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PREFACE

This computer program is for the hydraulic analysis of concrete

box and circular (concrete, CMP) culverts for any given hydrological
data and site condition. This program supersedes the conventional
culvert designs provided by the existing Computer Programs HY-T,
“Hydraulic Analysis of Circular Culverts," and HY-3, “Hydraulic
Analysis of Box Culverts." 1In addition to designs for conventional
culverts, this program includes analysis and designs for improved
inlets based on concepts presented in Hydraulic Engineering
Circular No. 13, "Hydraulic Design of Improved Inlets for Culverts,"
dated August 1972. The improved inlet designs include bevel-edged,
side-tapered and slope-tapered inlets. The original HY-1 and HY-3
computer programs are based on the concepts presented in Hydraulic
Engineering Circular No. 5, "Hydraulic Charts for the Selection of
Highway Culverts." Development of improved inlet designs for other
geometric configurations {pipe arch, ovals, etc.) are not included
in this publication because design criteria are not available.

Terminology used in this publication assumes that the reader
is familiar with HEC No. 13 and understands the principles and
design approach expressed therein. ’
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STATEMENT OF THE PROBLEM

The Federal ‘Highway Administration's (FHWA) earlier computer programs
for the Hydraulic Design of Culverts, HY-1, "Hydraulic Analysis of
Circular Culverts," and HY-3, "Hydraulic Analysis of Box Culverts,"
utilized the principles presented in Hydraulic Engineering Circular

(HEC) No. 5 (1)Y.

With the advent of HEC No. 13, "Hydraulic Design of Improved Inlets
for Culverts," (2) the development of this program was made possible.
This program incorporates the principles in HEC No. 5 and HEC No. 13
with significant changes in program data output when compared to the
HY-3 and HY-1 data output and a new approach to hydraulic analysis
for the design of culverts.

Program output consists of a list of optional culvert sizes, including
pertinent performance data for the hydraulic design engineer's use in
selecting a culvert which will meet hydraulic requirements at the
Teast cost. This output information is provided in recognition of
several facts regarding culvert hydraulic design. (1) There is not

a unique solution for any culvert site, i.e., several culvert sizes,
shapes, inlet configurations and elevation, materials, etc. can
satisfactorily meet the criteria and constraints established by the
hydraulic design engineer for the site. (2) Highway agency practices
differ regarding the use of materials and the configuration of cul-
verts and practices differ dependent upon environmental conditions at
the site and Tocation within a State. (3) The hydraulic performance
of any culvert operating with inlet control can be optimized. (4) The
so-called "design flood" and the "allowable" headwater at any culvert
site can be exceeded and there is a statistical probability that they
will be exceeded. In choosing the preferred design alternative or if
the contractor is required to bid on design alternatives, the hydraul-
ic design engineer needs to consider the performance of alternative
design options for a range of flow rates and the probability of poten-
tial damage to the highway and other properties.

The new cu]vert design approach can be summarized as follows:

*

1. Introduces the alternative of using external FALL at
a culvert inlet if the culvert will operate in inlet
control and the headwater elevation computed for the
culvert performance otherwise exceeds the allowable
headwater elevation.

¥ External Fall refers to the change in the total barrel slope where-
as Internal FALL refers to the inlet FALL for a slope-tapered design.

1/ Underlined numbers in parentheses refer to refefénces on page 98.
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2. Utilizes elevations with regard to headwater, inlet and
outlet inverts, roadway embankment toe elevations. The
advantage in using elevations rather than water depths
is a unique outlet and inlet control performance curve
regardless of inlet invert elevation (figure 2).

3. Ties the roadway cross section (embankment slopes) with
the stream profile and the culvert length and height.

4. Use of optimization for design of box and circular culverts
(See figures 1 and 2) for three conditions:

(a) Minimum fall -- Curve A
(b) Maximum discharge -~ Curve B

(c) Minimum headwater -- Curve C

5. Provides the designer with performance information
on all logical culvert sizes, shapes and vertical
locations for use in evaluating the cost-effect1veness
of available options.

Figure 1 represents an overview of three design conditions provided by
the computer program for each of the four inlet configurations. Figure
2 illustrates a typical performance curve relationship for the three
design conditions. The dashed curve shows the extent of the computed
inlet control headwater elevation above the allowable headwater for

a given culvert size and design discharge. Normglly for this situation,
the culvert would not be accepted for use, but by depressing the
culvert inlet, the culvert hydraulic performance is represented by
Curve A (figure 2). Curve A represents the minimum design condition
required to meet the selected design criteria.

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 allowable headwater elevation
(AHWEL). A safety factor in capacity is thereby incorporated in the
design, usually at little cost. This can be accomplished by use of a
depression (FALL), by geometry improvements at the inlet or by a
combination of the two.

Curve C 1llustrates the passage of the design flow at the lowest
possible headwater elevation. At design discharge, the minimum
headwater is a function of outlet control (point 3) or water surface
elevation in the stream at the culvert inlet, whichever is higher.

It should be realized that if the invert or throat elevation for a

Curve B design is Tower than the maximum allowable fall elevation,

then the maximum discharge (Q) will not be at Point 2 (figure 2), but
will occur where the inlet control curve crosses the allowable headwater
clevation. Also, for this situation, Curve C will superimpose Curve B.



ORGANIZATION CHART FOR CULVERT DESIGN

CULVERT DESIGN

(BOX)

(CIRCULAR PIPES)

CONVENTIONAL -

BEVEL-EDGED

SIDE-TAPERED
INLETS .

SLOPE-TAPERED
INLETS

MINIMUM OR NO
FALL DESIGN
CURVE-A

MAXIMUM
DESIGN
CURVE-B

Q

MINIMUM
DESIGN

HEADWATER
CURVE-C*

*CURVE-C FOR SLOPE-TAPERED DESIGN NOT INCLUDED AT THIS TIME

Figure 1
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TYPICAL PERFORMANCE CURVES FOR OPTIMIZED CULVERT DESIGN
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This curve shows the computed headwater elevation greater than
the "allowable" headwater, therefore necessitating either an
external FALL at the inlet or geametry improvements to achieve
the minimum design condition imposed by the hydraulic design

englneer and illustrated by curve A. When the computed headwater
- 1s less than the "allowable" no external FALL 1s necessary to
achieve the minimum design conditlon.
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DESCRIPTION OF PROGRAM

Figure 3 presents an overview of the culvert program which will even-
tually encanpass the various culvert geometric designs within the total
program. The program includes the main program (driver) plus the sub-
routines assoclated with the applicable culvert de51gn The program
was developed in modular (subroutine) form for ease in utilization.
Figure 4 shows a macroflow diagram of the computer process for this
program.

It is beyond the scope of this report to give a full understanding of
the concepts presented in Hydraulic Engineering Circulars No. 5 and No.
13. The user of this program should be well acquainted with the two
circulars or have them available for reference.

The initial function of the program 1s to read and store the input data
for a particular culvert problem. The program tests the data to deter-
nine if the data are valid. If the data are invalid, an invalid mess-
age 1is printed and the problem is bypassed by the program.

As part of the input data, the user identifies the type of conventional -
inlet he desires by choosing the corresponding culvert code shown in
Table 1 for box culverts or Table 6 for circular pipes. In this regard,
the program has a bullt-in feature which will automatically provide the
user with an optional bevel-edged inlet design which has a geometry
similar to the conventional inlet design. For example, noting Table 1 -
BOX CULVERT SECTION, if a wingwall type inlet code 41111 is selected,

the program also provides design data for the comparable wingwall type
code 41146 which is bevel Option 2. If the user wishes to bypass the
conventional designs, he can choose a bevel-edged design and the program
will provide data for that design and improved inlets only. The user
must enter the progran with one of the codes fram Table 1 for either

box culverts or Table 6 for circular culverts. In addition to the
conventional design and/or bevel-edged designs the program provides
side- and slope-tapered improved inlet designs for culverts flowing

with inlet control.

The first major function of the program is to analyze a series of box
culvert sizes or pipe diameters to compute the following:

Qutiet Control Sectilon

1. The required outlet control headwater elevation.

2. 'The outlet invert elevation for a conventional, bevel-edged
and tapered inlet type culvert.



Inlet Control Section

1. The required inlet control headwater elevation.

2. The amount of external FALL, if the computed inlet
- - control headwater elevation exceeds the "allowable"
. headwater elevation.

3. The face invert elevation for the conventional and
bevel-edged culverts. For the tapered inlet, the
- throat invert elevation is determined along with the
face invert elevation. : :

The amount of data for all the culvert sizes analyzed is printed on
one sheet. This print-out sheet, "INDEX SHEET," allows the hydraulic
engineer to make comparisons of inlet and outlet control headwaters
and the external FALLS required for any box or circular pipe size.

A more detailed description of the INDEX SHEET is found in the output
section of this report.

The second major function of the program is to reanalyze the culvert
sizes listed on the INDEX SHEET and compute the necessary design
data for each culvert size and inlet type. The design data for each
individual size is printed on a separate page as indicated by the
page reference numbers listed on the INDEX SHEET. ‘ ‘



RECTANGULAR

PROGRAM OVERVIEW

CULVERT
ANALYSIS &
DESIGN

CIRCULAR

OTHER

MAIN PROGRAM

SUBROUTINES

BOXES
BHY3
BSIDE
BSLOPV
BSLOPM
BOUT
BNORM
BFIT
BEQUA

SUBROUTINES
CIRC
CHYI
CSIDE

csLorv

CouT
CFIT
CROUT

CEQUA

"Figure 3

SUBROUTINES

NOT
AVAILABLE
AT THIS
TIME




MACRO FLOW DIAGRAM
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This section describes the input data card r
detailed description of the input data items

INPUT DATA SECTION

card setup for program processing.

Card No.

1

Project identification

Card No.

].

2

Culvert code

2. Stream slope
3. Approximate culvert length (identification only)
4. Design discharge
5. Design tailwater
6. Allowable headwater
7. Upstream elevation where roadway embankment
meets stream profile
8. Downstream elevation where roadway embankmént
meets stream profi]ev
9. Upstream roadway embankment slope
10. Downstream roadway embankment slope
11. Fall slope for slope-tapered inlet
Card No. 3 - For range of box culvert sizes
1. Culvert width, initial value
2. Culvert width, final value
3. Culvert depth, initial value
4. Culvert depth, final value

12

equirements including a
» format coding and sample

Field Size

XXXXX
XX+ XXXX
XXXXX. X
XXXXX. X
XXXXX. X
XXXXX. X

XXXXX X

XXXXX+ X
XXXXX. X
XXXXX. X
XXXXX. X

XX .
XX
XX
XX



INPUT DATA SECTION

Card No. 3 - For range of circular culvert sizes
1. Culvert diameter, initial value XX. XX
2. - Culvert diameter, final value ' XX. XX
Card No. 4
B]ankléérd to terminate program execution.
The field size and number of decimals to the right of the units posi-
tion are shown to the right of each item. ‘A more detailed discussion

of the input data follows.

Culvert Code*

The Culvert Code is a five-digit number which represents five separate
integers that are used by the program to define different culvert and
inlet types. Refer to Table 1 for the box culvert codes and Table 6

for circular pipe culverts. These five separate code integers are re-
ferred to as It, 12, i3, I4 and I5. The symbol Il indicates a type of
culvert that the program is to analyze. Thus, for all box culverts, 11
is the integer 4; for CM pipe it is 1; and for concrete pipe, it is 2.
Symbols 12 and I3 for box culverts, at the present time, are dummy
values which are assigned the integer 1. Symbol 12 for circular pipe
indicates whether paved or unpaved and I3 denotes the corrugation type.
Symbol 14 defines the type of wingwall and enables the program to select
an appropriate value for the entrance loss coefficient. 14 has four val-
ues that can be assigned to it, 1, 2, 3 and 4. 15 also refers to a par-
ticular entrance condition, namely, square or bevel-edged inlets and is
used by the subroutine BEQUA or CEQUA to assign the appropriate mathema-
tical equations for the chosen inlet condition. -

An example culvert code that might be used is 41122. This five-digit
number indicates to the program that coefficients must be used for a
square-edged box culvert with a headwall either normal or skewed up to
45 degrees.

Stream Slope

Stream slope, SLOPL, is the elevation of the point of intersection of -
the upstrean roadway embankment with the stream profile minus the
elevation of the point of intersection of the downstream roadway em-
bankment with the stream profile divided by the horizontal distance
between these two points. It is measured in feet per foot. A zero
slope can be used.

* See Tables 1 and 6 on pages 38 and 71

13



INPUT DATA SECTION

Approximate Culvert Length

The approximate culvert length, DIST, represents the distance between
the intersection points mentioned in the section Stream Slope and is
measured horizontally. Since the program computes true culvert lengths
for the three design conditions, this value is printed out with the
input data to allow the designer to know the width of the roadway
embankment at the stream measured in feet. C

Design Discharge

Design discharge, Q1, is'the quantity of water in cubic feet per second
to be used in the selection of the barrel dimensions.

Design Tailwater

Design tailwater, DIW, is the depth of water measured in feet between
the water surface elevation and the invert elevation at the outlet end
of the culvert. .

Allowable Headwater Elevation

Allowable headwater elevation, AHWEL, is the chosen water surface
elevation at the culvert inlet for the design discharge at the culvert
site. ‘

Upstream lllevation for Roadway Embankment Intersecting Stream Profile

This élevatibn, LLIN, represents the elevation at the point where the
upstream embankment slope intersects the stream profile. :

Downstrean FElevation for Roadway Enbankment Intersecting Stream Profile

This elevation, ELOUT, represents the elevation at the polnt where the
downstream embankment slope intersects the stream profile.

(i

Upstream [fbankment Slope

The embankment slope, SKEL, is the embankment slope on the upstream side
of' the roadway cross section templet measured as 1:1, 2:1, 3.5:1, etec.
For a vertical embankment slope SEL=0.0.

Downstream [hbankment Slope

The embankment slope, SER, is the enbankment slope on the downstream
slde off the roadway cross scetion templet measured as 1:1, 2:1, ete.
For a vertleal anbankment slope SI=0.0.

14



INPUT DATA SECTION

Fall Slope

The fall slope for a slope-tapered inlet. User inputs value between
2:1 to 3:1, inclusive.

Culvert Sizes (Boxes or Circular Pipes)

Input the range of culvert widths and depths or diameters desired.
For -example: B(Base) ranges fram 4' to 10' and D(Depth) ranges
from 4' to 8', or a single box size can be submitted as B ranges
from 7' to 7' and D ranges fram 6' to 6' for a 7' x .6' box.

For Box Culverts - the range of sizes are:

KBASL is the initial box width size
KEAS2 is the final box width size .
KDEPL is the initial box depth size
KDEP2 is the final box depth size

I'or Pipe Culverts - the range of diameter sizes are:

DIAl is the initial diameter size

DIA2 1s the final diameter size
Figure 5 represents a typlcal roadway cross-section depicting several
of the variables (symbolic names) used as input data items.
Figure 6 shows a sample input data sheet.

Ilgure 7 1illustrates the source card arrangement including Jjob control
cards to process culvert hydraulic analysis.

The tollowing tabulatlon describes the input data as to the card type,

and card colums used, the assoclated format and the symbolle variable
AR

15
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INPUT SECTION

- DATA CARD SET-UP

BLANK
CARD

LAST CARD

CARD NO. 1

Nth PROBLEM
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CARD NO. 1

1st PROBLEM
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SOURCE
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Figure 7
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OUTPUT DATA SECTION

The output data for this program is divided into two groups, (1) INDEX
SHEET and (2) CULVERT DESIGN DATA SHEETS.

I.

INDEX SHEET

The problem identification, information describing the types of
bevel-edged inlets used and the design input data are printed at
the top of the INDEX SHEET.

As previously stated, the function of the INDEX SHEET is to show
the relationship between the inlet control section (headwater
elevation, necessary external FALL and invert elevation) for a
conventional inlet, a bevel-edged inlet and a tapered inlet
(throat); also the headwater elevation and invert elevation for
the outlet control section of a culvert.

The following is a description of the input data items by columns.
See example problem No. 1 for output reference.

Page Reference

This page number refers to the culvert design data sheet for each
culvert size listed on the INDEX SHEET.

Number of Barrels

This column is self-explanatory.

Barrel Width

The barrel width, in feet.

Barrel Depth or Diameter

The barrel depth or diameter, in feet.

Outlet Control Headwater Computations

KE = 0.5 - this column represents the outlet control headwater
elevation for a culvert with a conventional inlet where the
entrance loss coefficient is 0.5. Other possible coefficients
used in this program are described in Table 2 for box culverts
and Table 7 for circular pipes.
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KE = 0.2 - This colunns represents the outlet control headwater
elevation for a bevel-edged, side~tapered and slope-tapered
culvert inlet, where the entrance loss coefficient is 0.2.

- The third colunn represents the culvert outlet invert elevation.

Inlet Headwater Computations

Conventional Culvert — The three columns in the group represent
the headwater elevation, the external FALL, and the invert
elevation for a culvert with a conventional inlet.

Bevel-Edged Culvert - The three colums in this group répresent
the headwater elevation, the external FALL, and the invert
elevation for the optional bevel-edged inlet culvert.

Throat-Improved Inlets -~ The three columns in this group represent
the throat elevation, the throat FALL*, and the throat invert
elevation for side-tapered and slope-tapered vertical face inlets.

Whenever a box or pipe size being analyzed by the computer does not
satisfy the design criteria, a set of dashes "——" will be printed as
output data on the INDEX SHEET and the culvert deslgn data sheets;
also, when the program user wishes to bypass the conventional culvert
design and go directly to the bevel and improved inlet design, the
computer will print dashes "-—" in the column noted by the convention-
al culvert heading.

