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ABSTRACT

This program is used for the hydresulic analysis of pipe-arch
‘culverts. The program selects, from a table of pipe~arch culverts,
the culverts which satisfy the hydrologic data and site conditions
for inlet control and outlet control. The output includes: number
of pipes, span, rise, headwater, and outlet velocities. Outlet control
calculations meke use of backwater calculations, whenever necessery,
to compute headwater.

SPECIAL NOTICE

The initial version of the computer progrem "Hydraulic Anelysis
of Pipe-Arch Culverts" HY-2, was limited to the analysis of eight
riveted and eight structural plate pipe-arch culverts. These sizes
used 18" and smeller corner redii. The program necessitated the
internal storing of precalculeted constants utilized in equations
for computing the area and wetted perimeter for the availeble pipe-
arch culverts.

Subsequent to May 1969, the HY-2 program was revised to include
sixty-one pipe-arch culverts, both riveted and structural plate having
31", 18" and smaller corner radii. A mathematical routine to compute
the area and perimeter has been incorporated in the program, thus
eliminating the need for constants for each pipe size.
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STATEMENT OF THE PROBLEM

Hydraulic anelysis of pipe-arch culverts is an extension
of the method presented in BPR HY-1, "Hydraulic Analysis of
Circuler Culverts."

The repidity with which the electronic computer performs
calculations mekes its use advantageous for selecting culvert
sizes on highway projects having a number of drainasge instel-
lations or for checking culvert sizes in the review of drainage
plans. An sdded advantage of the progrem is the computation of
headwater required, for the culverts selected, to pass floods
other than the design flood.

This program is based on the principles discussed in
Hydraulic Engineering Circular No. 5 1/, "Hydraulic Charts for
the Selection of Highway Culverts.” The nomographs used in
Hydraulic Engineering Circular No. 5 are replaced by mathematical
equations in the computer progrem. In addition, & backwater
computation is incorporated for the solution of part-full outlet
control problems.

}/ "Hydraulic Charts for the Selection of Highway Culverts"
Hydrsulic Engineering Circular No. 5, by L. A. Herr,
U. S. Department of Commerce, Bureau of Public Rosds, 1961
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METHOD OF FUNCTIONING OF PROGRAM

The functioning of the program can be separated into two parts;
(1) inlet control calculations and (2) outlet control calculations.
Each part will be discussed separately, but in the program these parts
are interconnected in order to avoid duplication of computer instruc-
tions. ,

Inlet-Control

The computer begins inlet-control calculations by calculating the
approximate cross-sectional area required. This is done by equation
(1), page 5. This area is compared with the total cross-sectional areas
of the various pipe-arches listed in Table 1, pages 15 and 16. The area
table is searched until & minimun-sized pipe-arch is found that has a total
area equal to or greater than the approximated area. This size of pipe-
arch then becomes the first trial size for use in making inlet-control
computations. If the rise (vertical dimension) of the trial-size pipe
is greater than the allowable headwater, the number of pipes is5 incremented
by one and the discharge is changed to an adjusted discharge (QADJ) by
dividing the number of pipes into the design discharge. Using the
ad justed discharge, a new size of pipe-arch is selected from the table in
the same manner as described above. Again, the rise of the newly selected
pipe-arch is compared to the allowable headwater. The above procedure
continues until a pipe-arch with a rise less than the allowable headwater
is found, then inlet control calculations are performed.

Using the selected pipe-arch as the first trial size, the head-
water is calculated by equation (2) and is compared to the allowable
headwater. When the calculated headwater is equal to or less than the
allowable headwater, the next smaller size in the table of pipe-arches
is selected as the next trial size. However, 1f the headwater for
the first trial size is greater than the allowable headwater, the next
larger size in the table of pipe-arches is selected as the next trial
size. When it is necessary to select a larger size, a check is made
to be sure that the rise of the pipe-arch does not become greater than
the allowable headwater. If the rise is greater than the allowable
headwater, then the number of pipe-arches is incremented by one, the
discharge is adjusted by the method previously described and the cal-
culations for inlet control are started egain. When this is the case,
the first size selected is discarded and all inlet-control answers
will be for multiple culverts.

By testing counters, the program makes a decision whether two
acceptable sizes have been selected. The two acceptable selections
are: (1) a pipe-arch with beadwater equal to or less than the allow-
able headwater and (2) the next size of pipe-arch with headwater
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greater than the allowable headwater. The rise of all pipe-arches
selected is always equal to or less than the allowable headwater.

After two pipe-arch sizes have been selected for inlet control,
the program caelculates outlet velocities for each selection. 1In
order to calculate the outlet velocity it is necessary to calculate
the normal depth of flow. The normal depth is calculated by an iter-
ative method using equation (3). The iterative calculations start
by using the full pipe cross-section and the depth is decremented
until equation (3) is satisfied. A mathematical routine for compu-
tation of aree has been incorporated into the program in place of a
polynomial equation with constants. When equation (3) is satisfied,
the depth used is normal depth. The area that was calculated for normal
depth is divided into the discharge to find the outlet velocity.

When the velocities have been calculated and the inlet-control
results printed, the program branches to & control routine. The control
routine sets all necessary switches to enable the program to compute
headwaters and outlet velocities for the two pipes selected using the
check discharge. After printing the results of the inlet calculations
using the check discharge, the program branches to the control routine
which restores the adjusted discharge that was used in inlet calculations
prior to the calculating of headwateres and outlet wvelocities for the
check discharge. The program then branches to the outlet-control
calculations.

Outlet-Control

Outlet-control calculations are begun by anelyzing ome of the
selected pipe-arches along with the number of pipes and the adjusted
discharge from inlet-control calculations. The calculations are
started by calculating the head required for a pipe-arch flowing full
by equation (4). After the head is calculated, the value of tailwater,
which is input data, is compared to the rise of the pipe-arch being
anelyzed. If tailwater is equal to or greater than the rise, then
headwater is calculated by equation (6) using the conditions listed.
If the value of tailwater is less than the rise, it is necessary to
calculate critical depth by an iterative method using equation (5).
The iterative method starts with the depth equal to 0.98 times the
rise and the depth decrements until equation (5) is satisfied. Head-
water is then calculated by equation (6) using the listed conditions.

If the headwater is positive, a test is made to determine
whether the culvert is flowing full or with & free-water surface by
comparing the results of eguation (7) with the rise of the pipe-arch
being analyzed. If the results of equation (7) are equal to or
grester than the rise being considered, the culvert is considered to
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be flowing full. For a pegative or zero headwater, or a result from
equation (7) less than the rise being considered, critical depth is
compared with normal depth. Inlet control governs when normal depth
is less than critical depth. The message "Inlet Control Governs" is
printed when this occurs as shown in example problem 1. If normal
depth is equal to or greater than critical depth, a water surface
profile known as a backwater curve must be computed.

Since the occurrence of one of two different backwater curves
is possible, it is necessary that the tailwater be compared with
critical depth and normal depth to ascertain the appropriate curve.
When tailwater is equal to or less than normal depth, equations (8a)
and (8c) are used in computing the water surface profile with either
tallwater or critical depth, whichever is the greater, used as the
starting depth for backwater calculations. When tailwater is greater
than normal depth, equations (8b) and {8c) are used to compute the
water surface profile. When either backwater analysis is completed,
the headwater is calculated by equation (9).

After headwater is computed by one of the above methods, it is
compared to the allowable headwater. Depending on the results of the
comparison, either the next smaller or pnext larger size in the table
of pipe-arches is selected to obtain e new trial size. The calcula-
tions, and comparisons described are repeated for this selection and
any subsequent selections. As in inlet control, there are only two
acceptable selections; one pipe-arch with headwater equal to or less
than the allowable headwater and the next smaller size pipe-arch with
headwater greater than the allowable headwater. The rise of the pipe-
arches selected for outlet control can be greater than the allowable
headwater.

When the program, by testing counters, has selected two pipe sizes,
then outlet velocity calculations are begun. The tallwater is compared
with the rise of the pipe-arch and when tailwater is equal to or greater
than the rise, the cutlet velocity is calculated using the total cross-
sectional area of the pipe. When the tailwater is less than the rise,
tallwater and critical depth are compared and the larger value is used
to calculate the flow area. This area 1s then used in equation (10)
to calculate outlet velocity.

After printing the results of the pipes selected for outlet control,
the program branches to the control routine. The control routine sets
the switches in the program that are necessary to calculate headwaters and
outlet velocities for the two pipes selected for the check discharge when
the culvert is flowing in outlet control. These calculations for head-
water and outlet velocity are determined in the same manner as the original

calculations for ocutlet control.

After printing the check discharge calculations the control routine
returns the program to the beginning to read-in another problen.
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MATHEMATICAL EQUATIONS

Inlet Control

Approximate Area

= QADJ
Where A = approximate cross-sectional area in square
feet,
QADJ = adjusted discharge in e¢fs,
AHBW = allowable headwater in feet,
Headwater
BW = (RISE) (Y) (2)
2 3 L 5
Where Y=A4+BX +CX“ +DX° + EX +FX’ - (8) (SCORR)

HW = headwater in feet,
RISE = vertical dimension of the pipe-arch in feet,

A, B, C, D, E, & F = coefficients determined by
polynomial curve fitting

QADJ
(5PAN) (RISES 2)

adjusted discharge in cfs,

:

SPAN

horizontal dimension of the pipe-arch in feet,

slope of the pipe in ft./ft.,

[47]
L]

SCORR = correction applied to the slope.
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The coeffigients in the equation were determined by a computer
program which fitted a polynomial curve, by the method of
least squares to the-:ajxperimental data obtained by the National
Bureau of Standards<&<. Data for models 126, 91 and 21 were
used. This is essentially the same data as used to develop
the nomographs (chart 5) for inlet control given in Hydraulic
Engineering Circular No. 5.

Outlet Velocity

. 486
Q= -J-'—-I—l—— ARE/ 3 Sl/ 2 (Mannings Equation) (3)
Where Q = discharge in cfs,
A = Cross-sectional area of water in square

feet at any depth of flow,

R = hydraulic radius in feet,

n
[}

slope of the pipe in feet per foot,

n = roughness factor.

