132. 3 14 x 9 378.0 

10 x 6 147.0 
12 x 6 176.4 

TABLE 4 

VALUES OF n3/ 2 

D D3/2 D n3/2 D n3/2 

4 8.0 8 22.6 12 41.6 
5 11. 2 9 27.0 13 46.9 
6 14.7 10 31.6 14 52.4 
7 18.5 11 36.5 15 58.1 
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TABLE 5 

VALUES OF n5/2 

D 05/2 D 05/2 D 05/2 

1.0 1.0 5.0 55.9 9.0 243.0 

1.5 2.8 5.5 70.9 9.5 278.2 

2.0 5.7 6.0 88.2 10.0 316.2 

2.5 9.9 6.5 107. 7 10.5 357.3 

3.0 15.6 7.0 129.6 11.0 401.3 

3.5 22.9 7.5 154.0 11.5 448.5 

4.0 32.0 8.0 181.0 12.0 498. 8 

4.5 43.0 8.5 210.6 12.5 552.4 

TABLE 6 

1/2 
VALUES OF E 

E El/2 E El/2 E El/2 

1.0 1.00 5.0 2.24 9.0 3.00 

1.5 1.22 5.5 2.35 9.5 3.08 

2.0 1. 41 6.0 2.45 10.0 3.16 

2.5 1.58 6.5 2.55 10.5 3.24 

3.0 1. 73 7.0 2.65 11.0 3.32 

3.5 1. 87 7.5 2.74 11.5 3.39 

4.0 2.00 8.0 2.83 12.0 3.46 

4.5 2.12 8.5 2.92 12.5 3.54 
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B:t'\"I 241t 30" 36 II 42" 
24 ::s.14 ---- -- - --- -
::SU 3.93 4.91 - -- -

• 36 14. 71 s. 89 7 .07 -----
42" 5.50 6.87 8.-25 9.62 

_48 6.28 7. 85 9.42 11.00 
54 7.07 8.84 10.oO 12.37 
60" 7.85 9. 82 11. 78 13.74 
66" 8.64 10. 8 12.96 15.12 
72" 9.42 11. 78 14 .13 . 16.49 
78" 12. 76 15.32 17.87 
84" 13.74 16.49 19. 24 
90 11 17.67 20.62 
96" 18. 85 21.99 

102" 20.03 23. 37 
LOB" 21.2 24. 74 
120" 27. 49 
132" 
144" 
156" 
16811 

180" 
l92" 

( 

TABLE NO. 7 

Area in Square Feet of Elliptical Sections 

(Af = ~/4 BfE or Af = ~/4 E2 Bf ) 
E 

48" 54" 60" 66" 72" 78" 
- --- ----- ----- ---- - -- -----
---- ----- ----- ----- ----- - --

----- -- -- --- - ----- ----- -----
----- ----- ----- ---- ----- -----
J.2.56 -- -- - - - - ---- -----
14.14 15.90 --- - ---- - - ---
15. 71 17 .67 19 .63 ----- ----- -----
17 .28 19 .44 21.60 23. 76 ----- -----
18. 85 21.21 23.56 25.92 28.27 -----
20.42 22.97 25.52 28.08 30.63 33.18 
21.99 24.74 27. 48 30.24 32.98 35. 74 
23.56 26.51 29. 45 32.40 35. 34 38.29 
25.13 28. 27 31.41 34.56 37.69 40. 84 
26. 10. 30.04 33.38 36. 72 40.05 43. 39 
28.27 31. 81 35. 34 38.88 43.40 45.95 
31.41 35.34 39 .26 43.20 47.12 51.05 
34.55 38.88 43.19 47.52 51.83 56.16 
37 .69 42.41 47.12 51.84 56.54 61.26 

45 .95 51.04 56.16 61.25 66.37 
54. 97 60.48 65.96 71.47 
58. 89 64. 80 70.6 7 76.58 

69 .12 75.38 81.68 

( 

34t1 90" 96" 102 11 108" 
----- .......... ___ ------ ------ -------- - ----- ------ ------ -----
----- --- - ___ ..... __ ------ ------
----- ----- ------ ------ ------
----- ----- ------ ------ ------
----- ----- -- -- "'!""'----- ------. ----- ----- ------ ------ ------
----- ----- ------ ------ ------
----- ----- ------ ------ ------
----- ----- ------ ------ -.-----
38.48 ----- ------ ------ ------
41.23 44.18 ------ ------ -.-----
43.97 47.12 50.26 ------ ------
46. 73 50.07 53.41 56.75 -.-----
49. 47 53.01 56.54 60.08 63. 6] 
54.97 58. 91 62. 82 66. 76 70.6i 
60.46 64. 80 69.10 73.43 77. 7l 
65.96 70.69 75. 38 80.11 84. 8] 
71.46 76.58 81.67 86. 79 91.8 
76.95 .82. 47 87.95 93.46 98.9l 
82.45 88.36 94.23 100.14 106.00 
87. 95 94.25 100.51 106. 81 113.0~ 

( 
• 
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(_ 
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.0 

. l 
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.9 

TABLE NO. 8 

Area of Flow Prism in 
Partly Full Circular Conduit 

Let Depth of Water = J!_ and Tabulated Value = Ca. Then Area = CaD2 
Diameter of Conduit D 

.00 • 01 .02 .03 .04 .05 .06 .07 .08 . 09 

.0000 • 0013 .0037 .0069 .0105 • 0147 .0192 .0242 .0294 .0350 

.0409 .0470 .0534 .0600 .0668 . 0739 .0811 .0885 . 0961 .1039 

.1118 .1199 • 1281 .1365 • 1449 .1535 .1623 .1711 .1800 .1890 

.1982 .2074 .2167 .2260 .2355 .2450 .2546 .2642 .2739 .2836 

.2934 .3032 .3130 .3229 .3328 . 3428 .3527 .3627 .3727 .3827 

.393 .403 .413 .423 .433 .443 .453 .462 .472 .482 

.492 .502 . 512 .521 .531 .540 .550 .559 .569 .578 

.587 .• 596 .. 605 '. 614 '.623 '.632 '.640 '.649 .• 657 .• 666 

.674 .681 .689 .697 . 704 .712 • 719 . 725 .732 .738 

.745 . 750 .756 . 761 .766 . 771 . 775 .779 .782 .784 

Ref: Table 7-4, "Handbook of Hydraulics, 11 King and Brater, 5th Edition. 
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APPENDIX A 

Example Problems 
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BOX CUL VERT EXAMPLE NO. 1 

Given: Design Discharge (Q) = 1,000 cfs, for a 50-year 
recurrence interval 

Slope of stream bed (S0 ) = 0.05 ft./ft. 

Allowable Headwater Elevation = 200 

Elevation Outlet Invert = 172.5 

Culvert Length (La) = 350 ft. 

Downstream channel approximates an 8' wide 
trapezoidal channel with 2:1 side slopes and 
a Manning's "n" of. 0.03. 

Requirements: This box culvert will be located in a rural 
area where the Allowable Headwater Elevation 
is not too critical; that is, the damages are 
low due to exceeding that elevation at infrequent 
times. Thus, the culvert should have the 
smallest possible barrel to pass design Q 
without exceeding AHW El. Use a reinforced 
concrete box with n = 0.012. 
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PROJECT: #xo.,..,p/c A/o./ DESIGNER: JMN 
OUTLET CONTROL 

DESIGN CALCULATIONS 
STATION: DATE; 1~-10-73 

INITIAL DATA: 

Q__!!!fL__= 1000 cfs SKETCH 
AHW El.= 'ZOO ft. 

So= o. ctr 

Lo= 3ff0 fl. 
AHW El. 2&C 

sz 
El. Outlet 
Invert 172- 5' ft. -L--- ----- --
Stream Data: 

FW-~~ ~,· ~-03=/, 
o= 0. 0'5' z. I Q• 1ooo cfs, ke • <!J,!ft" , La• 35"0 ft El. Outlet 

H • AHW El.-EI. Outlet Invert- ha 
Invert l"7Z.5' 

~ s·-..i 
• zoo - 172.~ --1_ :22-:S' 

Borre I Shope 
. 

and Material Rt:.cC. Ct:wc. Ban< Barrel n• Q.O/'Z. .• •. A•~tt.2 or O• ___ ft.; Try z2s:~" 

.. (I l (2) (3) (4) (5) 
a Q ~ COMMENTS 

Q N H NB de 2 Qn TW ho HWo Vo 

Trial No._/_ , N•_/_, B• 7 'D•_I:> __ , ke= 0·!5" 5Qc...10.re t!i:t:l?llS 

r:Jttul I [CllAl'f" if 110$, 

/t:ll>O /b(:>O ZI /If'!> 7, ~.o 3-S' '-·" /99.S" zs.s OI< - C/0$• k 4/./W ~. 

soo aoo /$.Z //'9 "" "'. (J 3.2S' •. o 1'1-7 

1200 1ZOO $0 /7Z "" •. o 3.S 6-0 zos.s 
Trial No._£_, N• __ /_, 8=_7 __ , D• (,, ,k,·~ Bttvdt!il t"d:f>4!'S 

~000 /l)Oo ,, /<#'J ,. " ,.o ~-S ~-0 l"J?.S zs.s t:>/i:. - LollVl!l"e# 1./W. 2' 

800 soo IZ. s~ I!' 4S '-·o /"JIJ.S' ~ /-,x&' 
/ZOO 1zoc Z1 ~- #! 11,tt , .. o zos:s 

Trial No.__,3__, N• I 'B• b 
' D• " 'ke•-5!:L &vdecl etl?'!s 

I~ /000 2• /4.7 7"' ... o 3·!' 4'..0 204-$ t7.B ~ o";J - oces """/ /'11!'1!' ~ 

dt'.:519,, C' 1'"1/e,.,a. 

t!XC<'i!.'e/s .!"1.HW E"/. 

Not~s. gnd Esnu;ttigns: SELECTED DESIGN 
( 1 l de cannot exceed D 

(2) TW based on dn in natural channel, N• I At Design Q: 
or other downstreom control. 8• 7 ft. 

(3) ho• dc•O or TW, whichever is larqer, 
2 D= " ft. HWo= 197.S ft. 

(4) HWo • H +ho+ El. Outlet Invert. ke• c.z Vo• zs.a f Al 

{5) Outlet Velocity (Vo)=Q/Areo defined by de 
~ 29n2• L;;J y2 a TW, not greater tllon D . Do not compute 

until control section is known. • H • + ke+ Rl.33 2ij 
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PROJECT: £;c.ea1"fp/~ AIQ· t. DESIGNER: JMN 
CULVERT INLET CONTROL SECTION 

DESIGN CALCULATIONS 
DATE: IZ-10-73 STATION: 

INITIAL DATA: 
Q~= /diJ() cfs 

AHW El. ,z ZfJO ft. 200 iW El. Zt>O So= ().OS AHW EL 

rtz~,~-~ 
Lo= SSt> ft. u ,, 

~ El.Stream ~t 
Bed at Face /90 ft. --

FALLi_ ~--- ~ Borre I Shope 
lnlet_.,-r L s-.l!CB Barrel ns o. OIZ and Moteria I 

IL) \ s-=-:- - Structure El. Throat Invert 
N=_I __ , B= 7 2 

El. Face Invert 
TAPERED INLET 

D=-~--, NBD3'2 = /fJ2'.9(T,.&ll! S) CONVENTIONAL or BEVELED THROAT CONTROL SECTION 

(Pipe) ND% a 
INLET: F'ACE CONTROL SECTION (Lower Headirigs) 

(Upper Headings) 

DEFINITIONS OF INLET CONTROL SECTION 

(I) (2) (3) (4) (5) Note: Use Upper Headings for 
Q Ht El. El. Coventional or Beveled Face; 
NB o Hf Face Stream 

HW1 Lower Headings for Tapered 
Invert Bed Inlet Throat. 

El. 
At 
Face 

~}2 Ht Throat COMMENTS 
Q H1 Invert FALL HW1 s Vo 

D 

Trial No._L_ Inlet and Edge Description Bel/dt!o'-t!'cf~e4' :r~~r 

c ......... 

/000 /"'~ ~-~ ZS-4 17'--&> /9Z'*" /S:"'I zoo r"Au. coo /4'9e. ,Hy 6-~d 

,.. /Id. t.rsled VP~ ~'a"' ~ ~ ~ ~ ,,,4~ - Vo Aor ""' ~ 6,11e/-
q( < ~D ·,e'A~~ ~ ~ ~ ~ e'd<led /"'1/e r 
Trial No._g__ Inlet and Edge Description Ta.f2.l!rl!el 

' 
/Alt:, -r-.1,,.. '2a. -f 

"""'~,.. 14 1105 3 
/()OO 'J-7Z 2-'5" /$'.., 184.I /,,0 s: 9 zco "-033 "94.Z d:Jk - c~. ~r/. l"'nr~es 

St>o 7- 79 ~-OS' /Z-3 ~ ~ ~ 19~-4 ~ ~.l"h- ,.,/,,JI. o,,.,12or.Ju,,,tq"" -

/ZOO //.~~ ~-4 zo.4 ~ ~ ~ ZUS' ~ (F"4u." ,1.3'" :S'·9 •' 7. Z.') 

~ll". r,,.,.--- L Lt./ AJJW: 2ao 
Trial No.~ Inlet and Edge Description {120~d E~k.f ~Iba~ F/lt.'- ,,,. r.·z' 

, 
--. 

/000 /5.~ /8Z.8 /9t:J 7. 'Z /-,8.7 ".()Z!~ 3~.3 6),1!. ~,-'.,a.I AHW:7110 

800 /2.3 ~ ~ ~ ,,,5./ ~ /~'-Z. eo.t:s. 

lt.t>O 20.1 ~ ~ ~ 2oJ.Z ~ 
Notes and EQ"\Jations · 
(I) El. Face (or throat) invert= AHW El.- H1 (or Ht) 

SELECTED "DESIGN 

(2) FALL= EI. Stream Bed ot Face-El. face (or throat) invert Inlet Descri~tion: 

(~ HWt (or HWt I= Ht (or H1l +El. face (or throat) FALL= _1:.L ft. 
invert, where El. face (or throat) Invert El.= /82'. B ft. 
invert should not exceed El. stream bed. Bevels: 

(4) S.,. S0 - FALL/Lo Angle• ___ 

(5) Out let Velocity= Q/Area defined by dn at S b= ___ in., d= ___ in. 
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PROJECT: E" -x.B.l:!!llfe No.[. DESIGNER: .!MN 
SIDE-TAPERED INLET 
DESIGN CALCULATIONS 

STATION: DATE: IZ -10 -7~ 

INITIAL DATA SI< ETCH 

~ 
o..iHL_.· ~ efs So•_Q:.M_ FACE7El .. 
AHWEl.•~tt. La= ~!{() ft. 

, 7 ~ TAPER= _4_, I ft!" irtwoot 
Barrel Shape 1lCB; /)r 0.0/Z. ~1rl~L-=n;-and Material 

Foce Edge ·"~So-~ - -
Oeaeriptian "95. f&'!e/$ -- Min% 

ff© f Cres\..;: ~ N=-1-. 9._7 __ ft. D:-~--ft I 
Taper ... - Taper 

l 

(I) 
Q 

(2) (3) (4) (5) Upper Headings for Box 

l:!.t:.. ~ D3'2 Min. Culverts, Lo'l!ll!r Headings for 
D Bi Pipes 

El. El. COMMENTS 
Throat j( ~ ~ ~ 

Foee a Invert B1 Lt s L1~ Invert 

Trio I No._/_, Q= /IJOO , HWt= zoo c t'Y2111. ~'lt)/l"~c/) F./9LL ... !>. ., , 

idiArf lfS T#lete<f 
Sf if2[?r l\f E1iJ = /C.tf.. 

/000 184·/ 2Jl8 6-• /,,. 7 /().3 /().S" "7.LI O.d33 a. z 18,,.' 

~ ~ ~ ~ ~ ~ ~ ~ ~ N'W'L 
"00 Z./4 S.•4 /"r.& /'17. / 

/000 I~ ~ .• 4& ~.so ~ ·~ ~ ~ ~ ~ ~ 
,,,,.,.. 

/98.8 
/100 c.1T 7. /'f '"·" 2«J-9 

Trial No.~, Q• /t>Oo , HWr /'J8. 7 (,t:"/ILL r 7: Z ') 

''""' 1er.s z.4S " .. ' 1"'1·7 /0. '3 /()·S 7.0 o . .oz, c.e /83.() a,5'2~AfE~ = 

~ ~ ~ ~ ~· ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
Trial No.-~,Q= /01!2 ,HW,= 'ZOO (FALt. ~ '?. Z ') 

/C~"Z. 18Z·8 z.70 7.05 /4·7 10.3 /0.5 7.() o.oz, o.z 183.() a, D\~r At Ev:il = 

I~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ 

Notes and Eguotions: SELECTED DESIGN 

(I) HtlD[or Hr!E)"" (HW1-EI. Throat invert- I )/D[orEJ BP /t>.S ft. 

DsEs I.ID L1• 7. () ft. 

(2) Min. BpQr~) BfQD3"2J Bevels: An9le 4~ 0 

d .. _:s_in., b= 'S. !> In. 

Min.At• of.: 12)AfQEI~ Crest Check: 

HWc• 198-7 ft. 

(3)L1t;NjTAPER He= 7.7 ft. 

Q/w• 
~., (ChOrt 17) 

( 4) From throat desiqn Min. W= _!1_ ft. 
(5) El.Face Invert-EI.Throat lnW!ft,. I ft. I recompute. 

Face and Throat may be lowered to better fit site, but do not raise. 
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PROJECT: £°"::!!:~Le: dq, L SLOPE-TAPERED INLET DESIGNER: .H:j N. 

STATION: DESIGN CALCULATIONS DATE: }"2.-I0-15 

" - n -ll\llIIAL DATA: t t 
~ ;1~ 

Q..fJ;L ./tJtJ()cfs So•~ i Ht 
SECTI 

AHW EL.t"OO ft. L0 •~ft. s... ·1 
Sf 

- ,c;..1'11, 

El. Stream FALL l ~L i:; Sf 
bed at crest -1.!!!___ ft. f s-

l ,___::/ s .... BEND BEND 
SECTION sa::T10N 

El. stream r-L21 ~ bed at face /'10 ft. WEIR CREST 

TAPER =L• I (4:1 lo 6: I) pf-~-t I r-
vf - TAPER 

St= :I (2:1 to 3:1) r 12:- ,1 ,:, llf\ I ' 

Barrel Shope 

-[;~k, and Material J?t8; ;Jr c:J. t:>/Z. ~L1_j Inlet Edge 

Description <f.s·s~ '----SYMMETRICAL FLARE 
ANGLES FROM 15" TO 90" 

N•_/_,a._7 __ ft, O•_'-__ ft VERTICAL MITERED 

( 1,) (2.) ( 3.) 
El. El. Min. 