For pipe culverts, the INDEX SHEET will show the plpe sizes in groups
according to the type of corrugated metal group investigated. For
instance, the INDEX SHEET for example problem No. 2A shows three pipe
sizes listed under the 2 2/3" by 1/2" corrugated metal and three pipe
sizes listed under 3" by 1" corrugated metal. More information on the
grouplng of pipe sizes by corrugation type is presented under the sec-
tion for Circular Pipes. : :

IT.. CULVERT DESIGN DATA SHEET

A culvert design data sheet will be printed for each culvert size
listed on the INDEX SIEET with the reference page nunber printed
at the top of' the page. This page numbering system will be helpful

¥ This FALL is measured between the face invert elevation at the
stream bed and the throat elevation for side-tapered and slope-
tapered vertical face designs. FALL for slope~-tapered miltered
face inlet is measured from crest elevation to throat elevation
(not shown on INDEX SHEET, but shown on design sheets).
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in locating the design data for any of the culverts listed on

the INDEX SHEET. Also printed at the top of the page for easy .
reference will be the number of barrels, barrel width, barrel depth,
design discharge, allowable headwater elevation, stream slope and
the FALL slope for a slope-tapered inlet. -

The design output data are printed under the following five
headings:

1. Conventional inlet design for culvert code: (XXXXX).
2. Beveled inlet design for culvert code: (XXXXX).

3. Side-tapered inlet design. :

4. Slope-tapered inlet design - vertilcal face.

5. Slope-tapered inlet design - mitered face.

A brief discussion of each heading follows:

1. Conventional Inlet Design for Culvert Code: (XXXXX)

If' the INDEX SHEET shows dashes for a particular culvert
'size, no design data is available and the program prints
a message, bypasses the conventional design and proceeds
to the bevel inlet design (see example problem 1).

If there 1s data on the INDEX SHEET, then the prograim
canputes and prints inlet design data for (1) Minimum

Fall —- Curve A, (2) Maximun Q — Curve B, and (3) Minimum
Headwater — Curve C. This 1s followed by performance
curve data for each of the three mentioned conditions and
the outlet control performance curve data for the culvert.

2. Beveled Inlet Design for Culvert Code: (XXOXXX)

'Ihe output design data for this type inlet consists of

(1) Minimum FALL — Curve A, (2) Maximm Q — Curve B,

and (3) Minimun Headwater —— Curve C, plus the inlet

and outlet control performance curve data. If bevel-edged
design data is not available (represented by dashes on
INDEX SHEET), the data output will conslst of a message
plus the outlet control performance curve data. This
performance curve also applles as the outlet control
perfomance curve for culverts designed with improved
inlets (refer to HIC No. 13).



OQUTPUT DATA SECTION

Side~tapered Inlet Design

'The output consists of the Minimum FALL — Curve A,
Maximim Q — Curve B, Minimum Headwater —— Curve C, and
the inlet control performance curve data. The outlet
control performance curve data is shown under bevel-
edged design. ’

Slope-tapered Inlet Design —— Vertical Face

The output data consists of the Minimum FALL — Curve A,

- Maximum Q — Curve B plus the inlet control performance

curve data for each design. The outlet control performance
curve data 1s shown under beveled design. The computer
algorithm for the Minimum Headwater —- Curve C design has not
been developed.

Slope-tapered Inlet Design —— Mitered Face

Same as 4.



TECHNICAL PROCEDURES

BOX CULVERT SECTION

CIRCULAR CULVERT SECTION
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BOX. SECTION

This portion of the program presents the equations and the design
criteria pertaining to box culvert analysis and design.

MATHEMATICAL EQUATIONS

Inlet Control

Headwater Depth ' (D)

Ho = (D) [(Y) - (S)(SCORR)]

Where: Hf headwater in feet

D

il

height of culvert in feet

v 4

aHDXHCX+AX S +eX +EX7

a, b, ¢, d, e, f = coefficients determined by polynomial
curve fitting (see subroutine BEQUA for

coefficlents)
S = slope of culvert in feet per foot
SCORR = slope correction factor (Tablé 2, page 39)
X = Q/BD3/2
Q= discharge in cublc feet per seccnd
B = width in feet

The equations were determined by a computer program which fitted a
polynomial curve by the method of least squares to data taken from the
nomographs for inlet control in HEC No. 5 and throat control and face
control from HEC No. 13.

The equations are located in subroutines called BEQUA, BSIDE, BSLOPV,
BSLOPM.



BOX SECTION

Cutlet, Jnlocity

Vo= QA B (2)
A = Q/[(1.186/n) (R 35/2)] (3)
Where: V = outlet veloclty in feet per second

It

Q = discharge in cubic feet per second

A = Cross~sectional area of water in
square feet at any depth of flow

R = hydraullc radius in feet
S = slope of- culvert in feet per foot

Manning's roughness factor

o
i

Normal depth is computed by subroutine BNORM using a polynomial
equation developed from OPEN CHANNEL [YDRAULICS (5).

Outlet Control

Head
H = (/10)°T(1.555 (K _+1.0)/a0)+(85.005n°L/ (A%RY3))] ()
Where: H = head in feet for culvert flowing full
Q = discharge in cublc feet per second
K = coefficlent for entrance loss
= total cross—sectional area of box
n = Mamning's roughness factor

o
I

length of culvert in feet (actual culvert lergith)

R = hydrauile vadius in eet

=
!



BOX SECTION

Critical Depth

D, = 0.315(a/B)%/3

critical depth in feet

Where: D =
c
Q = discharge in cubic feet per second
B = width of box in feet

Headwater Elevation

HWEL = HO + H + Culvert Outlet Invert Elevation : (6)

Where: MWEL = headwater elevation in feet
H = head for full flow in feét
HO = design tailwater or (D + D)/2 whichever
is greater
D = height of culvert in feet
DC = critical depth in feet

The critical depth cannot exceed the height of the box.

Test for Full Flow Condition

Ho= D+ (1+K) V2 (N
-Where: Hf = headwater depth.in feet
K_ = coefficient for entrance loss
= helght of culvert in feet
V = mean Velocity for full cross section

of barrel in feet per second
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POX SECTION

Backwater (Water surface profile for normal depth greater than
or equal to critical depth)

When tallwater is equal to or less than critical depth or normal
depth, equations (8) and (9) are used to compute water surface
profiles. When tailwater i1s greater than normal and critical
depth, equations (9) and (10) are used to compute water surface
profiles. .
R NS N .
X —»L(d2+V2/2g) - (d1+Vi/2g)1/(S - SO) | (M2 Curve) | (8)
Where: X = distance in feet between cross sections 1 and 2

d. , d2 = depths of water in feet at cross
+ sections 1 and 2

V., V, = velocities in feet per second at
1’ 2 ; _
sections 1 and 2

S = slope of the culvert in feet per foot

O

g = 32.2 Ft./sec.”

n2V2/(2.21R“/3), average slope of the water - (9)
surface between cross sections 1 and 2 in
feet per foot

Ui
il

n = Manning's roughness factor

V = average veloclty in feet per second
of the two cross sections

R = average hydraulic radius in feet of
the two cross sections

X = [(dl+V§/2g) - (d2+V§/2g)]/(SO - 3) (M1 Curve) (10)

r) :
so that: W = d, + V5/2g + keV§/2g ’ (104)

30



BOX SECTION

Qutlet Velocity
V=Q/A

- Whére: V
Q

outlet velocity in feet per second

i -

discharge in cubic feet per second

cross-sectional area of water in square feet

Area is determined from the fo]Towing conditions:

When: = DTW > D, A= (B)(D)

DSUBC > D, DSUBC = D

DSUBC > DTW, A = (B)(DSUBC)

DSUBC < DTW, A = (B)(DTW)

- Where: DTW = design tailwater in feet
D = height of culvert in feet
DSUBC = critical depth in feet

31
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BOX SECTION

DESIGN CRITERIA

This program is based on the hydraulic design criteria in HEC No. 5
and HEC No. 13 and was developed to provide flexibiiity in satisfying
many different design requirements used by various highway agencies.

To assist users wanting to change design features (within the Timits
expressed in HEC No. 13), the following is a presentation of the
design criteria used in this program. Before modifying the limita-
tions, check HEC No. 13 to ascertain that such modifications are valid.

CONVENTIONAL CULVERT DESIGN CRITERIA - Square and Bevel-Edged

1. Inlet and outlet control headwater > (AHWEL - D/4)
and < AHWEL

2. D (height) not greater than 1.2B (width)
3. B not greater than 2D

4. Crown elevation not greater than controlling head-
water elevation.

5. If inlet headwater elevation > allowable headwater
elevation, use a FALL at inlet invert.

6. FALL not to exceed Max FALL
Where: Max FALL = 1.50"
or inlet invert elevation not less
than outlet invert elevation
7. Culvert sizes range from B = KBASl** to B = KBASZ and
D = KDEPI** to D = KDEP2 in increments of even feet.

8. Minimum crest length based on Chart 17 in HEC No. 13.

* Limitations related to HEC No. 13
**  See input data
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SIDE-TAPERED INLET - Design Criteria

T. Design limited to two barrel structure*
2. 'Taper = 4:1 to 6:1%
3. FALL < Max FALL

Where: Max FALL =.1.5D*
or face invert elevation not less than
outlet invert elevation
4. 45° face bevels: b = BF/2 inches
if BF > 3D use b = 3D/2
D/2 inches

d .

5. If FALL < D/4, there is no minimum crest length

SLOPE-TAPERED INLET - VERTICAL FACE - Design Criteria

1. Design limited to two barrel structure*

2. Taper = 4:1 to 6:17

3. Fall slope (SF) = input data from 2:1 to 3:1 inclusive*
4. L3 > 0.5B*

5. 1.5D > FALL > D/4*

0. Throat elevation > outlet invert elevation

7. FALL = Vertical distance between face invert elevation
and throat invert elevation

* Limitations related Lo HEC No. 13
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SLOPE-TAPERED INLET--MITERED-FACE - Design Criteria

1. Design Timited to two barrel structure*

2. Taper = 4:1 to 6:1%*

3. Fall slope (SF) = input data from 2:1 to 3:1 inclusive*
4. L3 > 0;58*

5. 1.50 > FALL > D/

6. Throat e]evafion_) outlet invert elevation

7. FALL = Vertical distance between crest invert elevation
and throat invert elevation

* Limitations related to HEC No. 13
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SIDE-TAPERED SLOPE - TAPERED
VERTICAL FACE