1-’-/ "Least Squares Polynomial Curve Fitting," by R. C. Tennent,

2/

U. S. Department of Commerce, Bureau of Public Roads,
Library Program M-l, Washington 25, D. C., 1962.

"First Progress Report on Hydraulice of Short Pipes, Hydraulic
Characteristics of Commonly Used Pipe Entrances" by J. L. French,
U. 5. Department of Commerce, National Bureau of Standards,
Report No. 4slly, Washington 25, D. C., 1955, p. 4B8-Tk.



Outlet Control

Head

H=1+Ke+122i322$§-ﬂ1“l ____0‘2;____2_ (%)
A (64.309) (A7)

(75)

Where H = head for pipe-arch culverts flowing full, in feet,

Ke = coefficient of entrance loss,

B
n

roughness factor,
= length of pipe in feet,
= total cross-sectional area of the pipe-arch

wetted perimeter of full pipe in feet,

o ﬁ > Gt
i

= discharge 1n cfs.

Critical Depth

2 3
Oﬂ_. = -L—
25" T (5)
Where Q = discharge in cfs,

A = cross-sectional area of water in square
feet at any depth of flow as defined by
equation (11),

T = top surface width of water in feet at
any depth of flow,

« = velocity distribution factor.



Besdwater
HW = TEMP + H - (L) (8) (6)

When a)dc=RISEa.ndRISE>TW, then TEMP = RISE

b) dc + RISE d + RISE
d, < RISE and —— > TW, then TEMP = ——s
C) dc+RISE
T™W > RISE or TW > — then TEMP = TW;
Where  RISE = vertical dimension of the pipe-arch
invert at outlet,
TW = tailwater height in feet from culvert
invert at outlet,
HW = headwater in feet from culvert invert
at inlet,
H = head for full flow in feet,
L = length of pipe in feet,
S = slope of pipe in feet per foot
TEMP = WHW - (1+Ke)§E (7)
Where TEMP = temporary value that represents a culvert height
WHW = working headwater in feet
K = coefficient for entrance loss

e

V = mean veloclity for full cross-section of barrel
in feet per second

Backwater (computation for water surface profile)

ForTWSdn
{d + XZ] B [d + zi]

x =\-2_ 28 1" 2g (8a)
S -8,

For TW > dn
A) -l 2]
1] - 2

ledl*zg 2t g (8v)
S, -8

6



Where X1

d; and dy

V. and v
1 2

distance in feet between two different
depths of water,

different depths of water in feet,
velocities in feet per second at the
different depths of water,

slope of the pipe in feet per foot,

32,2 ft./sec.?

2 P .
2.21 R¥/3 (8e)

aversge slope of the water surface in feet
per foot,

roughness factor,

aversge velocity in feet per second of the
two cross-sections,

average hydraulic radius in feet of the
two cross-sections.

X Vv

e '1
2g (9)

headwater in feet,

coefficient of eatrance loss,
depth in feet at the previous cross-section,

velocity in feet per second at the previous
cross-section.
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Outlet Velocity

v= &
A (10)
Where V = outlet velocity in feet per second,
= discharge in cfs,
= cross-sectional area of water in square feet,
When
DIW = RISE or 4, = RISE, then Area is the total
cross-sectional area,
d.> DIW, then Area 1s for depth equal to dc’
d, < DI'W, then Area is for depth equal to DIW,
Where DIW = design tailwater in feet,

RISE
dc

vertical dimension of the pipe-arch in feet,
eritical depth in feet.

K i \l
£
é I
Ei 2? BR
>1>'¢ - -y
Tl/ k
B
_ i

Helf Section of Pipe-Arch Culvert
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INPUT DATA

The input data for this program are the same as described
for the Hydraulic Analysis of Circular Culverts, HY-1l. The input
data for the program are:

Culvert code
Slope of pipe
Length of pipe
Design discharge

Allowable headwater
Design tailwater
Check discharge
Check tailwater

W -
o~ O\

These input data are discussed in detail in the following
paragraphs.

Culvert Code

The culvert code is taken from Table 2, page 16, and incorporates
all the necessary constants for the different inlets and the types of
paving listed. The first four numbers comprising the culvert code are
the subscripts for the constants in Table 3, page 17, and the fifth number
is the subscript for the Inlet Control Coefficients in Table 4, page 17.

To find the correct culvert code, from Table 2, only the type of
pipe~arch invert treatment and the type of inlet need be known. Types
of inlets are described in BPR HY-l. Enter Table 2 under the type of
pipe-arch invert treatment and read down the table until opposite the
type of inlet to be used. The five digit number at the intersection of
the appropriate row and column is the Culvert Code. For example: A
riveted or structural plate pipe-arch with mitered inlet and an unpaved
invert has a culvert code of 33122. (The pipe roughness n is changed
automagically when the size selected indicates riveted or structural
plate.

Slope of Pipe

Slope of pipe (SLOPE), in feet per foot, is the elevation of the
invert at the inlet minus the elevation of the invert at the outlet
divided by the length of pipe.

Length of Pipe

Length of pipe (DIST), in feet, is the total length of pipe
measured slong the invert from the inlet to the outlet.

Design Discharge

Design discharge (Q;), in c.f.s., is the quantity of water that
is used in the selection of pipe size.
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Allowable Headwater

Allowable headwater (ABW), in feet, is the height of water above
the invert at the Ilnlet end of the pipe selected by the designer. The
allowable headwater should be below the shoulder line, otherwise the
culverts selected by this program might not have sufficient cover. If
the sizes selected give insufficient cover over the arch, the AHW should
be decreased and the problem rerun.

Design Tailwater

Design tailwater (DIW), in feet, is the depth of water in the out-
let channel sbove the invert at the outlet end of the pipe. This depth
is determined by downstream flow conditions in the natural channel.

Check Discharge

Check discharge (Q,), can be used for two purposes: (1) to find
headwater for a discharge“greater than the Design Discharge (Q,) should
a greater flood need to be investigated; and (2) to obtain varlous
headwater-discharge values for plotting performance curves for the culvert
sizes selected by the program for the input problem.  Values of in
¢.f.s., can be less than or greater than Q to obtain the values
under (2) above. The solution for finding these values requires a series
of problems using different input cards, keeping all the input data the
seme except Q, and check tallvater (cW) .

Check Tallwater

Check tailwater (CTW), in feet, is the depth of water above the
invert of the outlet end of the pipe for the check discharge (Qa)‘

Input Date Form

The input data form is as shown on page 18. This form incor-
porates on one page a sketch and data of the problem and the two cards
used for input data to the computer program. After having the sketch
portion of the data form completed, the input data portion of the form
is filled in for use by the punch card operator. Card No. 1 is for
problem identification and contains 80 columns of alphabetic end/or
numeric information. (Position 1 must contain the number one.) This
could be such items &s: The project number, the station of the culvert,
and the date submitted to the computer. Card No. 2 is for the data
listed under the card columns and all data are necessary for the program
to function properly. See examples on pages 40 to 48. All items of
input data should have a value recorded on the input data form. If any
of the items have a zero value, a zero should be shown to the left of
the decimsl point on the form. Leading zeros are not necessary.
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OUTPUT DATA

The output of this program is either a message or an answer.
Messages indicate that something is wrong with the ipput data or the
answer computed is not an applicable solution.

The messages are:

ALLOWABLE HEADWATER TOO SMALL.
ALLOWABLE HEATWATER TOO HIGH

. NUMBER OF PIPES EXCEEDS SIX

. CULVERT CODE INVALID.

. AVAILABLE SIZES EXCEEDED.

Message number one is printed when the elevation of the allow-
able headwater is not above the elevation of design tallwater by at
least one-half foot. This difference of one-half foot has been set
arbitrarily by the authors but may be changed merely by changing the
constant in the formula for HEIT. This message is used to check
agalnst tailwater elevation being higher than headwater elevations.

Message number two 1s a check to insure that the selection of
pipe-arch sizes does not require & size smaller than the minimum size
in the table of pipe-arches. This condition occurs when the program
is selecting a smaller size from the table in order to increase the
calculated headwater to meet a given allowable headwater.

Message number three is a check on the number of pipes being
used. The maximum number of pipes that can be used in this progranm
has been set at six. If this number is too high or too low, the
constant can be changed in the test for maximum pumber of pipes.

Vo o

Message number four 1s a check to insure that a valid culvert
code is submitted as input data. A table of valid culvert codes is
stored in the computer. If the code submitted does not match a
value in the table, then a message "Culvert Code Invalid" is printed.

Message number five is printed when the number of barrels
selected for inlet control are inadequate for outlet control. In such
& problem the number of barrels selected for inlet control are increased
by one. Then inlet and outlet control results are printed out. This
procedure makes the comparison of inlet and outlet control results
possible which would not be the case for differing numbers of barrels.

The answers are:

1. Problem identification.
2. List of inpput data.

3. Inlet-control results.
k. Outlet-control results.

Problem identification is the same as was read-in as input dats.
This is used for identification of the analysis as well as for a record.

The input data is listed to assist the designer in selecting an
acceptable culvert. Also, this information is helpful in correcting
the input data if one of the messages is printed out.
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Inlet-control conslsts of two pipe-arch sizes, one arch
having 8 headwater equal to or less than the allowable headwater,
and the other, & size smaller, having & headwater greater than the
allowable. For each size selected, the following is printed out:

l. Discharge in c.f.s.

2. Number of pipes.

. Span of arch in inches,

. Rise of arch in inches.

. Heedwater in feet.

« Cutlet velocity in f.p.E.

[oAR N I ~g UN)}

The span and rise are printed in inches and sre the layout
dimensions a&s given by the pipe-arch manufacturers. The nominal
dimensions for the corresponding layout dimensions can be obtained
frou Table 1, pages

Using the check discharge of the input date, new values of
headwater and outlet velocity are computed for the two culverts
selected for both inlet control and outlet control. These results
are printed out in the same form &s given for the design discharge.

Outlet-control results are the same general form &s inlet-
control results. The only difference occurs when "INLET CONTROL
GOVERNS" is printed instead of the values for headwater and outlet
velocity. This is printed whenever the normal depth (DEP) of flow
is less than critical depth. Inlet control goverms when this
message appears.