Throat Face .!± Q 
oYz Bt Comments 

Q 1-tNt Invert Invert Ht 0 a, 03/2 Bf s 
<:.#i<1.t'4' It. •111.+ 

Bt c)!tz = /A:J() '200 /8'9-1 /'10 /() /.4'1 ~I /'1-7 /;J.;s "" 4.0~! 

- ~ ~ ~ I~ ~ ~ V-1..0t!JI -Gtc:!"' """'.,.,J #cl. I ;; 
~ ~ ~ ~ ~ 

/t>M /98-7 1az.s ,,0 s.7 /.43 4.45 14.7 /~,3 '' A.IJZ9 a, D~= 
N 

~ ~ ~ ~ ~ ~ ;; \feA· ·- I 1.-- ""-·-Jl:JtJ. 2 
~ 

I~ ·~ I~ ~ ~ ~ 
Note: Use only throat designs with FALL >0.250 

( I.I El. face Invert: Vertical• Approx. shun bed ei.otion 
Mitered= EL Crest -y, where y • 0.40 (Approx.), but higher 
than throat invert elevation. 

(2) Hf HW1-EI. face invert 

(3 l Min. Bt =Q/((ct\2) Q/9tlY12 ) 

• (4.) (5) (6) (7.) (8.) (9.) (10.) (II.) (12) GEOMETRY 

Min. Check Adj Adj .9. Mcu. Bf=-ft. L3=-ft. 

L3 L4 L2 L2 L3 TAPER L1 w w He Crest L1,_ft. L4•-ft. El. L2•-ft d•--in. 
3.5' - //,8 /it'-S - "/.4:1 /S.3 (). __ in. 

3.s- - /JJ.4 /,,,, . ., TAPER= __ : I 
3.'- - 18.0 

(4.) Min. L.5=0.5N8 (9.) If (6)>(7) Adj.TAPER •(Lz+ La>/~2N~ 
( 5.) '-4=Sty+ O/St 

(6.) L2 •(El. Face (Crest) Invert-El. (IO.)L1= l2•-la+ L4 

Throa~rt) St- L4 llUMitered: W= NB -t2&~1PE~ 
(7.)Check L1• ~ TAPER-L3 

02.)Max.Crest El.• H~- He 

~ (8.) If (7l>l6), Adj. L3 TAPER-L2 
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PROJECT: £~---Ve /\/-. J 
SLOPE-TAPERED INLET DESIGNER: ,JMH 

STATION: DESIGN CALCULATIONS DATE: 1% -I0-'73 
\ .-

"' -INIItAL DAIA=. 

11~ 1J~ Q~ = /OOOcfs So • "·OS i Ht SECTI 
AHW EL. zoo ft. L0 • ~ft. s. r St _lc;..1"1L'/ 

El. Stream FALL ! FALL ~""£;Sr D 

bed at crest...!..!!..._ ft. t s-BEND__/ t s-BENO 
SECTION SECTION 

El. stream 

r-41~ bed at face~ ft. WEIR CREST 

{?f~~~ TAPER =L'I (4: I to E>: I l l I T~-1 St=~ :I (2:1 to 3:1 l 
•i If\ I ' 

Barrel Shope ! I~- I 

4;~-, and Material 2.CB · "= o.otz --y-~L1_j Inlet Edc;ie 

Description 4S0 ,Be.,.e/s SYMMETRICAL FLARE 
ANGLES FROM 15° T090" 

N•_/_;e•_L_tt, D•-~--11. VERTICAL MITERED 

(I.) (2.) (3.) 
El. El. Min. 

Throat Foce Ht a 
D3/2 Bi Comments 

a HWt Invert Invert Ht o Bt D
312 Bl s 

~,/. "· 11lWe 4 
Bt c3fl = 

/O~Z Zoo t8Z-8 /90 /0 /.~7 S".I /4-7 /<#. z. /S:() 'o.tU9 

- ~ ~ ~ ~ ~ ~ l/erl1CAI -'ce ~ Oo/,,1 ;?O. 3 

~ ~ ~ ·~ ~ ~ ~ 
/000 Zoo //114. I 188-' //.4 1.90 5"."s- /4·7 /Z.tJ /2.0 tJ.1)33 a, D31'l = 

N 

~ ~ ~ ~ ~ ~ ~ #.lnecl ~e" ~,,,,I '*· I 
~ 

~ ~ ~ ~ ~ ~ 
Note: Use only throat desic;ins with FALL >0.25D 

( l.l El. face Invert: Vertical •Approx. 1t.-n bed elMJtion 
Mitered= El.Crest -y, where y • 0.4D (Approx.), but hiQher 
than tll"oat invert elevation. 

(2 l Ht= HWt-E I. face invert 

(3.l Min. 8f=Q/((~) Q/Sic312 l 

(4.) (5.l (6) ( 7.) (8) (9.) (IO.) (II.) (12.) GEOMETRY 

Min. Check Adj Adj Q Max. 
Bt •_ft. L3=-ft. 

L3 L4 Lz L2 L3 TAPER L1 w Yi He Crest L1•-ft. L4•-ft. 
El. 

Le--ft d•--in. 

3-5' - 14-4 t-Z.S - ~~:I /?.' f>-__ ln. 

cluVf't1 TAPER= __ : I 

3.5' 7-8 "·o ~-s 4:a - 17-8 tS.9 <.3.4 8.o 19z.o 

(4.l Min. ~=0.5NB (9.l If (6)>(7) Adj.TAPER •(Lr ~l/~ZN~ 
( 5.l Lf=Sty+ D/St 

(IQ)L1• 4+ ~+ 4 
(6.) 4•(EI. Face (Crest) Invert-El. 

(IL) Mitered: W= NB+2&~PE~ Throa~kl;rj St- L4 
(7.) Check La.• BfNB TAPER-L3 

02.lMCll.Crest· El.• H'N/- He 

~ (8.l If (7)>(6), Adj. L3 TAPER-L2 
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PROJECT: £'i!:J.t!Zl2Lt! JIA,. I 
SLOPE-TAPERED INLET DESIGNER: J~N 

STATION: DESIGN CALCULATIONS DATE: IZ - I0-751 
\ - '\] -

l~IIIAL QAIA' 

tt~ 1~ Q.ft_ :/l:>Odcfs So • ~ i Ht SECTI 
AHW EL.2'00 ft. L0 •~ft. s.. I ~ _So 1\l / 
El. Stream FALL ~ '- FALL St f 
bed at crest..!:!!____ ft. 

s-t BEND_/ f BEND-.J s-
SECTION SECTION 

El. stream 

r-~1~ bed at face /'JO ft. ~WEIR CREST 

-Vi:"""'""' TAPER =~'I (4: I lo 6: I) l I,.... ~l Vi - TAPER 

S1=~:I (2:1 to 3:1 l I' ~\ I ~ 
Barrel Shape J I.-:--~ I 

it;~ and Material J2C8 · /7., t:J. CJ/Z ~~~l_j 
Inlet Edge r-t.3 

Description "IS-0 8,-t~/s SYMMETRICAL FLARE 
ANGLES FROM 15°T090" 

N• __ /_,9,_7 __ ft, O•_&. __ ft. VERTICAL MITERED 

(I.) (2.) ( 3.) 

El. El. Min. 
Throat Face .!:!. Q 

D312 Bt Comments 
Q HWt Invert Invert Ht D a, 0312 Bf s 

'"'°'f '" 7116/t1 
a, 0312 = 

/(JO() /98·7 .1a~.s /88.t,, 10.1 /.68 ~/S' 11·7 ,13.5 /.f.tJ tJ.1Jr1 

- ~ ~ ~ ~ ~ ~ lllJ~red ..ace r11o.-nf ~- Z :2 
.= ~ I~ ~ ~ ~ ~ 

101.Z. Zoo JJ'Z. S 188." //.4 /.90 5'.~S 1-1.1 /2'.8 ,13.0 O.()Z'J a, D3'°'Z .. 

N 

~ ~ ~ ~ ~ ~ 0 /ff,/ered k.ce mJJAI /Jd. 3 
~ 

I~ ~ ~ ~ ~ ~ 
Note: Use only throat desi9ns with FALL >0.25D 

( l.l El. face hwert: Vertical •Approx. stream bed elewation 
Mitered= El. Crest -y, where y • 0.4D (Approx.), but higher 
than tl'woat invert elevation. 

(2 ) Ht = HWt- EI. face invert 

!3.l Min. Bt=ot!!~l 01e,cr12 1 

(4.) (5.) (6) (7.) (8) (9.) (IO.) (11.l (12.) GEOMETRY 

Min. Check· Adj Adj £. Max. Br •_ft. L3=-ft. 

L3 ~ L2 L2 L3 TAPER L1 w w I\ Crest L1~-ft. L4•-fl. El. 
cJ,a,f IT Le•-ft d•--in. 

3.!0 7.9 8.~ /O.S S-:4 - 2/.8 17., S'S.' 7.4 l'V.3 &-__ in. 

TAPER• __ : I 
3-S 7-13 s." 8.5" - 1.0'5: I 19.9 /,.8 ~.5.3 7.., I'll. I 
(4.l Min. 4=0.5N8 (9.l If (6)>(7) Adj.TAPER •(Lz+ L3l/~lN~ 
( 5.) L.r=Sty+ D/St 

(6.) l.i•(EI. Foce (Crest) Invert-El. (IO.lL1• '-2+ la+ 4 

Thro1s;;r] St- L4 (IL) Mitered: W= NB+2&~p~ 
( 7.) Check Lz.• NB TAPER-L;s 

Nq 
!12.lMm1.Crest· El.• HWr- He 

(8.l If (7)>(6), Adj. L3 TAPER-Lz 
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.. 

Conclusion - Example Problem No. 1 

Since the requirements called for the smallest 
possible reinforced concrete box culvert, the 
barrel should be a single 7' x 6'. 

Selection of the inlet would be based on cost. 
The additional 1. 3 ft. of FALl gains 62 cfs 
at AHW El. = 200.0, but this is not significant 
at this site. It appears that a side- or 
slope-tapered design meeting the Q and HW 
requirements of point 1 would be adequate 
and the least expensive. 

Examination of the outlet control curve shows 
that a discharge of 1,200 cfs (20% above design) 
results in an AHW El. 5.5 ft. above design. 
At this site, no serious flooding of upstream 
property or the roadway will be caused by 
such a headwater, and no larger barrel is 
required. 

The dimensions of several alternate inlet structure 
designs are presented, based on points 1, 2, and 
3 on.the culvert performance curves. Note that 
the side-tapered inlets remain about the same size 
for all FALL values, while the slope-tapered inlets 
increase in size as FALL increases. However, the 
side-tapered inlets require an increasingly larger 
upstream stnnp as FALL increases. Which design will 
be more favorable will be a matter of economics and 
site considerations . 
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PIPE CULVERT EXAMPLE NO. 2a 

Given: Design Discharge (Q) = 1,000 cfs, for a 50-year 
recurrence interval 

Slope of stream bed (80 ) = 0.05 ft./ft. 

Allowable Headwater Elevation = 200 

Elevation Outlet Invert• 172.5 

Culvert Length (La) = 3 50 ft. 

Downstream channel approximates an 81 wide 
trapezoidal channel with 2:1 side slopes and 
a Manning's "n" of 0.03. 

Requirements: This pipe culvert will be located in a rural 
area where the Allowable Headwater Elevation 
is not too critical; that is, the damages are 
low due to exceeding that elevation at infrequent 
times. Thus, the culvert should have the 
smallest possible barrel to pass design Q 
without exceeding AHW El. Use a reinforced 
concrete pipe with n = O. 012. 

13-107 

Arch
iva

l 

Sup
erc

ed
ed

 by
 H

DS-5 

3rd
 ed

itio
n -

 A
pri

l 2
01

2



OUTLET CONTROL 
DESIGN CALCULATIONS 

DESIGNER:_....A..._H::..;L"------

STATION: 

INITIAL DATA: 

Q_.8!_ = 1000 cfs 

AHW El. = too ft. 
So= • 05" 

La• 3~0 ft. 

El. Outlet 
hwert llZ· 5" ft. 

Stream Data: 

Barrel Shape 
and Material _R:_~~=-----Barrel n= 

Q 
Q 
N H 

(I) 

~ 
2 

-Trial No._/_, N= __ I _, B=---

c.Mr+ "L ..... ,. • " 

1000 1000 Z'3 \000 > 7 1.0 

Trial No._k_, N= I , B= -
1000 !000 143.7 1000 

800 Boo ft.• BDD 

1too IZOO 'Z.l!..S' JtOO 

Trial Na. __ , N= 

Notes and Equations: 
(I) de cannot exceed D 

}7 

}7 

> 1 

• 8= 

(2) TW based on dn in natural channel, 
or other downstream control. 

7.IJ 

7.o 

'/.O 

' 

(3) llo=~ or TW, ...tiichever is larqer. 
2 

(4lHWo= H+ho+EI. Outlet Invert. 

I 

(5) Outlet Velocity (Vo)=Q/Area defined by de 
or TW, not greater than D . Do not compute 
until control section is known. 

Qn 

, . . 

O= 

D= 

SKETCH 

AHW El. ZOO ------.. 

-
H • AHW El.-EI. Outlet lnvert-h0 

£- -------,'~f,w 
Fnt Approximation La -- I 
Q=....1.Q.Q.2._ cfs, ke • .-::..1£_, La•~ ft.-----i El. Outlet 

lnvertl'l'Z·!i' 

• ZOO -17'l'.S ---2:_• ZZ-5' 

.0/'2. ••• A• __ ft.2 or D•__z::__ft.; Try 

(2) (3) (4) (5) 
COMMENTS 

TW ho HWo Vo 

7 ke=~ 5.t~~ <N,.r:s 

liOS 11 

;!>.'!> '/.0 ztJt.S /; K Ct!t!ds AUw E:.t. 

7 ,ke=~ 'Be-1e.\~ Cd«J~!l. 

3.t; 7,0 ,,,,.2. 
~-~ /f.tJ l'U. I 

3.8 10 2D8.0 

• ke•---

SELECTED DESIGN 

N= I At Design Q: 

B= - ft. 

D= 7 ft. HWo= 12~· z ft. 

ke= . a. Vo= - fAI 

• ~ 29n2· g v2 
H = + ke+ Rl.33 2g 
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PROJECT: MJ9t7fpk Ng '2~ 

STATION: 

INITIAL DATA: 
Q~= /000 cfs 

CULVERT INLET CONTROL SECTION 

DESIGN CALCULATIONS 

AHW El." zoo ft. zoo 
So= ...:.12.§_ ~AHW El 

Lo= ?>SI> ft. ~ 
El.Stream 
Bed at Face~ft 1:1i L._;FALL 

Barrel Shape ~ -µ-:?_""-_--;;:So:----~ 
and Material F;.<:.. P1JM; Barrel n·~ -I \ - - ~- _ 

..Q. s-
N= __ f _, B = - 2 EL Face Invert 

D = , NBD3/2 = _=._ 

(Pipe) ND%. 1z2.&. ('to.hit!: :s-) 

CONVENTIONAL or BEVELED 
INLET'. FACE CONTROL SECTION 

(Upper Headings) 

DESIGNER : __,Ll:z'a.::. d4=----

jw El. '2,o_o ___ _ 

Jt."L_' ~ 
~ 

Inlet~ s-
Structure El. Throat Invert 

TAPERED INLET 
THROAT CONTROL SECTION 

(Lower Headings) 

DEFINITIONS OF INLET CONTROL SECTION 

( I ) (2) (3) (4) (5) Note: Use Upper Headings for 
Q H! El. El. Coventional or Beveled Face; 

NB 0 Hf Face Stream 
HWt Lower Headings for Tapered 

Invert Bed Inlet Throat. 

El. 
At 
Face 

~~2 Ht Throat COMMENTS 
Q Ht Invert FALL HWt s Vo 

D 

Tri al No. _L_ Inlet and Edge Description _f.""""e._,'fc::'l-:.:\e::cd=-_,,:r,._,~-"\"'e:;""\-'--------------
i<:.\.\41'+ I~ 

L 000 I 000 4. 'Z-

I~ 

Trial No._Z_ Inlet and Edge Description Tq.pefed -r\..-coa.+- - c.::.mootl.. 

~o.<+ 18 HPS ~ 
\000 7.1'Z... Z.A4 '"·., j,t:l,O.\ l~O ~.9 'ZOO ,Ott. 30 <9k -ea.~. i::ie<f'- C.U.f'ICS 

Acv::, '1.17 z.16 16.1 ~ ~ ~ 19S"2 ~ --rr'1 7rao,t11.· t!Ad ,;i}e.f 

~ ~ ~ ~ IZOO 9.'t. 7 .3-8 .U,.4 'Zll'-· 7 

Trial No. __ Inlet and Edge Description ____________________ _ 

1000 ~0<>6 3.{)'S Z4., 17$'. I J t:}O /4. 9 'ZOO 

Notes and Eg1.1ations: 
(I) El.Face(orthroat)invert=AHW El.-H1(orHtl 

(2) FALL= El. Stream Bed at Face-El. face (or throat) invert 

(~ HWt (or HWtl =Ht (or H1)+EI. face (or throat) 
invert , where El. face (or throat) 
invert should not exceed El. stream bed. 

(4) S""'S0 -FALL1La 

(5) Outlet Velocity =Q/Areo defined by dn at S 

13-109 
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SELECTED 'DESIGN 

Inlet Description: 

FALL:~ft. 
Invert El.= l.8Q.J_ ft. 

Bevels: 

AllC)le=~ 
b=--=:__in., d= ___ ln. 
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PROJECT: e~c, No, ~~ DESIGNER: A.Lit.. 
SIDE-TAPERED INLET 
DESIGN CALCULATIONS 

STATION: DATE: I'//• 7f 
INITIAL DATA SKETCH 
o :s-.o = tOt:JO cfs So= . o::r 

:;ACE? El ~ AHW El.= Zoo fl. La=~ft. 