» T

PLAN PLAN
So - | SO:"
\*_\ SO\:._ . ‘“-'—_“SQ_\:.:
mmm\\ ELEVATION —
WITH FALL MITERED FACE

D PLAN ED PLAN

So
[~~~ -S0—=
~~~‘
ELEVATION ELEVATION
TYPES OF IMPROVED INLIETS FOR BOX CULVERTS

Figure 8

35



BOX SECTION

No FALL With FALL

\u— FACE SECTION

. . FACE SECTION :

o CREST | “THROAT SECTION
4T 5 THROAT SECTION BN .
L -
ot S o . s
%0 Sp™ .
v ELEVATION

ELEVATION

- | FN
SYMMETRICAL ] — © SYMMETRICAL | }
FLARE ANGLES Bf B " FLARE ANGLES - B
FROM 15° TO 80° - FROM 15° T0 90°| ,
"= TAPER | L TAPER
PLAN PLAN
TAPER 4 T0 1 TAPER 4 T0 1

SIDE-TAPERED INLETS

Figure 9
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y=— FACE SECTION

:—- FACE SECTION
|
|

1 "4 THROAT
}—\_Zf—H e A T # SECTION
THROAT H _
Hf He SECTION ¢ N Hf
So-s o - SO“
— v
FALL 0 : FALL . ]
} BEND 7 - F eeno -~ -
SECTION ' SECTION
ELEVATION ELEVATION
\i‘?” - [=L3 WEIR CREST
‘ f -f— TAPER
B¢ TAPER | [‘; W B | B

T

L _SYMMETRICAL FLARE
ANGLES FROM 150 TO 900

PLAN-

SLOPE-TAPERED VERTICAL FACE and SLOPE-TAPERED MITERED FACE

Figure 10
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Table 1 - Box Culvert Codes

Square-Edge and Bevel-Edge Reinforced Concrete Box (RCB)

CODE

INLET TYPE

I1

12

13

14

5

WINGWALLS -

30° - 75° WW Flare
Square-top edge
HEC 13, Chart 7

HEADWALLS -

-

Normal (90°) or skewed
to 45° - Square edge
HEC 13, Chart 7

WINGWALLS -

with 15° WW flare having
square edges =
HEC 13, Chart 7

WINGWALLS -

0° flare square top edge

CHEC 13, Chart 7

1

4

Bevel Option 1

HEADWALL -

Normal or skewed to 45°
with 1:1 bevels (variable
bevel on acute angle of
skewed HEADWALL, HEC 13
Chart No. 8, 9)

Bevel Option 2

WINGWALLS -

18° - 33.7° WW flare with
1 1/2:1 top bevel

with 45° flare with 1:1
top bevei HLC 13 Chart
No. 10

HEADWALL -

Normal with 1 1/2:1 bevels
on 3 sides HEC 13, Chart 8
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‘Table 2 - Hydraulic Constants

Velocity Distribution Alpha = 1.00
Slope Correction Factor SCORR = 0.50
Mannfng‘s n | | cn = 0.012
[4 Entrance Loss Coefficients
1 30° to 75° WW flare CKE(1)
2 HEADWALL (90° WW) or CKE(2)
skewed to 45°
2 15° WW flare CKE(2)
3 0° WW flare (parallel) CKE(3)
4 Bevel-edged inlets CKE(4)

0.40
0.50

0.50
0.70
0.20
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EXAMPLE PROBLEM
- BOX CULVERT
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BOX SECTION

EXAMPLE PROBLEM No. 1

This problem simulates the site conditions for a box culvert design
(problem No. 1) found in HEC No. 13. The following INDEX SHEET
illustrates the various culvert sizes (both single and double barrel)
which can accommodate the design flow.

At a glance, the hydraulic design engineer can view the headwater
relationship for inlet control and outlet control for a conventional,
bevel-edged and slide-tapered inlet and determine which control
governs. . For the range of culvert sizes analyzed, all the single
barrel and several -double barrel culverts require a certain amount of
FALL. The page numbers listed in the left-hand column of the INDEX
SHEET refer to the data output page containing the design data for
each culvert size. For this example, only the design data referred
to by pages 1 and 2 (6 ft. by 7 ft. and 7 ft. by 6 ft. culverts)

are included to limit the size of the publication.

A comparison of the design data for the 7 ft. width by 6 ft. depth
culvert (page 2 of the output) with example problem No. 1 in HEC No. 13
shows the closeness of the respective values. The differences arise
from the methods of calculation. The hand method is based on chart

and nomograph readings whereas the computer solution utilizes
mathematical equations. '

Figure 11 shows the performance curves for the side-tapered design.
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INDEX- SHEET (CONT'D)
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CIRCULAR PIPE SECTION

This section of the documentation presents design information for
conventional and improved inlets for circular pipes, both corrugated
metal and concrete. Included herein are the mathematical equations,
design criteria and limitations, code numbers for selecting a pipe
type, tables of pipe sizes with associated "n" values for each pipe
size, a table of hydraulic constants and example problems.

It should be noted under the section on "Design Criteria and
Limitations," that design for side-tapered (flared) metal inlets is
based on the standard metal inlet design shown in Figure 12.

HEC No. 13 side-tapered designs can be used by initiating the

program instructions which are stored in the program as comment cards.

The pipe designs provided by the computer program are divided into
three basic categories, i.e., partly paved corrugated metal, unpaved
corrugated metal and concrete pipes.

For the metal pipes, Figure 13 shows the three types of metal corrug-
ations that were programmed into the computer process to provide the
hydraulic design engineer with sufficient data and still maintain
some flexibility in his choice of design options. The choice of
design options is controlled by the culvert code indicator, I3, and
the options are shown in Table 3. ~
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CIRCULAR PIPE SECTION

Table 3

. Options for Corrugated Metal Designs
Code Indicator: '
I3 .
' 25% Paved Pipe Unpaved Pipe’
When I3 = T 2-2/3"x1/2", 3"x1", 6"x2" 2-2/3"x1/2"%, 3"x1", 6"x2"
13 = 2 3le‘l ll’ 6llx2" N ,3le'lll, 6le2l|
13 =3 - 6" x2" 6"x2"

The design options presented in Table 3 are interpreted as follows: If
I3 is equal to 1, then the culvert output design data for each of the
three corrugated metal types is provided for either the paved or unpaved
culverts. If I3 is equal to 2 or 3, then the design data for the
corrugated metal types shown is provided for either the paved or un-
paved culverts. In example problems 2A and 2B, I3 is equal to 1 and the
Index Sheets show the design option as indicated by Table 3 for unpaved
CMP.  However, in problem 2A, for the range of pipe sizes investigated

(4 ft. to 5 ft. diameter) no 6" by 2" corrugated metal pipes satisfied
the design criteria. : : :

* See Table 6 page 71 for the Circular Pipe Culvert Codes.
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CIRCULAR PIPE SECTION

%M£:§4u=nn

Figure 13. Types of Corrugations Investigated.

The 2 2/3" by 1/2" and 3" by 1" corrugated metal pipes are normally
riveted and the 6" by 2" structural plate pipes are assembled at the

vores Druction s ite.
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CIRCULAR PIPE SECTION

Table 4

Circular Corrugated Metal Pipe Sizes and "n" Values -- Unpaved*
: for Full Flow :

2 2/3" x 1/2" corrugations 3" x 1" corrugations 6" x 2" corrugations
Dia nx* Dia nx* Dia n**
1.0 .0260 3.0 0281 5.0 .0332
1.5 .0255 3.5 .0278 5.5 . .0330
2.0 0247 4,90 .0275 6.0 .0327
2.5 .0244 4,5 .0273 -~ 6.5 .0325
3.0 .0241 5.0 0271 7.0 .0323
3.5 .0237 5.5 .0269 7.5 .0321
4,0 .0235 6.0 .0267 8.0 - .0320
4,5 .0233 6.5 . 0266 8.5 .0318
5.0 .0232 7.0 .0265 9.0 .0317
5.5 .0231 7.5 .0264 9.5 .0315
6.0 .0229 . 8.0 .0263 10.0 .0314
6.5 .0228 8.5 .0262 10.5 .0313
7.0 .0227 9.0 .0261 1.0 .0312
7.5 .0226 9.5 .0260 11.5 .0311
8.0 .0225 10.0 .0260 12.0 .0310

' B 12.5 .0309
13.0 .0308
13.5 .0307
14.0 .0307
14.5 .0306
15.0 .0305
15.5 .0305
16.0 .0304
16.5 .0304
17.0 .0303
17.5 .0303
18.0 .0302
18.5 .0302
19.0 L0301
19.5 . 0301
20.0. .0300
20.5 .0300
21.0 .0300

* For partly paved CMP, the program uses "n" values based on the
equation n = .75 x n + (.25)(.012).

** Based on Research and Development Staff Report “Hydraulic Flow
Resistance Factors for Corrugated Metal Conduits," dated September 1970.
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Table 5

Concrete Pipe Sizes and "n" Values
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CIRCULAR PIPE SECTION

MATHEMATICAL EQUATIONS

The mathematical equations for circular pipes are as follows:

INLET CONTROL HEADWATER =~ Conventional .and BeveT-Edged Inlets

Hf = (D)[Y-(S)(SCORR)]

Where:

ki

Y

D

i

i

[

headwater depth in feet

4 5

A+ BX + cx% 4 pxS + Ex? + Fx

diameter of pipe in feet

A, B, C, D, E & F are coefficients listed -on page 73

SCORR

S
X

Q

a/p>/

it

discharge in cfs

INLET CONTROL HEADWATER - Side-Tapered Inlets

1.

Throat Control - (Chart 18, HEC No. 13)

de

b‘

Rough Inlets (CMP)

slope correction factor (table 7, page 73)

the slope of the pipe in feet per foot

H/D = -.23339 + .48913X + 1.06864X% - 3.074435%3

Where:

+

X ¥
X
BAR

3

oogr o

L711165x% - 1.32836X°
(Q/BAR) /DIAY/2
lTog (X')

No. of barrels

Smooth Inlets - (concrete)

H /D = -0.23714 + .14679X + 2.18932x%

Where:

+

Xl
X

Y

.210539x% - 1.347032x°
(Q/BAR)/DIA/2
log (X')

60
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CIRCULAR PIPE SECTION

2. Face Control - (Chart 19, HEC No. 13) :
Face control headwater is computed based on face sizes
established by Standard Flared Inlets, where face width
is 1.5D and L1 = 1.4167D. Figure 12 represents a
standard flared inlet proposed by the National Corrugated
Steel Pipe Association. Equations for face control based
on HEC No. 13 are found in Subroutine CSIDE.

INLET CONTROL HEADWATER - Slope-Tapered Inlets (Chart‘]6, HEC No. 13)

The inlet designs for slope-tapered inlets are based on Chart 16
(Solid Tine) in HEC No. 13, face control curves for box culverts.
The equation to compute face width is: :

B = Q/(Y x DIAY?)
Where: Y = 2.26586 + 7.94244X - 4.03503x% + 1.61948%> (4)
-.34582%" +.0284677x5
X = H./DIA | |
Hf = allowable Headwater elevation minus face elevation

Throat control equations for slope-tapered inlets same as for side-
tapered inlets on page 60.

0ut1ét Velocity

Q = [1.486/n](aR%/3 51/2)

Where: Q = discharge in cfs
A = area of water in sq. ft. at any depth of
flow defined by equation (13), page 64 :
WP = wetted perimeter in feet at an depth of flow
by equation 14, page 64
R = hydraulic radius in feet = A/WP
S = slope of the pipe in feet per foot

n = Manning's roughness value
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CIRCULAR PIPE SECTION

Qutlet Control Equations

2 ‘ 2
: D4/3 ' (39.725) (D)
Where: H = the head for circular culverts flowing full,
in feet : '
Ke = the entrance loss coefficient
. L = length of pipe in feet
D = diameter of pipe in feet
Critical Depth
g’
g T
Where: Q = discharge in cfs
o = alpha, coefficient
g = 32.2 ft/sec?
A = the area of water in sq. ft. at any depth
defined by equation (13), page 64
T = the top surface width of water in feet at any

depth of flow defined by equation (15), page 64

OQutlet Control Headwater

HW = TEMP + H + elevation of outlet invert, in feet

Where: TEMP = Distance to the hydraulic gradeline from the
culvert outlet invert

the headwater elevation, in feet

critical depth, in feet

HW

d
c

When: dc-z D and D > TW, then TEMP = D

dC + D dc,+ D
dC <D and — > TW, then TEMP = —

d +D
c =
™W >Dor TW > —— then TEMP 4Tw

Where: TW
H

tailwater height, in feet
head for full flow, in feet
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Water Surface Profiles for d

Where:
]

1

Based on water surface profiles in the culvert, the headwater is:

Where: d

k

Qutlet Velocity

]

b

2

e

HW =

 W;m

i

CIRCULAR PIPE SECTION

it

v =»%

> d.
n<--c¢
2 2
(dy+ -zl ) - (dy+ ;Z_)
d T J (M1 Curve)
0
2 2
(d2+';g') - (dl,+y'l :
d ST d (M2 Curve)
o .

distance in feet betweéh two sections of water
depths in feet at sections 1 and 2 respectively

velocities in feet per second at sections T
and 2

slope of the pipé in feet per foot

n2V2

2.21 RH/3
the siope of the water surface in feet per foot
the average hydraulic radius in feet of the
two sections

VS ke
d, + + S
27 29 29

either the height of culvert or water depth
at inlet depending on the water surface profile
in the culvert .

the entrance loss coefficient for the specific
inlet type
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CIRCULAR PIPE SECTION

e TOp Surfoce Width s

, Depth of flow (DEP)

Radius (R)

| 1'

A = (DEP-R) d (2R) (DEP) - DEPZ + R [}/2 + Sinp”] (DEE:B)i] (13)
_ - . ' R
For DEP < R use ABS((DEP-R)/R) and use (-Sin"l)
Wwhere A is the area in square feet |
WP = 2R [w/2 + sin”! (ZEE=R)3 - (14)
R ,

Where WP is the wetted perimeter in feet

T =2 JRZ - (DEP-R)? o | (15)

Where T is the top surface width in feet

Side-Tapered and Slope-Tapered Inlets

The equations for throat control and face control for the CMP and
concrete pipes (representing charts 18 and 19, HEC No. 13) are located
in subroutines CSIDE and CSLOPV. These equations are polynomials
developed by a curve fitting technique.
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CIRCULAR PIPE SECTION