The value under discharge will only correspond to the Q or Qo
used as input when the number of pipes shown is equsl to one. For
mltiple pipes the input discharge, Q1 and Qo, is divided by the
nurber of pipes used, changing the discharge to equal that carried
by one pipe.

Selection of Culvert

Knowing the Allowable Headwater (AHW), the size of a pipe-arch
culvert can be selected by comparing the values of headwater listed
85 the output results. It must be remembered that for any particular
pipe-arch the control with the highest headwater is the governing
control.

A typical output listing is as shown in the sample problems
on pages U0 to LB.



TABLE 1

Table of Pipe-Arch Culverts

Structural Plate Pipe-Arches Structural Plate Pipe-Arches
(18-inch Corner Radii) (31-ineh Corner Radii)
‘ TOTAL TOTAL
SPAN RISE AREA ' SPAN RISE [ ARES
Nominal { Layout | Nominal | Layout Nominal | Layout | Nominal| Layout

Ft.-In. | Inches| Ft.-In. | Inches | Sq. Feet Ft.-In. | Inches { Ft.~In | Inches | Sq. Fuet
6-1 73.00 L7 55.00 22.09 13-3 159.40 9-4 112.30 98. .0
64 76.00 4-9 57.10 2k, 09 13-6 162.20 9-6 114.40 | 102.00
6-9 81.20 L-11 58.90 26.14 14-0 167.60 9-8 116.20 | 106.00
7-0 84.20| - 5-1 61.10 28.39 14-2 170.60 | lo-10 | 118.4L0| 110.88
7-3 87.00 5.3 63.20 30.60 14-5 172.80 | 10-0 120.50 | 115.2%

7-8 92.40 5-5 65.00 32.92 14-11 | 178.60 | 10-2 122.30{ 119,%
7-11 95.20 5-7 67.20 35.39 15-4 184.20 | 10-4 124,10 | 124,00
8-2 97.80 5-9 65.40 37.95 15-7 187.00 | 10-6 126.30 { 129.00
8-7 103.40 5-11 71.10 40.40 15-10 |} 189.60 | 10-8 128.50 | 133.82
8-10 | 106.00| 6-1 73.30 ] 43.10 16-3 195.40 | 10-10 | 130.20 | 138.00
9-4 111.80| 6-3 75.10 | 45.83 16-6 [198.00 | 11-9 | 132.40 | 143.00
9-6 114.20 6-5 77.30 48.70 17-0 203.60 112 134.20 148.00
9-9 116.60 6-7 79. 50 51.64 17-2 206.20 | 11-4 136.30 | 153.06
10-3 122.60 6-9 81.20 54. 51 17-5 208.80 | 11-6 138.50 | 158.48
10-8 128.40 6-11 82.90 57.46 17-11 {214.60 | 11-8 140.30 | 163.35
10-11 131.00 7-1 85,10 60.70 18-1 217.20 11-10 142.40 168.00
11-5 136.80 7-3 86.90 63.87 18-7 223.00 | 12-0 144,20 1 174.00
11-10 | 141.80 7-7 91.30 70,68 19-3 231.40 | 12-4 148.10 | 184.68
12-4 | 147.80) 7-9 93.00| T4.05 19-6 |234.00 | 12-6 | 150.30 | 190.00
12-6 | 150.20| 7-11 | 95.20| 7.6k 19-8 |236.40 | 12-8 | 152.50 | 196.18
12-8 152.40 8.1 97.40 81.34 19-11 }238.60 | 12-10 | 154,70 | 202.40
12-10 | 154.40 8.4 99.70 85.20 20-5 244.80 | 13-0 156.40 | 207.80
13-5 160.80 8-5 101.30 88. 74 20-7 247.00 | 13-2 158.60 | 214,00

13-11 | 167.20 8-7 103.00 92.55
141 169-40 8-9 105.20 96.53

-gT -
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TABLE 1 - Continued *

Riveted Metal Pipe-Arches

TOTAL

SPAN RISE AREA
Nominal | Layout |Nominal | Layout

Inches Inches {Inches | Inches |[Sq. Feet
18 18.10 11 11.00 1.07
22 21.70 13 13.30 1.59
25 25.30 16 15.50 2.10
29 28.90 18 17.80 2.81
36 36.10 22 22.20 4.39
43 43,30 27 26.60 6.28
51 50.60 31 31.10 8.55
58 57.80 36 35.50 11.23
65 65.00 Lo 40.00 14.23
T2 72.20 L 44,40 17.52
79 79.40 kg 48.70 21.01

* For some of the arch sizes common to this and previous editions, the layout

dimensions differ slightly.

TABLE 2

Culvert Code Table

The above noted values reflect current usage.

Riveted or Hydraulic¥# Riveted or
Structural Plate Inlet Type Exper. Structural Plate
Unpaved Model No. Paved
32111 Projecting 126 32211
33122 Mitered 91 33222
32133 Headwell 21 32233

*# First Progress Report on Hydraulics of Short Pipes, Hydraulic
Characteristics of Commonly Used Pipe Entrances, by John L. French,
1955, U. S. Department of Commerce, National Bureau of Standards,

pages U48-Th.
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TABLE 3

Table of Constants

Velocity Distribution Factor

Slope Correction Factors

P SCORRl = 1.50
Metal Pipe ALPEA = 1.1 SCORR2 - 0.50
SCORR3 = 0.00
Manning's n Entrance Loss Coefficients
Mutiplate-unpaved CNl = 0.032 CM projecting CKEl = 0.09
Multiplate-paved CN2 = 0.026 CM mitered CKE2 = 0.70
Riveted-unpaved CN3 = 0,02k Concrete headwall CKE_ = 0.50
Riveted-paved CN; = 0.019 3
TABLE 4
Table of Coefficients for Inlet Headwater
Inlet Headwater Coefficients
Hydraulic
Model No. A B C D E F
126 0.0890527 0.712545 =0.,270921 0.0792502 =0.00798048 | 0.000293213
91 0.0833006 | 0.795145 -0.434075 | 0.1637Tk4 =0.0249139 | 0.00141066
21 0.111281 0.610579 -0.194937 | 0.0512893 | «0.00480538 | 0.000168547




HYDRAULIC ANALYSIS OF CULVERTS - Input Data Form Designer
Project: Date
Hydrologic and Channel Informatlon Sketch
Station:
Ql 2 ———— O f.8 AH‘ 1
Q= e c.f.8
™y = feet Elev. So- i‘t/f"
™My = ——— feet 1 = feet Elev.
1
Front of input data form 5
CARD NO. 1 ]
11213 7415]6 (7189 [10]11112]13]14]15{16{17 18“9 20212223]242526272829303132352 3435836137 38[394041 421434445 46147148 49 {50
/
PROBLEM IDENTIFICATION
CARD NO. 2
¥
21345 819 10112 131141511617 18119 2 2223[24];16 2930313233[ 36137 381394041 42143{44 (4546 |7 50151152/53|54
. e [ . - . [}
CULVERT SLOPE LENGTH DESIGN ALLOWABLE DESIGN CHECK CHECK
CODE * OF PIPE OF PIFE DISCHARGE HEADVATER TATLWATER DISCHARGE TATLWATER
(Sc) () () (ami) (Tv1) (Q,) (v,)

# See back of the input data form



CULVERT CODE TARLE

CORRUGATED METAL PIPE CONCRETE PIFE
CIRCULAR PIPE-ARCH CIRCULAR
Riveted Structural | Structural Plate| Paved
Inlet Type Riveted & 25% Paved Plate & 25% Paved 259, Unpaved Inlet type
Projecting |1 2311 12411 12111 12211 32211132111 Socket-end Projecting | 225 5 L
Mitered 13322 13422 13122 13222 3322233122 Socket-end Headwsll 22552
Headwall 12333 12433 12133 12233 32233{32133 Square Edge Projecting| 225 3 3
End Section{ 12335 12435 Square Edge Headwall 22534
BeveliA 12346 12446 L2146 12246 Fnd Section 22535
Bevel (B 12347 12447 12147 12247 BevelsA; 22546
Tapered 11348 11448 Bevel (B 22547
Tapered 21548
Back of input data form
SAMFLE INPUT CARDS .
—
\O
'

112|1314i5 1617189 hll]l) lilll;h&l‘ll!]l’ mlzlnlzslzusanuaania l;-"b$l3637.3813940414243“45“4748l9

/| |Plelolrizic|T] |I|-|4/¢|-|213] | [s|7Im|71zleM |7]|d9)¢|2le| |<]- 4] Wieleix] |o)/ |74/ 162

PROBLEM IDENTIFICATION

HOTE: For Key Punching Purposes, the mmber zero is shown
as¢® and "eye" as I. Nuber one (1) must appear
under position I on Card Fo. 1.

11213145 89w lJﬂIN fSﬁé 7 la“ E‘ﬂ 22|23)24125 4 2 wl:h 2 ‘ﬂ hé 37 Nb’ 40147 142 43}“ 45146 47 150 Sl?!l5+4
!

iﬁdt/ |01 L BALE /dﬁ.ﬁ /¢.4 3.l | |2l2is]. e 4|, @

CULVERT SLOPE LINGTH I DLSIGH ALLOWABLE 1 DESIGN CHECK CHECK
CODE OF PIFE OF PIFE DISCHARGE EEALWATER TAILWATER DISCHARGE TAT"WATER

(85) (L) (&) (aRw) (m™,) () ()




A(15)

B(15)

c(15)

D(15)

E(I5)

F(15)

CR(K)

BDIS(K)

BR(K)

CKE(I4)
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DEFINITION OF TERMS

The first coefficient in the equations used for inlet
control. When I5 is equal to 4, this refers to the
fourth value of A.

The second coefficient in the equations used for inlet
control headwater calculations.

The third coefficient in the equations used for inlet
control headwater celculsations.

The fourth coefficient in the equations used for inlet
control headwater calculations.

The fifth coefficient in the equations used for inlet
control headwaster calculations.

The sixth coefficient in the equations used for inlet
control headwater celculations.