~ TAPER= _4 __ , I i~·-·~ ~---So Barrel Shape 
@-C. p,pe. 

i~" I.-~ and Material 

Foce Ed11e --+io &Ads ~'Lis..__ :] MinO,.Z Description --
T::;---j 

1 

Cres~ ~ ::L1~ N·--' -, 9,,__:::__ ft. D=-1 __ ft B ~ ti r-c::;.oper i.;;;;- Taper 

IA< '"-o/ x ll( (3) (4) (5) Upper Headill<jjs for Box 

1Jt1'.l' 
Culverts, Lower Headings for 

El. 

. 
Pipes 

El. COMMENTS 
·Throat .!::!f.. Q Min . Face 

Q Invert E At Ei-2 El/2 At Bt L1 s L1S Invert 

Trial No.__l_,Q= 1000,HW1= zoo 

<:.Nl•+ 1, ~c• S, 6'2f?r flt E 1t~ = S-4 • ~Z: 
'coo 1ao.1 'Z.7 7 '?'J-#lt" ~.!.S 10.0 " .ozz .1'!2: 180·Z. 

~ ~ ~ ~ ~ ~ ~· ~ 
!!£ IJJ:k 

•r.n I.•< '!J).s l'lit.t."'l" '"'"-·R<" 
/lf:>OO 

I~ e."' c,.ss ~ I~ ~ ~ ~ ~ ~ NJ.z l'ltl!L4 
lt:oo ,!I. 3'3 s.zs zs.3 'Z O'B• 5" 

Trial No. __ ,Q= ___ , HW1· 

'· Bt6'c~ AfE 1~ = 
--· 

~ ~ ~ ~ K ~ ~ ~ 
~ ·~ ~ ~ ~ ~ ~ ~ 

Trial No. __ ,Q=. ,HWf=---

S, D~r Ar EVaj = 

·~ ~ ~. ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ 

Notes ~nd Eguations: SELECTED DESIGN 

(I) HilD[or H!/E] .. (HW1-'El.Thtoot lnvert-1)/D(orE) Bt = lO ft. 

DsEs I.ID L1= " ft. 

(2) Min. Bt=Or) BtQD3~ Bevel!f: An9le 45" Q 

Min.Ar= of l<z>AtQEI~ d =-=-.in., b•~ln. 
Crest Check: 

HWc• '%00 ft. 

(3) L1't';NjTAPER He" 
/0 ff. 

oiw· {lo (ChOrt 17) 
(4) From throat desiqn Min.W= /2.'fi' ft. 

(5) El.Face Invert - EI.Throat ln\<l!l't > I ft., recompute. 
Face ond Throat moy be lowered lo better fit site, but do not raise. 
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PROJECT: f;""x.o,ntplc ,.yo. Zq. DESIGNER: HUI.. 
SLOPE-TAPERED INLET 

STATION: DESIGN CALCULATIONS DATE: t..-1!-'?'J:. 
~ <;] ~ 

lt!llIIAI. DAilf 

tt~ :,~ . Q~ =~cfs So • ...:..E.L T Ht SECTI 
AHW EL. :zoo ft. la• ~!{'O ft. s.. I ()r - s..1~LI./ '1 
El. Stream FALL ~ FALL Sf ~ 
bed at crest ~ f I. f ,_/ -S-SEND t 

BEfC>--1' _, _ 

SECTION SEtTION 
El. stream 

~1~ bed at face ~ ft WEIR CREST 

-~ '"''"''' TAPER • ... i .. .' I (4: I to 6: I) t I r- /f' TAl'ER 
Sf=....L:l (2:110 3:1) 

i I 2:- 1 1i 1~\ I f . . 
Borre! Shape 

1b~~. .and Material 12.C.. eiee. ~~L1_J Inlet Edge 

Description 45° 'f3e-(e..l~ SYMMEtRlcAL FLARE 
AHGLES FROM 1s•T090' 

N•_l_,e._-__ ft, o._I__ 11. ("'VERTICAL "") MITERED 

~-...,..u.. ConuJc. :r.,.\4t.\-
(I.) (2) (3.) 

El. El. Min. 
Throat Face !!!. a 

o3l2 Br Comments 
a 1-Mf Invert Invert Ht D Br 0

312 Br s 
~\.Art Ji. ..... "' 

Bf er" = IOt>O zoo 1ao-1 l~t> 10 1.43 "4.4 1s.s JZ. '!> I '!.I .oii 

- ~ '~ ~ ~ ~ ~ Ci 
~ ~ ~ ~ ·~ ~ I~ 

Bf D3~= 
N 

I~ I~ I~ I~ ~ I~ Ci 
~ 

~ ~ !~ '~ [~ I~ 
Note: Use only throat designs with FALL"' 0.25 D 

( I.) El. face Invert: Vertical• Approx. ,,,_. bed ei.otlcn 
Mitered= El. Crest -y, where y • 0.40 (Approx.), but high« 
than tlYoot invert elev atioo. 

(2 ) Hf = HWt -EI. face i11Yert 

(3.) Min. Br •Qt((~) OIBtrf'i2 l 

( 4.) (5) (6) (7) (8.) (9.) (10.l (11.) 02.) GEOMETRY 

Min. Check Adj Adj s Max. Bt •li&ft. 1..3"M'... ft. 
L3 4 L2 L2 L3 TAPER L1 w w He Crest L1•?3.!Jft. L4•...=...ft. 

El. 

~·lM..ft d•U..in . .. 3.s- - ,,.e 8-'(; - 7.8 z3.3 f)s 0.~ In. 

TAPER•.zlL: I 

(4.) Min. '-3=0.5NB (9.l If (6)>(7) Adj.TAPER •(Lz+- lal/~2N~ 
( 5.) 1..t=Sty+ D/Sf 

(6.) 4!•(E1. Face (Crest) Invert-El. 00.)li• 4!+ la+ L4 

Throl~;r] ~- L4 (IL) Mitered: W = NB+ 2 &~PE~ 
(7.) Check L • NB TAPER-L3 

m 112.lM1111.Cmt Et• HWr- He 

(8,) If (71>(6), Adj. L3 TAPER-L2 
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Conclusion - Example Problem No. 2a 

As in Problem No. 1, requirements were for the smallest 
possible barrel, this time using a reinforced 
concrete pipe. On that basis, a 7 ft. diameter 
barrel was chosen. 

With bevels or a groove end, the FALL was excessive, 
and therefore it was decided to use a tapered inlet 
at this site. The required FALL for the tapered 
inlet is about l.SD. 

Selection of a side-or slope-tapered inlet would 
depend on economics and site requirements. To sump 
a side-tapered inlet for a FALL of 9.9 ft. would 
require a rather large structure upstream of the 
culvert entrance. 

Examination of the culvert performance curves shows 
additional FALL would achieve very little for this 
barrel; therefore, no optimization was performed and 
the FALL was set at 9.9 ft. 
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PIPE CULVERT EXAMPLE BO. 2b 

Given: Design Discharge (Q) = 1,000 cfs, for a 50-year 
recurrence interval 

Slope of stream bed (S0 ) = 0.05 ft. /ft. 

Allowable Headwater Elevation = 200 

Elevation Outlet Invert = 172.5 

Culvert Length (La,) = 350 ft. 

Downstream channel approximates an 81 wide 
trapezoidal channel with 2:1 side slopes and 
a Manning's "n" of O. 03. 

Requirements: Tb.is pipe_ culvert will be located in a rural 
area where the Allowable Headwater Elevation 
is not too critical; that is, the damages are 
low due to exceeding that elevati~n at infrequent 
times. Thus, the culvert should have the 
smallest possible barrel to pass design Q 
vi thout exceeding AHW El. Use a corrugated 
metal pipe with n = 0.024. 
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PROJECT:i;!'~a..w1p/c "Z6 DESIGNER: AllL 
OUTLET CONTROL 

DESIGN CALCULATIONS 
/-/S-?1 STATION: DATE: 

INITIAL DATA: 

Q.LL_= 1460 cfs SKETCH 
AHW El.= Z.QQ ft. 

So= .Q$' 

La= af-D ft. 
AHWEI.~ 

sz 
El. Outlet 
Invert J1Z:.L ft. -L - -- - - - --
Stream Doto: 

~ I I TW 

~· .o! /( FA· la~ 1rst pprox1mot10n 

I 2. S.o= • Q S" Q=~cfs,ke =.......zL,L0 = a<D ft. El.Outlet 

H • AHW El.-EI. Outlet lnvert-h0 
Invert Oli_ 

i--a ___., 
= 200 -tn.S' -_1_· t.o.S' 

Barrel Shope 
and Material Cc.tr. fAc.t..l ?i~ .OZ'4 .•. As __ tt.2 

ii a , 
Sorrel n• Of D•~ft.; Try 

.. (I l (2) (3) (4) (5) 
Q Q ~· COMMENTS 

Q N H NB de 2 Qn TW ho HWo Va 

Trial No._l__ , N• __ \ -· 8= - ' D=_a_, ke= • ZS' 

~w•' ~...,,. MO$~ 

l\MO 1\000 t'5 1.1-:J 1.81 3.5 7.81 Zl>3.t G~r.Mds A JIW El. 

Trial No.~. N= __ t._, B= - D= '° ke=~ . . 
100() $'/JO zt.s 

)' " ,.o 3.s. '-·O tOI c.~ue<./$ AJIW GI. 

Trial No--3__, N• __ L, B• - D• •. s ,ke•~ . 
1000 $00 ''$'.6 ,,,.~ <.·$' -s.s ,.5 11-t.~ Dk .. c};,e, 

800 4\00 10 >"·~ '1..5 l.3. z,< t.·:f' 1S' 

ll'ZOO •OO Zt. >'·~ (,..$' l.3 . .8 •. s 201 

N2t!l11 g[!:l fi:nutti1m11: SELECTED DESIGN 
(I) de cannot eitceed D 

(2) TW based on dn in natural channel. N= z At Design Q: 
or other downstream control. B• - ft. 

(3) ho= .!!cQ. or TW, whichever is lorqer. 
D= ~.!{ ft HWo = 1'11· $' ft. 2 

(4) HWo • H+ ho+ El. Outlet Invert. ke= • 2~ Vo• f 1' 

(5) Outlet Velocity (Vo)=Q/Area defined by de 
or TW, not greater than D. Do _not compute ~ 29n2· L~ v2 
until control section is known. • H = + k,,+ Rl.33 2g 
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PROJECT·,.;----h ,,,0. 1!6 . 
STATION: 

INITIAL DATA: 
Q~= 1000 cfs 

AHW El. .. eoo ft. 
So= .d2L 
La=~ft. 
El.Stream 
Bed at Face~ ft. 

CULVERT INLET CONTROL SECTION 

DESIGN CALCULATIONS 

AHW EL f!OO 

1-7-AL~ ~ 
Bon-eln·~ \::J1 :1+-l---~-

!L \ s- -

Barrel S~ 
and Material C.ff\P 

N=-"--, B=----

D= I,.'$ NBo3"2=-·--
--. (lo .. 1• 5) 

(Pipe) ND%• 2.IS.-t 

2 
El. Face Invert 

CONVENTIONAL or BEVELED 
INLET: FACE CONTROL SECTION 

I Upper Headings) 

DESIGNER: AUJL 

DATE: 1-at .. zt 

r:u;<> ~ 
,,~~ 
Structure El. Throat Invert 

TAPERED INLET 
THROAT CONTROL SECTION 

(Lower Headings) 

DEFINITIONS OF INLET CONTROL SE'.CTION 

I I l (2) (3) (4) (5) Note: Use Upper Headings for 

a Ht El. Et Covenlional or Beveled Face; 
N8 - Face Stream Lower Headings for Tapered D Ht HWt Invert Bed Inlet Throat. 

El. 
At 
Face 

~\ ~ 
Throat 

HW1 s COMMENTS 
Q D H1 Invert FALL Vo 

Trial No._1_ Inlet and Edge Description 13eve..led :X:nlek - =1. 5""' 
C.¥rt 1.t 

t;oo l.9 12.-4 187.t. 190 z.4 zoo 

I~ 

Trial No._Z_ Inlet and Edge Description TQ.f!'l"ccL lillc..\- 'i\100.+ - fO"') i.. - FA&..I.. " 0 · 7' 

CMQ.Y'i> IS 

\000 4.~'& , •• 5 mlcA-. 

1z.OO ~-"- '-91 IZ.B ~ ~ ~ 1.DZ.I ~ mcre4~ Q, a.4:. AHW "zoo 
Trial No.-L Inlet and Edge Description 1iee~«d CY\\&.\. -thH.o..;t -ro111)\ - Ee1.1. = 2.~· 

(.-...n.as 
1000 4.•'3 '·"" 

8., ·~~I~ ,,,.1 I~ 
17.B ~ ~ ~aoo.31~ 

Notes ond EQ\!otions: 
(I) El. Face (or throat) invert= AHW El.-Ht (or Hi) 
(2) FALL= El. Stream Bed at Face-El. face (or throat) invert 

(3,) HWt (or HWtl= Ht (or H1l+EI. face (or throat) 
invert, where El. face (or throat) 
invert should not exceed El. stream bed. 

(4) S""' S0 -FALL/La 

(5) Outlet Velocity =Q/Area defined by dn at S 
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1'!> llfD ¢. 

SELECTED 'DESIGN 

Inlet Description: 

FALL=~ft. 
Invert El."' .1BZ:.Ji. ft. 
Bevels: ,4.1/A 
Anole·---
b= ___ in., d= ___ in. 

Arch
iva

l 

Sup
erc

ed
ed

 by
 H

DS-5 

3rd
 ed

itio
n -

 A
pri

l 2
01

2



SIDE-TAPERED INLET 
DESIGN CALCULATIONS 

STATION; 

INITIAL DATA 
o~- /000 cfs 
AHWEl.,,~ft. 
TAPER= _41 __ : I 
Barrel Shape n ~ 
and Materiol---="'-""'"-l'C.o...·_~..__,_'P"-'----
Foce Edge . 0 _ 1 
Description 4$' Sc-iuS 

N._t_, B=----ft. D=~ft 

El. 
Throat 

Q · Invert 

5',,_9_ 

Trial No ___ , Q =----· HWf=·---

Notes and Equations: 

(!) HtlD[or Hi!E]'" (HWf-EI. Throat Invert-I J/D[orEJ 

osE:; I.I 0 

(2) Min. 8f=Ot~) ~ J 
Min.Ai= o'f "2>A~EI~ 

(3) Lt=t';NjTAPER 

(4) From throat dffiqn 

(5) El.Foce lnvert-E I.Throat Invert,. I ft., recompute. 

81 

(3) 

L1 

Face and Throat may be lowered to better fit site, but do not raise. 

13-118 

(4) 

s 

SKETCH 

(5) 

El. 
Face 

L1S Invert 

Upper Headings for Bo~ 
Culverts, Lower Headings for 
Pipes 

COMMENTS 

6' D f?r .l\tE 1~ = 

Fbi ,.,; No, I 

c.J.,,,~. eke QA 

S,O ~ AfE~" 

Po,,,f No. 2 

B, D ~AtE~ =·---

SELECTED CESIGN 

Bt = 9 ft. (Z '"w.\·tt \ 
LI'• 7 ft. 

Bevels: Angle .;s 0 

d =~in., b=.hl_in. 

Crest Check : 

HWc• zoo ft 

He• 7 ft. 

O/w• 7t. (ChOr.t 17) 

Min. W= IS•4 ft.• .!!!!!. 
fl'\•'\""t &\too c.-.~•'° 74 
cr,\op• • .-..,..,eel '"""'-\ 
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Conclusion - Example Problem No. 2b 

This represents a solution to the conditions 
cited in Example Problem No. 1 using corrugated 
metal pipe for the culvert barrel. The smallest 
barrel which meets the AHW El. and design Q 
requirements is a double 6.5 ft. c.m.p., assuming 
that such a size is available from local suppliers. 

Beveled edges on the culvert inlet would be 
acceptable with a FALL of 2.4 ft., or a tapered 
inlet could be used with a FALL of 0.7 ft., or 
essentially no FALL. 

Examination of the culvert performance curves shows 
that with an additional FALL of 1.8 ft., the culvert 
capacity can be increased by almost 20 percent 
at the ARW El. Thus, a tapered inlet was chosen 
so that the total inlet FALL, including optimization 
would be kept at a minimum. With a FALL of 2.5 ft., 
culvert capacity is 1170 cfs at ARW El. = 200 ft. 

For a FALL of 2.5 ft., a sumped side-tapered inlet 
was chosen. Such a small FALL would require a 
minor structure upstream of the culvert entrance. 

Notice that for the double barrel side-tapered pipe 
culvert, the culverts must be treated as two · 
separate structures, each with its own prefabricated 
side-tapered inlet. An alternate design would be 
the use of two circular to square throat transitions 
and a cast-in-place concrete side- or slope-tapered 
inlet structure. In that case, the inlet structure 
could be a dual structure so long as adequate barrel 
separation is provided for backfilling around the 
pipes. 
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BOX CULVERT EXAMPLE BO. 3 

Given: Design Discharge (Q) = 1,000 cfs, for a 50-year 
recurrence interval 

Slope of stream bed (s
0

) = 0.005 ft./ft. 

Allowable Headwater Elevation = 200 

Elevation Outlet Invert = 188.25 

Culvert Length (La} = 350 ft. 

Downstream channel approximates an 81 wide 
trapezoidal channel with 2:1 side slopes and 
a Manning's "n" of 0.03. 

Requirements: This boX culvert will be located in a rural 
area where the Allowable Headwater Elevation 
is not too critical; that is, the damages are 
low due to exceeding that elevation at infrequent 
times. Thus, the culvert should have the 
smallest possible barrel to pass design Q 
without exceeding ABW El. Use a reinforced 
concrete box with n = 0.012. 
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PROJECT: e:xa.me1e. N'C. !> DESIGNER: A J./ L.... 
OUTLET CONTROL 

DESIGN CALCULATIONS 
STATION: DATE: l- /1- '7i-

INITIAL DATA: 
·Q~= /OCO cfs SKETCH 
AHW El.= zoo ft. 

So= .oos 
La= 3$"0 ft. 

AHW El. .z_QQ_ 

S2 
El. Outlet 

£---------:~fn, 
Invert 1.SS. V:f ft. 