DESIGN CRITERIA AND LIMITATIONS

The design criteria and limitations are basically the same as for
box culverts as indicated in HEC No. 13 and are listed below along with
additional circular pipe criteria for ease in accessability.

CONVENTIONAL CMP _AND CONCRETE PIPE - Culvert Design Criteria

1.

Inlet control headwater and outlet contro] headwater > (AHWEL - D/4)
AHWEL. Where AHWEL is the allowable headwater elevation.

Pipe sizes limited to diameter sizes listed in tables 4 and 5.

Pipe material 1nc1udes 2 2/3" by 1/2", 3" by 1", 6"'by 2" corrugated
metal and concrete. _ . o

‘Mannings “n" values. for partly paved CMP are based on the equation:

n = (0. 75) n, + .25 (.012), where n., represents the "n" vatue
for the same pipe diameter as "n" blt without paving and .012

represents "n" value for concrete.
Crown elevation not greater than controlling headwater elevation.

Use FALL at inlet invert when inlet headwater is greater than
allowable headwater.

FALL not to exceed Maximym FALL.
*
Where: Max FALL = 1.5D
or inlet invert elevation not less than outlet invert
elevation.

Minimum crest length based on Chart 17 in HEC No. 13.

*_imitations related to HEC No. 13.
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CIRCULAR PIPE SECTION

SIDE-TAPERED INLET - Design Criteria

1. E (height) equal to diameter*.
2. Face width equal to standard flared inlets (See Figure ]2)**
3. L] = 1.4167D

4. Taper = Li/(Face width minus DIA)/?2
5. FALL = Max FALL"

*
Where: Max FALL = 1.5D or inlet invert elevation
not less than outlet invert elevation.

6. Muitip]e barrels designed as separate single barrels

/. Throat control represented by curves on Chart 18 of
. ;
HEC No. 13

* Limitations ré]ated to HEC No. 13
** National Corrugated Steel Pipe Association
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CIRCULAR PIPE SECTION

VERTICAL FACE, SLOPE-TAPERED INLET DESIGN

Inlet design same as for box culvert inlet.

1.
2.
3.

10.

Multiple barrels designed as single barrels

Taper = 4:1 to 6:1° |

Fall slope (SF) - Input data from 2:1 to 3:1 inc]usive*
L, = +58" Minimum -

1.5D > FALL > D/4”

Throat elevation > outlet toe elevation

FALL = vertical distance between face invert elevation and
throat invert elevation

Design for face section limited to solid line curve on Chart 16
of HEC No. 13

Rectangular throat section of inlet must be square section with
sides equal to diameter of pipe culvert .

Minimum transition section = D/2

* Limitations related to HEC No. 13
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CIRCULAR PIPE SECTION

To assist in the use of the pipe culvert code tab]es, the fo]low1ng
definitions will be helpful:

Type of Pipe

1.

2.

Riveted corrugated metal pipe - commonly used riveted
metal pipe with 2 2/3" x 1/2" corrugations.

Riveted corrugated metal pipe - commonly used riVeted
metal pipe with 3" x 1 corrugations.

Structural plate pipe - sections of structural steel
plates with 6" x 2" corrugations. Plates are field
assembled. .

Concrete p1pe - any concrete pipe in common use. No
distinction is made for length of sect1ons or method
of casting. .

Paved Invert

Paved invert relates to a material, asphalt or concrete
plated in the bottom portion of the metal culvert barrel.

Types of.Convéntional Inlets

].

Projecting - The culvert barrel extends from the embankment.
The transverse section at the inlet is perpendicular to the
Tongitudinal axis of the culvert.

Mitered -~ The end of the culvert barrel is on a miter or
bevel to conform with the fill slope. All degrees of miter
are treated alike in this program since research data on this
type of inlet are limited. Headwater is measured from the
culvert 1nvert midway of the mitered section.

Headwall - A headwall is a concrete or metal structure placed
around the entrance of the culvert. Headwalls considered are
those having a flush or square edge with the outside edge of
the culvert barrel. No distinction is made for wingwalls or
skews. :
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CIRCULAR PIPE SECTICON

End section - This section is the common prefabricated
end made of either concrete or metal and placed on the
inlet or outlet end of a culvert. The closed portion of
the section, if present, is not tapered.

Grooved edge - The bell or socket end of a standard
concrete pipe is an example of this entrance.

Bevel A and Bevel B - These bevels, a type of improved -
entrance, can be formed of concrete or metal. The shape
and d1mens1on for types A and B are shown in the following
sketch and table.

BEVELED  RING

The bevel should extend a minimum of 300 degrees around
the upper portion of the pipe's circumference.

Bevel czn be made of
#etal or Concrete

P ———
be— O -&ri O e

bt - ———

BEVEL b a < g z e
D D D
A c.042 | 0.042] 0.042 |0.083 1 45°
. B ©.083 1 0:25 | 6042 | 0125 11/2 33.7
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CIRCULAR PIPE SECTION

Types of Improved Inlets

The improved inlet types are well defined in HEC No. 13. For
side-tapered inlets, the face width determined by HEC No. 13 design
procedures for any pipe diameter should be compared to the face width
for comparable ready-made standardized side-tapered inlet. The
computer program utilizes the face dimensions for a standard inlet as
shown in Figure 12. ' ‘

Slope-tapered inlets for circular pipes, are designed the same as

for box culverts with the exception of a transition section with min-
imum length of D/2 between the rectangular and circular sections. The
controlling throat section is at the circular section of the throat.
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CIRCULAR PIPE SECTION

Table 6

METAL PIPE CULVERT CODE INDICATORS "

RIVETED RIVETED STRUCTURAL PLATE
Inlet Type - With 2 2/3" x 1/2" With 3" x 1" With 6"x2"

Corrugation Corrugation Corrugation

Il 12 I3 14 1I5 IN'12 13 14 1I5 11 12 13 14 I5
Projecting (112) " J1 1 1 1 1* | 1 1 2 1 1% 11 3 1 1%
Mitered (81) 1 1 1 2 2* 1T 1 2 2 e2* 1T 1 3 2 2*
Headwall (7) 11 1 3 3* T 1 2 3 3% 1 13 3 3*
End Section (51) 1 1 1 3 5 1T 1 2 3 5 - e e e
Bevel (A) (option) |1 1 1 4 6 1T 1 2 4 6 1 1T 3 4 6
Bevel (B) 1T 1 1 4 7 T 1 2 4 7 1T 1 3 4 7

RIVETED RIVETED - STRUCTURAL PLATE .

% 25% Paved & 25% Paved & 25% Paved

2 2/3u X ]/2u 3u X -Iu v6|I X 2u

Corrugation Corrugation Corrugation

| [T 12 I3 14 1I5 1IN 12 I3 14 I5 I1 12 13 14 15

Projecting (112) T 2 1 1 1% 1 2 2 1 1* 1T 2 3 1 1*
Mitered (81) 12 1 2 2* 1 2 2 2 2* 1 2 3 2 2*
Headwall (7) 1T 2 1 3 3* 1 2 2 3 3% T 1 3 3 3*
End Section (51) T-2 1. 3 5 1 2 2 3 5 - = e - -
Bevel (A) (option) |1 2 1 4 6 1 2 2 4 6 1 2 3 4 6
Bevel (B) 2 1 4 7 1 2 2 4 7 1 2 3 4 7

* In the computer, I5 value equals the above value plus 7, giving I5 values

of 8, 9, 10

*%k

and Inlet Contro] Equat1on Coeff1c1ents.

- *** See note on page 72
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CIRCULAR PIPE SECTION

Table 6'(cont‘d)
CONCRETE PIPE CODE INDICATORS

Jkd

Socket-end Projecting (102) 2 3
Socket-end Headwall (4) 2 3
Square-edge Projecting (101) 2 3
Square-edge Headwall (1) ' 2 3
End Section (51) 2 3
Bevel (A) (option)
Bevel (B)

***  Values in parentheses following the inlet types refer to the
hydraulic experimental model number taken from “First Progress
Report on Hydraulics of Short Pipes, Hydraulic Characteristics
of Commonly Used Pipe Entrances," by John L. French, dated 1955,
U.S. Department of Commerce, National Bureau of Standards,
pages 48-74.
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CIRCULAR PIPE SECTION

Table 7

HYDRAULIC CONSTANTS

I1 - Velocity DiStribution Factors

14 - Entrance Losé Coefficients

1 CMp ALPHA] = T.12%* 1 CM projecting CKE] = 0.90
2 Concrete ALPHA = 1.04** 2 (M mitered CKE2 = 0.70
: 3 Sq. edge; Concrete or -
CMP and end section CKE3 = 0.50
~Slope Correction Factor 4 Improved inlets . CKE4 = 0.20
‘ - ' 5 Socket-end, concrete -
Scorr = 0.50 : headwall or projecting CKE5 = 0.20
Scorr = 0.00 (mitered face) : '
Inlet Control Equation Coefficients

15 A B C D £ F 15
1 0.1708786 0.662381 -0.233801 0.0579585 -0.00557890 0.000205052 1
2 0.114099 0.653562 -0.233615 0.0597723 -0.00616338 0.000242832 2
3 0.167287 0.558766 -0.159813 0.0420069 -0.00369252 0.000125169 3
4 0.087483 0.706578 -0.253295 0.0667001 -0.00661651 0.000250619 4
5 0.120659 0.630768 -0.218423 0.0591815 -0.00599169 0.000229287 5
6 0.063343 0.766512 -0.316097 0.0876701 -0.00983695 0.000416760 6
7 0.081730 0.698353 -0.253683 0.0651250 -0.00719750 0.000312451 7
8 0.187321 0.567710 -0.156544 0.0447052 -0.00343602 0.000089661 8
9 0.107137 0.757789 -0.361462 0.1233932 -0.01606422 0.000767390 9
10 0.538595 -0.00343974 0.000115882 10

0.167433

-0.149374

0.0391543

** Values based on Research and Development Staff Report,

“Computatlon of Uniform

and Nonuniform Flow in Prismatic Conduits," U.S. Department of Transportation,
Federal Highway Adm1n1strat1on, November 1972.
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CIRCULAR PIPE SECTION

EXAMPLE PROBLEM NO. 2A - Cofrygated Metal Pipe Design

This design problem, 2A, and the accompanying problem, 2B, simulate
corrugated metal and reinforced concrete pipe culvert designs con-
tained in HEC No. 13. The input data for each problem is presented
on the attached input data forms. The insignificant difference in o
values is attributed to the methods of computations, i.e., the com- =~ *
puter versus the hand calculation method. Where the hand method uses
close approximations in geometric.configuration and nomograph inter-
pretation, the computer process is more precise, using geometric and
equation oriented computer (algorithms) routines to perform the
computations. ‘

As noted previously, the side-tapered (flared) inlet designs produced

by the computer program for the Corrugated Metal Pipe follow the stan-
dardized inlet dimensions.
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CIRCULAR PIPE SECTION

The INDEX SHEET for problem 2A lists three pipe sizes (4.0, 4.5

and 5.0 ft. diameter) under the 2-2/3 inch by 1/2 inch corrugated

metal and the same three pipe sizes for the 3 inch by 1 inch corrugated
metal. For the 6 inch by 2 inch multiplate pipe, the INDEX SHEET shows
a 5.0 foot diameter pipe. The advantage in providing the INDEX SHEET is
self evident, in that the hydraulic design engineer has at his "finger
tips" the pipe culvert sizes, number of barrels, the outlet control
headwater and the inlet control headwater for the avaijlable inlet types.
The availability of all this information reduces the amount of time and
effort needed by the engineer to make a thorough investigation of the
hydraulic problem at hand. Along with the INDEX SHEET, the design data
sheets provide the necessary geometric dimensions for the culverts
listed on the INDEX SHEET. More importantly, performance curve data

is provided for additional culvert analysis.
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INDEX SHEET

PROBLEM 2A (Cont'd)
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DESIGN DATA - Page 1 (Cont'd)
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CIRCULAR PIPE SECTION

EXAMPLE PROBLEM NO. 2B - Reinforced Concrete Pjpe

The input data for problem 2B is‘tﬁe same as problem 2A. " The INDEX
SHEET shows an output design for the 4.0, 4.5, and 5.0 foot
diameter concrete pipes.
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CIRCULAR PIPE SECTION
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PROGRAM IMPLEMENTATION
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JOB CONTROL LANGUAGE

The following job control language for this program is for a
typical batch mode processing on an IBM 360/65 computer. More
efficient processing can be realized by storing the program

in a load mode status on a direct access system.

// JOB ’
// EXEC FORTGCLG,PARM. FORT=BCD
// FORT.SYSLIN SPACE=(80,(2000,100),RLSE)
// FORT.SYSIN DD * .
*
"
SOURCE DECK
*
*
// LKED.SYSLMOD DD SPACE=(1024,(80,10,1),RLSE)
// LKED.SYSUT1 bD SPACE=(1024,(200,10),RLSE)
// LKED.SYSUDUMP DD SYSOUT=A
// GO.FTO9FQ01 DD SYSOUT=A,DCB=(RECFM=UA,BLKSIZE=133)
// GO.SYSIN 0D *

DATA CARD 1  Header card

Problem No. 1 DATA CARD 2  Hydraulic site data
DATA CARD 3  Range of culvert sizes
DATA CARD 4 Blank card

/*

COMPUTER REQUIREMENTS

The computer process described herein is written in FORTRAN IV
and was developed on an IBM 360/65 computer with 0S operating

~ system. The program is essentially written in EBCDIC but sev-
eral of the routines contain BCD features which should not pose
any problems. This version of the program utilizes about 110K-
bytes of storage and the source card deck contains about 3600