A teble of corner radii for the pipe-arches.
A table of "B" dimensions for the pipe-arches.
A table of bottom radii for the pipe-arches.

Entrance loss Coefficients. When I4 equals one, this
refers to the first value of entrance loss.



HYDR(I)

KT(I)

RISE(K)

SCORR(12)

SPAN(K)

SPH(I)

TOAR(K)

TR(K)

v(I)

]
t
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Manning's n for various types of pipe. When I3
equals one, this refers to the first value of n.

Critical Depth in feet. Two values of critical depth
are stored, one for each diameter of pipe chosen by
outlet control. Critical depth is recalled later for
outlet control velocity calculations.

Hydraulic Radius in feet. The values of hydraulic
radius for two cross-sections are stored in HYDR(I)
during backwater calculations.

A table of valid culvert codes.
A table of the vertical dimensions of the pipe-arches.

Slope Cerrection Factor. When I2 equals one, this
refers to the first value of slope correction.

A table of the horizontal dimensions of the
pipe-arches.

Specific Heed in feet. The values of specific head
for two cross-sections are stored in SPH{I) during
backwater calculations.

A table of the total cross-sectional area of
the pipe-arches.

A table of the top radii of the pipe-arches.

Velocity in feet per second. The values of velocity
for two cross-sections are stored in V(I) during
backwater calculations.



ALPHA

AOVWP

AVEHR

AVEV

cQ
CIW

DECRM

DEP

DIST

DSUBC

FRISE

FSPAN

HEIT
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Allowable headwater in feet.
Velocity Distribution factor.

Area of pipe to the 4/3 power divided by wetted
perimeter to the 2/3 power.

The area of water in square feet in any pipe
for any depth of flow.

Average of the hydreulic radii calculated in
backwater calculations.

Average of the velocities calculated for two
cross~-sections in backwater calculations.

A working storage location for check discharge.
Check tallwater in feet.

The amount of decrement of the depth of flow in
the pipe during critical depth calculations in
feet.

Working depth of flow in the pipe in feet.
Length of the pipe in feet.

A temporary storage location for storing the critical
depth while doing backwater calculations.

Design tallwater in feet.

The distance between the two cross-sections in
backwater calculations.

The working location for the rise of the pipe-arch
being analyzed and it is in feet.

The working location for the span of the pipe-arch
being analyzed and it is in feet.

The Head required for given flow in outlet control
in feet.

The maximm value that design tailwater may.obtain.



BWOVD

HW1

HW2

I2

13

Ik

15

190

191

II3
INVAL

KOUNT

- 23 -

Headwater divided by rise. This is the answer
from the inlet headwater equation.

Headwater one in feet. This is the headwater for
the pipe size stored im SPAN1.

Headwater two In feet. This is the headwater for
the pipe size stored in SPAN2.

A counter used to indicate the particular variable
of a group.

A counter set by the culvert code,

A counter set by the culvert code for use with
the constant SCORR.

A counter set by the culvert code for use with
the constant CN.

A counter set by the culvert code for use with
the constant CKE.

This is a counter set by the culvert code that
designates which hydraulic model is to be used;
therefore, it is used to refer to the coefficients
A, B, C, D, E and F.

A counter used to determine when the working
diameter has been incremented.

A counter used to determine when the working
diameter has been decremented.

A working location for the counter I3.

A counter used to count the number of outlet control
invalid calculations.

A counter that keeps count of which one of the
pipe-arches from the table of pipe-arches that
is being analyzed.

A counter which counts the number of times outlet
control is calculated.

A counter which counts the number of times an answer
bas been printed by the outlet control invalid routine.

A counter which counts the number of times critical
depth is calculated.



PIPES

Q<0A

Q20VG

RISEL

RISE2

RFOUR

Sl

SLOPE

SPAN1

SPAN2

SUMX
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The number of pipes calculated by inlet control.
Design discharge in cfs.

Check discharge in cfs.

Adjusted discharge In cfs. This is used for
storing working discharge and it is QL or Q2
divided by the number of pipes.

A term that is used in the calculation of head
for full flow.

Discharge squared divided by 32.2. This is used
in outlet control in critical depth calculations.

Rise one in inches. The rise of the first pipe-
arch selected is stored in RISEl.

Rise two in inches. The rise of the second
pipe-arch selected is stored in RISE2.

A term that is used in the calculation of
head for full flow.

The slope of the water surface between two cross-
sections in backwater calculations.

Slope of the plpe in feet per foot.

Span one in inches. The span of the first
pipe-arch selected is stored in SPAN1.

Span two in inches. The span of the second
pipe-arch selected is stored in SPAN2.

The accumulated distance in feet from the outlet
end of the pipe in backwater calculations.

The top surface width of water in feet in any size

pipe for any depth of flow.

A temporary location used for storing temporary
calculations.

Outlet velocity one in feet per second. This is
the outlet velocity for the pipe size stored in
SPANL .

Outlet'velocity two in feet per second. This is the
outlet velocity for the pipe size stored in SPAN2.
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Working headwater in feet. The calculations
for headwater are stored in WHW until the pipe
slzes are selected.

Wetted perimeter in feet of the water in any
pipe for any depth of flow.

The independent variable in the equation for
inlet control headwater calculations.



[aEaXeNaNel

EWN
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COMPUTER PROGRAM FOR HYDRAULIC ANALYSIS OF PIPE -~ ARCH CULVERTS
BUREAU OF PUBLIC ROADS -- REVISED MAY 1969 - BY MARIO MARQUES

COMMON ASUB1,ASUBZ,ASUB3,4XX14XX2
COMMON [1512413,14415,SLOPE,DIST,Ql,AHW,DOTW,Q2,CTW,QADJ,PIPES, IH!
1 8Q) o SPANK,RISEKyWHW ) SPAN1,RISEL ,HHL1 VEL] ySPAN2,RISE2,HW2,VEL2
2o NTsKopK1y,K2, INVAL,Y,T,Q20VG,FRISE,TEMP,DEP,DECRM, AREA
DIMENSION SCORRIU3),CNI{4),CKE(3),A13),B(3),C(3),013),E(3),F(3)},
35PANLG61), RISE(S6L)oTOARISL)»TRE6L]SPHI2),V(2),HYDRI2),0C{2)

4 4BRI61),BDIS{61),CR{6L)

DATA ALPHA/1.16/45CORR/1.4590.590.0/+CN/s032,.026,4024,.019/,CKE
£e99eT9a5/9A/c89052TE~14.833006E-1,.111281/,B/.712545,.795145
20610579/43C/=02709219~e%340755-c194937/;D/.792502E-15.163774,
a512893E-1/4E/=oT98048E-24~-.249139E-1,-,.480538€E-2/,F/.293213
E=3y4141066E-24.168547E-3/

DATA SPAN/1841¢21479256392B8.9936:1543.3950.6,57.8765.0472.297%.4,

17340576005 81l02984.208769920%995029974891034441060.9111.8,114.2,

2116-6’«‘22.6'128.4'131.'136-8'139-‘01141-81 14708’150.29152.4'15‘.‘09

3160e8916742+1169:49159.49162.29167.6+170.69172.8,178.64184.2,187.0,

4189.65195.%y 198,9203.6420662¢208.89214.6,217e2922309225444231.4,

5234.09236.4y 238.65244.8,247./

OATA RISE/116091303915e5917e89224292606931.7335.5940.0544.4448.7,
155605 57e1358699610106302965¢967e29569:49T1e107343,75.1977.3,79.5,
281-2' 82.9’ 85.1’86-9'8901'91-3’930 '9502'9704'9907'10103’ 1030.

3 105.25 112.35114.49116629118.4912045+122.3,124.1,126.3,128.5,

4 130.2¢132c4%9 134.20136.34138.59140.39142.44144.2,146.4,148.1,

5 148.1, 152.5+154.75156.44158.6/

DATA TOAR/1:0791.5912¢10928194¢39¢642898455911.23414.23,17.52,21.
10162200992%.09926214328.39430.60932.92335¢39937.949%0.4943.1,45.79
2748.67551460354,51957046960.7463.86967.18,70.6B,74.477.64,81.34,

3 B5.14988:68992¢549496053998¢9102¢910649110441154911905124.9129+

4 133.513B00143.914809153.5158,9163.5168.,9174.,179.185.,190.,196.,

5 202.520809214.7

DATA BR/19.12537:069330.50¢55.00973.25091¢56+97.25,115.69,129.31,
1142.9%5145.509T76.30¢98.60,83.50,104.20,136.20,109.80,137.90,182.90
2¢141.00,178.70,144.60,

3 1770502272 75178.351534291804%5157.94183.2,216.45186.5,216.8,

4257 45314eT79254.8,220.79254419192.69220.59197.99222.69256.69227.7,

5 208.53232610260.6923629263.25241.9266.81297.94270.6+299.7,274.5,

6 302:35278.69305.14336.59374.3,338.1+373.5/

DATA TR/10.06011.87:12e75914.75,18.25021456425.12529.12932.75,

1 36.31,39.75,36.80,

2 380l34100%9263943:51946.5547.7948.91951.9953.01,+5642557.3458.31,461

3-516‘0.90 6509,69.‘9'7002971-1971’07'7505.7604'77.3'80.7181’04185.l' 80

4 o198143,84.4:85.6486.6,89.8,93.1494.1,95.2,98.5,99.5,102.9,103.8,

5 104.8,108,29109.10112069113:5¢01709117.9,118.8,119.7+123,24124./

DATA BDIS/4:.594075+65025+5252602597.0:8.0¢9.25510.5,11.75,13.25,21.
19020:5522092104920:852204421.7720.992267421.9023.8922:.9+21.9424.,

00000
00050
00100
00150
00200
00250
00300
00350
00400
00450
00500
00550
00600
00650
00700
00750
00800
00850
00900
00950
01000
01050
01100
0L150
01200
01250
01300
01350
01400
01450
01500
01550
01600
01650
01700
01750
01800
01850
01900
01950
02000
02050
02100
02150
02200
02250
02300
02350
02400
02450
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2 260192501027 0%9260312502927.592644425.292%4.¢26.64928.94,27.6,38.6, 02500