Stream Data: 

~=·0~ / 
First Approximation Lo ~ ---I~ s.,. .O•S ~ Q• 1000 cfs,ke •....:4--,La•~ft. El.Outlet 

H=AHW EL-El.Outlet lnvert-h0 
Invert~ 

l+-13~ 
• Zoe. - 18B.Z$'-_L__. 4.75 

Barrel Shape 
and Mater10 I ~- Bo >c Barrel n • , OJZ. .•. A•..I1_ft.2 or D• ___ ft.; Try 2i<~ 

* (I) (2) (3) (4) (5) 
Q Q ~ COMMENTS 

Q N H NB de 2 Qn TW ho HWo Vo 

Trial No.__l_, N=__L_, B= 
., 

, D=--2__, ke=~ 

~ ....... \.I .:n..•T-s ~Ol> ~ 

\OC)O \OOQ 4.-z. \ \ \ 1.ZS' e.13 (:,, z. 7.'f too.'° Exc.ed ... J\l-%w Fl. 

+,.., £4r9er- :.1.; e 

I 

Trial No._z_, N= __ I _, B= /() 
I O= 2 , ke=-·_Z._ 

lbOO 1000 ~.a \bC •·8 7-., 
"· t. 

7-, ,,, .... & k.- do~-. -lo l\\\W El. 

800 BOO Z.\ 130 S"-8 7.4 5"·'- 7,4 I '17. 8 

IZOO JZOD 4.75 IZ.O 7." 8-'3 "·8 .!). ?> zot. ~ 

Trial No. __ , N=-·--, B= 
' 

D= 'ke=---

Not!ll! and Egygti11n1: SELECTED DESIGN 
OJ de cannot exceed 0 

(2) TW based on dn in natural channel, N= \ At Design Q: 
or other downstream control. \0 B= ft. 

(3) tto=dc;D or TW, whichever is larqer. 
D= 

., 
ft HWo" 192·~ ft. 

(4) HWo = H +ho+ El. Outlet Invert. ke= . i. Vo= - f 1'$ 

(5) Outlet Velocity (Vo)=Q/Area defined by de 
or TW, not greater than D , Do not compute ~ 29n2· L;J y2 
until control section is known. • H" +ice+ Rl.33 2g 
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PROJECT: E:~a.mple l'lo. :3 DESIGNER: /-1 ti..'-
CULVERT INLET CONTROL SECTION 

STATION: 
DESIGN CALCULATIONS 

DATE: L-11-'71 

INITIAL DATA: 
Q~= /000 cfs 

AHW El."' zoo ft. 

M~,~-~ 
7w El. Zoo So= .oos 

Lo= aS"D ft. u ,, 

~ El.Stream ~t 'Bed at Face~ ft. --
FALLl_ ~- ~ Barrel Shape 

and Material ec:. Box Barrel n• • o I Z lnlet..-f L s---
.Q. 1 \ - -- - Structure El. Throat Invert 

N=__.l_, B= IC 2 s-
El. Face Invert 

TAPERED INLET 
D= __ ?_,NBD312= z.zo (tQ.b/I! 3) 

CONVENTIONAL or BEVELED THROAT CONTROL SECTION 

(Pipe) ND~ • - INLET: FACE CONTROL SECTION {Lower Headings-) 
(Upper Headings) 

DEFINITIONS OF INLET CONTROL SECTION 

(I) (2) (3) (4) (5) Note: Use Upper Headings for 
Q I-If El. El. Coventional or Beveled Face; 

NB o Ht Face Stream 
HWt Lower Headings for Tapered 

Invert Bed Inlet Throat. 
At 

El. Face 

~'.}2 ~ 
Throat COMMENTS 

Q H, FALL HW1 s Vo 
D Invert i 

Trial No.__l..__ Inlet and Edge Description ~~<L cc~e~ ~ .. ~, 't\e.o..cl u:ia. \ ~!? 

<."4<\- 1 
\000 \00 \. "3 \\.I \88-~ \90 \.7 z.oo A\~ .. _. ... .._ FAu .. \ ... 'S'CV\G.. \\ 

I~ I~ I~ I~ 
.. 

~ ... \)e_'C'L\"- ..\... ('ed\Jc:.e. 

~ I~ I~ I~ 
. 

FAL.L. 

Trial No.~ Inlet and Edge Description 4'5"0 i3e...-~\'> 

<:... ........... t! \-\11~ ~ 

\000 \Ct:> \. z. 1c:ds \M.'Z. 1qo .a ~00 .c.oz:r 10-? FA.L-L-
\'!:a ""'"""'" -

"llo+ 11e.<.e. s~·· 

aoo Bo \.oz. ., . z. I~ I~ I~ 198-'1 I~ -lo 1 v--cxe.<:1. ~e. ~ue. ;"~\. ..i.a 

l°t.00 \ 2.0 lA'\ \'Z.."1 I~ I~ I~ z.02.1 I~ e.\ w•""""'-~ rAlL - Ll:.e. bl!~eled 11111!1 

Trial No. __ Inlet and Edge Description 

~ I~ ~ ~ 
~ ~ ~ ~ 

Notes and E~ations: SELECTED 'DESIGN 
(I) El. Face{or throat) invert= AHW El.- Ht {or Htl 

(2) FALL= El. Stream Bed at Face-El. face (or throat) invert Inlet Descri!!tion: 

(3,) HWt (or HWt) = Ht (or Htl+ EL face (or throat) FALL= -!...S.__ ft. 
invert, where El. face {or throat) Invert El. s ~ft. 
invert should not exceed El. stream bed. Bevels: 

(4) S<=-S0 -FALL/L 0 AnQle • 'l-5° 
(5) Outlet Velocity =Q/Area defined by dn at S b=_L_in., dz--±:..s::_ In. 
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Conclusion - Example Problem No. 3 

This problem was formulated to illustrate the use 
of the culvert design method of this manual as 
applied to a site where side- or slope-tapered designs 
are unnecessary. The conditions are the same as in 
Example Problem No. 1, except that the stream slope 
is only 0.005 ft./ft. This greatly reduces the 
difference in elevation between the inlet and outlet 
ends of the culvert, and reduces the chance of 
inlet control governing at the design Q. 

The selected design is a single 10 ft. x 9 ft. 
concr·ete box culvert with beveled edges and a FALL 
of 0.8 ft., or essentially no FALL. The culvert 
still performs in inlet control near the design Q, 
but little can be gained through optimization. 
Also, the headwater increases at a slow rate as the 
design Q is exceeded, and in this rural site, the 
consequences will be negligible. 
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PIPE CULVERT EXAMPLE NO. 4 

Given: Design Discharge (Q50) = 150 cfs 

Allowable Headwater Elevation = 100.0 ft. 

Elevation Outlet Invert = 75.0 ft. 

Culvert Length (L ) = 350 ft. a 
Downstream channel approximates a 5 ft. 
wide trapezoidal channel with 2:1 side 
slopes and a Manning n of 0.03. S0 = 0.05 

Requirements: This pipe culvert ls located in a suburban 
area where the AHW El. may be exceeded by 
2 to 3 ft. 'Without extreme damage. How­
ever, headwater elevations greater than 
103.0 ft. should be avoided far flows 
significantly higher than the design Q 
of 150 cfs. 
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PROJECT:£'-x.a"1p/~ No. 4 DESIGNER: Jl"fN 
OUTLET CONTROL 

DESIGN CALCULATIONS 
STATION: DATE: /Z-/o- 7!5 

INITIAL DATA: 
Q--82...__= /$'0 cfs SKETCH 
AHW El.= /00 ft. 
So,. o. 011' 

La• ,s-o ft. 
AHW El . .LR.a_ 

S2 
El. Outlet 
lnvert~ft. L--- -- - - ---
Stream Doto: 

Fm Awn-nm~ ~.o.03A 
.z._ o= a.05 Z I Q=....L.2/}__ cfs, ke =~. L0·~ fl. El. Outlet 

H=AHW EL-El.Outlet lnvert-h0 
Invert ...2.£_ 

i..- s-..i , , $"",. Zo' 
Barrel Shope • /dO -~--.--• 
and Moter1al C11·cu/(I.,,. C/llP Barrel n= t>. OZ4 .•. A• __ tt.2 or D• 4<. ,, ft.; Try 4Z" 

• (I) (2) (3) (4) (5) 
Q Q ~ COMMENTS 

Q N H NJir de 2 Qn TW ho HWo Vo 

Trial No_L_, N= __ /_, B= - D= 3·~' ke=~ . ---· 
~..t3 cS..,.f4. ¥/JS • 1iUI« a 

/S"t> /S°b ?JI /5'0 >3·S' 5.5" - /." 3.s IC,.S 75'"'3'"' 3.s :: /O.,.S' 

/IW. > AllW G/. r,., -18"' 

Trial No.__,;__, N= I B= - D= 
'9,. k = o.zs-. . ·---

/SO /~ /S:'- /ff"() 3." ~.8 - /." "8.8 '"'·"' (!)k. - {'\ l..oc.l "21)Q~C <f!'.dt:>P , 

/CO /00 7.0 /{)lJ 3.1 5.S- - I.,,, 3.S 85".S 

ZC>O zoo t?.8 zoo )" "I .,..~ - /. 9 -f.O tl>fo.B 

Trial No2-, N= I , B= - D= 
..,. I k = o. 5" . • e---

/'Sb /S'D /".2 /.<:, 3.a "~() ~m 1n,ler a:,,,.,h,I !'.e.-.,4on 

/00 7.Z.. ~ ~ <l.'11 ~\QJ ,.. 'Ill- z. /.4 3.s 8S:7 Cc::..IC£ .. dC1..4oAS Fllt..1... rect 1cl /00 . 
zoo zoo 28.S /.") "'"' 167-8 

. 
u~fl!.. /l"nP,-Or'l!J ,,,kr-.. 

NQtes and t;gyotiQI!§' SELECTED DESIGN 
(I) de cannot exceed D 

(2) TW based on dn in natural channel, N: I At Design Q: 
or other downstream control. B• - ft. 

(3) ho= dc+D or TW, whichever is larqer. 
2 D• 1. ft. HWo• 

.,,.,..,, 
ft. 

(4) HWo • H +ho+ El. Outlet Invert. 
ke=Q:2£orO.$" Vo= U; 

(5) Outlet Velocity (VoP-Q/Area defined by de 
~ 29n2· Lj y2 or TW, not greater than D . Do not compute 

until control section is known. • H • +ke+ Rl.33 lg 
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PROJECT: E'-,:.QJrf,o/e A.fA. 4 
CULVERT INLET CONTROL SECTION 

DESIGNER: Jl"/1.1 

STATION: 
DESIGN CALCULATIONS 

DATE: IZ·/0 • "?!$ 

INITIAL DATA: 
Q1fL_: £_!(0 cfs 

AHW El." /CC fl. 
AHW EL ltJO 

So=~ 7wE1./00 

~~:~~ 
La= :9:S"O ft. .., ,, 

~ El.Stream ~. 
Bed at Face~ ft. --

FALL ~- ~ Barrel Shape 
lnlet....r l s-and Mater la I C1rc. CHPaarnil n•~ 

J \ --Q -- Structure El. Throat Invert - 2 s-
N= , B= EL Face Invert 

, TAPERED INLET 
D= , NBD312 = CONVENTIONAL or BEVELED THROAT CONTROL SECTION 

(Pipe) ND% • 32 (=tole. S) INLET: FACE CONTROL SECTION (Lower Headings) 
(Upper Headings) 

DEFINITIONS OF INLET CONTROL SECTION 

(I l (2) (3) (4) (5) Note: Use Upper Headings for 
Q H! El. El. COl/entional or Beveled Face; 
NB o Ht Face Stream 

HWt Lower Headings for Tapered 
Invert Bed Inlet Throat. 

-·- At 
EL Face 

~~2 Ht Throat COMMENTS 
Q 

D Hi Invert FALL HW1 s Vo 

Trial No._/_ Inlet and Edge Description .Siuare e~s 

ch:u't 1t. 

/IJO.clo.c.t/Jl!J - FAJ.L re'/v1~,, I/Se 6etl'c.ls /f{() /:S"'a 2.tJ7 s.s '1/·7 9Z·S o.a 

~ ~· ~ I~ 
~ ~ ~ ~ 

Trial No,_2_ Inlet and Edge Description :E<evded e~e~ 

c:""'t 11> HOS a 
/!!{"() /.«re /.<JZ 7.7 ~2.3 'J2'.S' -o /0() o.o'![ /t;,, Cl,ec.i: 1:~ 4t!./'t!d .IH /e I-

/ /.Z5 $".O ~ ~ ~ 'JT. 3 ~ -t:-Jroa/ 

2.-,0 /I." ~ ~ ~ /()3.9 ~ 
Trial No.~ Inlet and Edge Description 70,pud ,,.,,/er ,,-,1,,.04-.,;.. rov94 .-

c"4rt •e 
/'5'0 "I· 1 /.6.S ~-" "12. s 'f/2.$' a 99.1 1).()$ It; :?Acre.eJse"" Q al AJ/W 

/00 3./ /.ZI 4.8 ~ ~ ~ 97-3 I~ e/. /nJ~ /ao ~ /'7" C'-./.':s. 

zoc r;,,.z 2.22 8-? ~ ·~ ~ IC/. 4 ~ 
Noles and Eg\!olions: SELECTED 'DESIGN 
(I) El.Face(orthrootlmvert=AHW El.-H1(orH,) 

(2) FALL= El. Stream Bed at Face-El. face (or throat) invert Inlet Descri~ion: 1.l<t' ar.e/r J 

(3.) HWt (or HWt) Hf (or Hil+EI. face (or throat) FALL=_O __ ft. ~clges 

invert, where El. face (or throat) Invert El." ?r-S" ft 
invert should not exceed El. stream bed. Bevels: 

(4) S"'"S0 -FALL/La Angle • 4-S"" 

(5) Outlet Velocity =Q/Area defined by dn ot S b= ___ in., d= a in. 
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PROJECT' Cp:uey?/e /l/o. 4 
SIDE-TAPERED INLET 
DESIGN CALCULATIONS 

STATION:---------

INITIAL DATA 
Q So ·~cfs 
AHWEl.•~ft. 

TAPER= ___.f:_: I 

So: t!) • O!!) 

La= 3~0 ft. 

Borre! Shope n _ _ ,, ,.. 
and Material <-1rc.u.<•r '- l'f P 

Face Edge 
•Description 4S'

0 ~ttvt:ls 

N._I_, e,,_-__ ft. D= 4" 

Q 

/5'0 

El. 
Throot 
Invert 

·>92.5 

i~ 
i~ 

dOl'f ,,., 1MI« " 
I. 4 ;//. () z.o 

~ 

·~ 

ft 

/8.13 

~ 
~ 

Trial No. __ , O=---· HWt·---

I~ 
Trial Na. __ ,Q= ___ ,HWf=---

I~ 

Br 

7A"1c '1 

t;,.o 

~ 
I~ 

Notes and Equations:(99,/ - 9t.5 -1)/4 s J.4 
(I) Hi/D(OfHi/E]-(HWf-El.Throat lnvert-1)/D[orE] 

DsE~l.ID 

(2)Min. Bf=Ot~> BtoD3J 

Min.At= of:'~iAt0E 1~ 

. (3)L1~;NjTAPER f'-·o; 4.o] 4 := 

(4) from throat desiqn 

4.0 

(5) El.Face Invert-EI.Throat lnwert >I ft., recompute. 

, 

(3) 

Lt 

4,0 

~ 
i~ 

Face and Throat may be lowered to better fit site, but do not raise. 

12-130 

(4) 

s 

o.os 

~ 
~ 

DESIGNER:__.J .... tl ....... AI.__ ___ _ 

DATE: 12-/0 -'73 

o.z 

~ 
I~ 

(5) 

El. 
Face 
Invert 

9Z.7 

~ 
~ 

Upper Headings for Box 
Culverts, Lower Headings for 
Pipes 

COMMENTS 

l_Or !if Eli)= /.fl. 6S 

5td .. des1an ~ Bi::: /.~D . 
= '-' . •. !>td. de-s.1<1 f'I 

SELECTED DESIGN 

Bt= 6.o ft. 

ft. 

Bevels: Angle 45' 0 

c9.~. 

d "-=--in., bx___:z__in. 

Crest Cheek : 
9 I <1'9. I 

HWc" 9 · ft. _,1.0 
He• '"' ft. &.1 

01w· . 41. o (ChOrt 17) 

Min. W" -2.:.1_ ft. 
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Conclusion - Example Prvblem No. 4 

From the performance curves, beveled edges 
meet the AHW El. of 100 ft. and Q = 150 cfs, 
while the use of a side-tapered inlet would 
increase Q to 170 cfs at AHW El. = 100 ft. 
In both cases, the FALL = 0. It appears 
that the beveled edge inlet would be 
sufficient and the least costly in this 
case, since the culvert performance 
curve does not exceed 103.0 ft. until 
Q is 186 cfs. 
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PIPE CULVERT EXAMPLE NO. 5 

Given: Same data as in Example No. 4, except AHW 
Elevation = 96.0 ft. 

Requirements: Hydrological estimates are accurate and 
exceeding the AHW El. at higher discharges 
is not important at this sit.e. Therefore, 
use the smllest barrel possible. 

The outlet control curves of Problem 4 
are applicable in this situation. The 48" 
C.M.P. is the smallest barrel which will 
meet AHW EL = 96.0 and Q = 150 cfs. 

From the inlet control curves, 1 t is 
clear that a FALL must be used on the 
tapered inlet to meet the AHW El. Try 
a side-tapered 1n1et, with FALL, and 
a slope-tapered inlet. 
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PROJECT: E::x.a YY1o!e. No . .5 
' 

STATION: 

INITIAL DATA: 
Q_QQ_: /5"0 cfs 

AHW El. " 94. · O ft. 
So= o.os 
La• ?1\S"O · ft. 

CULVERT INLET CONTROL SECTION 

DESIGN CALCULATIONS 

DESIGNER :_,·><..:1M-'-'-'14'----

7w El. 2;.:r._._o __ _ 

~~ 
lnlet..-1 l s-~ 
Structure El. Throat Invert 

TAPERED INLET 
THROAT CONTROL SECTION 

(Lower Headings) 

DEFINITIONS OF INLET CONTROL SECTION 

x x [X l< (2) A (4) (5) Note: Use Upper Headings for 
El. C011entional or Beveled Face; 
Stream Lower Headings for Tapered 
Bed Inlet Throat. 