cards (1800 for box culvert program and 1800 for circular pipe
culvert program).
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DEFINITION OF TERMS

The following named variables are used in both the box culvert and
circular culvert design subroutines. Subroutine names beginning
with a "B" refer to box culverts and subroutines beginning with "C"
refer to circular plpes. o

Main Program

Input data items described in INPUT SECTION
CIRC - Subroutine to design improved inlets for CMP and
concrete pipes. ‘

BOXES ~ Subroutine to design improved inlets for box culverts.

ARCH - Proposed subroutine for pipe-arch design.

Subroutine BOXES

This subroutine initiates the culvert analysis for the range of box
culvert sizes requested by the user, computes headwater for inlet

and outlet control sections and the throat elevation for improved
inlets. Subroutine BOXES also computes the data for Curves A, B, and
C which 1s used by the other subroutines.

ITAB and Tab arrays contain stored informmation for:

IBAR -~ Number of barrels

AK - Barrel width (b)

AKK . - Barrel depth (d)

HWO(1) — Outlet control headwater elevation for

conventional culverts
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HWO(2)

TOEL
HWEL(1) and HWEL(2)

SUMP(1) and SUMP(2)
FACE(1l) and FACE(2)
HWT

FALL (externai)
TROEL

NOCA, NOCB, NOCC

HWOUT

FACEL

- ELINCA, ELINCB, ELINCC

CRESA, CRESB, CRESC

DISL, DISR

VELIN
VELOUT

SER, SHL

SLOPA, SLOPB, SLOPC

Outlet control headwater elevation
for bevel-edge culverts

Elevation at toe of culvert

Inlet headwater elevation for square—
edge and bevel-edge inlets

Inlet FALL if required or else
FALL = 0

Inlet invert elevations for square-
and bevel-edge inlets

Elevation headwater at throat control
section

Difference in elevation of throat
and stream face elevation

Elevation of invert at throat
Variables indicating no designs
appllcable for the three design
conditions mentioned in this report
Headwater for outlet control

Elevation of face invert

Inlet invert élevation for curves A,
B and C

Minimum crest length necessary at
Inlets for three curve designs

Distances from toe of embankments
to face and outlet of culvert

Velocity at outlet for inlet control
Velocity at outlet for outlet dontrol

Embankment slopes, downstream and
upstream respectively

Culvert slopes for the three curve
conditions
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Subroutine BHY3

Dubroutine to design conventional and bevel-edge inlets and per-
Formiunce curves for design curves A, B and C.

BAR : -~ Number of barrels
B, D = Culvert width and height

DISL, DISR

Variables denoting distances from
enbankment toe to inlet face and
outlet face to toe of culverts

DISTA - Culvert length
- HDCA, HDCB, HDCC - ~ Headwater elevations for performance
curves for design curves A, B, and C
HWOL, HWO2 - Outlet control headwater elevations
for culverts with conventional and
bevel-edges, respectively
SA, SB, SC : - Culvert slopes for design curves A,

B, and C

Subroutine BSIDE

Subroutine to design side-tapered inlets for design curves A,
B and C. : '

BAR - Number of barrels
B, BB : - Width of barrel, ft.
BIT, BITB , BIIC - Variables denoting extensions to cul-

vert lengths when the face section is
moved toward the toe due to a fall in
the culvert design

101



BF, BFB, BRC
ELFACA
ELTRCA
ELFACB
ELTRCB
ELFACC
ELTRCC

FALLM

FACEL

HWFA, HWFB, HWFC
HWIA, HWTB, HWIC

L1

NOCAS, NOCBS, NOCGCS

SCORR

SLO, SA, SB, SC
STROEL,

TBFALL
TOEL

WB

- Variables

-—

Elevation

denoting face widths

Elevation of'face invert for curve "A"

Elevation of throat for curve "A"
Elevation of face invert for curve‘"B"
of throat for curve "B"
Elevation of féce invert for curve "C"
Elevation of throat for curve "C"
Maximum FALL allowed for inlet

Elevation of face invert

Face headwater elevations for per-
formance curves A, B and C

Throat headwater elevations for
peformance curves A, B and C

Length of improved inlet

Variables. No curve A, B and C |
deslgns applicable

Slope correction factor

Variables for barrel slopes for
curves A, B and C

Streambed elevation at the culvert
throat

Inlet FALL for curve "B"
Elevation of culvert outlet invert

Minimum crest length for curve "B"
design
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Subroutine BSLOPV

This subroutine is called to design slope~tapered vertical face box
culverts and performance curve data for the two design conditions
referred to as curves A and B. The design for curve C is not included

at this time.
BAR
BF
DIST
FACEL

FALL

HWTA
HWTB
HWFA
HWFB

11, L2, L3, L4

NOC

Number of barrels

I

Face width, ft.

Culvert length from face to oﬁtflow, ft.

— Face eieVation ft.

Vertical distance between crest p01nt
elevation and throat elevation, ft.

- Headwater at throat for curve A, ft.'

Headwater at throat for curve B, ft.

Headwater at face for curve A, ft.

- Headwater at face for curve B, ft. -

Variables denoting length of improved
culvert entrance design

- Variable to indicate no design applicable
for either curve A and/or B

- Maximum discharge for curve B design
~ Fall slope
- Varlable for actual culvert barrel slopes

-~ Variable used to denote throat elevation
for curve A and B
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VELIN

VELOUT

Subroutine BSLOPM

Vertical distance between crest point
and face normal to slope

Inlet control velocity

Outlet control velocity

Subroutine to design slope-tapered mitered face box
culverts and performance curve data for curves "A" and "B" design.
Variables are essentially the same for the vertical face design.

Subroutine BOUT

Subroutine to compute outlet control headwaters

AVEV

AVER

CKE
DSUBN
DSUBC
DIW

HEAD

HO

WHW

S1

Average velocity for backwater
calculations

Average hydraulic radius for backwater
calculations

Entrance loss coefficient variable
Normal depth, in feet

Critical depth, in»feet

Design tailwater, in feet

Hydraulic head required for outlet control,
in feet

Variable equal to tailwater or to critical
depth plus D divided by 2

Outlet control headwater, in feet

Frictlon slope
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SPH - Specific head for backwater calculations,
in feet

SUMK - - : — Distance bétween two cross—sections in
backwater computations, in feet

TOEL » ' - Elevation at outlet of culvert

\% » - Velocity, fps

Subroutine BNORM -

subroutine to compute normal depth.

AR23 -~ Refers to area times hydraulic radius

ralsed to two-thirds power
AREA , - Area based on normal depth
B&D - Culver§ base width and height
DEP | ~ Normal depth B
WP - Wetted perimeter

Subroutine BFIT

Subroutine to find maximum discharge

A - Variable used to Increment discharge
AREA - Cross—sectional area of culvert

AHWEL - Allowable headwater elevation

B - Width of box culvert, in feet

CKiz - Variable for energy loss coefficlents
CLTH - Culvert length measured on stream slope
CN - Mamning's "n" value

D —~ Culvert height, in feet

o - Critical depth
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HD - Hydraulic head for given flow in outlet
_ control, in feet

HO , _ - Variable equal to tailwater or

D+ dC whichever is larger
2
Qnax = Maximum discharge measured at the inter—

section of outlet control curve and
allowable headwater

Subroutine BEQUA

Subroutine to compute inlet control headwater.

HWOVD - Variable referring to headwater over "D"
'Il, 15 ~ Variable part of input code number
DEP - Normal depth
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PROGRAM LISTING

Routines containing identification numbers beginning with "B"
followed by an integer value refer to box culverts and routines
containing identification numbers beginning with "C" plus the
integer value refer to circular pipe culverts. Subsequent to the

- release of the preliminary draft of HY-6, program changes have been
incorporated in this version of HY-6. :

- Changes to the camputer program are shown on the program listing
with two asterisks following the statement sequence number.
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AND CIRCULAR PIPES (CMP and Comcrete)
BY MARIO MARQUES == FHWA.-- 1979

THIS VERSION OF THE PROGRAM WILL ANALYZE[BOX CULVEKTS ~

COMMON ITAB(100),TAB1(100).TAE2(100),TAB3(100),TABA(100).
TAB5(100),TA35(100),TAB7(100),TABS(100).TAES(100), TAB10(1CD) .

TAB11(;oo),TAB12(1oo),TA813r1oo);TA514(100).TAB15!100).TA316(100);
IQJAX(Z.100).ELTNCB(2.100).ELINCC(2.100).HWCB(2;100).HWCC(2.100).

L.LL.K.SYSIN.SYSOT,ELIN.ELOUTﬁAHWEL,SEL,SER.ELINCA(2.100)}
xPROd‘ze),I1.12.13.Ia.IS.ELL;ELR,Q1.AHW.DTW.CLTH.ISS.

NOCA(Q.100).NOCB(2.1OQ)rNOCC02.100).TBFALLl2.100).TCFALL(2.100).

DISTA(2.1OO).SLOPA(z'lco),CRESA{2.1QO).VELA(2.100Y.DISTB(2.!OO).

SLOPB(Q.100).CRESB(2.100),VELB(2.100).DISTC(2.100).SLDPC(2.100).

CRESC(?.100).VELC(?.100).ELTRCB.ELTRCC.QUE.DISL.DISR.SFACE.

DIA1.DIAQ.ELLE.ELRR.NUCBS.HWTEMP.KBAS1.KBAS2.KDEP1.KDEP2

INTEGER SYSIN, S$SYSOT

DATA IBLANK/3H /

SYSIN=1

SYSOT=3

READ DESIGN DATA
READ(SYSIN,901 ). PROJ

TFCIPROV(1).EQ. [BLANK) GO TO 11 : : :
READ(SYSIN,933) 11.I2'13.[4.15.SLOPE.DIST.Q1.DTW.AHWEL.ELIN .
ELOUT, SEL,SER.SFACE S
IF(I1.EQ.1) GO 10 5u

IF(I1.8Q.2) 30 7O 58

IF{11.EQ.3) 30 TC &=

IF{¢IY.EQ.4) GO 7O S8

WRITE (5YS0T,2130)

FORMAT( 22H CULYERT CODE INVALID)

GO 10 10 :

SLOFE = SLOPE. + 0.000001

ROUTINES TO DESICN PIPES,ARCHES.OR BOXES
GO 7O (11¢,110,130,140),11 :

-CALL TG CIRCULAR CULVERTS(NOT INCLUDED BUT AVAILABLE)

CALL.CIRC{DIST,SLQPE)
GO TO 10 ‘

-CALL TO ARCH PIPES( NOT AVAILABLE AT THIS TINE

CALL ARCH
GO 7O 10

LCALL BOX CULVERT

Call BOXES(CIST,ZL0pE)
GO 70 10
WRITLE(S7SOT,31¢)

STap.

FORMAT( 1 1H END OF J0B)
FORMAT (2 3A3) '
FORMAT(5I1,F7.3,9F7.1)
FORMAT(2F4.1).

END
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O000

OO0

SUBROUTINE BOXES(DIST,SLOPE)

SUBROUTINE 7O DEVELOP'INbEX SHEET (INCLUDES. QUTLET AND INLET
CONTROL HEADWATER ,EXTERNAL FALL- AND INVERT ELEVATIONS)

COJWMON ITAB(100),TAB1(100),TAB2(100),TAB3(100).TABA4(100),
1TAB5(100),TABB(100),TAB7{100),TABB{100),TABI(100).TAB10( 100},
2TAB11(100),TAB12(100),TAB13(100),TAB14(100).TABIS(100).TAB16(100),

C3TQWAX(2,100),ELINCEI2,100),ELINCC(2,100) ,HWCB(2,100).HWCC(2,100),
4L, LL,K,SYSIN,SYSOT,ELIN,ELOUT,AHWEL,SEL,SER,ELINCA(2,100]).,
5 IPROV,26),11,12,13,14,1I5,ELL,ELR,Q1.AHW,DTW,CLTH, 155, .
6NOCA(2,100) ,NOCB(2,100),NOCC(2,100),TBFALL(2,100), TCFALL(2.1007,
7DISTA(2,100),5L0PA(2,700),CRESA(2,100),VELA(2,100),DI5TB{2.100),
BSLOPB(2,100),CRESB.2,100),VELB(2,100),DISTC(2,100),SLOPC(2,100),
SCREISC(2,100),VELC{2,100),ELTRCB,ELTRCC,QUE,DISL,DISR,SFACE.
ADIAG,DIA2,SLLE,ELRR , NOCBS,HWTEMP ,KBAS1 ,KBAS2,KDEP1 ,KDER2

DIMENSION HW3J(2),SumP(2), FACEHW(2),HWEL(2)

DIMENSION CKE(4),FACE(2),KT(7)

INTEGER SYSIN, SYSOT

DATA KT/1111,1122,1123,1134,1145, 1146 1147/

DATA ALPHA,SCORR, CN/1 0,.5,.012/

DATA CKE/.4,.5, .2/

FRINT CONVENT&ONAL CULVERT DESIGN DATA
READ(SYSIN,2 )JKBASt KBAS2,KDEP1,KDEP2

2 FORMAT(412)
WRITE(SYSOY,502) IPROJ

902 FORMAT(tHt,' >>>> 00X CULVERT DESIGN FOR PROUECT >>> '.2643,///

1/ ' >>>> THE PROGRAM PROVIDES A RANGE OF CONVENTIONAL BOX CULVERT
2 SIZES WITH AND WITHOUT BEVELS wWHICH SATISFY SITE REQUIRENMENTS',//
330X, '"WHERE: BEVELED EDGES INCLUDE THE FTLLOWING.'//37X.'HEADWALLS
4~-NORMAL =CHART NO. 8 IN HEC-13'/37X,' ~SKEWED CHART NO. 9
5 INHEC=13'//37X, 'WINGWALLS =-CHART NO. 10 IN HEC-13'////

6 ' >>>> IF INLET CONTROL GOVERNS - IMPROVED INLET DESIGNS ARE PR
7OVIDE® FOR SIDE-TAPERED INLETS ! /66X, 'AND SLOPE-TAPER
8ED INLETS '///)

903 WRITE(SYSOT,904)

OC4 FORMAT{1X, "hkwaxsskay RESTIEFI I TR L] V*********#****ﬁ****#****#*.‘t****

ook ok b e K R K ok W R K N A a k ¥ ok R K ok R ROk g o R KON N ek e kol o ok A b ko e ok ok ok ok e ok A W e Kk R

PR A AR I AL L R R A R S P L DESIGN INPUT DAT& * w K
3***«******‘*** L m**«tvi**\***g«*****u*****#w**w**nw******‘*‘ﬂttk*tt*
L N R A A R R L DESIGN INPUT DATA * K

S % b e b v A ol Nk b A oK sk s KR oM K N K e KR N SR ok o o e Yok ok ok K o o ok e K R A R e
[ ERRS TR L R N P N R R L R Tl R R R R L R F g R gy
T 4 r Rk b b R K KK P R b kb Nk W R KK K YOk K ok S o oK o ok o e o ok ek e R ok Kk
Bakddaswrrran! s/

S ¢O0 10 (10,20,30.40,.0,60,70),15

‘9 WRITE(SYSOT,12)11,12,13,14,15

12 FORMAT(4X, 'CONVENTIGNAL CULVERT CODE:',2X,S5I1,' WINGWALL = WITH
130-75 DEGREE WW FLARE, SQUARE TOP EDGES KE= 0.4'/)
GO TO 49

20 WRITE(SYSQT,22)11,12,13,14,15

22 FORMAT(4X, 'CONVENTIONAL CULVERT CODE:',2X.5I1,' HEADWALL = NORMA
1L OR SKhEWED TO 45 CEGREES - SQ TOP EDGES KEs 0.5'/)
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290
295
300
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315
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325