3 37.8’39.6.38-9'38.139.9.‘01.91"1.r"o.l1‘2.2!"1029‘3-"42.‘0'41.4' 02550

4 43,6982.5944.8943.T7746.944.9943.8,42.6,45.943.8/ 02600

DATA CR/3:5944094.094¢5¢5.095.596.0,7.048.049.0,10.0,18.0,18.0, 02650

1 18-' 180'18¢'1800180'1809180 '18."80'18-0180".80118-'180'18-'1891 02700

2 18.518.9180918091809180518091805310093109310931lev31le931la93le93lay 02750

3 3109380931093 109310930a93109310932003105300931069310r31le931eyp31.7 02800

20 CALL H18021 02850

c 02900
c INITIALIZE INLEY CONTROL 02950
C 03000
50 CLTH = { DISTeDISY ~ SLOPE«DIST # SLOPEeDIST )es0,5 03050
PIPES = 1.0 03100

psusC = 0.0 03150

cQ = Q2 03200

QADJ = Q1 03250

i3 = [3 03300

55 190 =0 03350
191 =0 03400

NSW1 =0 03450

NSW2 =1 03500

NSWT? = 0 03550

NSW8 = 1 03600

c 03650
C CALCULATE APPROXIMATE AREA OF REQUIRED PIPE - ARCH 03700
C 03750
60 AREA = 0,785398 =« QADJ / AHW 03800
NSW12 = 4 03850

GO TO 80O 03900

70 IF { FRISE -~ AHW - 1.0 )100,100,80 03950

80 PIPES = PIPES + 1.0 04000

IF ( PIPES = 6.0 )95,95,90 04050

90 CALL WR3 04100

GO 7O 20 04150

95 QADJS = Q1 / PIPES 04200

GO 7O 55 04250

c 04300
C INLET CONTROL CALCULATIONS 04350
C 04400
100 X = QADJ / ( FSPAN & FRISE ee 1.5 ) 04450
HWOVD = A(I5) + ( B{I5) + ( C{I5) + ( DUIS) + ( ELI5) + F(IS)eX ) 04500

1 X ) & X} * X)X -~ SCORR{I2) e SLOPE 04550

WHNW = HWOVD & FRISE 04600

120 GO 1O {130465045005350) yNSW2 04650

C 04700
C SELECTION OF SIZES ROUTINE 04750
c 04800
130 IF { WHW - AHW )131,131,195 04850
131 IF { 190 )132,132,500 04900

132 191 =1 04950



[aXaX el

OO

[N e Nal

140

150
151

160
170
180

190

185
196

200

220

221
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NSW3 = 0
STORE FIRST SET OF RESULTS

SPANL1 = SPAN{K)

RISELl = RISE(K)

HiW 1 = WHHW

DC{1) = DSuBC

IF [ NSW3 )170,150,170
IF { K - 2 11514160,160
CALL WR4

60 Y0 20

K=K~1

60 70 850

K = Kol

IFl K-61 )B850,850,180
K =11

IF { NSW1l )190,80,190
CALL MRS

Q1 = Q1 = PIPES

Q2 = Q2 =« PIPES
CALL H18023

GO TO 80

IF { 191 11964196,500
190 = 1

NSW3 = 1

GO TO 140

INITIALIZE OUTLET CONTROL

INVAL = O
190 = 0
191 = 0
K1 = 0
K2 = 0
NSKW1 = 1
NSW2 = 1
NSW12 = 1}
WiHW = DTW
SH=0,
QUTLET CONTROL CALCULATIONS
Q20A = QADJ @ QADJ / TOAR(K) / TOARIK) / 64.309
DEP = FRISE
NSHM13 = O
NSWle = 2
GG TO 1100
RFOUR = | AREA / WP ) «e 1,33333
HEAD = ( 1.0 + CKE[I4) + (29.132 @ CN(13) = CN{I3) e DIST /

05000
05050
05100
05150
05200
05250
05300
05350
05400
05450
05500
05550
05600
05650
05700
05750
05800
05850
05900
05950
06000
06050
06100
06150
06200
06250
06300
06350
06400
06450
06500
06550
06600
06650
06700
06750
06800
06850
06900
06950
07000
07050
07100
07150
07200
07250
07300
07350
07400
07450



[z XXl oD

aoo

[z X e Nel

222

230

240

245
250

255

260
270

275
280
285

290

300

340

350

1
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RFOUR }) = Q20A
Kl =z K1l + 1

INITIALIZE CRIYICAL DEPTH CALCULATIONS

Q20VG = QADJ = QADJ # ALPHA / 32.2
DEP = 0.98 # FRISE

NSW10 = O

GO TO 700

DsuBC = DEP

INITIALIZE NORMAL DEPTH CALCULATIONS

QADJ = CN{13) / 1.486 / SLOPE=«0,5
DeP 0.90 # FRISE

NSW10 1

GO 1O 700

DOSUBN = DEP

TEMP

DETERMINE OQUTLET CONTROL CONDITION

TEMP = { FRISE + DSUBC ) e« 0.5

IF { TEMP - WTW )245,245,250

TEMP = WTW

WHW = TEMP + HEAD - SLOPE # CLTH
IF { WHW )2604260,255

TEMP = WHW - { 1.0 + CKE(I4) ) # Q20A
IF { TEMP - FRISE )260,120,120

IF { DSUBN - DSUBC )300,270,270
NSW6 = 0

IF { WTW — DSUBC )290,290,275

IF ( WTW -~ DSUBN )285,285,280

NSHWE = 1

DEP = WTW

GO YO 400

DEP = DSuUBC

GG TO 400

INLET CONTROL GOVERNS ROUTINE

SPANK=SPAN{(K)
RISEK = RISELK)

CALL WR6

INVAL = INVAL + 1

K2 = K2 + 1

IF t K1 - 2 )340,360,360

NSW2 = 4

NSW1l2 = 2

IF ({ SPAN1l - SPAN2 )170,160,160
NSw4 = O

07500
07550
07600
07650
07700
07750
07800
07850
07900
07950
08000
08050
08100
08150
08200
08250
08300
08350
08400
08450
08500
08550
08600
08650
08700
08750
08800
08850
08900
08950
09000
09050
09100
09150
09200
09250
09300
09350
09400
09450
09500
09550
09600
09650
09700
09750
09800
09850
09900
09950
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351

355
356

357
360

365
370
371
3712
380
381

390
391

392

4C0o

410
420

425

430

0C{1) = DSsusC
I = 1
NSW? = -1
GO YO 540

IF ( NSW4 )380,356,380
SPANK = SPAN{K)

RISEK = RISEIK)

CALL WR7T

K2 = K2 + 1
[F{K2-61357,20,20

GO 70 390

RISEZ = RISE(K)

SPANZ = SPANIK)
IF{INVAL-2)365,381,381
SW=1l.

NSWs =1

IF { SPAN1 — SPANZ2 )371,371,372
K = K -1

GO 1O 351

K =K ¢+ 1

GO YO 351

CALL WRSB

K2 = K2 + 1
IF{K2-3)390,4370,20
IF{SW~1.1391,392,391
NSW12 = 6

NSWT =1

GO 10 590

NSHW12 = &

NSW7 =1

SW = 0.0

FSPAN= SPANiIK)/12.
FRISE= RISE(K)/12.

GO TO 695

BACKWATER PROFILE ROUTINE

SUMX
H
N3W13
NSHWia
iF ( DEP - FRISE )1100,410,420
IF { NSW6 )1100,490,1100

DEP = WIW - SLOPE « DIST

IF { DEP - DSUBN )425,425,476

0

L]

o.
1
0
3

SUMX = {WTW-FRISE/(1.+SLOPEeSLOPE)=#0,5)#(1.0+41.0/SLOPE/SLOPE)=e,5

DEP = FRISE
G3 TO 1100
ViI) = QADJ / AREA

SPH{I)= DEP + ALPHA = V{l) & V(1) / 64.4
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10000
10050
10100
10150
10200
10250
10300
10350
10400
10450
10500
10550
10600
10650
10700
10750
10800
10850
10900
10950
11000
11050
11100
11150
11200
11250
11300
11350
11400
11450
11500
11550
11600
11650
11700
11750
11800
11850
11900
11950
12000
12050
12100
12150
12200
12250
12300
12350
12400
12450
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431
435
440
445

450

451
452
460

461

465

470

471
472

473
475
476
480
490

500

HYDRI( 1
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1 = AREA / WP

IF L 1 - 2 )431,450,450

i =1 +1

IF { NSW6 )480,440»445

DEP = DEP + 0.2

IF | DEP — FRISE )11004490,490

Dep = DEP -~ 0.2

GO TO 1100

AVEY = { V(1) + Vi2) ) ¢ 0.5

AVEHR = { HYDR{1) + HYDR(2) ) & 0.5

COMPUTE SLOPE OF WATER SURFACE,S!