El. 
At 
Face 

~}2 Ht Throat COMMENTS 
Q D H1 Invert FALL HW1 s Vo 

Trial No._/_ Inlet and Edge Description ~pe.r&:/ ink.I- .fl,,cc..-1-,. :,""'°""", el9LL .. ;z. 8 I 

Che."'\- ti 
I '67> 4,7 J.s-7 "· ?> 

89-7 9;(.$ 2-8 9.:r..o 0.01-Z 

/Ot0 3.1 1.1:5 4.{f' ~ ~ ~ '7-1- z ~ 
200 

"· 2. 
2.IZ 8-S" ~ ~ ~ .,a. z. ~ 

Trial No . .....z._ Inlet and Edge Description 74per'#!.d tnfl!!.f ..filr0«:./., 

/'!)O 4.7 1.4.S G..&.. s., . .,. ?VS' 3./ 

/CO 3./ /.2/ 4.s ~ ~ ~ 
zoo '°·z z.22 8., ~ I~ ~ 

Trial No. __ Inlet and Edge Description 

Notes and Egtiations: 
(I} El Face(orthroat)invert•AHW El.-Hf(orHtl 

(2) FALL• El. Stream Bed at Face-El. face (or throat) invert 

(3J HWt (or HWt)" Ht (or H1l+EI. face(or throat) 
invert, where El. face (or throat) 
invert should not exceed El. stream bed. 

(4) S"""S0 -FALL1La 

(5) Outlet Velocity •Q/Area defined by dn at S 
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VlO a.JJ.,.\.t..,no4 l='A\.1.. I'> \ ..,~+_--
...l;...l. '°O<!!··-- ,.,.le..\: £..., l.lW. :%. . 

rov<;h. JCjqL.L= 3.J I Q-: ISO 

SELECTED 'DESIGN 

Inlet Description: 

FALL•~ft. or "8.1..c/. 
Invert El.= .!fJ!l.::l.. ft. 

Bevels: 
8

" · 
4 

Anqll• N/,;? 

b• ___ in., d,. ___ ln. 
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PROJECT: C::xeune_/c /\lb. 5 DESIGNER: JM N 
SIDE-TAPERED INLET 
DESIGN CALCULATIONS 