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340
345
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425
430
43%
440
445
4590
4585
450
455

475
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GO 10 49

555

30 WRITE(SYSOT,32) I1,12,13.14,15 o : 560
32 FORMAT(4X,!CONVENTIONAL CULVERT CODE:',2X.511,° WINGWALL - 15 Dg 565
1GREE FLARE - SQ TOP EDGES : KE= 0.5'/) 570
GO TO 49 : ‘ " ' 575

40 WRITE(SYSOT,42)11,12,13,14,15. . ; : 580
42 FORMAT(4X.'CONVENTIONAL CULVERT CODE:',2X.5I1,' WINGWALL .~ NORMA 585
fL OR SKEWED . - ZESRO DEGREE WW FLARE ' KE= 0.7'/) 590
49 IF(IS.NE.2) GO TO 60 595
50 WRITE(SYSOT,52) 600
52 FORMAT(4X,'BEVEL-EDGED CULVERT CODE: 41145 HEADWALL - NORMAL OR 605
! SKEWED TO 45 DEGREES WITH 1:1 BEVELS'/40X.'(VARIABLE BEVEL ON ACU 610
27E ANGLE OF SKEWED HEADWALL) KE= 0.2'//) 615
GO TO 80 ' 620

60 WRITE(SYSOT,52) - 625
62 FORMAT(4X.'BEVEL-EDGED CULVERT CODE: 41146 WINGWALL - 18 Tg 33. ‘630
17 DEGREE WW FLARE WITH 1.5:1 TOP BEVEL OR'/40X.' 45 DEGREE FLARE W 635
2ITH 1:1 TOP BEVEL KE= 0.2'//) 640
GL TO 80 645

70 WRITE(SYSOT,72) 650
72 FORMAT(4X,'BEVEL-EDGED CULVERT CODE: 41147 HEADWALL - NORMA L 655
IWITH 1.5:1 BEVELS ON 3 SIDES KE= 0.2'//) 660
80 ISEL=SEL 665
ISER=SER : 670
SLOPP=SLOPE _ ‘ 675
SLOPE=(ELIN-ELOUT)/DIST +.000001 680

m(nulmtnu:mcnurm(nosm(no:mtna:m:nuzmcnu:mtnu:m(nqzm(nu:mcnu:mkna:m(nu:m(nulmcnu:mtnazm(nurm

WRITE(SYSOT.1900)I1.12.13.Id.IS.SLDPP.DIST.Ol.DTw.AHWEL.ELXN. 685
1ELOUT., SEL, SER,KBAS1.KBASZ.KDEP1.KDEP2.SFACE.SLOPE 690
1900 FORMAT( 18X, 'APPROX TOE-TOE',27X, 695
A : 'ALLOWABLEC STREAM BED STREAM BED LEFT ROADWAY R 700
1IGHT ROADWAY' /44X, 'CULVERT!',7X, 'STREAM CULVERT DESIGN',BX, 'DE 705
251IGN',5X, '"HEADWATER ELEVATION ELEVATION'.SX.'EMBANKMENT'. 710
35X.'EMBANKMENT’/BX.'CODE'.BX.'SLDPE‘.dX.' LENGTH DISCHARGE TAI 715
4LWATER ELEVATION AT INLET AT GUTLET'.7X.'SLO?E'.11X.’SLOP 720
5E'/4x.511.8X.F7.4,2x,F8.1.2X.F8.1.4X,FB.1.4x,F8.1.4X.F8.1.5X. 725
5F8.1.9X.F4.1.':l'.10X.F4.1.':1'//4X.'CULVERT SIZES'.25X.'SLOPE~TA 730
7PER'/7X.'B  FROM',I4,' FT TO',I4,' FT',12X,'FALL SLOPE’'. 12X, 'COMPY 735
8TED STREAM'/7X,'D FROM',I4,' FT T0',14," FT',14X,F4.1.':1",15x, 740
9'SLOPE =',F7.4//) 745
WRITE(SYSOT.2100) 750
2100 FDRMAT(1EOH!******&m***t******t**l**t*w*******#t****ttt***t*****t# 75%
1*******A******m*a**w************#t**ta*t****wkt**##**tt**w**m-*igﬁ 760
2*********/'#t*#*mt**t*w*t**a***m*ti'_ ! INDEX SHEET FOR 80X 769
3 CULVERTS w*tw«*tf‘*t*m#','*t##*m*rttta~-t#‘t*t*-**t¢-w««my¢ﬁ 770
41«{*;mv,mk*t**t’/‘t$t#v*u«*&t*u****v*m****', ' INDEX SHEET 775
SFQR BOX CULVERTS t*t***a*v******m*#*t#***#*tt*t*t**ﬁt#*##ttt 780
O*k b4 dd bamukmwnt wann, /'*#*t&**ﬁi*#tkﬁt*m******i**mt‘t***f**#*i#. 78%
7wa*+w****ﬁtt**ovtmm**mm#*a-****k**ttmti*t#*‘tt#w**ttttt****#vem‘tt 790
e*w‘,**4~w*%uvm*m-1awwa*n'/) 795
453 WRITE(SYSOT 2105) CnE(14) 800 -
2105 FORMAT(30X,'® =~ QUTLET CONTROL -- ¥4 27X, ‘== INLET CONTROL == 805
19,27X. w1/ 810
130X,‘*'.2SX.'*v'.73x.’*’/30X;'* KE=',F4.1,' KE=0.2 OUTLET %= CON 815
2VENTIONAL CULVERT. * BEVEL~EDGED CULVERT * SIDE-TAPERED CULVERT 820
3 # /B0, e e e e e e T e e e ————- ——— 825



a0

G e e e e e w===='/' % SEE *NUMBER B8 830
S+BARREL+BARREL* HW HW . INVERT w%  HW ', 11X, 'INVERT % Hw 8 835
6',13X, "INVERT THROAT', 10X, "INVERT %'/' % PAGE # OF  » WIDTH* D B 840
TEPTH+  ELEV ELEV "« ELEV . #x ELEV FaLL ELEV » ELEV B8 845
BFALL ELEV  *HW ELEV  FALL ELEV iy . 8 850
9. ' " ox! BX,'*BARRELS* (FT) = (FT) * (FT) (FT) B8 855
ACET) %« (FT)  (FT). . (FT) = (FT) (FT) (FT} = (fFT) B 860
B (fFT) (FT) =t/¢ *',GX«'*'.7X.‘*‘.6X.'*‘.6x.'*'.25K.'**'.23x. B 865
Clxti24x, %' 24X, 'x") -8 870
D0 457 y=1,100 B. 875
ITAB(J)=0 B 880
TAB1({J)1=0.0 8 885
TAG2(U)=0.0 - B 890
TAB3(U)=0.0 B B95
TAB4(U)=0.0 B 900
TAB5{J}=0.0 B 905
TAB6(J1=0.0 B 910
71U1=0.0 B 9185
+3(d1=0.0 B 920

o2 {J1=0.0 _ . B 925
TAB10(U1=0.0 8 930
TAB11(J1=0.0 - B 935
TAB12(JU)=0,0 , 8 940
TABI3(u1=0.0 B 945
TAB14(J)=0,0 B 950
TAB15(U)=0.0 : B 955

TABIB(J)=0.0 B 9560
TOMAX(1.U)=0.0 - :

TOWAX(2.U)=0.0 970

457 CONTINUE 975
L=1 980

458 BAR=1. 935
I1d4=14 900
I15=15 995
IMw=0 1000
ICOUNT =0 1005

53 KODE= I2+1000+13+100+1a%10+15 1010
DO 63 I=1,7 1015

IF(KODE.EQ.KT(I)) GO TO 450
63 CONTINUE

PRINT CULVERT COGE INVALLD
73 PRINT 2130
2130 FORMAT(22H CULVERT CQDE INVALID)
RETURN

1058

+»+«+START ANALYSIS 0OF BOX CULVERTS 1060
460 DO 480 K=KBAS1,KB3A52 1065
BxLAR K 1070

DO 180 KK=KDEP!,KDEF2 1078

D=KK 1080
NQCA(1. L)=0 1085
NOCA(2,L)=0 1090
NOCB{1.L)=0 1085
NOCB(D2,1)=0 1190



461

LI

462

468

124

NOCC(2

VELOUT=0.0
IBET=0

SMALL=(SLOPE*SEL**2xD)/{1+SLOPE+SEL)
SMALR=(SLOPE+*SER*%2+D)/(1.+SLOPE*SER)

DISL=SEL*D-SMALL
DISR=SER*D+SMALR

ELL=DISL*SLOPE

ELR=DISR*SLOPE

FACEL=ELIN~ELL

FAHC=FACEL

CROWN = FACEL+D

TOEL=ELQUT+ELR

HH=FACEL-TOEL
DIST1=DIST-DISL~DISR
CLTH=((DIST1*DISTI )+ (HH*HH) ) %% 5
IFID.GT.(1.2+(B/BAR}))) GO TO 480
IFI(8/BAR).GT.(2.0=D)) GO TO 480
14=114

15=115

I8EV=1

IF{15.Gr.4) IBEV=2 )
IF{IBEV.EQ.2) NOCA(1,L)=1
IF(IBEV.EQ.2) IBET={

Q=71./BAR

BB=B,/BAR .

OMAX=0.0

COMPUTE OUTLET CONTROL HEADWATER
CaLi GOUT(Q.BB,D,HWOUT,VELOUT, DEP DN,DC.Z.DISTY1,TOEL.QMAX,SLOPE)

HWG{ IBEV ) =HWQUT+TQEL
IF{IBEV.EQ.1) GO TQ 465

IF(HWO(2).GT.AHWEL.AND.NOCA(1,L).EQ. 1) N-CA(1,L)=0

IF(HWO(2).GT.AHWEL) GO TO 480
IF(HWO(2).LT.TOEL) GO TO 480

.CONMPUTE MAX Q

CALL BFIT{Q,88,0,0MAX,TOEL,SLOPE)
Q=31 BAR

TQVAX{ IBEV, L)Y=QMAX «BAR
X=Q1/{B~D*x1.5)

COMPUTE INLET CONTROL HEADWATER
CALL BEQUA(X,HWIN,E.D,SLOPE)
FACEHW( [BEV)=FACEL+HWIN
IF(1BZV.EQ.2) GO TO 132

IF(FACEHW(1).LT. ARWEL-D/3.) . AND.HWO(1).LT.(AHWEL-D/3.)) GO TO 480

GO TO 134

wmmcnmmmcnmmmmmmmmmmmmmmwmmmmmmmmmmmmmmmm_mmwcnmmmmmmmmmmmm
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132 IF(FACEHW(2).LT.(AHWEL~D/3.).AND.HWO(2).LT.(AHWEL-D/3.)) GO TO 480
134 FALLM=1.5*D
FALLT=DIST1%SLOPE A
IF(FALLM.GT.FALLT) FALLM=FALLT
IF{FACEHW(IBEV).GT.AHWEL) GO TO 140
GD TO 150
c COMPUTE THE SuMP
140 SUVP(IBEV)=FACEHW({ IBEV)=AHWEL

IF(SUMP( IBEV).GE.FALLM) NOCA(IBEY,L)=1
DISTA(IBEV,L)=DIST1
IF{NOCA(IBEV,L).EQ.1) GO TQ 153
D1S=SUMP{ IBEY) *SEL
DISTA({IREV,L)=DIS+DIST1
FACEL=FACEL+SLOPE*DIS

DIF=FACEL-SUMP (1BEV)~-DIS*SLOPE
IF(DIF.LT.TOZL) DIF=TOEL+.01
SLOPA(IGEV,.L)=(DIF-TOEL)/DISTA({IBEV,L)
CPIWN=DIF+D

FACE(IBEV)=DIF
FACEHW(1)=FACE(IBEV)+HWIN
IF{FACEHW{1).GE.CROWN.OR.HWO(IBEV).GE.CR"WNIGO TQ 142
GO TO 480

142 HWEL(IDBEV)=AHWEL
GO TO 155
c NG Sump
150 SUVMP(IBEV)Y=0.0

155

SLOPA(IBEV,L)=5SLOPE

DISTA(IBEV,L)=DIST!

FACE({IBEV)=FACEL

CROWN=FACEL+D

HWEL( IBEV)=FACEL+HWIN

IF{FACEHW({IBEV).GE.CROWN.OR.HWO( IBEV).GE.CROWN)GO TO 155
GO TO 480

IF{SUMP(IBEV).EQ.0.0) CRESA(IBEV,L)=0.0

C COMPUTE VELOCITY

164

SLO=SLOPA{ IBEV,L)

DA=DISTA({IBEV.L)

CALL EOUT(Q.B8,D,HWQUT,VELOUT,DEP,DN,DC,Z,DA +TOEL.QMAX,SLO)
CALL BNGRM(Q.CN,S5L0.B8B,D,DEP,AREA,WP)

VELOCITY BASED ON EITHER INLET OR OUTLET CONTROL
VELA(IBEV,.L)=Q /AREA

IF(VELOUT.GT.VELA(IBEV,L)) VELA({IBEV,L)=VELOUT
IF(DN.GE.CCY GO TO 164

IF(DTW.LT.DC) GO 1D 1€4
WHY2=0.247%VELA(IREV, L) *DN** ,S5=( .5*DN)

IF(WHY2,GT.DTW) GO 10 164

IF{DTW.GE.D)Y VELA{IGEV,L)=Q,/(8B+D)

IF(DTW.LT.D) VELA(IGEV,L)=Q/(BB*DTW)

IF{SUMP(IBEV) . EN.0.0) GO TO 151
HCA=FAHC+(SULMP{ [BEV ) *SEL*SLOFE)+ (SUMP{IBEVI*3.4D/2.)*SLOPE
HC=HWEL: [BEV}=HCA

IF(HC.LT.%.) HC=1.0

CRES=(,Sa0Qt#*» BGHT)/HC

CRESALIREV,L)=CRES~~1.5

.COMPUTE CURVE 8

WD OO UCONULIROCORTOVUIRTTONDTERORITETITCCNTOIRDARRTTXRE®
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151
154

160

162

170

172

139

168

ELINCA(IBEV.L)=FACE(IBEV)

X=TQMAA{ IBEV.L}/(B*D+*1.5)

CALL BEQUA{X,HWI,B,D,SLOPE)
TEMP=ELINCA{IBEV,L)+HWI

IF(TEMP.LE.AHWEL) GO TO 144

BFALL=TEMP-AHWEL

TBFALL{IBEV,LY=8FALL +SUMP( IBEV)
IF(TBFALL{IBEV,L ).GT.FALLM) GO TQ 160
ELINCB(IBEV.L)=ELINcA(IBEV.L)-BFALL
IF(ELINCB(IBEV.L).LE.TOEL)-ELINCB(IBEV.L):TOEL+.01
HWCB(IBEV, L)=ELINCB(IBEV.L)+HWI

GO TO 139 . o
ELINCB<IBEV.L)=EL1NCA(IBEV.L)'(FALLM-SUMJ(IBEV))
IF(ELINCB{IBEV,L).LE.TOEL) ELINCB(IBEV,L)=TOEL+.01
8FALL=ELINCA(IBEV.L)-ELINCB(IBEV.L)
TBFALL([BEV,L)=BFALL+SUMP(IBEV)

.COVPUTE MAX Q BASED ON INLET CONTROL CURVE

AIN=50, "

QUE=Q1

QUE=QUE+AIN

X=QUE/(B*D¥x1,5) '

CALL BEQUA(X,HIGH,B.D,SLOPE)
HI=HIGH+ELINCB(IBEV.L)

IF{HI.GT.AHWEL) GO TO 170

CO TO 162

QUE=QUE—-AIN .

IF(AIN.LT.10.) GO TO 172

AIN:z2.0

GG TO 162

TOMAX({ICEV, . 1=QUE

X=QUE/{B+D*x1.5)

CALL BEQUA(X.HWI,B.D,SLOPE)

HWCR(IDBEV. L)=ELINCB( IBEV,L)+HWI

DISB=BFALL*SEL

DISTR(IGEV,.L)=DISTA(IBEV,L)+DIS8B
SLDPR<{uEv.L)=(EL1NuB(IBEV.L)-TDEL)/DISTB(IBEV.L)
COMPUTE VELOCITY BASLD ON MAX Q

SLO=5L0ORB{ IBEV, LY

QQ-TQMAX{ LBEV, L} /BAR

DB:=DISTOB{IBEV,L}.

CALL BOUT(QQ.BB,D,HWOUT,VELOUT,DEP,DN,DC,Z.0B .TOEL.QMAX,SLO)
CALL BNDRM(QQ.CN,SLO,3B,D,DEP,AREA,WP)
VELB(1EEV,L)Y=QRQ./AREA

IF(VELOUT.GT.VELB(IBEV,L)) VELB(IBEV,L)=VELOUT
IF(DN.GE.DC) GO TO 168

IF(DTW.LT.DC)Y GO TO 168
WHY2#0.247¥VELBILIBEV, L) *DN**,5=( .5*%0N)
IF(WHY2.GT.DTW) CO 10 168

IF(DTW.CE.D)Y VELB(I%EV,LY=Q/(BB-D)

IF(DTW,LT.D) VELB(IBEV,L)=Q/(BB+DTW)
HCB:FAHC+(TEFALL(IEEV.L)*SEL*SLOPE)+(TBFALL(IBEV.R)*3.+D/2.)*SLOPE
HC= AHWE L~HCB ,
IF(HC.LT.1.) HU=1.0
CRES={.5*TQMAX ( IBEV,L)**.6667)/HC

CRESB( IBEV.,L)=CRES*+1.5

mmmmwmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm .
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169

143

153

463

464

GU TQ 145
TBFALL{IBEV.L)=0.0

NOCB(IBEV,L)=1

.COMPUTE CURVE C

TEMP=ELINCA{IBEV.,L)+HWIN

IF(HWO(IBEV).GE.TEMP) GO TO 143

CFALL=TEMP-HWO( IBEV)

TCFALL{IBEV.L)=CFALL +SUMP( IBEV)
ELINCC(IBEV.L)=ELINCA(IBEV,L)~CFALL

IF(TCFALL(IbBSEV,L).GT.FALLM) CLINCC(ISBEYV, L)=ELINCA(IBEV LY=(FALLM-
ISUMP(IEEV))

IF(ELINCC(IBEV,L).LE.TOEL) ELINCC(IBEV,L)=TOEL+.01
CFALL=ELINCA(IBEV,L)-ELINCC(IBEV,L)
TCFALL(IBEV,L)=CFALL+SUMP(IREV)

HWCC(IBEV,L)= ELINCC(IBEV L)}+HWIN

DISC=GFALL*SEL

DISTC{ISEV,L)=DISC+DISTA(IBEV,L)
SLOPC{IBEV,L)={FLINCC(IBEV,L)-TOQEL)/DISTC(IBEV.L)

SLO =SLOPC(IBEY,L)

DCC=DISTC({IBEV,L)

CALL BOUT(Q.BB,D.HWOUT,VELOUT,DEP,DN,DC,2.DCC L.TOEL,QMAX,SLO}
CALL BNORM(Q.CN,5L0O,BB,D,DEP,AREA,WP)

VELC(IBEV,L)=Q /AREA

IF{VELQUT.GT.VELC(IBEV,L)) VELC{IBEV,L)=VELOUT

IF(DN.GE.DC) GO TO 169

IF(DTW.LT.DC) GO TO 169

WHY2=0.247*VELC(IBEYV.L)*DN#*%.5~{ ,5%DN)

IF(WHY2.GT.DTW) GO 10 169

IF(DTW.GELD) VELC(INEV,L)=Q/(5B*D)

IFIDTW.LT.D) VELC{IGEV,L)=Q/(BB+DTW)

HCC=FAHCH+{ TCFALL(IBLV,L)*SEL*SLOPE)+(TCFALL(IBEV,L)*3.+D/2.)*SLOPE
HC=TEMP-HCC

IF{HC.LT.1.) HC=1.0

CRES={ ,5%Q1»%, 6667 ) /KHC

CRESC{IBEV,L)=CRE3*+1.5

GO TO 123

TCFALLIIDEV,L)Y=0.0

MNCETC(IBEY, L)=1

CONT INUE

IF+ 18EV.EQ.2) GO TO 464

FACEL=ELIN-ELL

IBEV=IBEV+1

IF(15.EQ.2) GO TC 463

15=6

1d4=4

GD o 461

15:%

Id4=4

GO TO 461

[4=114

15=115
IF(NOCA{T,LY.EQ.
IF(NOCA(1,L).ED.
IF(NOCA(2,L).EQ.
IF(NOCA(2,L).EG.

NOCB(1,L)
NOCC (1, L)
NOCB(2,L)
NOCC({2,L)
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INDEX=0
IF(BLR.GT.2.) GO 7O 120
IBAR=BAR
CALL.BSIDE(B.D,FALL,HWT,TROEL, IBAR,DIST1,INDEX,SLOFE)
IF{FALL.GT.S800.) GO TO 120
IF(FALL.GE.FALLM) GO TO 480
GO TO 122
120 FALL=0.0
TROEL=0.0 . . -
HWT=0.0 o ‘
IF({NOCA(1,L).EQ.1.AND.NOCA{2,L).EQ.1) GO TO 480
122 IBAR:=BAR
ARzK
AKK=KK
ITAB(L)=1BAR
TAB1(L)= 3K
TAB2(L)= AKK
TrA3(L)=HWO( 1)
TAB4 (L) =HWO(2)
TABS{L)=TOEL
TABG(L)=HWEL(1)
TAB7{L)Y=SUMP({1)
TABS(L)Y=FACE(1)
TABO(L)=HWEL(2)
TABTO(L)=SUMP(2}
TABI1(L)=FACE(2)
TAB12(L)=HWT
TAB13(L)=FALL
TAB14(L)=TROEL
TAB15({L)=DIST2
TAB16GI L)Y =QMAK~ [BAR
IF(NCCA{1,L).EQ.1.AND.NOCA(2,L).EQ.1.AND.TAB4{L).GT.TAB12(L))}
1G0 TO 480
IF{NOCA({1,L).EQ.0.AND.NOCA(2,L).EQ.0) GO TO 126
IF(NOCA(2,L).EQ.0) GO TO 130 )
GO TO 125
130 TABL(LY=0.0
TABG(L)=0.0
TART(L)=0.0
TABR(LY=0.0
v PHRINT DATA FOR INDEX SHEET
WRITE(SYSOT.127)L, I 3AR,AK, AKK HWO(2) ,TOEL ,HWEL(2),SUMP(2),
1 FACE(2).HWT,FALL,TROEL
127 FORMAT(' +»',13,3X,'+"',14,3X,"'*!',F5.1,"' *' FS.1,' « -t F9,1.
1FIC. 1, e+ ——  BX, =t X e ! V2(FB.1,4X,FAL1,3X.FEL 1L )
GO TO 123
126 WRITE(SYSOT.123)L,18AR,AK, AKK, HWO({1) . HWO(2) TOEL,HWEL(1),
1SUVMP (1) FACE(1) ,HWEL({2),SUMP(2).FACE(2).HWT.FALL.TROEL
123 FORMAT(' *',13,3X,'+',14,3X,'=' F5.1,' »' F5.1,' «',2F7.1.F10.1,
1" =+ ' FB.1,uk.F4.1,3%X,F6.1," =' 2(F6.1,4X,F4.1.3X.F6.1.' *»'})

GO TO 128
125 WRITE(SYSOT,.129)L, IBAR,AK,AKK,HWO(2) ,TOEL.HWT,FALL ,TROEL
129 FORMAT(' *',I3,3X,'~',14,3X,'*' F5.1,' «' F5.1,' =* --1,F9.1.
1 F10.1.! % N SR S SR T ) SRR St - SAEL LI ) S R

2F6.1,4X.F4.1,3X,%6.1,"' *')
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128 L=L+1

479 ICOUNT=IBAR

48Q CONTINUE

481 BAR=BAR+1.

IF{BAR.GT.5) L=L=-1

IF(BAR.GT.5.) GO TO 482

GO TO 46O

2 IF(ICOUNT.EQ.O)WRITE(SYSOT,483)

483 FORMAT(///SX.'RANGE OF CULVERT SIZES EXCEED DESIGN CRITERIA')
IF(ICOUNT.EQ.0O)RETURN
WRITE(SYSOT,484)

484 FORMATI(///25X,'BY DEFINITION QF FALL, WHEN A SIDE-TAPERED INLET LI
1ES ON THE STREAM SLOPE,'/25X,'THE FALL IS THE DIFFERENCE IN ELEVAT