S1

= CN{I3) « CN{I3) # AVEV ® AVEV / 2,21 / AVEHRs#1,33333

IF | NSW6 )452,451,452
IF { S1 - SLOPE )475,475,460
IF | SLOPE - S1 )475,475,461

0x1
G0 TO
0x1

ACCUMULATE LENGTH OF BACKWATER CURVE

= [ SPH12) - SPH{1) ) / ( S1 - SLOPE )

465

= { SPHI1) - SPH{2) ) / | SLOPE ~ S1 )

SUMX = SUMX + DX1

IF { SUMX = CLTH )470,471,471
Vil = vi{2)

SPHIL) = SPHI2)

HYOR{1) = HYDR{2)

GO TO

435

IF { NSW6 )473,472,473

DEP
GG TO
DEP
GO 71O
DEP
NSKWé
I

GO YO
WHY
NSWl4
G0 10

STORE
SPAN2
RISE2
HwW2

DC{2)

INLET

= DEP - (SUMX - CLTH}/ DX1 * 0.2

416

= DEP ¢ [SUMX - CLTH) / DX1 » 0.2

476
DSUBN
-1
1

100

e U I I S|

2

20

SECOND SET OF RESULTS
SPAN(K)

RISE(K)

WHR
DSuBC

RN h

CONTROL VELUCITY CALCULATIONS

SPH{1) + CKE{lI4) & VI1) = V(1) / 64.4

12500
12550
12600
12650
12700
12750
12800
12850
12900
12950
13000
13050
13100
13150
13200
13250
13300
13350
13400
13450
13500
13550
13600
13650
13700
13750
13800
13850
13900
13950
14000
14050
14100
14150
14200
14250
14300
14350
14400
14450
14500
14550
14600
14650
14700
14750
14800
14850
14900
14950



e NaNel

[aRaNal OO

[aNaXal

510
520

530

540
541
542
543
550
560
570
580

581

590

610
620
630

640

650

660

I = 2
IF { NSW1 )540,520,540

TEMP = QADJ # CNI{I3) / 1.486 / SLOPE=#=0.5
DEP = 0.9 # FRISE

NSW10 = -1

GG 7O 700

IF { DEP - FRISE )580,570,570
CUTLET CONTROL VELOCITY CALCULATIONS
IF { WTW - FRISE )541,570,570

IF { DCil) ~ FRISE )542,570,570
1IF { DC{I) — WTW )543,550,550

DeP = WTW

GO TO 560

DEP = DCID)

NSW13 = -1

NSW14 = 4

GO YO 1100

AREA = TOAR{K)
VEL1 = QADJ / AREA
IF { T -1 )610,610,581
VEL2 = VELI

1 =1~1

NSW12 = 5

IF { SPAN2 - SPAN1 )170,160,160
PRINT AND CONTROL ROUTINE

IF [ NSW7 })355,620,630

CALL WR9

CALL WR1O

GO TO ( 640,56909695420 )sNSW8

SEY CONTROLS FOR INLET CONTROL CHECK CALCULAYICNS

Qi = QADJ

QADJ = Q2 / PIPES
NSW2 = 2

NSW9 =0

GO T0 100

STORE RESULTS FOR FIRST SET OF CHECK CALCULAYIONS

HWl = WHH

DC{1) = DSuBC

NSW12 = 3

IF { SPAN2 - SPAN1 )160,170,170
NSW2 = 3

15000
15050
15100
15150
15200
15250
15300
15350
15400
15450
15500
15550
15600
15650
15700
15750
15800
15850
15900
15950
16000
16050
16100
16150
16200
16250
16300
16350
16400
16450
16500
16550
16600
16650
16700
16750
16800
16850
16900
16950
17000
17050
17100
17150
17200
17250
17300
17350
17400
17450



(e RaNgl A0

e NaXaKel

670

680

650

695

700
705
706
707
710
711
720
721
722

730

740

750
760

.~ 33 -

IF { NSW9 )680,670,680
NSKRT =1
NSW8 = 2
GO YO 100
NSW8 = 4
GO 10 220

SET CONTROLS FOR OUTLETY CONTROL CALCULATIONS

CALL WR11
NSW8 = 3
Q2 = QADJ
QADJ = Q1
GO T0 200

SET CONTROLS FOR OQUTLET CONTROL CHECK CALCULATIONS

QADJ = CQ / PIPES
WTW = CTW

K1 =0

NSW2 = 2

NSw9 =1

GO T0 220

ITERATIVE ROUTINE USED FOR CALCULATING
CRITICAL DEPTH,DSUBC, AND NORMAL DEPTH,DSUBN

DECRM = 0.2 = FRISE
IF { NSW10 )705,706,705

NSW13 =0

GO 10 707

NSW13 = 1

NSW1l4 = 1

KOUNT = O

GO TO 1100

IF { NSWL10 )740,711,740

TEMP = AREA = AREA » AREA / T

IF [ TEMP - Q20VG )720,750,730
IF { KOUNT }721,750,721
IF {DECRM - 0.03 )760,760,722

DEP = DEP + DECRM
DECRM = 0.2 # DECRM
DEP = DEP ~ DECRM
KOUNT = KOUNT + 1
GO 70 11C0

AQVWP = AREA®#]1,.66667 / WP#20,666667
IF { AOVHP - TEMP )720,760,730

DEP = FRISE

IF | NSW10 1530,230+240

17500
17550
17600
17650
17700
17750
17800
17850
17900
17950
18000
18050
18100
18150
18200
18250
18300
18350
18400
18450
18500
18550
18600
18650
18700
18750
18800
18850
18900
18950
19000
19050
19100
19150
19200
19250
19300
19350
19400
19450
19500
19550
19600
19650
19700
19750
19800
19850
19900
19950
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[a X aNaNel

800
840
850
854
855
856
860

870
871

880

8390
895

11G0

-3 -
PIPE-ARCH SELECTION ROUTINE

DO 840 K =1,61

IF { TOAR(K) - AREA )840,850,850
CONTINUE

GO 10 80

FSPAN=SPAN(K)/12.0

FRISE = RISEiIK) / 12.0

IF { FRISE - AHW - 0.5 1854,854,180
IFt K-11 ) 855,855,870

IF { LI3 -~ 1 )1B56,856,860

13 =3

GO 10 890

13 = 4

GO 70 890

1F ( 113 -1 )871,871,880

i3 =1

GO 76 890

13 =2

GO TO & B95,220+66047095104695 )yNSW12

IF { NSW1 }220,100,220

ROUTINE FOR CALCULATING ARCA,WETTED PERIMETER, AND TOP SURFACE
WIDTH OF WATER FOR ANY DEPTH OF FLOW IN PIPE-ARCH CULVERTS

Y3=DEP #12.0

SPHI1 = (SPAN(K)/2.-CRIK))/(BR(K)-CR(K))
TPHIZ2={SPAN[K)}/2.-CRIK))I/Z(BOISIK)-{RISE(K)~-TR{K)}))
PHILI=ATANISPHI1/SQRT{1-SPHIl1#SPHIL))
PHIZ2=ATANI(TPHIZ2)

Y1 = BR{K)-BRIK)}#COS{PHI)

Y2 = BDISIK) +CR{K)#COS{PH]2)
AREA3=0,

AREA2=0,

AREA1=0.

WP1=0.

WP2=0.

WP3=0.

T0P=0.0

B1=2#8RIK)

Al=0,

AK1=1./{BR{K}#BR{K]})
RAD1=SQRT(BleB1l)

B2=2+BDISIK)

AZ= CRIK)#CR{K)-BDIS({K)}«BDIS(K)
AK2=1./CR{K)®s2
RAD2=SQRT{B2#B2-(4esA2e(~1.)))
B3=2#[RISE(K)=-TR{K])
A3=722RISE(K)}*TR{K)~RISE(K}eRISE(K)
AK3=1./TR(K)se2



325

330

345

367

110
13
15

1130

-35 -

RAD3=SQRT{B3»B3~-({4eA3n(-1,)))
IF{Y3.67.Y2.0R.Y3.EQ.Y2)G0O YO 325
Y2=Y3 :
IFCY3.6T.Y1.0R.Y3I.EQ.YLIGO TO 345
Yl=Y3

IF{Y3.6G7.0.0)G0 TO 367
X3=ABS{A3+83eY3-Y3aY3)
X33=A3+B3xY2=-Y2aY2

CALL MARQUE(3,Y3,Y2,B3,X3,X33,AK3,RAD3)
AREA3={ASUB1-ASUB2)/144.0+2. ‘
WP3 = 2.8TRIK)s{XX1=-XX2)
X2=A2+B2eY2-Y24Y2

X22=A2+B2eY]1-Y1laY]l

CALL MARQUEI[29Y2,Y14B2,X2yX22,AK2,RAD2)
ASUB3 = {SPANIK)/2.-CR(K))® Y2-{SPAN{K)/2.-CR{(K))eYl
AREA2= {(ASUB1-ASUB2+ASUB3)/144.0+2,.0
WPZ = 2.oCRI{K)#[XX]1-XX2)
X1=8leYl-YleYl

CALL MARQUE{19Y190.:814X1,0.4,AK1,RADI1)
AREA1=[ASUB1-ASUB2)/144.0s2,

WPl = 2, #BRIK)#{XX1-XX2)
AREA=AREA1+AREA2+AREA3

WP ={WPL¢WP2+WP3)/12.0

IFIY3.GT.Y2) GO TO 110

[F{Y3.GT.Yl) GO YO 13

IF{Y3.67.0.0) GO 7O 15

TOP=2%SQRT(X3)

GO Y0 19

TOP=2#(SQRT {X2)+{SPAN{K)/2.-CR{K)))
GO TO 19

TOP=2#5QRT(X1)

T=T0P/12.0

GO TO { 710,221,430,580 ),NSW14

END

22500
22550
22600
22650
22700
22750
22800
22850
22900
22950
23000
23050
23100
23150
23200
23250
23300
23350
23400
23450
23500
23550
23600
23650
23700
23750
23800
23850
23900
23950
24000
24050
24100
24150
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20

33
34
40

43

46

50
902
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SUBROUTINE H18021
COMMON ASUB1,ASUB2,ASUB3,XX14XX2
COMMON T1912+13,14415,SLOPE,DIST4Ql,AHN,DTW,Q2,CTW,0ADJ,PIPES, [HI
1 60) 9 SPANKJRISEKyWHW, SPANL4RISEL ¢HW1 o VELY,SPAN2,RISE2,HN2,VEL2
23NToKeK19K29 INVAL, Y TyQ20VG,FRISE,TEMP,DEP,DECRM, AREA
INTEGER SYSIN
DIMENSION KT(6)
DATA SYSIN/L1/9KT/221193222+223342111,3122,2133/

READ IDENTIFICATION CARD AND INPUT DATA CARD

READ(SYSINg902) IHpIl912413y14+15,SLOPEDISTeQl¢AHN,DTWQ2,CTW
IF { 11 .EQ. O ) STOP

CALL H18023

IF { AHW )34,34,33

HEIY = DIST @« SLOPE + AHW - 0.5
IF ( DYW - HEIT )40,34,34

CALL WR1

GO 70 20

SLOPE = SLOPE + 0.000001

IF € 11 = 3 147,43,47

KODE = 1241000 + I3#100 + I4#10 + (5
DO 46 1 =1,6

IF { KODE - KT{I) )46450,4%06
CONTINUE

CALL WR2

GO 10 20

RETURN

FORMATY (80AL / SILlaFT.446F7.1 )
END

00000
00050
00100
00150
00200
00250
00300
00350
00400
00450
00500
00550
00600
00650
00700
00750
00800
00850
00900
00950
01000
01050
01100
01150
01200
01250
01300
01350
01400
01450