STATION: DATE: 12-10 -73 

INITIAL DATA SKETCH 

~-
Q_§:e.._• ~ cfs So=..!2.:.....05" 

~~~ 
AHW Et= 9.:;.o fl. La= $5"0 ft 

TAPER= 4 'I 
Barrel Shape 

C'1rc .. 1 .. da.,.. ~.tl\."P. md Materiol tl~I-
Face Edge 4S" 

- D -
Description Be..-c.\"!. ''LiSo___ --~ 

~ c.~ N=-'-· B=----ft., D 4 ft Ts Br~ ls l -L,~ 
Taper _..,. -T~er 

• 

A( ¥ X1 !a( (3) (4) (5) Upper Headings for Box 
Culverts, Lower Headings for 
Pipes 

El. 
Ht/ 

El. COMMENTS 
Throat Q Milt Foce 

Q Invert y A1E 1~ E''2 At Br Lt s L1S Invert 

Trial No._f_, Q = ISO • HW1= !;l..o ( {)'!.f! t.o.,.,er co/vm"' hrt!J.dr.l??S) 

TAblc &. T~T f?r tifE 11~ = 18._.BS' 
IS"b 89.4 l. 4 4.0 2.0 1B.s ,,.o "\.C 0.04\ o.z R'·" 
~ ~ ~ ~ ~ ~ ~ ~ C'MP ltt>'-'cti.,) &1d.e.-

~ ~ I~ ~ ~ ~ '~ ~ 4..-:.~ctred 1nle.f-

Trial NO·-···-· Q= ___ , Hw,-

8f~~AfE1~= 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
Trial No ___ , Q = , HW,= 

Bt o\~r AtE~~= 

~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ 

Notes and Eguations: (,,.0 -8,.4 _,)/"I- = /.,,,. SELECTED DESIGN 

(I) HJID(or HrtE)"' {HWf-EI. Throat Invert- I )/D[orE) Bt= "·o ft. 

DsE:s LI 0 Lt• 4.0 ft. 

(2) Min. Bt=of~> BroD3,J Bevels: Angle 4S 0 

Min.Af= Qf ''2JA~EI~ 
d =-=-in., b=_a_in. 

Crest Check : 

%.o "". 0 

(3) L1 't'; Nj TAPER 
HWc• ft. -9~.o 

[!-·o; 4.0] 4 .... "9.0 He" 3.0 ft. 3:0' 
Otw• IS' (Chi:irt 17) 

(4) From throat desiqn 
Min.W=~ft. 

(5) El.Face Invert - EI.Throat lnYert > I ft., nicompute. 
Face ond Throat moy be lowered to better fit site, but do not raise. 

13-135 

Arch
iva

l 

Sup
erc

ed
ed

 by
 H

DS-5 

3rd
 ed

itio
n -

 A
pri

l 2
01

2



PROJECT: .E"~k ffe. S 

STATION: 

INITIAL PATA: 

Q~ =.Lacfs So• C,.0$" 

AHW EL 9'- ft. La• ~fl. 

El. Stream 

SLOPE-TAPERED INLET 
DESIGN CALCULATIONS 

bed at crest --=- ft. f llEND_/ S --
SECTION 

El. stream 

bed at face 'il!.'fi ft. 

TAPER s.;..'.1.q (4:1 to S: I) 

Sr~ :I c2:1 to 3:1 l 

Barre I Shape 
and Material Qirc.v...\a.... c..1'\. 'P. 

Inlet Edge 

Description _B=-"-•-"-"'c._\e_6;;;.._ __ 

El. 
Throat 

Q HWt Invert 

( I.I 
El. 
Face 

Invert 

(2.) 

Ht 
Ht 
D 

Note: Use only throol designs with FALL >0.25D 

SYMMETRICAL FLARE 
ANGLES FRCN 15°T090" 

<:'.VERTICAL) 

(I.) El. face Invert: Vertical •Approx. st~ bed elMJtlon 
Mitered• El. Crest -y, where y • 0.40 (Approx.), but higher 
than throat invert elevation. 

(2.) Hf= HWf-EI. face invert 

(3) Min. 8t =Q/((~) Q/8f05'2) 

(4.) (5.) (6.) ( 7) (8.) (9.) (10) (11.) 

Min. Check Adj Adj .9. 
L3 L4 L2 L2 L3 TAPER L1 w w 

C.ho.<t ll 

z.o - -s:' <. ,.o '2-4 - 8.o - -

~ 

-

OESIGNER:_.J,..M......._1" ____ _ 

DATE: IZ-10 -73 

MITERED 

s Comments 

Br D3'l .. ___ _ 

(12.) GEOMETRY 

Max . 
a,.6.0tt. L3"lift. 

Crest L,.s.on L4-...=.._ft. 
El. 

I;!• S:4 ft d•_£_jn. 
- &-_!!_tn. 

TAPER•-L:1 

(4.) Min. L3=0.5NB .., AS"(.~).,, -z..o (9.1 If (6)>{7) Adj.TAPER •(L:zt- ~l/~2N~ 
(5.) 4=Sty+ D/St "'1/A 

(IO.)L1• !;?+ ~+ 4 
(6.) !;?•(El. Face (Crest) Invert-El. C!:L 

Throorln;~ St-L4 .. ,,z.S-89.7)1'. =-S'.ifllMitered: W• NB +2l!APE~ 
(7.)Checll Li.• BfNB TAPER-L3. 

(8.) lf(7)>(6), Adj. L3m TAPER-Lz 

(12.)Max.Crest El. a HW,- He 

13-136 

Arch
iva

l 

Sup
erc

ed
ed

 by
 H

DS-5 

3rd
 ed

itio
n -

 A
pri

l 2
01

2



0 

~ 

~ 
lll 0:- 0 

\U ..J "" ~ 
, 

~ 
N 

tJ. 
• \'8 \.() :) \.t.l 
0 ':> r u~ i. \ 0 -

~· 

"' (tl ct 0 
\.....I'._, \U z Q 0 ~ 

\- "' ~ 
() 

I '1l 
N 

\&.I v <C 
I ..J 

..J :It \!) 

a.. <( ~ 

I q: I: I: ~ til < cit ~ 

'~ ~0 0 
'It ill ID 

, 2 ~ - - "' llJ .£ 4-
l :! 0.. ao tJ 
1..i ~ 

"'\ 

tUl () G 
~ 

IV"> \t -Ci 

~· SJ';) 0 5; I • b ,.,9fS'3Q 

0 

a 

() __ ,...._ ___ ....,.."' 

13-137 

Arch
iva

l 

Sup
erc

ed
ed

 by
 H

DS-5 

3rd
 ed

itio
n -

 A
pri

l 2
01

2



Conclusion- Example Problem No. 5 

Selection of side-tapered or slope-tapered 
inlet must be based on economics, as either 
will perform the requi.red function. 
Additional FALL is not warranted at this 
site. Face design was selected to pass 150 
cfs at AHW El. = 96.0. 

The culvert performance curves for the example 
illustrate that when a prefabricated side-tapered 
inlet (rough) or a ca.st-in-place slope-tapered 
inlet (smooth) may be chosen for an installation, 
both the smooth and rough inlet throat control 
curves should be plotted. The difference between 
the throat control curves represents the difference 
in friction losses between the face and throat 
sections of the inlet. 
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APPENDIX B 

Development of Design Charts 

for Improved Inlets 
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Development of Design Charts 
for Improved Inlets 

General Philosophy 

The concept of minimum performance was applied in developing 
design curves for each improved inlet discussed. At times, 
favorable hydraulic conditions will cause a culvert to operate 
at a greater capacity than the design curves indicate. However, 
some of these conditions are transient and cannot be depended 
on to operate continuously. Therefore, their effects are not 
considered in the design methods of this Circular and culverts 
will be conservatively sized by these procedures. 

Basic Research 

The design procedures are based upon the research work 
reported by French in the National Bureau of Standards Report 
Numbers 7178 (8) and 9355 (10), and by French and Bossy in the 
National Bureau of Standards Report Number 9528 (11). These 
reports are Progress Report Numbers 4, 6, and 7, respectively, 
on the culvert hydraulic research performed by the National Bureau 
of Standards Hydraulic Laboratory for the Federal Highway 
Administration. Other Progress Reports were used in developing 
HEC~s No. 5 and 10. 

General 

In the following discussion, reasons will be given for the 
decisions made in selecting the equations and coefficients used 
in developing_ the design methods. The limitations and require­
ments placed on their use will also be explained. The topics 
to be covered include: 

1) Types of inlets 
2) General equations for each control section 
3) General limitations relating to determination of 

coefficients for the equations 
4) Equations with chosen coefficients 
5) Other specific limitations 
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Types of Inlets 

There were numerous inlets tested during the research, 
both with and without a FALL concentration near the inlet. 
In rev:i,ewing the data, six types of tapered inlets were 
chosen .which had the best performance and were feasible to 
construct. The.ses six types included side- and slope­
tapered designs for box and pipe C\llverts. 

General Equations 

I. Nonsubmerged conditions (free surface flow) 
A. Throat control 

BH 3/2 
t 

= K 

B. Face Control 

Q 

B H 3/2 
f f 

= K 

(1) 

(2) 

c. Crest control for slope-tapered inlet with mitered 
face, same as Equation (1) 

II. Submerged conditions 
A. Throat control 

Ht 1 (fn} kt -0.01 
D = 

2gC 2 
t t 

(3) 

B. Face control 

Hf 1 (-f) + kf E , = 2.ge2 
-0.01 

f AfE 
(4) 

c. Bend control 

Hb 1 (~)+kb = -0.01 D 28c2 
b 

(5) 
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• 

Limitations 

Before determining values for the coefficients in the above 
equations, the ~ariables upon which the coefficients depend 
had to be considered. Among these variables are the leading 
edge conditions, the wingwall flare angle, the sidewall flare 
angle, 9s, the top flare angle, Qt' and the slope of the fall, 
Sf. 

Edge Conditfon and Wingwall Flare Angle 

Because the leading edge condition and the wingwall flare 
angle are interrelated to some extent, their limitations are 
combined. As some designers prefer to use square edges, a 
decision was made to show design curves for both square edges 
and beveled edges for box culverts. In addition, for pipe 
culverts, the thin-edged projecting condition is included. 
Thus, the face control design charts (Charts 15 and 16) for 
box culverts contain two curves. The dashed curves cover 
the following conditions: 

(1) 15° to 26° wingwall flare angles with the 
top edge beveled, or 

(2) 26° to 900 wingwall flare angles with no 
bevels (square top edge). 

The solid curves apply to: 

(1) 26° to 450 wingwall flare angles with the 
top edge beveled, or 

(2) 45° to 90° wingwall flare angles with top 
and side bevels. 

The pipe culvert face control design chart (Chart 19) contains 
curves for three inlet types: thin-edged projecting, square­
edged, and bevel-edged. Wingwalls have no significant hydraulic 
effect on pipe culverts with non-rectangular entrances. 

Sidewall Flare Angle 

Sidewall flare angles from oo to. 20° were tested. As the 
angle is reduced from 20° to oo, the Ct value becomes more 
favorable, but the kt value becomes less favorable in terms of 
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headwater requirement. Therefore, to strike a balance between 
the two coefficients, to keep the inlet as short as possible, 
and to allow.some latitude to the designer, the taper was 
chosen to range between 4:1 and 6:1. 

For non-rectangular inlets, the sidewall tapet:: is defined 
as the maximum taper of 'the section. As the inlet face height · 
is limited to l.lD and the required face area is obtained by 
increasing Bf, the maximum taper is define'd by a plan view of 
the inlet structure. 

Top Flare Angle 

Research tests on the top flare angle, 9t, showed that the 
"increase in face area required for throat control operation 
could be obtained slightly more advantageously by inlets of 
sufficient length with side taper only, rather than with inlet 
~eometries which included top slab flare angles, 9t, of 
appreciable magnitude." (NBS Report No. 9355, p. 5). Conse­
quently, the recommended design configurations use a 9t of 0 
degrees. That is, the height of the face, excluding b~vels, 
is equal to the height of the barrel. For the flared entrances 
to circular pipe culverts, it was found that the height of the 
face, E, could vary from D to l.lD without appreciably altering 
the coefficients of the equations. 

While the coefficients of the top-tapered and side-tapered 
inlet equations are similar, the low, wide face area of the 
side-tapered inlet results in greater discharge at the same 
headwater, or less headwater being required for the same 
discharge, than the high narrow top-tapered face area. For 
an equal headwater pool elevation, a higher average head is 
applied to the side-tapered inlet. 

Fall Slope 

Tests on the fall slope for the slope-tapered inlets varied 
from a vertical fall to a 6:1 slope. The coefficients used in 
developing the design curves are applicable for slopes from 
2:1 to 3:1. These slopes were chosen due to inlet performance 
and for ease of construction. As the slopes become flatter, 
in the 4:1 to 6:1 range, the face control coefficients become 
less favorable and the inlets become prohibitively long. 
Fall slopes steeper than 2:1 require a larger bend section 
area than provided by an 13 value of O.SB with 6:1 sidewall 
tapers. If 13 is increased, the total inlet length must 
.also be increased, thus negating any advantages of using 
such a steep fall slope. 
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Summary of Factors Influencing Equations 

The face control equation coefficients, Cf and kf, were found 
to be influenced by many variables, including the edge condition, 
the sidewall flare angle, the top flare angle, and the fall 
slope. However, the throat section coefficients were only 
affected significantly by the sidewall flare angles. 

Equations with Coefficients 

The above limitations allow the following coefficients to 
be determined: 

I. Box Culverts 
A. Nonsubmerged conditions 

1. Throat control 
a. Side-tapered inlets 

K = 3.07 

Ht (nn~12) 
2/3 

= 0.475 
D (6) 

b. Slope-tapered inlets 

K = 3.07 

Ht 
= 0.475 ( Q ) 2/3 

D BD3/2 (7) 

2. Face control 
a. Side-tapered inlets 

K • 2.38 

2/3 

(8) 

b. Slope-tapered inlets 

2/3 

(9) 
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B. 

3. Crest control 

H 

= o.so( "wi,~t2 ) 2/3 
c (10) 

D 

Sub~erged conditions 
1. Throat control 

a. Side-tapered inlets 

ct = o.94 kt = 0.96 

Ht 
= 0,0176 ( BD~/i) 2 

D + 0.95 (11) 

b. Slope-tapered inlets 

Ct = 0.93 kt = 0.97 

Ht 
( Q )2 + 0.96 F" = 0.0179 BD3/ 2 (12) 

2. Face control 
a. Side-tapered inlets 

i. For 150 to 260 wingwalls with top edge 
beveled or 26° to 90° wingwalls with no bevels 

Cf= 0.59 

Hf 
D = 0.0446 (13) 

ii. For 26° to 45° wingwalls with top edge 
beveled or 45° to 90° with bevels on top 
and sides 

+ 0.86 (14) 

b. Slope-tapered inlets 
i. For 15° to 260 wingwalls with top edge beveled 

or 260 to 90° wingwalls with no bevels 

Cf = 0.59 

Hf • 0.0446 
D 
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II. 

ii. For 26° to 45° wingwalls with top edge beveled 
or 45° to 90° with bevels on top and sides 

D = 0.0378 

3. Bend control for slope-tapered inlets 

ki, == 0.88 

(-
Q ) 2 

3/2 + 0.87 
BbD 

~ 
D = 0.0232 

Pipe Culverts 
A. Nonsubmerged conditions 

1. Throat control 
a. Side- and slope-tapered inlets 

i. Smooth pipes 

Ht - H* (_g__ \2 
D - D + 0.0016 n5!i) 

ii. Rough pipe 

H 
* ( ~2 t H _g__ n = - + 0.0045 . 512 D . D 

2. Face control for side-tapered inlets 

de 
- 0.011 D 

de 
- 0.011 D 

(16) 

(17) 

(18) 

(19) 

No equations are available for non-submerged conditions. 
Curves were developed using an empirical curve in 
Research Report No. 7178. 

B. Submerged conditions 
1. Throat control 

a. Side- and slope-tapered inlets 
i. Smooth pipe 

ct = o.89 kt = o.90 

:t c 0.0318 (0~12)2 + 0.89 
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ii. Rough pipe 

Ct = 0.89 kt = 0.90 Darcy f = 0.07 

Ht _ (_g_)2 
D - 0.0341 

05
/ 2 + 0.89 (21) 

2. Face control 
a. Side-tapered inlets 

i. Thin-edged projecting 

Cf = 0.51 kf = o. 75 

~ ( q )2 + 0.74 E = 0.0598 1/2 
AfE 

ii. Square-edged condition 

Cf = 0.57 kf = 0.80 

Hf 
E = 0.0478 (~f~l/2) 2 + o. 79 

iii. Bevel-edged condition 

Cf = 0.65 kf = 0.83 

Hf 
( q )2 E = 0.0368 

AfEl/2 
+ 0.82 

b. Slope-tapered inlets 
See box culvert slope-tapered inlet equations 

Specific Limitations for Slope-Tapered Inlets 

Bend Control 

Although an equation was given for bend control in a slope­
tapered inlet and a design curve could have been developed for it 
as was done for face and throat control, it was handled differently 
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in order to simplify the design procedure. The bend control 
and throat control equations for headwater were set equal to 
each other and the minimum bend width, Bi,, required to insure 
throat control operation was found in terms of the barrel 
width, B, at the throat. This value was found to be Bb = 
l.14B. Using this ratio of bend width to throat width and 
the flattest flare angle of 6:1, the minimum distance, L3, 
between the bend section and throat section was determined 
to be L3 • O.SB. To stress a point, this is the minimum 
distance measured at the soffit, and it can be greater 
as conditions warrant. 

FALL 

The FALL at the inlet should range from D/4 to !.SD. 
Inlets with FALLS less than D/4 must be designed as side­
tapered inlets. Inlets with FALLS greater than l.SD will 
require extremely large face sections, and thus very large 
inlet structures. For these large inlets, frictional losses 
between the face and throat sections become significant and 
should be determined. 
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APPENDIX C 

Summary of Field Survey of 
Improved Inlet Structures 

13-151 

Arch
iva

l 

Sup
erc

ed
ed

 by
 H

DS-5 

3rd
 ed

itio
n -

 A
pri

l 2
01

2



Arch
iva

l 

Sup
erc

ed
ed

 by
 H

DS-5 

3rd
 ed

itio
n -

 A
pri

l 2
01

2



SUMMARY OF FIELD SURVEY 
OF IMPROVED INLET STRUCTURES 

Hydraulics Branch 
Bridge Division 

Off ice of Engineering 

and 

Research and Development 
Demonstration Projects Division 

Region 15 

Federal Highway Administration 

u.s. Department of Transportation 

Washington, n.c. 

November, 1971 
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PRELIMINARY 

SUBJECT TO REVISION 

SUMMARY OF FIELD SURVEY OF 
IMPROVED INLET STRUCTURES 

During the period February 8 through June 1, 1971, the 
Federal Highway Administration, in cooperation with the State 
Highway Departments, conducted a field survey of the improved 
inlet structures that had been constructed in the United States. 
The purposes of the survey were to obtain information that would 
assist in developing a design manual for improved culvert entrances, 
to document the hydraulic performance and required maintenance of 
these structures, and to record the savings that were realized. 

The survey was an integral part of Research and Development 
Demonstration Projects Program Project Number 20, Demonstration 
of Improved Inlets for Highway Culverts. It was a cooperative 
effort between the Hydraulics Branch, Bridge Division, Office 
of Engineering; the Research and Development Demonstration Projects 
Division of Region 15; and the ten Regional Offices of the 
Federal Highway Administration. The participation of the Division 
and Sta.te of fices was necessary to the success of the survey. 
The request was well received and the response provided an 
excellent file on the use of improved inlets. The cooperation 
of all survey participants is greatly appreciated. It should 
be noted that not all States or all installations are represented 
due to time and financial constraints, and that the savings 
indicated would have been much greater if a full accounting 
had been possible. 

A summary of the 75 installations reported is attached. 
Some additional information is included on various States' 
improved inlet design practices. The estimated total savings 
on the 66 installations having detailed cost information was 
$2,049,000. Individual benefits ranged from $500 to $482,000, 
with savings greater than $50,000 quite common. 

The results of the questions related to maintenance problems 
were quite interesting. Of the 75 specific installations reported, 
none had debris problems, eight were noted to have minor sediment 
build-up with no clogging, and 8 had some scour at the outlet. 
Of the 8 having some scour problems, only 2 required corrective 
action. Of course, the use of conventional culverts at these sites 
would probably have also required some type of scour protection. 
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Both side-tapered and slope-tapered inlet structures were 
reported, and these were used on both box and pipe. culvert barrels. 

Nearly all of the States use bevels or rounded edges on 
culvert entrances at selected sites where field conditions warrant. 
Several States indicated that they have added this feature to 
their standard plans and others are considering doing so. 

Although no extensive hydraulic performance data is presently 
available on improved inlet installations, several have experienced 
substantial floods and reported satisfactory performance. 

Attachment 