210N OF THE FACE INVERT AND THE THROAT INVERT'//25X, ' WHEN SIDE-TAPE
3RED CULVERT COLUMN (ABOVE) CONTAINS 0.0 0.0 0.0'/30X.'1. THROAT DE
4SIGN EXCEEDS DESIGN LIMITS'/27X,'0OR 2. IMPROVED INLETS FOR MORE TH
5AN 2 BARRELS NOT AVAILABLE') .

..... CALL TO BHY3 FOR CONVENTIONAL AND BEVEL DESIGN

CALL BHY3(DIST.SLOPE)
RETURN
END

WROoCRURoOoNOOORITORRDRERE
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SUBROUTINE BHY3(DIST,SLOPE)

.DESIGN CULVERTS LISTED ON INDEX SHEET
COVMON 1TAB(100),TAB1(100),TAB2(100),TAB3(100).TAB4(100),
1TABS(100),TAB6(100),TAB7(100).TABB(100).TABS(100).TAB10(100).
2TAB11(100),TABIR2(100),TAB13(100),TAB14(100),TABIS(100).TAB16(100).
3TQMAX(2,100) ,ELINCB(2,100) ,ELINCC(2,.100).HWCB(2,100) . HWCC{2.100).
4L, LL,K,SYSIN,SYSOT,ELIN,ELOUT, AHWEL,SEL.SER.ELINCA(2.100).
5 [PROJ(26),.11,12,13,14,15,ELL,ELR.Q1,AHW,DTW.CLTH. I55.
6NDCA(2,100), IOCB(2,100) ,NOCC(2,100),TBFALL({2,100), TCFALL(2.100).
7DISTA{2.100),SLOPA(2,100),CRESA(2,100} ,VELA{2,100).0ISTB(2.100).
BSLOPB(2.100),CRESB(2,100),VELB(2,100).DISTC(2,.100),SLOPC(2.100).
9CRESC(2.100),VILC(2,100),ELTRCB,.ELTRCC,QUE.DISL.DISR.SFACE.,
ADIA1,DIA2,ELLE,ELRR,NCCBS,HWTEMP ,KBAS1 ,KBAS2,KDEP1 .KDEP2
DIMENSION HWO(2),5UMP(2), FACEHW(2),HWEL(2)
DIMENSION CKE(4),FACE(2) )
REAL L1.L2,L3.L4
INTEGER SYSIN. SYSOT
DATA CKE/.4,.5,.7..2/
I114=14 :
=15
90 Li=t
100 IBAR=ITAB{(LL).
B=TAB1(LL)*IBAR
D=TAB2(LL)
SMALL=(SLOPE+SEL*%*2%D)/(1.+SLOPE*SEL)
SMALR=(SLOPE*SER*%24D)/(1.,+SLOPE*SER)
DISL=S=L+D=-SMALL
DI3R=SER*D+SMALR
ELL=DISL*SLOPE
ELR=DISR*SLOPE
DISTI=01$1-DISL~DISR
PAGE HEADINGS
94 WRITE(SYSOT.BO) LL,ITAB(LL).TAB1(LL),TAB2(LL).Q1.AHWEL.SLCOPE

tLTABRDILL)

BO FORMAT{1H1,' PAGE=',13, bX,'NO. BARRELS=',I2,4X,'WIDTH=',F5.1.!' FT
1PLAX, THEIGHT=! FS .1, FT! 4X,'Q(50)=" ,F7.1,' CFS AHWEL=',
2F7 1, FT' . 4X,'STREAM SLOPE =',F7.4/50X, 'OUTLET INVERT ELEV. ="',
K1 I A A . .

1F{I5.GT.4)WRITE(SYSOT,8)

8 FORMAT(1X, 'CONVENTIUNAL INLET DESIGN'/1X, " ®ukrmbms dkkmhh ke nkmskohhn

1='//, 20X, 'CONVENTIONAL CULVERT DESIGN NOT REQUESTED'//)
IF(IB.GT.4) GO 70 212

IF(NOCA¢1,LLY. EQ 0) GO TO 89

WRITE(SYSOT,91)11.12,13,14,15

91 FORMAT(1X,'CONVE NTIJNQL INLET DESIGN FOR CULVERT CODE 'LBIt1/

11x,'**1**&****klvt‘¢vm#ﬂ*t*4*4*«*v*****v*mt****#tnm*#*‘///QOK
2'DESIGN DATA NOT APPLICABLE BECAUSE THE REOUIRED FALL FOR THE CONV
3ENTICONAL INLET EXCELDS 1. SD OR LSO.') -

GO TC 2086

..... CONVENTIONAL INLET OESIGN + PERFDRMANC: CURVE DATA
89 WRITE(SYSOT.81)11,12,13,14,15,CKE(I4),TOMAX(1,LL)
81 FORMAT{1X, 'CONVENTIONAL INLET OESIGN FOR CULVERT COQDE: ',S511/
TIX, PR makm b rkr bk v o d kR A doh kb a R m sy mhF pk ok annn ' / /40, 'OUT
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10

12

63

85

14

16

60

2LET COMPUTATIONS',34X,'INLET COMPUTATIONS‘/ax,'******m************
3*"ex.'*****#*k********************i***********#**#***#***********
4*************************u****t*'//10x"KE =',F7,1,13x.IMIN FALL C
SURVE' , 17X, 'MAX Q CURVE',21X, 'MIN HW CURVE'//B7X. '‘MnX Q =',F7.1.
€' CFS'//)

DA=DISTA(1,LL)

SA=SLOPA{1,LL)

SB=SLOPB(1,LL)

SC=SLOPC(1,LL) :
IF(NOCB(1.LL).EO.1.AND.NUCC(1.LL).EQ.1) GO TO 14
IF(NOCB(1,LL).EQ.1) GO TO 32

IF(NOCC(1,LL).EDQ.1) GO TO 18
WRITE(SYSOT.12)DZSTA(1.LL),DISTB(1.LL).DISTC(1.LL).TAB7(LL).
1TBFALL(1,LL).TCFALL(1.LL).ELINCA(1.LL).ELINCB(1.LL).ELINCC(1.LL).
25LOPA(1.LL).SLOPB(1,LL).SLGPC(1.LL),VELA(1.LL).VELB(1.LL).VELC(I.
3LL).CRESA(1.LL).CWESB(1yLL).CRESC(T.LL)

FORMAT(30X, '"CULVERT LENGTH ='  F7.1.' FT',6X.'CULVERT LENGTH =1,

1TE7 1,' FT',6X, '"CULVERT LENGTH =' F7.1,' FT'/30X.'FALL AT FACE
2=' F7.1." FT',6X,'FALL AT FACE = F7.1.' FT',6X,'FALL AT FACE
3 ="', F7.1,' FT'/30X, 'ELEV FACE INVERT='_F7.1,"' FT',6X.'ELEV FACE 1
ANVERT=',F7.1,' FT',5X,'ELEV FACE INVERT=' F7.1," FT'/30X.'CULVERT
S5SLIPE =',F9.4,7X, 'CULVERT SLOPE =',F9.4.7X,'CULVERT SLOPE =!

6,F2.4/30X,'VEL AT DESIGN Q =',F7.1," FPS' ,SX,'VEL AT MAX © =,
TF7.1.' FPS',5X,'VEL AT DESIGN Q ="' F7.1,' FPS'/30X.'MIN CREST LENG
BTH="' F7.1,' FT' GX,'MIN CREST LENGTH="' ,F7.1.' FT',6X,'MIN CREST LE
ONGTH="',F7.1," FT'//ax.'o',ex.‘HWO',2ox.‘Q'.8x.'HWF'.zox.'o',ax_'Hw
AF',20X.'Q',8X. "HWF'/)

QD=01~(Q1%.2)

Q=3D/IBAR

BB8=B/IBAR

CALL BOUT(Q.BB.D.HWDUT.VELOUT.DEP.DN.DC.Z.DIST1.TOEL.OMAX.SLOPE)
HWO 1 =HYOUT+TABS{ LL}

X=QD/(B+«D¥*1.,5)

CALL BEQUA(X,HWN,E,D,SA)

HDCA=ELINCA( 1, LL)+HWN

CALL BECQUA(X.HWN,B,D,SB)

HOCB=ELINCB(1, Li)+HWN

CALL BTQUA(X,HWN,B,0,SC)

HOCC CELINCCI ., LL)+HWN
WRLTE(SYSOT.SS)OU.H;O1.0D.HDCA.QD,HDCB.OD.HDCC
ﬁORMAT{SX.F@.o.FQ.t.3(13X.F9.0.1X.F9.1))
IF(QD.GT.(Q1+2+1Q1+%,2)+5,)) GO TO 2086

QD=QD+{ Q1% .2}

GO TO 63

WRITE(SYSOT, 195)DISTA(T,LL)Y, TAB7(ML).ELINCA(1.LLI.SLOPA(1.LL).
TVELACT,LL) CRESA(T, LL)

FORMAT(30X. 'CULVERT 1.ENGTH = F7.1 FT'. 19X, "=~ 26X, ' =="'/30X.
1'FalL AT FACE =LUF7.1,0 FT' 19X, ==, 26X, '=='/30X.'ELEV FACE 1I
ANVERT=',F7.1,! FT'.19X.'--'.ZSX.'-“'/BOX.'CULVERT SLOPE ='.F9.4,
320X, '==" 26,0, '~~" /30X, '"VEL AT DESIGN Q ='.F7.1.,"' FPS',18X, " '~=1

426X, '=~"' /30X, 'MIN CREST LENGTH=',F7,1," FT!. 19X, '==1 26X, '=~! /78X,
5'0‘.8x,'HWO'.2OK.‘Q‘,SX.'HWF'.2OX.KQ'.BX.'HWF'.18X.‘Q'.8X.'HWF'/)
QD=QI-(Q1*,2)

Q=0D/IBAR

B8B=B/13AR
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18

20

64

183

32

24

86

CALL BOUT(Q.BB.D,HWOUT.VELOUT.DEP,DN.DC.Z.DIST1.TOEL.QMAX.SLOPE)
HWO 1 =HWOUT+TABS(LL)

X=QD/(B D x1.5) .

CALL BEQUA(X,HWN ,B,D,SA)

HDCA=ELINCA(1, LL)+HWN

WRITE(SYSOT,186)QD,HWO1,QD,HDCA
FDRMAT(SX.FQ.O.F9.1,14X.F9.0.F9.1.20X.'--'.8X.'~-'.18X.'°".BX.'--
1) ,

IF{QD.GT.(Q1+24(Q1+.2)+5.)) GO 10 205

QO0=QD+(Q15.2)

GO TO 60 .
WRITE(SYSOT.ZO)DISTA(1;LL).DISTB(*.LL).TAB7(LL).TBFALL{1.LL).
1ELINCA(1.LL).ELINCB(1.LL).SLOPA(1.LL).SL"PB(!.LL).VELA(1.LL).
2VELB(1.LL ).CRESA(1,LL),CRESB(1.LL)

FORMAT (30X, 'CULVERT LENGTH =' F7.1,' FT',6X, 'CULVERT LENGTH =t
IF7.1.% FT',14X, " '=='/30X,'FALL AT FACE =' F7.1.' FT'.6X,'FALL AT
2 FACE .- = FT7L FT',14X,'==% /30X, "ELEV FACE INVERT='.F7.1." FT!'
4.6X, "ELEV FACE INVERT=',F7.1,' FT',14X,'==' /30X, 'CULVERT SLOPE =
5'.F9.4,7X, 'CULVERT SLOPE =!',F9.4,15X,'==" /30X, 'VEL AT DESIGN Q =
6'.F7.1,° FPS',S5X,'VEL AT MAX Q =1 F7.1,! FPS' 13X, '=="'/30X. '"MIN

7 CREST LENGTH=',F7.1,' FT',6X,'MIN CREST LENGTH="',F7.1.' FT',14X,
8'——'//8X.‘Q'.BX.‘HWO'.20X.'Q'.BX"HWF'.zox.'O‘.Bx.'HWF'.IBX.'O',
98X, 'HWF' /)

QD=Q1~(Q1%x,2)

Q=Q0D/1BAR

BB=8/18AR

CALL BGUT(Q.BBWU.HWOUT.VELDUT.DEP.DN.DC.Z;DISTi.TOEL.QMAX.SLOPE)
HWO 1 =HYOUT+TABS(LL) ’ '

X=QD/{B«D#¥1,5) .

CALL BEQUA{' HWN -,B,D,SA)

HDCA=ELINCA (1, LL)+HWN

CALL BEQUA(X,HWN ,B.D,SB)

HDCB=ELINCB( 1, LL)+HWN

WRITE(SYSQOT,183)Q0D,HWO1,QD,HDCA,QD,HDCE
FDRMAT(BX.FQ.O,F9.1,14X.F9.0.F9.1.14X.F9.0.F9.1.15X.'°—‘.SX.‘--‘)
IF(OD.GT.(Q1+2+{Q1+.2)+5.)) GO 70 208

QD=QD+(N1+.2)

GO TO 64 )

WRITE(SYSOT,.24)DISTA({1,LL),DISTC(1,LL), TAB7{(LL).TCFALL(T,LL).
1ELINCA(1.LL).ELINCC(1.LL).SLOPA(T.LL).SL”PC(1.LL).VELA(1.LL).
AVELC{1.LL) . CRESA(T.LL),CRESB(1.LL)

FORMAT (30X, 'CULVERT LENGTH = F7.1," FT'.19X,'=="' 16X, 'CULVERT LE
INGTH =',F7.1,' FT'/30X,'FALL AT FACE ="',
2F7.1," FT', 19X, '=~' 15X, 'FALL AT FACE ="',
3 F7.1,' F1'/30X, 'ELEV FACE INVERT=!' F7.1,' FT', 19X, 'mms
4,15X, "ELEV FACE INVIRT=',F7.1.° FT'/30X,'CULVERT SLOPE =',F9. .4,
5204, "=~ , 15X, *CULVERT SLOPE =" ,F9.4/30X,'VEL AT DESIGN C="'.F7.1,
6' FPS! 19X,'==' 15X,"VEL AT DESIGN Q =',F7.1,' FP5'/30X.'MIN CREST

7LENGTH=' F7.1, 1 FI', 19X, '==" 15K, 'MIN CREST LENGTH=',F7.1.' FTtr/
88X.'0'.BX, "HWO',20X.'Q",8X, 'HWF',20X,'Q" ,BX. 'HWF ', 18X, 'Q " .BX.
S'HWF!' /)

QD=01-(Q1+.2)

Q=QD/IBAR

BB:=B/:5AR

CALL DBOUT(Q.BB,D.HWSUT,VELOUT,DEP,ON,DC,Z, DIST1, TOEL, GMAX. SLOPE )

AT T O TTTOTCTTDTOR
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HWO 1 =HWOUT+TABS(LL)
X=QD/(B+D*%1.5)
CALL BEQUA(X,HWN ,B8.D,SA)
HDCA=ELINCA( 1, LL)+HWN
CALL BEQUA{X,HWN .B.D,SC)
HDCC=ELINCC{1,LL)+HWN
WRITE(SYSOT,180)QD,HWO1,QD,HDCA, QD HDCC
180 FORMAT(3X.F9.0,F9.1,14X,F9.0,F9.1,19X, '==' gX,'==' 13X,F9.0.F9.1)
IF(QD.GT.(Q1+2%(Q1%.2)+5.)) GO TO 206
QD=QD+(Q1*.™)
GO 70 86
206 IF(I5.EQ.2) GO TO 210
15=6
I14:=4
GO TO 212
210 15=5
I14=4

«++..BEVELED INLETS

212 DA=DISTA(2.LL)
SA=SL0OPA(2,LL)
SB=SLOPB(2,.LL)
SC=sSLOPC(2,LL)
IF(NOCA(2,LL).EQ.0) GD TO 208
WRITE(SYSOT,211) I4.12,13,14,15,TQMAX(2,LL)
211 FORMAT(///1X,'BEVELED INLET DESIGN FOR CULVERT CODE:"',5I1/1X, ' *xx%
1x*41vrvu***««u&***4*w****t****x*****m***rwux#m'///2ox.'DESIGN DATA
2 NO1 APPLICABLY BECAUSE THE REQUIRED FALL FOR THE BEVEL~EDGED INLE
3T EXCEEDS 1.5D0 OR LS0'/20X,'THIS QUTPUT CONSISTS OF THE BUTLET CON
4TROL PERFORMANCE CURVE DATA FOR KE = 0.2'/20X,'WHICH IS APPLICABLE
S FOR. THE IMPRCVLD INLETS.'//30X,'Q'.10X, 'HWO',15X, 'MAX Q= ',
GF7.0,' CFS'/)
2490 QD=Q1-(Q1+.,2)
214 Q=QD/1BAR
BB=B/IBAR
caLL BOUT(QvBB.D,FWDU?.VELDUT.DEP.DN.DC.Z.DIST1.TOEL.OMAX.SLOPE)
HWO1 -HaDUT+TABS ( LL)
241 WOITE(SYSOT,243)Q0D,HWO
243 FORWAT(2BX,F7.1,6X,7G.1)
IF(QD.GT.(Q1+2%{Q1¥,2)+5,)) GO TO 330
QD=QD+(Q1*.2)
GO TC 214
208 WRITE(SYSOT.213) [1,12,13,14,1I5.CKE(I&).TOMAX(2.LL)
213 FORMAT(////1X, 'BEVELED INLET DESIGN FOR CULVERT CODE: ',SIt/
A1X"&mn\***»***ﬁ***v1****************************A‘//
14X, 'OUTLET COMPUTATIONS', 34X, 'INLET COM UTATIONS' / 3X. ' sk ook bn

2ok L B, xR KRk kKR OKF b ROK K K Kk Kk ok ok K 3 ok o ok ok o o ok

2:*‘*&;;,******4ﬁ»*&o*ﬁ*********w*******'//10X"KE ="',
3F4.1 18X 'MIN FALL CURVE' 17X, 'MAX Q CURVE'.21X,'MIN HW CURVE'/
4 /B7X.'MAX Q =',F7.0,' CFS'//)

IF(NOCG(2.LL). L. 1. AND.NOCC(2,LL).EQ. 1) GO TO 25
IF(NOCBI2,LLY.LQ.1) GO TO 22
IFINOCC(22.LLY.EQ. 1) GO TO 28

21 WRITE(SYSOT.12)UISTA(2.LL).DISTB(2.LL).DISTC(2.LL).TAB10(LL).
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1TBFALL(2,LL).TCFALL(Z,LL).ELINCA(2.LL).ELINCB(2.LL).ELINCC(2.LL).
2SLOPA(2.LL).SLOPB(?.LL).SLOPC(2.LL).VELA(2.LL).VELB(2.LL).VELC(2.
3LL).CRESA(2.LL).CRESB(2.LL).CRESC(Z.LL)
OD=Q1~(Q1%,2Y)
88 Q=QD/1BAR
88=B/IBAR
CALL BOUT(Q.BB.D.HWUUT,VELUUT.DEP.DN.DC.Z.DIST1.TOEL.QMAX.SLOPE)
HWO2=HWOUT+TABS(LL) ,
X=QD/(8+D%*1,5) B
CALL BEQUA(X,HWN,B,D,SA) B
HOCA=ELINCA(2,LL)+HWN B
CALL BEQUA({X.HWN,B,D,S8) B
HDCB=ELINCB(2,LL)+HWN B
CALL BEQUA(X,HWN,B,D.SC) B
HDCC=ELINCC(2, LL)+HWN B
WRITE(SYSDT,BS)OD.HWO2.QD.HDCA.OD.HDCB.QD.HDCC 8
TF(QD.GT.(Q1+2%(Q1%,2)+5.)) GO TO 330 B
QD=QD+(01*.2) 8
GL TO 88 B
25 WRITE(SYSOT, 16)DISTA(2.LL).TAB10(LL).ELINCA(2.LL).SLOPA(2.LL). B
TVELA12.LL),CRESA(2,LL) B
QD=Q1=(Q1%,2) B
62 Q=UD/IBAR B
BB=B/IBAR . B
CALL BOUT(Q.BB.D.HWOUT,VELOUT.DEP.DN.DC.Z.DIST1.TOEL.OMAX.SLOPE) -B
HWO2=HWOUT+TABS(LL) B
X=QD/(B+Dx+1.5) 8
CALL BEQUA(X,HWN ,B,D,SA) B
HDCA=ELINCA(2. 1 L)+RWN 5
WRITE(SYSOT,.186G)QD,HW02,QD,HDCA 3
IF(QD.GT.(Q1+2+(Q1+,2)+5.)) GO TO 330 3
QD=0D+(Q1*,2) 8
GO 10 B2 B
28 WRITE(SYSET,QOiDISTA(Q.LL).DKSTB(2.LL).TAB10(LL).TBFALL(?.LL). 3
1EL1NCA(2.LL).ELINCB(E.LL).SLOPA(2.LL).SL"PB(2.LL).VELA(2.LL). 8
2VELB(2,LL ),CRESA(2.LL),CRESB(2,LL) B
CD=01={QI».2) 3
66 Q=30/IBAR B
BB=B, IBAR 8
CALL UDUT(Q.BB.D.HWOUT.VELDUT,DEP,DN.DC.Z.DIST1.TOEL.OMAX.SLOPE) 8
HWO=HW UT+TABS(LL) 3
X=Q0,(B-D4x1.5) 5
CALL BEQUA(X.HWN ,B.D,SA)
HDCA=ELINCA(2, L. }+HWN
HOCB=ELINCB(2, LL)+HWN :
WRITE(SYSOT, 183100, HW02,QD,HDCA. QD HDCE
IF{OD.GT.(Q1+2+:101+,2)+5.)) GO TO 330
QD=00+(0Q1%.2)
GO TV 066
22 WRITE(SYSOT 24)DISTAl2.LL).DISTC(2.LL).TAB10(LL).TCFALL(2.LL).
1ELINCA12.LL).EL[NCC(2.LL),SLOPA(Q.LL).SL"PC(2.LL).VELA(2.LL).
2VELC(2,LL) ,CRESA(2,LL),CRESC(2,LL)
QL QI=~(Q1%.,2)
87 Q=QD/IBAR
BB=B/IBAR
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CALL BOUT(Q,88,0,HWOUT,VELOUT,DEP,DN,DC,Z,DIST1,TOEL,QMAX,SLOPE) 3 3980
HWO2=HWOUT+TABS(LL) B 3965
X=Q0D/(B+Dr*1.5) 8 3970

CALL BEQUA(X,HWN ,8,D,S8A) B 3975
HDCA=ELINCA({2, LL)+HWN B 3930

CALL BEQUA(X,HWN ,B,D,SC) B 3985
HDCC=ELINCC(2, LL)+HWN B 3990
WRITE(SYSOT,180)QD,HW02,QD,HDCA,QD,HDCC B 3995
IF(QD.GT.(Q1+24(Q1%,2)+5.)) GO TO 330 B 4000
QD=QD+(01*.2) B 4055

GO TO 87 B 4010

C B 4015
C SIDE TAPERED INLETS B 4020
330 IF(ITAB({LL).GT.2) WRITE(SYSOT,250) B 4025
250 FCRMAT(//! IMPROVED=INLET DESIGN'/SX, 'skkkmkdkdkkokmkusxknnsk! //// 8B 4030
135X, 'NO IMPROVED-INLET DESIGNS AVAILABLE. FOR CULVERTS HAVING MORE B 4035
1THAN * 2 " BARRELS ') B 4040
IF{ITAB(LL).GT.2) GO 70 362 8 4045
INDEX=2 B 4050
C.....DESIGN SIDE-TAPERED INLETS B 4055
CALL BSIDE(RBR,D,FALL,HWT,TROEL,IBAR,DIST1,INDEX,SLOPE) B 4060

C B 4085
Cocvnn DESIGN SLOPE~TAPERED INLETS(VERTICAL AND MITERED B 4070
CALL BSLOPV(B,D,SLCOPE) B 4075

CALL BSLOPM(B,D,SLOPE) B 4020

362 LL=LL+t B 4035

" 1F{LL.GT.L) RETURN B 4090
l4=114 B 4095
15=115 B 4100

GO TO 100 B 41C5

END B 4110



SUBROUTINE BSIDE(B.D.FALL.HWT.TROEL.IBAR.DIST1,INDEX,SLOPE)
DESIGN SIDE TARERED INLETS

CONINMON lTAB(100),TAB1(100),TAB2(100),TA53(100).TA84(100).
1TABB(1OO).TA36(‘OO).TAB7(100).TA88(100),TABB(!OO).TAB1O(1OO).

2TAB11(1OC).TA512(100).TAB|3(100).TAB14(100).TAB15(100).TA816(1001.

3TQMAX(2,TOO),ELINCB(2,100),ELINCC(2.100).HWCB(Z.iOO).HWCC(?.?OO).