C
C
C

902 FORMAT |

SUBROUTINE H18023
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COMMON ASUB1,ASUB2,ASUB3,XX1,XX2
COMMON 11412,13,14,15,SLOPE,DIST,Q1,AHN, oru.oz.cru.OAoJ.PxPEs.ch
1 80) , SPANK ,RISEK,WHN, SPANL yRISEL HW1,VEL1, SPAN2 ,RISE2,HW2,VEL2
29NTyKsK14K24 INVAL Y, T4Q20VG,FRISE ,TEMP,DEP,DECRM, AREA

INTEGER SYSOT
DATA SYSOT/3/
WRITE{SYSOT,902)
WRITELSYSOT,905)
RETURN

ENTRY WR1
WRITE{SYSOT,906)
RETURN

ENTRY WR2
WRITE{SYSOT,915)
RETURN

ENTRY WR3
WRITECSYSOT,907)
RETURN

ENTRY WR4
WRITE{SYSOT,908)
RETURN

ENTRY WRS
WRITE{SYSOT,917)
RETURN

ENTRY WR6
WRITE{SYSOT,909)
RETURN

ENTRY WR7
WRITEISYSOT,913)
RETURN

ENTRY WRA
WRITE(SYSOT,913)
RETURN

ENTRY WR9
WRITE{SYSOT,910)
WRITE{SYSOT,912)
RETURN

ENTRY WR10
WRITE(SYSOT,913)

RETURN

ENTRY WR11
WRITELSYSOT,911)
WRITE(SYSOT,912)
RETURN

IH
11612413,14415,SLOPE,DIST,Q1,AHN,DTW,Q2,CTW

QAOJ,PIPES

QADJ,PIPES,SPANK,RISEK

QADJ,PIPES, SPANKyRISEK,WHW, VEL1]

QADJ,PIPES,SPAN1,RISELl,HW1,VEL]

QADJPIPESSPAN2,RISE2,HW2,VEL2:QADJPIPES,SPANL,
RISElHWl,VEL]

OQUTPUT FORMATS

1H1,80A1)

00000
00050
00100
00150
00200
00250
00300
00350
00400
00450
00500
00550
00600
00650
00700
00750
00800
00850
00900
00950
01000
01050
01100
01150
01200
01250
01300
01350
01400
01450
01500
01550
01600
01650
01700
01750
01800
01850
01900
01950
02000
02050
02100
02150
02200
02250
02300
02350
02400
02450



905 FORMAY

1

2
906 FORMAY
907 FORMAT
908 FORMAT
9093 FORMAT
910 FORMAT
911 FORMAT
912 FORMAT

1

2
913 FORMAT
914 FORMAT
915 FORMAT
917 FORMATY

1

END

- gty gy e g my He
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14HO INPUT DATA / 6X,5HCODE ,8H SLOPE ,8H LENGTHsSXy
2HQY 45X SHAHW o5H DTWp6X32HQ2;5X¢3HCTW /
S5X95119FB.492F9.152FTa1,3F9.1,F7.1 )

34HO ALLOWABLE HEAODWATER TQO SMALL )

32HO NUMBER OF PIPES EXCEEDS SIX )

33H0 ALLOWABLE HEADWATER TOO HIGH )

F13.1,3F12.1,526H INLET CONTROL GOVERNS )

25H0 INLET CONTROL RESULTS )

26H0 OUTLET CONTROL RESULTS )

6Xy» 9HOI SCHARGE » 4 Xy FHNUMBER OF y5Xy4HSPAN, 8X,4HRISE+6X,
YHHEADWATER s 3XyBHVELOCITY / 9X,3HCFS, 9X,5HPIPES,6X,
6HINCHES s 6X ¢ 6HINCHES 9 TX 4 4HFEET, 8Xy3HFPS )

F13.1,5F12.1 )

3F10.3+10XyF10.3 )

25H0 CULVERTY CODE INVALID }

2F13.148Xy24HAVAILABLE SIZES EXCEEDED /// 12Xs9HSEE NEXT

» L4HSET OF ANSHWERS )

02500
02550
02600
02650
02700
02150
02800
02850
02900
02950
03000
03050
03100
03150
03200
03250
03300
03350
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SUBROUTINE MARQUE{ICODE,UL,LL,BB,UX,LXy, AK,RAD)

COMMON ASUBL,ASUBZ2,ASUB3¢XX1¢XX2 i )

COMMON I11912,13,14515,SLOPE+OIST,Q1AHW,DTW,Q2,CTH,QADJS,PIPES,IHI
1 680) ) SPANK RISEKoWHW ¢ SPANL,RISELyHWL,,VEL1oSPAN2,RISE2,HN2,VEL2
2aNTyKuK1lpK29 INVAL YT 4Q20VGFRISE,TEMP,DEP,DECRM, AREA

REAL LL,LX

XXl = (2.=UL-88)/RAD

IF(XX1.6T.1.0) XX1=1.0

XX1= ASIN{XX1)

ASUBL=({{ -22UL+BB)#SQRT{UX))e(-,25))+1./7(2#AK)aXX1

XX2= ASIN{{2.¢LL-BB)/RAD)

ASUB2={{{{=2)2LL+BB)#SQRT(LX))w{~-,25))+]1./(28AK)0XX2

RETURN

END

00000
00050
00100
00150
00200
00250
00300
00350
00400
00450
00500
00550
00600
00650
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HYDRAULIC ANALYSIS OF CULVERTS - Input Data Form Designer
Project: Z-%#0-23s Date Hf-5-63
Hydrologic and Channel Information Sketch
Ca? PIPe-REOH Wrrkt HEARDWALL Station: _ 4#J5
. /S0
Q = £O2_ c.f.s AHV = 60 7%, / \._L
Q= 42 c.f.s
™y = @ feet Eley, Z26.3 -2 od5  Ttfti /oo.‘o/ 1 \Q
Ty = _© reet I, = /50.0 Tleet Elev. %
S
R
CARD NO. 1 g '
1|23 la]s |6 |7 e |9 |10]11]12]13)1a]15] 16| 17| 18}19| 20(21|22] 23| 24[25 |26 27 28|29 30] 3 1}32]33]34 35ks6 |37 {3819 |40 |41} 42|43 aal45) 46| 47}e8 }ao 50 N
1| Plelolr |- l¢lel- |als| sl7la| |#lt|zls| cla] |pizi7le|-|#lelel#] |&|c|r / s1/16|3
PROBLEM IDENTIFICATION
CARD NO. 2
v[2]3]4]5 819 |10[ 11|12 13)1415] 16 17)18]19] 2021{22| 23] 24[25 2 29|30]31}32}33 36 [37 | 38[39 |40 )4 1|42{43[ 444546 |47 50{51[5253/54
3|30 |.lgRkiER] | s8] | I/1512] . 6. ¢ 9. /(71| Ip 4t
- CULVERT SLOPE LENGTH ' DESIGN ALLOWABLE DESIGN CHECK CHECK
CODE #* OF PIPE OF PIFE DISCHARGE HEADWATER TATLWATER DISCHARGE TATLWATER
(Sc) () (@) (amw) (1) (Q,) (1)

* See back of the input data form
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PROBLEM 1

PROJ 1-40-25 STA 4835 CM PIPE-ARCH RCT 4/05/63

INPUT DATA .
CODE  SLOPE  LENGTH Q1 AHW DTW Q2 CTwW
32133 .0250 150.0 150.0 6.0 .0 190.0 -0
INLET CONTROL RESULTS
DISCHARGE NUMBER OF SPAN RISE HEADWATER  VELOCITY
CFS PIPES INCHES INCHES FEET FPS
150.0 1.0 65.0 40.0 6.5 10.5
150.0 1.0 72.2 44,4 5.2 11.8
190.0 1.0 65.0 40.0 9.1 13.4
190.0 1.0 72.2 44 .4 6.9 12.0
OUTLET CONTROL RESULTS
DISCHARGE NUMBER OF SPAN RISE HEADWATER  VELOCITY
CFS PIPES INCHES INCHES FEET FPS
150.0 1.0 T2.2 44,4 INLET CONTROL GOVERNS
150.0 1.0 65.0 40.0 643 11.2
190.0 1.0 72.2 Ly INLET CONTROL GOVERNS
190.0 1.0 65.0 4o.0 10.6 13.7

Comments: Results for both inlet conmtrol and outlet control show the same
pipe sizes and number of pipes required. This is not always the
case because both the sizes and number of pipes can be different
for the two types of control (see Problem 3).

For inlet control a 72.2" x 4h4,4" (72" x 44" nominael) is required
to keep the headwater below the AHW of 6.0 ft. The messege for
outlet control reads "Inlet Control Governs" indicating normal
depth is less than critical depth and inlet control governs.

Note that tailwvater equals zero, indicating a drop off at the
end of the culvert.

A1l sizes selected are of the riveted arch type.



HYDRAULIC ANALYSIS OF CULVERTS - Input Data Form Designer LA
Project: L —78-888 Date 4-6-63
Hydrologic and Channel Information Sketch s
. /9.
CA1 PIPE - AECH WITH HEARPWALL Station: _$6#77>
Elev. _/9/.0
Q = 400 _ c.f.s AV = 60 It. 1
Q2 = Joo c.f.s w
- #o /
™y = Teet Elev. 90. Q‘//éO: .00 Y t/ it g0.0 1 >“
Ty = 5.0 feet L = /0.0 feet Elev. QO
,\ L}
D s
k )
CARD NO. 1 '
11234156 |7 (819 [10{1112]13[14]15/16{17{18{19}|20]21 2223'2425262728293031[‘!233341‘1437 38139 (40 [41{42]43]|44145146]47 48 M50 z\)
/] PRIeIT| 121 Iolel- |8i8is| Isi7ia| lBlel*| o] 151 |t PIF1 1EI- PIE 4/ 25 (6|3
PROBLEM IDENTIFICATION
CARD NO. 2
1|23 ]4]s a9 [10{11[12d13]1a[15|16}17]18)19 | 2021 2223}24]2526 29l303t2}33] b |37 |38fse [aofa1 [a2lasfaalusles |7 50{51{52|53/54
sjalsiaP3|  |.sBlalel | 7|20|. 14| | |#i8I4].1p 6.9 H. 12| | 15le]#]. | 5.8
CULVERT SLOPE LENGTH DESIGN ALLOWABLE - DESIGN CHECK CHECK
CODE * OF PIPE OF PIPE DISCHARGE HEATWATER TATIWATER DISCHARGE TATLWATER
(sc) (L) () (arw) (Tv,) (Q,) (Tv,)

* See back of the input data form



- 43 .