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( 
Surmuary of Improved Entrance Field Survey 

Inlets do not necessarily conform to HEC No. 13 standards. 
designation ind1-cates most similiir standard inlet. 

c 
Type I side-tapered box culvert, face Hett.on at crest 
Type II iide-tapered box culvert, depression up11trum of face 
Type III - slope-tapeTed bo.: culvert, face eection at crest 
Type IV - slope-tapered bmi:: culvert, face section on fa.11 slope 
Type V - side-tapered pipe culvert 
Type VI ~ slope-tapered pipe culvert 

State Location 
Date 

Constructed Conventiorui:l I ...... roved '.Entrance 
Comments 

~st fu!.yi.£1.&! 
Conventional Inmroved Entrance Amount Percenta2e Performance 

Alabaq Standa-rd 
able for 

, Typo III 
; been designed • 

are avail~ 
I entrances; 

have 

Rounded edges on cJJlvert entrances are 
ehown on some standard plano, 

None constructed 
.. ------------ -------------------- ------------------~----~- ------------- -------------- ---------- ---------- --------------------------- State doea net use box culvert•i bevels 

Point sett County, State Under Construe 5' x 5' x 67' RCB Type 111, 4' x 4 • x 67' 
Highway 163, 1,75 -miles tion (1971) RCR Bevel dimensions 1:1 
north of Bay Village. 

Colorado Highway 285 at Soda Lakes 1968 Double 10' x 8' RCB !Type III, Colorado 
l~eSign. 8' x 8' x 1955' 
RCB - Revel dimension: 

(14 oth!!<r &itea Interchange. Conveys 
•wmtioned, no Turkey Creek. 
detail) 

Dela.WA re 

District of 
Coll.ltllbia 

Florida 

------------------------ No improved entirances have been 
designed or <:'Ottstructed. 

------- .. ---------------- No improved ent~aoces have been 
designed or co~tructed. 

None 

3 ,402 $ 2 ,827 575 

$ 420,000 $200,00() $2:.rn.ooo 

------------------------ Has not designed or constructed any .tide.-tapered (Type I or ll 

or slope-taperefi {Type Ill or IV) in~ets. "------------ --------------- ----------

Georgia Dade County, 1-59, 1.49 1968 Double 5 1 x 4' K ~e 111 single 6' x 4' x 10,436 5 6,604 $ 3,832 
mile& north of Georgia- 189' RCB 189' RCB, Bevel dimensions; 
Alabama line, ~t used (see commEmto}. 

Dade County, I-59, l. 98 1968 Triple barrel l'ype III, double 7' x 6' x 61.970 $ 38, 226 $ 23, 744 miles north of Georgia- 9 1 x 6' x 294' RCB 94' RCS, Bevel dimensions: 
Alabama line. see previous comment. 

Dade County. l-59, 2.54 1968 9' x 5' x 397' •c• lype 5' x " Jt 397' 40,188" $ 24,100 $ 16,088 
milea north of Georgia- CB, dimensions: 
Alabatli$ line. Junction ~ee i::omment for first aite 
of ''I'" structure. isted. 

Dade County, 1-59, 2.54 1968 5' K 5' :k 121' RCB f'YP• 4' x 4 1 x 121' 7 ,283 $ 5, 775 $ 1,508 mllu north of Georgia- CB, dimetieiono; 
Alabama line. Right ee cCJroi.Uent for first 
fork of ''Y" structure, IJeorgia site listed. 

Dade County, l-59, 2.54 1968 6' K 5' x 160' RC:B Type 111, 4' x 4' x 160' 8, 794 $ 5, 182 $ 3,6i2 miles north of Georgia- RC.fl, Bevel dimt.m$ions: 
Altib.ama line, Left see comment for first. 
fork of ''Y" structure. Georgia site listed. 

Dede County, 1·59, 5.25 1968 Double 6' • 6' K Type UI, 7' • 6' x 351' 32, 741 $ 26,851 $ 5,890 miles north of Georgia~ 351' RCB RCB, Bevel dimensions: 
Alabama line. see comnent for first 

Georgia site lhted • 

Cade County, 1-59, S,4.) 1968 .. x 6' x 39.)' RCB Type Ill, 5' • 5' x 393' 34,649 $ 25 ,)54 $ 9,295 •ilea north of Georgia- Rea. 
Alabama line. 

Dllde County, 1-59, 6.42 1968 7' x 6' x 312' RCB Type. 111, ,. K 5' x 312' 21,678 $ 14,861 $ 6,817 niiles north of Georgia .. RCB, aevel dimensions: 
Alabama line. see ccxrment for Hot 

Georgia. site. listed. 

17 

or rounded edges for pipe cul ve"Cta were 
not mentioned, 

- .. ~------------------------- Structure on loess, outlet scour is 
eootrolled. 

52.4 Duign flood - 1500 cfs~ Large boulders deposited in. culvert. 
fcarried 2700 cfa - boulders 

36. 7 

38.4 

40.0 

20.7 

41,2 

18.0 

26.8 

31.5-

damaged culvert flQOr. 
fRepla.::ed with railroad rail• 
embedded in concrete. 

-------------------------- Beveled or rounded entl'ance.11 aTe never 
used, 

--------------------------- Beveled or rounded entrance• are never 
ua .... 

___ ,.._,. _____ .,.,, ...... ~---------- Uses 450 bevel at: inlet and outlet of all 
concrete pipea; for concrete boxea, a 
2 .. foot radiu• rounded edge ia Ul!lil!!d on 
the aide. of the barrel at junction with 
headwall • 

Satisfactory In the past" beveled edgH on culverta 
have been used on a selected b4sia 01tly; 
however, .it is planned to prepare a 
l<:Olbltruction detail that will provide. 
la beveled edge on all box culverts. Ten 
inches of depoalt:lon over 13 percent of 
:t>arrel. It is rep<irted that n,., outlet 
!ditch needtt cleaning ••• " 

___ .. -- ~ .. _ .. _ --------------- ..... Ko debTis, deposition or scour problems. 

..... ~ .. - .... ·----~--------.............. !lo debris or scour problems reported. 
$iX inches of deposition has occurred 
n barrel over l&Bt 50 feet, 

Satisfactory Ro debris, deposition or scour problems 
reported. 

Satisfactory Ditto 

-·---~ -~--~--·- .. ----------~- llo debri• or scour at outlet reported, 
Sia: inches of deposition over 85 percent 
of bar;-el due to embankment ero1tion 
near inlet. 

-~-·-- -· -_ ....... ,. ________ .,. ____ 
Ho debris or acour proble'IU reported. 
3tt to 12" of deposition haa ouurred 
over l~ l9 percent of barrel and 
outlet ditch need• cleaning. 

---- ---.. ------------------- No debria or scour problems reported, 
Six inches of depoaition ha• occurred 
iP banel from etld of t$peT to outlet. 
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State 

Georgia 

Idaho 

Illinois 

Indiana 

low• 
(has built 
approximately 
350 improved 
inlet struc• 
tures). 

Kansas 

Kentucky 

Louisiana 

Maine 

Sunnary of Improved Entrance Field Survey (cont.) 

Location 
Dote 

Constructed 

Dade County, 1·59, 8.41 1968 
miles north of Georgia-
Alabama 1 ine. 

Shoshone County, I-90, Design com-
2 miles vest of Wallace. pleted; con­

tract not let 
as of June 1, 
1971. 

Story County, U.S. 30, 
118 mile south of !ova 
State University 
Memorial Union. 

Ottawa County, US-81, 
1. 75 miles north of 
State Highway 18. 

Gray County, US-50, 3.9 
miles east of Cimarron, 

Leavenworth County, US-73 
350' north of City of 
Lansing 
Gallatin County, I-71, 
l 1/2 miles vest of 
Glencoe 

Gallatin County, I-71, 
2 miles northwest of 
Glencoe 

Gallatin County, I-H, 
2 1/2 miles northeast 
of Glencoe 

Gallatin County, I-71, 
l 3/4 miles north of 
Glencoe 

No installs­
tions yet. 

None 

1963 

1970 

1970 

1961 

1966 

1966 

1966 

1966 

ll&l j.&n 
Conventional Imoroved Entrance 

Triple barrel 5' x 
5' x 218' R.CB 

9' - 4" x 6' - 2" 
pipe arch, 545' 
long. 

Double 10' x 10' x 
728' RCB 

5' x 3' x 314' RCB 

9' x 6' x 87' RCB 

9' x 8' x 155' •c• 
5' x 5' x 469' RCB 

7' x 7' x 423' ICB 

10' x 10' x 427' 

RCB 

8' x 8' x 564' RCB 

Type III, double 4 1 x. 4' x 
218' RCB - Bevel dimen­
sions: see comment for 
first Georgia site listed. 

Type 111, 6' x 5' x 54-5' 
RCB - Bevel dimensions: 
6" x 6" fillet bottom 

Several currently under 
design. 

None 

Single barrel, Type I, 
U:' x 10' x 728' RCB 
Bevel dimensions not 
explicitly stated" ••• 
on selected basis ••• " 

Type III, 3' x 3' x 314' 
RCB - Bevel dimensions: 
none - see comments. 

Type III, 6' x 6' x 87' 
RCB, Bevel dimensions: 
none - see comments, 

Type IV . 8 ' x 6' x 155' 
IRcB vit .. 10" radius on top 
ledge. 
Type 1, 4' x 4' x 469' 
JlCB - Bevel dimensions: 
8-inch radius, 

tr'Ype I, 6' x S' x 423' 
~CB - Bevel dimensions: 
18-inch radius. 

Type I, 8' x 8' x 427' 
RCB - Bevel dimensions: 
8-inch radius. 

Type I, 7' x 6' x 564' 
RCB - Bevel dimensions: 
8-inch radius. 

----------------------- No improved -------------------

Aroostook County, I-95, 
1. 9 miles vest of Line 
Road Bridge 

Aroostook County, I-95, 
1.0 mile vest of Line 
Road .Bridge 

culvert inlets 
have been con­
structed as 
yet. 

1965 

1965 

9' x 7' x 238' 

9' x 7' x 567' 

RCB Similar to Type III, 
7' x 6' x 238' RCB 
Bevels not used. 

RCB Similar to Type III, 
7' x 6' x 567' RCB 
Beveh not used. 

c 

Cmments Performance 
£2st ~!:!!&!. 

onventional Imnroved Entrance Alnount Percentaire 

15,272 $ 11,169 

57 ,500 $ 47 ,500 

$ 223,120 ~154,205 

8,400 $ 6,200 

4,700 $ 3,500 

43,392 $ 30,448 

64 '928 $ 40,230 

$ 126,000 $ 82,000 

$ 101,650 $ 80,390 

41,390 $ 32,993 

$ 87' 139 $ 67 ,809 

$ 4,103 26.9 

$ ·10,000 17.5 

$ 68,915 30.9 

$ 2,200 26.2 

$ 1,200 25.5 

$ 12,944 30 

$ 24,698 38 

$ 44,000 35 

$ 21,260 21 

Satisfactory 
Passed a discharge of 1000 
cfs vith only 4' of head­
water. 

Debr1a, deposition and scour have not 
been problems~ 

State's standard practice is to use 
beveled or rounded edges on all pipe 
culvert entrance• that are 72 inches 
in diameter or larger. Uae of beveled 
or rounded edges on culverts leBB than 
72 inches in diameter is determined 
selectively as justified by condition11. 

State uses 3/4" chamfer on all concrete 
edges as a standard practice, 

Beveled or roUl'lded edges are never 
used. 

No problem.a reported vith debris or 
·aeposition in barrel. Bank erosion 
has occured downstream from. outlet, 
but damage haa been repaired and riprap 
has been provided. Situation is no 
longer considered to be a problem. 

Recently approved standard incorporates 
8" radius bevel on top slab only. No 
problems reported vith debrh or 
deposition in the barrel. An impact 
energy diasipator has been provided. 

Recently approved standard incorporates 
8" radius bevel on top slab only. Rail· 
road atructure located downstream is 
expected to provide sufficient tailwater 
at culvert e:dt to prevent scour. 

---------------··----------- No deb'ris, depositimi, or scour problems, 

Apparently satisfactory 

ditto 

ditto 

ditto 

Debris and deposition within the barrel 
have not been problems. Some scour 
has occurred at the out let, but has not 
caused a maintenance problem yet. 

ditto 

ditto 

ditto 

---------- ---------- ·-------------------·------ State is developing new culvert standards 
that will include beveled or rounded edges, 
ISide-tapered and elope-tapered entrances 
twfll be considered in future designs. 

$ 8,397 20.3 

$ 19,330 22.2 

I 

c 
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Maine 

Maryland 

Michigan 

Minnesota 

Miuiaaippi 

Miaaouri 

Montana 

Hebraalu. 
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( 
Summary of Improved Entrance Field Survey (cont,) 

Location 
Date 

Constructed 
~Sin 

Conventional Imnroved Entrance Conventional£28~mnroved Entranc Amount Savi;e:centaj;le 

Aroostook County, 1-95, 
0, 7 mile vest of Line 
Road Bridge 

Prince Georges County, 
1-95, 4 miles vest of 
Beltsville 

Prince Georges County, 
State Highway 212, 
1-95-3(26)6, 4 miles 
weet of Beltsville, 

St. Louis County, 
Highway TH-61, 2 1/2 
miles northeast of 
Duluth 

St, Louis County, 
Highway TH-61, 1 mile 
northeaat of Duluth 

Cook County, Highway 
TH-61 at Grand Portage 

1965 

1969 

1969 

None 

1960 

1960 

1957 

10' x. 8' x 506' RCB Similar to Type III, 
9' x 8' x 506' RCB 
Bevels not used. 

Triple barrel, Type I, single barrel, 
11' x 6' x 479' RCB 14' x 9' x 479' RCB 

Bevel dimensions: 
6-inch radius. 

Triple barrel, Type I, double barrel, 
11' x 6' x 264' RCB 11' x 7' x 264' RCB 

Bevel dimensions noc 
given. 

None 

Double barrel, 96- Type VI, single barrel, 
inch RCP with hooded 10' x 10' x 283' RCP 
inlet, 283' long, Bevel dimensions not 

given. 

10' x 10' x 207 1 RCB Type Ill, 8' x 8' x 207' 
RCB - Bevel dimensions 
not given. 

12' x 12' x 191' RCB Type Ill, 8' x 8' x 191' 
RCB - Bevel dimensions 
not given. 

----------------------- No side-tapere• or slope-tapered 
structures wer reported. 

$ 102,552 

$ 202.000 

$ 114 ,200 

60,000 

31,400 

45,000 

Lewis and Clark County, 
I-15, 6 milea south of 
Wolf Creek 

1964 334-ft. bridge 18.5-ft. diameter pipe $ 304,486 

Douglas County, US-73, 
1.5 miles north of 48th 
and KcK.inley in ~ha 

Doualas County, I-680, 
1.83 miles west of 
Mormon Bridge 

Douglas County, I-680, 
0.66 milea vest of 
Mormon Bridge 

Harlan County, Ragan 
West Highway, 7. 7 miles 
vest of Ragan 

Harlan County, Ragan 
West Highway, 10.1 miles 
veat of Ragan 

196!! 

1970 

1970 

1971 

1971 

16' x 14' x 219' 
RCB 

10' x 10' x 640' 
RCB 

with headwall and rounded 
entrance. 

Type I, 12' x 12' x 219' 
RCB - Beve 1 dimensions: 
12-inch radius at bottom 
6-inCh radius at top 
24-inch radius on sides 

Type III, double barrel, 
6' x 8' x 640' RCB 
'Bevel dimensions: 
12-inch bottom radius 
6-inch top radius 
24-inch side radi"8 

6 1 x 6' x 642' RCB riYt>e III, 4' x 5' x 642' 
RcB - Bevel dimensions: 
12-inch bot tom radius 
16-inch top radius 
124-inch side radius 

l(l' x 10' x 150' RCB Type I, 8' x 8' x 150' 
RCB - Beve 1 di mens ions: 
6-inch radius at top and 
bottom edge&. 

8' x 8' x 173' RCB Type I, 6' x 7' x 173' 
RCB - Bevel dimensions: 
6-inch radius at top and 
bot~om edgea. 

96,324 

$ 122,609 

50, 762 

15,513 

$ 96,475 $ 6,077 '·' 
$151,000 $ 51,000 25 

$ 85,200 $ 29,000 25 

$ 47 ,500 $ 12,500 21 

$ 20,280 $ 11, 120 35 

$ 28,000 $ 17,'000 38 

$214,243 $ 90,243 29.6 

$ 60,854 $ 35,470 36.8 

$ 92,856 $ 29, 753 24.3 

$ 28, 702 $ 22,060 43.5 

$ 11,822 $ 3, 722 23.9 

$ 10,510 $ 5,003 32.3 

( 

Performance Coments 

--------------------------- --------------------------------- .. ------

---------------------------- No debris or scour problems reported. 
One foot of deposition throughout 
entire length of culvert (entrance 
and barrel). 

--------------------------- Mo debris or scour problems reported;, 

--------------------------- No side-tapered or slope-tapered 
structures have been built; the 
only improved inlet structures are 
those with prefabricated flared end 
sections. 

No record available, but 
apparently satisfactory, 

Apparently satisfactory 

ditto 

-------------------------
---------------------------
Satisfactory 

No problems with debris or deposition 
within the barrel. Scour has been 
somewhat more extensive at the outlet 
in comparison to conventional culverts, 
but is not considered to be serious. 

No problems with debris or deposition 
within barrel. A small scour hole 
is formed at outlet which is not 
considered serious. 

No problems with debris or deposition 
within barrel. Scour hole ha& formed 
at end of apron at culvert outlet 

State has constructed one side-tapered 
and one slope-tapered inlet. Standard 
being prepared for box culvert bevels. 

Bevels or rounded edges are not used. 

------------~-------------- Use of beveled Ol" rounded edges 
on culvert entrances is standard 
deSign procedure. 
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State 

New York 

..... ....... .,..u. 
w 
I ..... 

O'I a 

lorth Dakota 

Ohio 

Oklahoma 

( 

Location 

H.rlan County. Ragan 
liHt Highvcy, 13.0 
m.tlet west of Ragan 

Ktabal l County, 1-80, 
1.4 mi lea east of 
Wyoming-Nebraska .state 
boundary 

Kil!IN.11 County, 1-80, 
0, 9 mile& eaat of 
Wyoai~-Nebru'k.8 state 
bo\l\duy 

Dundy County, us .. 34, 3 
ailea north-at of 
CD b. Q Jl4li lroad at 
northwest corner of 
Benkdman 

-dy County, US-34, 
4.J milea northeast of 
CB Is Q B.ailto-.d at 
northwest corner of 
Beukelman 

............... _,. _____ .. _ ............. 

Surry Cot.1nty 1 I-77 
{pTopoaed), 8 Eile8 VHt 
of Mt, Ai Ty 

Rutherford Cou.nty, US-74, 
O~ l eile ast of State 
Highway 2201 

BvncOl'llbe County, I-40, 
at US-40 int1?l'chan3e 

-----_ .... _ ---- ----------

$1,U11C11it Cowtty, I-271-6 
(29) Sll<-211-298, L 16 
milet eouth of SI 303-
Intucbanae 

R.ou Co1,1nty, A.PD 
460(10) BOS-23-13.12, 
2.1 miles north of 
US-35 t. US 23, 
Chillicothe Interchange 

Clermont County 
1-215-2(17) 
<:LE-275-6.68 
0~82 miles north of 
SR-32 lnterchanae -
Cincinn.ati Ou.tel' Belt 

Clermont County 
I-27.S-2(14) 
CLE ... 275-0.00~ 
1.6 miles north of 
SR-28 on Ciru:irm.ati 
Outer Belt 

Date 
Conatructed 

1971 

1966 

1966 

1968 

1968 

None reported 

lk>t under 
cO!atructfon 

196? 

1970 

---------- .. -

Under 
.::onetructioa 
(1911) 

Under 
Construction 
(1911) 

Under 
Consrru.::tiott 
{1911) 

Under 
Construct ion 

Summary of Iur1proved Entrance Field Survey (cont,) 

!!!i.&!! 
Conventional Improved Entrance 

Double 10' x 10 1 x TYIM' I, double 8 1 x 8' x 
145 1 RCB 145' RCB - Bevel dimen-

1dons: 

Double 8' x a• x 
1S6 1 RCB 

l)Quble s• )( 7* x 
113 I I.CB 

7 1 x 7' x 186' RCB 

8' x 7' x 146 1 RCI 

-----.- .. ------.. -- .. 

a· x 6' x 390' llCB 

8' • 5' x 165' DCB 

Do1,1ble 12' • a• x 
1,146 1 RCB 

______ ..,_ .. ~--- ____ ... 

Double 11 • x 11 1 Jt 

595'' !CB 

14' x 12' x 364' 
RCB 

15' 1t. 12 1 ,X 835' 
RCB 

lY x 11' x 600' 
RCJI 

12-inch bottom radius 
6•im.::h top radius 
24-inch side radius 

Type I, single Mrre:I, 
12 1 x 9' x 156' RCB 
Bevel dimenSiona: 
6-tnch top radius 

Type I, single barrel, 
10' x 9' x 173' RC8 
Bevel dimenaiorui: 
6-inch top radiua 

Type I, 6' x 7' x. 186' 
RCB, Bevel dimeneions: 
12 .. fnc:h bot.toni r.adius 
6-tnc:h top radiu& 
24-inch side radius 

Type I, 6' x 7 1 x 146' 
RCB, Bevel diraet1sion•: 
12 .. fnc;h bottom radius 
6-inch top radiua 
24-inch side radiu• 

None reported 

Tn>• Ill, 5' x 5' RCB 
8eve.1 dimeoaion.a: l: 1 

Type III, 5' x 4' ... 16.5' 
RCB - Bevel dimertsion.11: 
no bevds 

Ty-pe III, double B.5 1 x 
9' x 1,146' RCB 
IW!vel dimen•ions: -_ ....... _________ -----------

Double 10' x 10' x 595' 
RCB - type III 
Bevel dimensions: 
l' - O'' radiua 

12 1 x 12' x: 364' RCB 
Ohio Design, Bev:el 
dimensions: 
l' - 01

' radius 

12' x. 11' x 83!\' RCB 
Ohio Design. l!evel 
dimensions: 
1:1, (l' 0° ,.(• 45°) 

12' x. 11' x 600' RCll 
Ohio De.sign - l!evel 
diuiensions: None given 

c 

$?!$ ~vi s 
Conventional Improved Entranc Amount Peri:entage 

24,274 $ 18,356 

18,474 $ 17 ,038 

18,821 $ 15,609 

12,501 $ 10,534 

10,977 $ 8, 118 

40~800 $ 22,00-0 

6.920 4,290 

$ 304,000 $ 226,000 

______ ............ --------------

$ 356,000 $308,00-0 

$ 163,000 $143,000 

$ 516,000 $416 ,000 

$ 344,000 $291,000 

Cost: dat unavailable 

Per for.nee Comnta 

$ 5,918 24.4 

$ 1,436 7.8 
.......................... _____________ 

No unusual probl_. reported~ 

$ J, 212 17. l ,.,._ ---- -- -- ·- _,. ______ .,, ____ ditto 

$ 1,%7 15, 7 ___ ,,.,., ..... ____ ------................ ditto 

$ 2 ,859 26 ----............ ·--------------- ---------.. ________ ,._., ________ ., .... ,. ·--

---------- ---------- ------------"'"'"-*---------- Reported to be conaidertng use 

$ 18,800 

$ 2.630 

$ 78,000 

$ 48,000 

$ 20,000 

$100,000 

$ 53,000 

46 

38 

2.5.7 

13,4 

12. 2 

17.3 

15.4 

of beveled or rounded edgea for 
box culve:rt entrances aa • atandard 
practice. ------.. -- .......................... _ ................. ____ ,. ....... .. 

--- ............ __________ ...... ,. _____ ,.,._-_____ ...... .. 

U.e of rounded •dge:• on all MY 
boa: culvert duigna h atand&rd 
practice. 

----- -- --- .... " ........ ---------- --------- ................ _ .. ------------ .. --·- ...... .. 

........ ------·--------"'-------- --- -- ..... _____ ,. ____ --· __ ,,. ____ ---- ............. .. 

---------- -----------------.. ,.._,._____ lou.n.ded top '~dj~ts ar• Jj'roVided, on 
culvert entTance.-aa •t•ndard practice. 
Beveled edges- an ac.etime•·u.ed but 
lnat as a standard practice. 

( 
" 
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_, 
w 
I _, 
0\ _, 

Oreson 

Pennaylva111t.a 

BhocLe bland 

Location 

"ant Conty, 1 .. 95, 
o.2s ail• IJOUth of 
village of Mooaeneck 

South Carolina --· .. -~~ ......... --~-- ........ 

South Dekou 

Utah 

Lawt'ence County, I-90, 
4 llilH Nit of 
Spearfhh 

Lawrance County , u. S, 
Hl$hvay lit.A in --
Pemi_ni.:,ton Co1,1nty 
US 16 • 5 mll.e v .. t of 
lockervUle 

Coffee County, State 
Highway SS • • ....., mUH 
northeaat of ifttere~t to 
of •tate hi&hv&y• 1 and 
55 in Manebeatu, 
TenneHee 

bp¥ County, &11t Lq, 
IJ:toxville. 'CID Loop, 
0,09 •He southeast 
of intersection of 
Viae Aveaue and Central 
Strut 

Tarrant Couoty·. 
I-820, in 1·820 
US 81-287 interchaage 

Tarrant County, 
1-20. c:opnetUon a of 
1·20- US281 
interch.eae 

I-10, 4 1/2 •UH 
veat of Juncticm to 
11a-.vil1e 

l-10, 3 1/2 •ilH veat 
of jUR<-tion to 
HaU.avtlle 

( 
SUIM'llry of Improved Entrance .Field Survey (cont.) 

.,.,. 
Conventional ~ Improved Entrance Coo•tructed 

I I 
Approximtely-40 box culvens vtth beveled inlets lu1.n 
been constructed - m111ny were e:att.>nsion11 of ex19tin" 
in•t•llationa (technical data ls. not available}. Culverts 
vere designed usirl)( FHWA bulletin•. 

1968 

1969 

10' x 8' x 2,.500' 
RCB 

Double barrel• 
11 • - 611 x a• :a 
350 1 RCB 

Type Ill, 
7 1 x 7• x 2,SOO' I.CB 

Type Ill, single barrel, 
16' x 8' x JSO' RCB 

Hone have bee: designed or built 

1911 

1971 

1967 

1968 

1971 

Contract 
let October 
197() 

Field change ... .5 approv~ 
AprU 16, 1971 

a• x 8' x 380' aca Type t. 6' x 6' x 1so' 
RCB 

84" QIP Type'· 48" CHP, 
140'' long 1401 lcmg. Bevel 

dilhenatone: 
I l/2:1 

78" RCP Type I, S4" R.CP, 
l ,316 1 1 .. , 1,316' long· 

Double 12' x 6 1 x Type I~ dQuhle 10 1 x S' 
80' R.CB x 80' I.CB - Bevel 

dimeneiona: 
6"·1 112~1 top bevel 

Triple berrel Type I, double 12' x iz• 
13' . 14' • 2,121• x 2.n1 1 llCB 
RCS ..... 1 dimen• ione: 

·~u-aQed entrance 

S4" RCP 48" llCPt 200' long 
zoo• l- ,.,,. .. 

Jkvel diaenaions:: 
beve la Cit' rounded edge• 
not uaed. 

66" acp._ 54" BCP, 1543' long 
1543' long Type' -I dimenet.ona: 

bevels or rounded edgea 
not 1.1sed. 

"" Convent! 

$ 1:52.770 

40,000 

14,680 

75,140 

$11243.556 

4,000 

:18,000 

Entrance 

$ 32,SOO 

$ l,800 

$ 40,660 

$ 10,961 

$7&1,617 

$ 3,SOO 

$ 30,000 

--- .. ------~.... .. ...... --------------- Type v. Utah design. .. ........ ______ ... $ SS,000 
8' x 404 1 CHP 
lio bevel di.alendOrt ,given. 

-------........... -----------------.... Type v. Utah de•ign. .. ....... _______ $ 34,000 
Mo hewl di•ua!Oll gtv.en. 
6' ll 284' CJCP 

!!;!1,Y.!. 
Anlount Percentage 

• 39,910 26 

$ 7 ,500 19 

$ 9,8110 12.2 

$ 34 ,480 4S.9 

$ 4,094 2.l.2 

~ 481,939 38.1 

soo 12.S 

$ •.ooo 21 

Performcnce 

( 

<!Olfl!lllUt• 

Do not UH dde•tapered ui •1~ 
tapered enc:raacea bec•ut1• of wfavoreD le 
u:perteace vith 4ebr1•i howeY11:r, th• 
hOOtid iolet 1' uaed to incre&H 
eap•city of aitting culvnts. eon .. 
crete c:oll•u tor pipe culverts have 
proved Hefvl la illprovtna the capecity 
of •o eshttng culvert. 

----------·-----.. --............. Hiia uaed befttad edge& on culvect 
entr&ftCH •t fflec:ted dtH, 

::::r!ct!::1:: !;~!!:t!!l to uH 
interior we.lb &Gd l 1/2:1 bevel 
ad&• on top dab, 

.. -- .............. - ............ ________ .,,. Original 60" Ql1' wash.cl wt tn 1969, 

.... _ ................. _ .................... --.. l'lo prob!-.. reported vith dtlbrt• or 
depodt:lcm tn the: benel; roek 
balll.eu have bHo provided •t: inlet 
aud outl.i: to prevent 1eour. 

-------.. ,. ......... ~-------.......... l:alproved inlet we.• s:electttd to tDCruH 
cU1ebarge capadty of ahtlna; culvert 
:l1t1tallatioa. 

Structure ju1t completed - ----.. -__ ,..,. ......... -----.. ------------ .... _ ,.._ .... 
uo record awUable. 

............ _ .. ___ .,,,. ................ --·-- "'"'·-----------·------...................................... 

_______ ., ____ --------........... -----.... _ .. _ -............. ---......... --___ ., __ --................ 
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State 

Utah 

Virginia 

Yuhington 

West Virginia 

Wisconsin 

Slllllllllflllry of Improved Entrance Field Survey (cont.) 

~iµ? 
Conventional llllOTOved Entrance 

O.te 
Loration Constructed 

Cost Savin s 
Convectional- hnroved Entrance Amount Percenta1ee 

US-\H • 2 milea north 1969 
of Cedar City 

12 miles north of 1968 
Green River, Emery 
County 

1•70, approxi•tely 16 1968-1969 
milu aaat of Salina 

1-70, approximately 20 19f8-1969 
mil ea ea.at of Salina 

SR-15, 7 m11H west of 1963 
Ht. Carmel Junction 

SR·lS, 6.5 miles w .. t 1963 
of Ht. C4t"'ftllel Junction 

I-70, approxilfllttely 11 1968-1969 
milea e.&&t of Salina 

1-70, I/3 mile vut of U69-1970 
Whitehouse tnterchan.ge 

i ... 70, approximtely 15 1968 .. 1969 
!Idle• e&•t of Salina 

----------------- Type IV. 9' x 6' x !!'>6' 
lCB - No bevel dimenaion 
glven. 

Double 14' x 9' RCB Type I 
Double RCB, 10' x 9' x 88' 
lio bevel dimension given. 

Type V~ 12' x 276 1 SPP __ .} ___ .,., __ _ 

No bevel dtmenaton givert. 

-----------------· Type V, 9 1 x. 270' SPP 
No bevel triformstion 
given. 

13' CMP 

l}' CHP 

Type v, ll' x Ju• SPP 
No bevel infonnation 
given. 

Type V ~ 12' x 441' SPP 
No bevel infortation 
given. 

-------... -------- ... - Type V, 12' x 335' 'SPP 
Mo bevel information 
given. 

__ .... _________ ,..,,..__ Type I~ Single 5' x 4' 

,,_ 526' it.CB 
No bevel infonAation 
given. 

"'R,208 

37 ,000 

40,686 

28,656 

62,463 

53,109 

------------------ Type V ~ Box. to plpe lleplace!&111rnt "' New inlet "' 
9' x 135' CMP $ 14,297 $ 7 ,981 

Rockbridge County, Route Contract let Double 8' x 8·' x Type Ill, double 6 1 x 6: 87,900 55,600 
716 and I-81, 1 mile 1- D-71 409' RCB x 409' RCB Fall .. l feet 
north of interchange Bevel dimenslona: none 
f:S3 (Route ll and 81) 
north of Lexington, Va. 

Albemarle County. 1-64, Contract let 
2.23 miles ent of 5-21 .. 69 
Albeurle•Nelson County 
Line 

Albel'lllflrle County. l-64, Contract let 
3.32 miles east of 5-21·69 
Albema.rh•Nelson County 
Line 

Rockbridge County, I-81, 1964-Hi65 
five milea north of 
Lexington at Route 11 
interchange 

City of Lexington, Route 1954 
11, 0.1 mile north of 
Haury River 

IO' l( IO' x 662' RCB Type Ill, 8' x s• x -662' $ 187,150 
modified for 125-ft. RCB - Bevel diU\ensiOns: 
fills information not subadtted. 

Fall:: 2 feet 

8411 concrete pipe, Type III, 5' x 5' x 307' 
307' long RCB Bevel dimension&: 

infonaation not submitted" 
Fall: 2 feet 

Double 6' x 6' it 

1,130' RCB 

Double 6' x 6' x 
282' RCB 

Single 7' x 7' x 1,130' 
RCB - Typ.e I 
Bevel dimensions: 
information not submitted 

Single 7 1
; x 6' x 282 1 RCB 

Type I 
Bevel dimensions: 
infor.tion not submitted 

22,584 

$ 182,000 

20:,941 

$ 137 ,210 

Zl ,208 

$ 140,000 

17 ,530 

$ 6,160 

$ lS,745 

$ 6,316 

$ 32,300 

$ 47,940 

$ 1,376 

$ 42,000 

$ 3,411 

14.4 

20.1 

----------~------·----·-·-- .llo dabrit or depoeition proble•. 
Aleo no acour problems. 

--------------- .... - ....... - .... - No debria, aedisent, or acour 
proble:ID8. 

Ho deb't'h or tcour prob i ... 

-- .. ----------------- .. --...... Slope & taper less than minillMll 
recoaaended for Type V~ 

................. ____ ,...,.,._., _____ .. __ Slope & taper leH than minimum 

rec~nded for Type V, 

-------.. -- ·---- .. ---------.... -~--.......... Slope & taller leas than mi.1lilllUlll 
rccai111ended for Type V .. 

______ .,,,.__ --------------- ................ -.... ___ Slope &. taper le•a than recomended. 

44.2 

36.0 

6.0 

23 

16 

No debris O'l' KOU?' probleu. 

----·---.... ---------------.... Modification of exiattng •tructute. 
Squt:re to circular sect!Oo. uaed. 

---......................... --------- ,._ ........ -........... _ ------........... __ -.,. ______ .,, __ 

------------................... --- ....... Debris at entrance, dep<1aition in 
barrel, and scour at outlet: have not 
bfftt prob lms. 

Design di&ch.arge has not btt:n Debris rack at culVert entraoc:e; erurgy 
exceeded; operation dinipator at outlet. 
JSatiafactory, 

Jiatisfaetory No debris problem •t entDtlce; 
no deposition in the barrel i no 
evidence of scouT at tbe out: let:. 

.atisf&ctory, flow haa not ditto 
rxceeded de'sign discharge. 

....... ________ ,.__________ No improved 

irtlet& vere 
reported. 

------------------- ------------------------- --w--------· --------------- ·---------- .......... ______ ------------------......... _,. .. _ Improved inlet& for bex i:::ulvnts have 

------ .... - .. ----~-------- No improved ----------------.... - IA- box culvert with an im- ------------ --------------- .. __________ ---------
entrances have proved en.trance iJJ pre-
been construe- s:ently being designed, 
ted. 

No culverts with improved efitranc:ea have ever b~n built. 

I I 
l 

( 

inever been used, 

---------------------"'----- Jleported t:hat State has revie.ed 
atandard culvert detaib to include 

Ill bevd on all culvert entTancee. 

op slab at culvert entr-.nces have 
1/2;1 bevel thit h standard 

practice, 

( 
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..... 
Wyoming 

Region 15 
PllllA 

.. 

Date 
Location Constructed 

1-80, Walcott Junction, 1968 
Laramie Road 

FAP·27, vs .. 26, Dwyer 1968 
Junction - Lingle Road 

SR-120, lleeteet1e - 1969 
Cody Road 

Tishomtt.go County, Miu. 1968-1970 
Natchez Trace Farkway 
atTiehomingo State Park 
ne..r interchange vith 
state park road, vest 
end of bridge over 
Botar Creek 

Swain County, N. C.,Psrk 1968-1970 
Serv1ce 1 R._oute 9~ 3 
t1:1ilet vest of Sry•on 
City• •.c. 

c 
Sunnary of Improved !ntrance Field Survey (cont.) 

QMt&li: 
Conventional Improved Entrance 

Double 9' x 6' RCB Single 6' x 5 1 RCB 
L .__ 440' 
Type l, No detail OP 

side bevoh~ 
2" chamfer on top edge, 

7'x7'RCB Type I, 1' x 7' RCB 
L .. 86' 
No bevels shown 

Triple a' x 4' RCB Type IV. Sins; le 
8' x 6' RCB 
L • 101' 
6" top bevel 

6 1 x 6' x 850' RCB TyP'• !II, t.' x 4' x 850' 
RCS - 8ev~l dimensions: 
l li2:1~ 4" top bevel 

10' x 8 1 x 162' llCB Type I!l 1 6' x 6' )[ 162' 
RCB - Bevel diuwmsione: 
1 1/2:1, 4" top bevel 

, ~s~ ~.El.! 
Conventional mproved Entranc~ Amount Percentage Performance 

22,4()0 

38,305 

23,879 

------------- • 20,000 -------------------------

$ 14,800 $ 7 ,600 

$ 28,086 $ 10,219 

$ 11,031 $ 12,848 

34.0 

26, 7 

53,8 

Has paHed flood greater tha: 
design, 1971. l' below top 
at road grade. 
llil' .. 12'to 14' 

------ ........ ,. _______ ---------

n.sign discharge has not 
been experienced. Operation 
has he61 satiafactory. 

( 

Barrel& clear, stUlina basin filled 
vlth sediment, No debris or .cour 
prob leas, 

Improved lnl•t used to provide a 
fact()r of safety. Ho significant 
•cour or aediaientation probleaa. 
Side tapers leu than m.tnimum. Has 
top taper. 

D/12 radlut ta \18ed on edge• of all 
pipe culverts, aad • 6" radiua b 
used on ell bO'll: culvert edgea. 

Debria •nd scOur at entrance and 
exit have not been problae. 
Structure designed u Type III bv.t: 
built as Type I. 

Ho debr1a probl- at inlet; depo•ition 
vi.thin b.rrel haa not occurred. S.our 
at outlet ha& not been a probl-., 
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Field Performance of Improved Inlets 

In order to remain informed on the locations of culverts 
with improved inlets and the benefits derived from this Cir~ular, 
the following information is soliCited from the user: 

Location: State~~---' County _____ , Highway ______ _ 

miles (N,S,E,W) of --- -----.,..--..,.---,...,,...-------(landmark) 

Date constructed . Designed by 
~-----------

New Structure , or modification of existing structure 

Area of drainage basin acres. Stream name -----Qq.mi. --------
Design discharge ____ ~cfs. Frequency __ ~years. 

Inlet Type: ___ . Face shape: Circular __ , Box __ , Oval __ , Arch 

Barrel: Shape ___ , CMP __ , Concrete~-' No. Barrels __ _ 

(Please indicate inlet and barrel dimensions on sketch on reverse). 

Savings: Estimated cost of conventional culvert $ 
---:----..,.-- ----

(size) 

Estimated cost of culvert with improved inlet 

Estimated savings 

Percent savings 

Basis of estimate, i.e., designer's estimate, 
engineer's estimate, prevailing costs, or 

$ ___ _ 

$ ___ _ 

% ----

actual bid price---------------------~ 

Additional Comments _______________________ ~ 

Please forward to: Improved Inlets 
Hydraulics Branch, Bridge Division 
Office of Engineering 
Federal Highway Administration 
Washington, D.C. 20590 
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B = 
f -

I 

ftlft 

FALL 

Please complete dimensions on sketch 

a. Circle inlet edges that are beveled in sketch 

Lz = 

AHW El. 

s = ft 
-ft 

LB= ---

B = 
D = 

PLAN VIEW 

' ~ 
\ 

ELEVATION VIEW 

(Box) 

(Circular) 

Note: For side-tap,ered inlets where no FALL is incorporated into inlet, 
write L2 = !:..!:.. and FALL = _Q_. 
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APPENDIX D 

Design Calculation Forms 

.. 
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PROJECT: 
OUTLET CONTROL 

0£SIGNER: 

DESIGN CALCULATIONS 
STATION: DATE: 

INITIAL DATA: 
Q ___ = cfs SKETCH 
AHW El.= ft. 

So= 

Lo= ft. 
AHW El. 

S7 

r 

El. Outlet 
Invert ___ ft. /------I -- - ---
Stream Dato: 

~ !.~bw 
~· 7 First Approximation La ~ -

Q• ___ cts,ke•---.La•--ft. El.Outlet 

H. AHW El.-EI. Outlet Invert-ho 
Invert ___ 

lot-- --i --- . - . 
Barrel Shope --- --- ---
and Material Barrel n= .•. A• ft.2 or D• ft; Try 

• (I) (2) (3) (4) (5) 
Q Q ~ COMMENTS 

Q N H NB de 2 Qn TW ho HWo Vo 

Trial No. __ , N=---• B• , D=---• ke• ---

~-·· 

Trial No. -- , N = ---, B= ' 
D= • ke=---

Trial No. __ , N• , B• 
' D• 'ke•---

.. 
NQt~ and Egygtigns: SELECTED DESIGN 

(I) de cannot exceed D 

(2) TW based on dn in natural channel, N= At Design Q: or ottler downstream control. 
B= ft. 

(3) ho·~ or TW, whichever is larqer, 
D• ft. HWo" ft. 2 

(4)HWo= H+ho+EI. Outlet Invert. ke• Vo= fAI 

(5) Outlet Velocity (VQ)"Q/Areo defined by de 
or TW, not greater than D . Do not compute ~ 29n2· Lj v2 until control section is known. • H= +ke+ Rl.33 29 
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PROJECT' DESIGNER: 
CULVERT INLET CONTROL SECTION 

STATION: 
DESIGN CALCULATIONS 

DATE: 

INITIAL QATA: 
Q_. __ • 'cfs 

AHW El." ft 
So=--

AHW EL /WEI. 

tz~~~-~ 
La= ___ ft. 

n, ~ El.Stream ~t ~ Bed at Face ___ ft. 

~ Barrel Shope 
lnlet--1' ' s---and Material Borreln•- , \ ----

..Q. s- - Structure EL Throat Invert 
N=---• B= 2 

El. Face Invert 
TAPERED INLET 

D= --- , NB01112 =--- CONVENTIONAL or BEVELED THROAT CONTROL SB::TION 

(Pipel No% • 
INLET: FACE CONTROL SECTION (Lower Headings l 

(Upper Headings) l 

DEFINITIONS OF INLET CONTROL SECTION 

( I ) (2) (3) (4) (5) Note: Use Upper Headings for 
Q Hi El. El. Coventional or Beveled Face; 
N9 o Ht Face Stream 

HWt Lower Headings for Tapered 
lnwrt Bed Inlet Throat. 

El. 
Al 
Face· 

~}2 ~ 
Throat COMMENTS 

0 D Ht Invert FALL HW1 s Vo 

Trio I No. ___ Inlet ond Edge Description 

~ ~ ~ ~ 
~ ~ ~ ~ 

TriolNO.-- Inlet and Edge Description 

~ ~ ~ ~ 
~ ~ ~ ~ 

Trial No. __ Inlet and Edge Description 

~ ~ !~ ~ • 

~ ~ ~ I~ 
Notes ond Egl!atians: SELECTED .DESIGN 
(I) El. Face( or throat) invert= AHW El.-Ht (or Hil 

(2) FALL= Et. Stream Bed at Face-El. foce (or throat) invert Inlet Description: 

(3,) HWf (or HW1 ) = H1 I or Ht)+ El. face (or throat) 
FALL• ___ ft. 

invert, where El. face (or throat) Invert El. = --- ft 

invert shculd not exceed El. stream bed. Bevels: 

(4) S""' S0 - FALL/La Angle•---· 

(5) Outlet Velocity =Q/Areo defined by dn ot S b= ___ in., d= ___ in. 
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PROJECT' DESIGNER: 
SIDE-TAPERED INLET 
DESIGN CALCULATIONS 

STATION: DATE: 

INITIAL DATA SKETCH 

~ 
Q __ • ___ cfs So=--

i;-cE7El7 AHW El.=--- ft. Lo=---ft. 
TAPER=---' I !,~'""'-' Barrel Shape 
and Material •1tir l-tJ;-
Foce Edge 1-'LtSo_~ --
Description ......:_ MinD.1z 

~~ 
Cres~ • ~ N=--, B=---tr. D=-·--ft I ~ 

:raper ........ :raper 

• 
(I) 

Q 
(2) (3) (4) (5) Upper Heodinos for Box 

!:!!_ ~ ~ 
Min. Culverts, Lower Headings for 

D. Bt Pipes 
El. El. COMMENTS 

Throot !if_ Q Min. Face a Invert E AtE1~ El/2 Af Br Lt s L1S Invert 

Trial No. __ ,Q=---• HWt=---

Bi tf2@r 4, E11~ = 

~ I~ ~ ·~ ~ ~ ~ ~ 
~ ~ ·~ ~ ~ ~ ~ ~ 

Trial No __ , Q= , HWt• 

B,52~ A,E1~ = 

~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ 

Trial No ___ ,Q= ,HW,= 

Bi D\~ Af Elli) = 

~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ 

Notes and Eguotions: SELECTED DESIGN 

• (I) HtlD[or Ht!E] ... (HW,-EI. Throat Invert- I )/D[orEJ Bt = ft . 

DsEsl.ID L1= ft. 
(2) Min. Bt= 

Q 
ID3/2}(Q I 8 0 3/2) Bevels: Angle 0 

f 
Q d =--In., b=--ln. 

Min.A,= IE 1/2)(Q I A E 1 /21 Crest Check: 
f 

(3)L1~;NjTAPER 
HWc• ft. 

He" ft. 

O/w• (Cl!Ort 17) 
(4) From throat desiqn 

Min. W., ___ ff. 
(5) El.Face Invert - EI.Throat lnwrt,.. I ft. , recompute. 

Face and Throat may be lowered to better fit site, but do not raise. 
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PROJECT: SLOPE-TAPERED INLET DESIGNER: 

STATION: DESIGN CALCULATIONS DATE: 
' " -

INII!AL QAIA: 

lf~ -~ ~: ~ 
Q __ • __ cfs So • --- f Ht SECTI 
AHW EL. -- ft. L0 • --- ft. s... I ~ 
El. Stream FALL i FJ\LL 1 
bed at .crest --- ft. t BENO__/ s- t BEN:>.......J 

s-
SECTION SECTION 

l. 

El. stream 

r-41~ bed at face --- ft WEIR CREST 

-Vf-~-TAPER .. _q (4:f to 6: I} t I r--- 1 vr TNO 
St=--:1 (2:1to3.:1) 

Bf ,T~ i- !'~\ : I 
Barrel Shape J ~ I 

and Material ~L,_j fk~~. Inlet Edge 

Description '---SYMMETRICAL FLARE 
ANGLES FROM 15°T090" 

• 

N•--,B•---ft., D=---ft. VERTICAL MITERED 

(I.) (2.) ( 3.) 

El. El. Min. 
Throat Face !:!. Q 

0Yz Bt Comments 
Q 1-fNf Invert Invert Ht D Bf 0

312 Bt s 

Bt rJ12 = 

- ·~ ~ ~ ~ ~ ~ c; 
~ ~ ~ ~ ~ I~ ~ 

Bt o3~ = 

"' ~ ~ ~ ~ ~ ~ c; 
~ 

.~ ~ ~ ~ ~ ~ 
Note: Use only throat designs with FALL >0.250 

(I.} El.face lnvert:Vertlcal•Approx. stream bed elevation at face 
Mitered= El. Crest -y, where y • 0.40 (Approx.), but highef" 
than tt..oat i11Yert elevation. 

(2) Hf= HW1-EI. face invert 

(3.) Min. Bt = Q 

10 3 12 110 I B 0 312 1 
f 

( 4.) (5.) (6) ( 7:) (8) (9.) (10) (11.} (12.) GEOMETFIY 

Min. Check Adj Adj Q Mox. Bt=-ft. L3"-ft. 

L3 LI! Lz L2 L3 TAPER L1 w w He Crest L,,_ft. L4._ft 
El. 

• 

le"-ft d•--in. 
r,._111. • 

TAPER• __ : I 

(4.) Min. !..s=0.5NB (9.l If (6)>(7) Adj.TAPER •(Lr i.a>/~f~ 
(5.} 4"'5ty+ O/St IM itered onlyi 

(IQ)L1• le+ la+ L4 
(6.) Le•IEI. Face (Crest) lnverf-EI. 

Throa~ln;rtj Sf- L4 (IL) Mitered: W= NB+2&~\:.e:~ 
(7.) Check L • BfNB TAPER-L3 

m 02.)MOll.Crest El.• HWr- He 

(BJ If (7)>(6), Adj. L3 TAPER-Lz 

*V ,S, GOVBRllHEllT PRDi'TDIG OJT.ICBa 
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