PROBLEM 2

PROJ [-98-888 STA B6&19.5 CM PIPE-ARCH 4/05/63

INPUT DATA -
CODE SLOPE LENGTH Q1 AHW DTW Q2 CTw
32133 . 0020 120.0 400.0 6.0 4.0 500.0 5.0

INLET CONTROL RESULTS

DISCHARGE NUMBER OF SPAN RISE HEADWATER  VELOCITY
CFS PIPES INCHES INCHES FEET FPS
200.0 2.0 73.0 55.0 6.2 9.1
200.0 2.0 76.0 57.1 5.9 8.3
250.0 2.0 73.0 55.0 8.0 11.3
250.0 2.0 76.0 57.1 7.4 10.k

OUTLET CONTROL RESULTS

DISCHARGE NUMBER OF SPAN RISE HEADWATER  VELOCITY
CFS PIPES INCHES INCHES FEET FPS
200.0 2.0 95.2 67.2 5.9 7.1
200.0 2.0 9.4 65.0 6.1 7'1;
250.0 2.0 95.2 67.2 7.4 7'1;
250.0 2.0 R.4 65.0 7.9 7:8

Commente: In this problem two pipes are needed, each assumed to carry one-
half the discharge. No size selected 18 common to both the
inlet and outlet control results,

Comparing headwater values with the AHW of 6.0 ft. the 95.2"x67.2"
(7'-11"x5'-7" nominal) arch under outlet control must be selected
since smaller pipes are adequate if flowing with inlet control.
This is, therefore, an outlet control design.

This problem uses the same input data as Problem No. 4 appearing
in BPR HY-1.

All sizes selected are structural plate arches with 18"
corner radii.



HYDRAULIC ANALYSIS OF CULVERTS - Input Data Form Designer LAH
Project: Sarpe PRoBLEM NuMBER 3 Date S-/-619
Hydrologic and Channel Information Sketch
Station: __ 007000
C M PIPE-ARCH WwiTH PROIECTING :
INLET Elev //8-©
-+ >~
Q = 2000 c.f.8 AWM = 13054, l S
Q= 2392 c.f.s ¢ ™ ‘_03
™y = 8.0  feet Elev. 102:5/5 - _-©/ ft/ft Jo0 1 m
Ty = 0.0 faet = _ 2350 feet Elev. X
"V
Front of input data form £
]
CARD NO. 1
V12 (31415 j6 {7 |8 |9 [10{11}12|13)14]15}16}17]18[19} 20{21{22 23'2425 26|27]28/29|30 31{32{33(34|as}3s [37 |38{39 |40 |41 |42]43] 44 5| as) a7 les luols0
/ SAMPILIE]| [PIRloIBIL|E|M] In|u]M[Ble|R] |3
PROBLEM IDENTIFICATION
CARD NO. 2
1{2{34]s 819 o[ 11124 13)14[15]16[17]18{19] 20]21]22| 23} 24|25 |26 293031{3233{ tae 37 3839 [40]41]42]43]44{45]4s 7 50151152/ 53i54
et Jpl[Ale 2lsié]. 1ol 12]elele| .1 1{3].1¢ 8l.19] 12]3101¢]. 1{¢l.1¢
CULVERT SLOPE LENGTH DESIGN ALLOVABLE DESIGN CHECK CHECK
CODE * OF PIPE OF PIPE DISCHARGE HEADJATER TATILWATER DISCHARGE TATTVATER
(Sc) (L) (1) (azw) (T9,) () (Tv,)

* See back of the input data form
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PROBLEM 3
SAMPLE PROBLEM NUMBER 3
INPUT DATA .
CcoDE SLOPE LENGTH Q1 AHW DTW Q2 CTwW
32111 .0100 250.0 2000.0 13.0 8.0 2300.0 10.0
INLET CONTROL RESULTS
DISCHARGE NUMBER OF SPAN RISE HEADWATER VELOCITY
CFS PIPES INCHES INCHES FEET FPS
2000.0 1.0 238.6 15h.7 12.9 12.8
2000,0 1.0 236.4 152.5 13.1 12.7
2300.0 1.0 238.6 154.7 14,5 12.9
2300.0 1.0 236.4 152.5 k.7 12.8
OUTLET CONTROL RESULTS
DISCHARGE NUMBER OF SPAN RISE HEADWATER VELOCITY
CFS PIPES INCHES INCHES FEET FPS
2000.0 1.0 AVAILABLE SIZES EXCEEDED

SEE NEXT SET OF ANSWERS

Comments: Outlet control governs in this problem due to the large design
discharge and relatively flat slope. Rather than present results
that reflect fewer culvert barrels for inlet control than for
outlet control, an outlet control message "Available Sizes Exceeded"
indicates that & greater number of barrels would be required for
outlet control. The number of barrels selected for inlet control,
one in this problem, is increased by one. Then inlet and outlet
control results are computed as illustrated by this problem on
the following page.



1 SAMPLE PROBLEM NUMBER 3

INPUT DATA
CODE LENGTH
32111 250.0
INLET CONTROL RESULTS
DISCHARGE NUMBER OF
CFS PIPES
1000.0 2.0
1000.0 2.0
1150.0 2.0
1150.0 2,0
OUTLET CONTROL RESULTS
DISCHARGE NUMBER OF
CFS PIPES
1000.0 2.0
1000.0 2.0
1150.0 2.0
1150.0 2.0
Conments ;

Sizes Exceeded.”
control results for two barrels.

- 46 .

Q1 AHW

2000.0 13.0

SPAN
INCHES
152.4
150.2
152.4
150.2

SPAN
INCHES
167.2
160.8
167.2
160.8

Problem 3 (continued)

DTW
8.0

RISE
INCHES
97.4
95.2
97.4
95.2

RISE
INCHES

103.0

101.3
103.0
101.3

Q2
2300.0

HEADWATER

FEET
12.7
13.2
15.2
15.9

HEADWATER

FEET
12.8
13.6
17.2
18.2

It was noted on the previous page that a single barrel culvert
was inadequate for outlet control; hence, the message "Avallable
The above data illustrates inlet and outlet

All sizes selected are structural plate arches with 18"
corner radii.

VELOCITY
FPS

12.3
1209
.1
4.8

VELOCITY
FPS
1.1
11.5
12,4
13.0



HYDRAULIC ANALYSIS OF CULVERTS - Input Data Form Designer LAH
Project: Snmne FroBeem Usine 2" Conner Ravius Pirx-Aacr Date s/ /‘7
Hydrologic and Channel Information Sketch

Statfon: _227% 000

CM Pipe~PRcH with Projecrne

"Lﬂ-

¥ WNF1890dd

/NLEr Elev. 106. 0
—
Q = 1252 c.f.s AV = _13-0r¢. — 1
Q2 = L:LQ. c.T.8 ‘ ™
™y = _2:© feet Elev. 22'15/So= .00/ _ fi/re 20'0} 1
™y = L0:© feet L=_250 feet Elev.
Front of input data form
CARD NO. 1
v 2|3 la|s s |7 e |0 |10]1i)12]131afr5] 6] 17] 8]1e | 20f21 2223&425252723293031323334“1537 383940 |41|42|43] 44]45) 46] a7 }48 a2 150
/] |Slalmiplele| |PlR|elB]r |e|m] |0is |t |nfs] 13111Y] |clelr]nle]r] |R|a}o]i]els] |Pliirle Rc 1A
PROBLEM IDENTIFICATION
CARD NO. 2
1{2)3(45 819 hoin 13 13liaiisig) 171819 20{21122 ;3]2425 26 lao[3th2laa]  bafsr {38bofeofer[a2leslas 4514610 so|51)52)53
sl [.lgl8ls 2|sipl.19] 12isiél-1o | [1}3]-1¢ s\.1¢ |1(3(s14]. |4 8|
CULVERT SLOPE LENGTR DESIGN ALTOVABLE DESIGN CHECK CHECK
CODE * OF PIPE OF PIFE DISCHARGE HEADJATER TATLWATER DISCHARGE TATLWATER
(S¢) (r) (@) (amw) (1v,) Q) (Tv,)

¥ Sea back of the iaput data form
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SAMPLE PROBLEM USING 31" CORNER RADIUS PIPE-ARCH

INPUT DATA
CODE SLOPE  LENGTH Q AHW DTW @ CTwW
32111 .0010 250.0 1250.0 13.0 8.0 1350.0 10.0
INLET CONTROL RESULTS
DISCHARGE NUMBER OF SPAN RISE HEADWATER VELOCITY
CFS PIPES INCHES INCHES FEET FPS
1250.0 1.0 167.6 116.2 13.0 11.8
1250.0 1.0 162.2 114.4 13.6 12.3
1350.0 1.0 167.6 116.2 1k.1 12.7
1350.0 1.0 162.2 1144 14.8 13.2
OUTLET CONTROL RESULTS
DISCHARGE NUMBER OF SPAN RISE HEADWATER VELOCITY
CFS PIPES INCHES INCHES FEET FPS
1250.0 1.0 195.4 130.2 13.0 11.0
1250.0 1.0 189.6 128.5 13.3 11.2
1350.0 1.0 195.4 130.2 15.0 10.1
1350.0 1.0 189.6 128.5 15.4 10.3
Comments: Outlet control governs since & 195.4" x 130.2" is required as

shown, while only a 167.6" x 116.2" for inlet control.

All sizes selected are structural plate arches with 31"
corner radii.