4L.LL.K.SYSIN,SYSOT,ELIN.ELDUT,AHWEL,SEL.SER.ELINCA(2.100).
5 IPROd(25).11,12.13,I4.IS.ELL.ELR,Q1,AHW.DTW,CLTH.ISS.
6NOCA(2.100),JDCB(2.100).NOCC(2.100),TBFALL(2,100),TCFALL(2,100).
7DISTA(2,100).SLOPA(2.100),CRESA{2y100).VELA{2.100).DISTB(2,100).
BSLDPB(2.1OO).CRESB(Q.100).VELB(2.100).DISTC(2,100).SLOPC(?.TOO).
9CRESC(2.100),VELC(2.100).ELTRCB.ELTRCC.OUE.DISL.DISR.SFACE.
ADIA1.DIA2,ELLE,ELRR.NOCBS,HWTEMP,KBAS1.KBASZ,KDEP1.KDEPZ

REAL L1,L1B,L1C

INTEGER SYSIN, SYSOT

DATA ALPHA,SCQORR,CN/1.0,.5,.012/

TAPCR=4,

IF{IBAR.GT.2) GO TO 480

460 HWOUT=0.0

Hw=0.

NOCAS=Q

NOCEBS=0

NCCCS=0

FACEL=ELIN-ELL

TOEL=ELOUT+ELR

..... THROAT EQUATION - CHART 14 ~- HEC=-13
X=01,/(B:0+*%1.5)
Y16 =.1295033+.3789445%X~. 0437778 *X*X+.00426328+X X #X

1=.000106358 X+ X4 X*X
IF(Y16.LT.1.0) FALL=939,.
IF(Y16.17.1.0.AND.INDEX.GT.1) WRITE(SYSQT,18)

18 FORMAT(////1X, 'SIDE~TAPER DESIGN'/1X, ' ¥adsrxnwkunmbhhsnkn'// /20X,
1'THIS SIDE-TAPERED [NLET EXCEEDS DESIGN CRITERIA')
IFIY18.LT,.1)RETUPN
HT =Y 16+

52 X=(HT~1.,)/D

Cov . FATE ECUATICON = CHART 15 - HEC 13
20 Yin ==1.13607+3.698525%X+.1212797%X*X-.20533948«X % X*X
T+.000697 3+ X+ X X1 X

TRz L= attwgEL-HT
BF=Q1  {YI5+Dw+1.5)+,1

42 L1=({BF=-0),2,)*TAPER
DLEFT-DiSL+L1Y
ORQP s DLEFTASLORE
SUET=DISTI=L1
STROTL=CLIN=~DRLP
DIF=STRCEL-TROEL
IFIDIF.LE.0.0}) GC TO 10
COVIPUTE FALL
FALL=DIF+Lt*SLOPE
HWT=AHWEL

3 TF(INDEX.EQ.1) RETURN

IFLINDEX.E0.2) GO TO 5
IF(INDEX.EQ.3) GO TU 5

wwWoeo oo
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4115
4120
4125
4130
4135
4140
4145
4150
4155
4160
1165
4170

4175 .

4180
4183
41990
4185
4200
4205
4210
4215
4220
4225
4230
4235
4240
4245
4250
4255
4280
42¢€5
4270
4275
4280
4283
4290
4225
4300
4305
4310
4315
4320
4325
4330
4335
4240
4345
4Zs50
4333
4230
4355
S370
4375
4330
4383

%
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* %
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% %
%%
* %k
%
%k

*k
* %
* %
% %
*%



C

10

100

12

101

102

COMPUTE CURVE B -

INDEX=INDEX+1
X={HT-L1*SLOPE)/D
GO TO 20

BIT=SEL-DIF
SUBT=SUBT+BIT
TOTA=SUBT+L1
SA=(TROZL-TOEL/SUBT

STFACE=STROEL+SLOPE«L1+BIT*SLOPE

ELFACA=TROEL+SA~L1
ELTRCA=TRQOEL
IF(FALL.LT.D/4.) WA=0.0

IF(FALL.LT.D/4.)GO TO 100
HCA=FACEL+(FALL*SEL«SLOPE)+(FALL*3.+D/2.,)*SL0OPE

HC=AHWEL~HCA
IF(HC.LT.1.) HC=1.0
W23A=(.5:Q1%*,6667)/HC
WA=W23A«%x1.,5

GO TO 100

NO FALL

WA=0.0
FALL=FACEL-STROEL
TROEL=5TROEL
HWT=TROEL+HT
IF([NDEX.EQ.1)RETURN
IF{INDEX.EQ.0) GO TO 3
ELFACA=TROEL+SLOPE=L1
TOTA=SUBT+L1
ELTRCA=TROEL

SA=SLOPE
STFACE=ELFACA

SLD=5A

BAR=[BAR
Q=Q1, BAR

BB=B,/BAR

CALL BOYT(Q,88,D,.HWOUT,VELOUT,DEP,DN,DC,Z,SUBT +TOEL,QMAX,SLO)
CALL CNCRM(Q ,CN,SLO ,BB,D,DEP,AREA,WP)

VELAA=Q /AREA

IF{VELOUT.GT.VELAA) VELAA=VELQUT

IF{DN.GE.DC) GO TO 12
IF(DTW.LT.DC) GU TO 12

WHY220.247+VELAA*DN»x.5~(,5%DN)
IF(WHY2.GT.DTW) GO TG 12
IF(DTW.GE.D) VELAA=Q/(BB+D)
IF(DTW.LT.D) VELAA=Q/(BB+DTW)

BEA=QF: .5
DEA=D~¥ .G
INDEX=INDEX+1

IF(INDEX.EQ.4) GO TO 102

Xz (HT=L1+*SAYV/D
GO 10 20

INDEX=2
MWITENMPcHWT
FALLM=1,5+D
FALLT=SUBT*SLCPE

SIDE TAPER

TETOWOOITUEUDINTTIRTTDITADOETRORIOOOOTTOTCNTTNOITINOEO OO D@

4390
4395
4400
4405
4419
a41s
4420
4425
4430
4435
4440
4445
4450
4455
4450
4455
4470
4475
4430
4485
4490
4495
4500
4505
4510
4515
4520
4525
4530
4535
4540
4545
4550
4555
4560
4555
4579
4575
4580
4535
4540
4595
4600
4605
4610
4615
4820
4625
4630
4635
4640
4845
4650
4635
4650



470

474

475

IF(FALLM.GT.FALLT) FALLM=FALLT
QUE= TAB16(LL)

X=QUE/(B*D*%1,5)

Y16 =.1295033+.3789445*X-.04?777B*X*x+.00426329‘X‘X*x
1=.0C0100G358* X+ X*X .
HWATER=Y16+D
TEMP-ELTRCA+HWATER
IF(TEMP, LE.ARWEL)GO TO 468
BFALL=TEMP~ANWEL
TBFAL =BFALL+FALL
ELTRCB=ELTRCA-BFALL
IF(ELTRC3.LT.TOEL) ELTRCS8=TOEL+. 01
IF{TBFAL.GT.FALLM) ELTRCB=ELTRCA~(FALLV~-FALL)"
BFALL=ELTRCA-ELTRCB
TBFAL=3FALL+FALL
BITB=SEL+*BFALL
SB=(ELTRCB-TOEL)/(SUBT+BITB)

AIN= 350,

QUE=Q1
QUE=QUE+AIN

X=QUE/(B*D**1,5) )

Y16 =.1295033+.3789445%X~,0437778%X*X+.00426329%X #X*X
=, 000103358 XeX*XeX
HIGH=Y16+0D .

HI=HIGH+ELTRCS

IF{H1.GT.AHWEL) GO TO 474
H=HIGH
GO TO <70
QUE=QUE~AIN
IF{AIN.LT. t0,) GO TO 475
AIN=2,0
GO TO a70
IF(QUE.GT.TABIB(LL)) DQUE=TAB16(LL)
X=(AHWEL=-ELTRCB-L14+58)/D
Y15  ==1.13307+3.690525*%X+. 1212797 *X*X~.20533949uX #X*X
1+.0256923* X+ X=X+ X

BFS5=QUE “{Yi54+D¥*1,85)+.1

L1B=((3FB-B)/2.)*TAPER

TOTR=SUST+Li3+BITE

ELFACB:=CLTRCB+L1B~S0
QQ:=QUE "BAR

TB=SUBT+B[TR : . )
CALL 8BOUT(QQ.BB,D,HWOUT,VELOUT,DEP,DN,DC.Z,TB +TOEL,QMAX,SL0)

CALL BNORM(J3,CN,S8,BB,D,DEP,AREA, WP)

VELBB=QQ /AREA

IF(VELOUT.CT.VELBB) VELBB=VELOUT

IF(CN.GC.DCY GO TO 14

IF(DTW.LT.DC) GO TO 14
WHYD 0, 247 5VELB3-CNv % . B~( , 5¥DN)

IF{WY2.GT.CTW) GO 1O 14

IF(DIW.GE.D) VELBRB=(/(B8B=D)

IFIDTW.LT.D) VELBB:/(BB+OTH)

HCB=FACEL+{ TBFAL*SEL*SLOPE)+(TBFAL*3,+0/2.)+SLOPE

HC=AHWEL-HCH :

IFAHC. LT 1.) HC=1.0

—

14665

4670
4675
4680
4635
4690
4695
4700
4705
4710
3715
4720
4725
4730
4725
4740
474s
4750
4755

4760

4785
4770
477s
4780
4785
4790
4795
4800
4825
4810
4815
4820
4825
4830
4835
4340
4845
4830
4853
48358
485%
4870
4875
4880
4835
4330
4825
4302
49505
4530
24915
4920
492%
4930
4935



c

W23B=(.5%QUE*x*.6667)/HC
WB=4238:%1.5
BEB=BFB+.5
CEB=Dx*.5
GO T0 490
466 TBFAL =0.0
NOCBS=1
CCMPUTE CURVE ¢ ~ SIDE TAPER
490 TEMP=ELTRCA+T
IF{TABA{LL).3E.TEMP) GO TO 462
CFAL=TEMP=TAB4 (LL)
TCFAL=CFAL+FALL
ELTRCC=ELTRCA=CFAL
IF(TCFAL.GT.FALLM) ELTRCC=ELTRCA=(FALLM~FALL)
IF(ELTRCC.LT.TOEL) ELTRCC=TOEL+.01
CFAL=ELTRCA-ELTRCC
TCFAL=CFAL+FALL
BITC=SEL *CFAL
SC~{ELTHRCC-TOEL)/(SUBT+BITC)
X=(TEMP ~CFAL-ELTRCC-L1%SC)/D
Y15  ==1.13607+3.6945257X+,1212797*X*X~,20533949%X*xX#X
14.0256923 kX kXxX v X :
BFC+Q1 {Y1%%Dw+1.5)+.1
LIC={(BFC-B) /2. % TAPER
TOTC=SUBTHLIC+BITC
ELFACC=ELTRCC+HLIC*SC
HCC=FACEL+(TCFAL+*SEL*SLOPE)+(TCFAL*3.+D/2.)*SLOPE
HC=TEMP~HCC
IF(HC.LT.1.) HC=1.0
W23C=(.5+Q1¥* 6667)/HC
WC=W23C+*1.5
SLO=5C
TC=SUBT+BITC
CALL BOUT(Q,BB,D,HWQUT,VELOUT,DEP,DN,DC,2Z,TC +TOEL.QMAX,SLD)
CALL SNORM{Q ,CN,S7,85,0,DEP,AREA,WP) f
VELLCQ [AREA
IF{VELOUT.GT.VELCC) VELCC=VELOUT
I""DN.GE.DC) G2 TO 16
IF(OTW.LT.DC) CN TO 16
WHY2+0.247+VELCTDNe %, 8=(,5%DN)
TF(WHY2.GT.DTW) GO 1O 16
IF(DTW.GE.D) VELCC=Q/(BB+D)
IFIDTW.LT.D) VELCC=Q/{BB*DTW)
16 BEC=BFC*.5
PEC=D.5
GO TO a3
482 TCFAI=0.0
NOCUS=1
..... DESIGN PRINTOUT + PERFORMANCE CURVE DATA
483 WRITE(SYSOT,104)YQUE
104 FORMAT(////1X, 'SIDE TAPERED INLET DESTIGN' /' 4k msomsko b dokmomm &k x x m ko op ok
Iw=xx!, 10X, 'FACE EDGE BEVELS = 48 DEG',8X,'SIDE TAPER = 4:1'//
2 10X, ‘MIN FALL DESIGN',30X,'MAX Q DESIGN',30X,'MIN H¥ DESIG
SN'//B8X, 'MAX Q =',77.0,' CFS'//)
IF(NOCB5.EQ.9.AMC.NSCC5.EQ.0) GO TO-30

wmmmmmcamwma:wm:nmcsmmmmmmmmmmmmmmmmmuimmmmmm'mmmmmmmmmmmmmmm

49430
4945
4950
4885
4950
49€5
4970
4975
4980 .
4985
4930
4935
5000
5005
5010
5015
5020
5025
5030
5035
5040
5045
5050
5055
5060
5065
5070
5075
5080
5085
5090

5095

51C0
5105
5110
5115
5120
5125
£130
5134
5140
5145
51350
5155
5160
51689
5170
5175
5180
3155
=190
5145
5200
5205
210



504 FORMAT( 5X,'Lt1', 18X,

I# MTCES ED.2) GO T 22

IF(NCCIS.EQ.0) GO Tg 34
WRITE(SYSOT,ZB)TDTA,TA813(LL),TABI4(LL).ELFACA.SA.VELAA.BF,L1.WA.
1BEA,DEA

28 FORMAT(SX,'CULVZRT LENGTH =" F7.1," FT',26X,'~=" 44x, '~~' /5%,
T'FALLY 14X, %= F7 1, ¢ FT',26x.‘~-';44x.'--'/sx.'ELEv THROAT INVERT
2= FT.1 FT', 26X, == 44X, '~=1 /BX  'ELEV FACE INVERT =',F7.1,' pr
3'.26X, "=-" 44X, '~=" ;5X, 'CULVERT sLOPE'.sx.'=',F7.4,29x.'--'.44x.'—
4-'/8X, 'VEL AT DESIGN Q =' ,FB.1," FPs'.zsx.'——'.44x.'--'/5x.'FAcs
5 WiDTH'.8X,'=' ,F7.2,! FT'.26X,'——',44X,'-~'/5x.'L1';16X.'='.F7.2.
6’ FT', 26X, '==~1,34X, ' == /5x, "MIN CREST LENGTH =',f7.1,1 FT' 26X, 4=
7=',44K, ' ~= ' /5X , 'BEVELS = 45 DEGREE'.SSX.'--'.44X.'--‘/9X,'B =,
BFB.1.' IN D =',F5.7," x~',27x.'-—',44x,‘-—'//5x.'o'.ax.‘er'.ax.
G HWF' 32X, ‘==t aax, 1 ~=1y) ,

Q0=01=Q1t+. 2

29 X=QD/(E:D*%1.5)

Y16 =.1295033+.3789445*X-.0437778*X*x+.00426329*X*X*x

1= 700106358+ X% X+ XX
HWTA=ELTRCA+Y165+D
X=QD/(BF+D*x1,5) -
Y13=.11111164+.53786558*X—.10516936*X*X+.016074687*X*X*x
1-.0006518302¢X+XxXxX
HWFA=ELTACA+Y13+D
WRITE(SYSQT, 270D, HWTA, HWEA .
27 FORMAT(BX.F7.1,2X,F7.1.3X.F7.1}31Xf"—',44X,'-")
IF(OD.GT.(Q1+2*(O1*.2)+5.)) GO TO 480 :
GD=QD+Q1*.2 : ’
GO 10 29
30 WRITE(svsor,aaz)TOTA.TOTB,TOTC.TAB13(LL),TBFAL,TCFAL.TAB14(LL).
TELTRCB,ELTRCC,
2ELFACA,ELFACB.ELFACC.SA,SB.SC.VELAA.VELBB.VELCC,BF.BFB.BFC
332 FORMAT{ 5X, 'CULVERT LENGTH = VF7.1, FT'.20X,'CULVERT LENGTH
="' F7.1,"' FT' 15X, 'CULVERT LENGTH ="' F7.1,' F1'/
5X, "FALL',14X,'="' ,F7.1," FT’,2ox.'FALL',14x.'='.F7.1,' FT',
TSX,VFALL' 14X, =" F7.1," FT'/8X,'ELEV THROAT INVERT=' F7.1,
' FT',20X,'ELEV THROAT INVERT=" ,F7.1, " FT',15X,'"ELEV THRCAT INVER
=YL FT.1," FT',/SX,'ELEV FACE INVERT =1 ,F7,1," FT',20X,'ELEV FACE
NVERT =" F7.1," Fr', 15X, 'ELEV FACE INVERT =',F7.y,¢ FT'/ 35X,
"CULVERT SLOPE "W F7.4,23X, 'CULVERT SLOFE =',F7.4,18x,
"CULVERT SLOpF "WF7.4/ SX,'VEL AT DESIGN @ =' . F6.1,' fFpg,
920X, '"VEL AT MaXx Q =' F8.1," FPS' 18X, "VEL AT DESIGN @ =,
AFB.1, ' FPS'/ 5X,'FACE WIDTH' ,BX,'=! F7.92, 1 FT',20X,'FACE WICTH!,
BBX,'s'  F7.2,! FT',15X, 'FACE NIDTH' .BX,'s' ,F7.1,' FT4 )
WRX1E(SYSOT,5041L1.L1BJL1c.wA.wa,WC.BEA.DEA.BEB.DEB.BEC.DEC

T
I

[TIT]

WG U WA -

1F7.2," FT‘,20x,'L1‘,1GX,'=’,F7.2.’ FT'.15x,'L1'.16X,'='.F7.2.'
2/5X, '"MIN CREST LENGIH =' F7.,1," FT',20X,'MIN CREST LENGTH =1,
3F7.1,' FT',15X, 'MIN CREST LENGTH =",F7.1,! FT'/5X ,'BEVELS = 45 p
4EGREE',30X,'3EVELS = 45 DEGREE', 25X, ‘BEVELS = 45 DEGREE'/9X,'B =
S'.F5.1,' IN D =',F5.1,' IN',24X,'B =L F8.1, ' IN D =' F5.9." IN'.,
622X,'B =',F5.1,' IN D =, F5.1, ¢ IN'//SX.'Q',Bx.‘HWT',ax.'HWF',
729X.‘Q‘,Bx,'er',Bx,'HWF',2OX,‘Q',8x,'erh,ax,'pr'/) i
QD=Qi~(Q1 *.2)

31 X=QD/{B-Dxa*1.5)
Y15 :,g295033+.3789445*x-.0437778*X~x+.OO426329*X*X*X

mmmmmmmmmcﬂmmmmmmwmmmmmmm
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Do TORwoo

S213
8222
5225
5230
5235
5240
5245
5250
5255
5260
5265
5270
5275
5230



1=.000106358* Xk X+ X*X

HWTA=ELTRCA+(Y16xD)

HWTB=ELTRCB+(Y16+D)

HWTC=ELTRCC+(Y16*D)

X=z0D/ (BF*D**1.5)
Y13=.11111164+.E3786558*X‘.10516936*X*X+.016074687*X*X*X
1~.0006418302% X X*X*X

HWFA=ELFACA+(Y13%D)

X=QD/(BFB*xD*%1.5} g E
¥Y13=.11111163+.53786558*X=.10516936*X*X+.,016074687 xX*X*X
1=.000641 8302 X*X*X4X

HWFB=ELFACB+(Y13*D)

X=QD/(BFC*D*+1.5) ’
Y13=.11111164+‘53786558*X—.10516936*X*X+.016074687'X*X*X
1-.,000631B302«X+X*X*X

HWFC=ELFACC+Y13+D
WRITE(SYSDT,36)QD,HWTA.HWFA.QD.HWTB'HWFB.QD.HWTC.HWFC

36 FORMAT(3X.F7.1,2X,F7.1.3X.F7.1.22X.F9.1,1X,F9.1.3X.F9.1.13X.

12F9.1,2¢,F9.1)
IF(OD.GT.(Q1+2+(Qt*.2)+5.)) GO TO 480
QUD=QL+Q1*.2

GO 70 31t

32 WRITE(SYSOT,110)TOTA.TOTB,TA313(LL).TBFAL.TAB14(LL).ELTRCB,ELFACA.

{ELFACE.SA,S5B,VELAA,VELBB,BF,BFB

110 FORMAT(SX, 'CULVERT LENGTH =' ,F7.1,'" FT',20X,'CULVERT LENGTH
1= F7.1,' FT',24X,'=="/5X, 'FALL' (14X,'="' ,F7.1,' FT',20X.'FALL', 14X
o, 1=t F7.1,' FT',21X,'=='/5X,'ELEV THROAT INVERT=', F7.1,!
3'ELEV THROAT INVERT:‘,F?J,' FT',21X.'--'/ 5X,'ELEV FACE INVERT
=t F7.1,' FT',20X,'ELEV FACE INVERT =',F7.1,' FT! 21X, ' =="/
5'CULVERT SLU2E'.5X, '=',F7.4,23%, 'GULVERT SLOPE',5X,'=',F7.4,24X,"'=
6-'/ ©5X,'VEL AT DESIGN Q =',F6.1,' FRS',20X,'VEL AT MAX
7' . F6.1. ' FPS',21X,'--'/ 5X,'FACE WIDTH',8X,'=',F7.2,' FT',20X,
GFACE WIDTH',8X,'=',F7.2,' FT' ,21X,'=~") :
WRITE(SYSOT,112)i1,L1B8,wA ,wB,BEA,DEA,BEB,DEE

112 FORMAT(SX,'L1',16%,'=',F7.2,' FT',20X,'L1',16X,'=s" ,F7.2,"’
1f==1/ =X,'MIN CREST LENGTH =',F7.1,' FT',20X,'MIN CREST LENGTH
2=',F7.1,"' FT',21X,'=-='/5X, 'BEVELS = 45 DEGREE',31X,'BEVELS
3DEGREE’ 30X, '=-'/9X,'8 =',F5.1,' IN D =',F5.1,' IN',25X,'B =',
4F5.1,' IN D =',F5.1,"' IN' ,22X,'=="//SX,'Q",BX, 'HWT' ,8X, 'HWF',

529X, 'Q' . 8X, 'HWT' ,8X, 'HWF',24X, =="/)
QD=Q1-Q'*.2

33 X=QD/(B:+D¥+1.5)
Y16 =.1295033+.3789445*X-.0437778*X*X+.00426329*X*X*X
1-.000106358 X« X«X4X
HWTA=ELIRCA+Y1E+D
HATB=ELTRCB+Y16+D
X=3D/ (BF*D*+1.5)
Y13=.11111164+.53786558*x—.10516936*X*X+.016074687*X*X*X
1-.0006418302+X*X*X*X :
HWFA=ELFACA+Y13+D
X=D/(BFB=0¥*1.5)
Y13=.11111164+.53Tam558*x-.10516936*X*x+.O16074687*X*X*X
1~.C0CBA18302X #XnX*X ’
HWFB=ELFACB+Y13~D
WRITE(SYSOT.38)QD,HWTA.HWFA,OD,HWTB.HWFB

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmcncnmmmmmtnmmmmmm,

' 5490

5435
5500
5505
5510
5515
55290
5525
5530
5535
5540
5545
5550
5555
5560
5565
5570
5575
5530

‘5525

5590
5525
5600
5605
5610
5615
5620
5625
5630
5635
5640
5645
5650
5655
5660

5670
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38 FDRMAT(SX,F7.1,2X,F7-1.3X,F7.1,22X,F9.1.1X.F9.1,3X.F9{1.

122X, ==y
IF(QD.GT.{Q1+2*(Q1*,2)+5.)) GO TO 480
QD:.QD+Q1 *,2 ’ :

GO TO 33

34 WRITE(SYSOT,106)TOTA,TOTC;TAB13(LL),TCFAL{TAB14(LL).ELTRCC.E;FACA

1.ELFACC.SA.SC;VELAA,VELCC,BF,BFCrL1{L?C.WA}WC,BEA.DEA.BECJDEC'

106 FORMAT(SX, 'CULVERT LENGTH =t FT7.1, FT',26X.,"=~"' 36X, 'CULVERT L

TENGTH ='F7.1," FT'/SX,'FALE'.14X°'=“,F7.1.L_FT'.ZGX.'—f'.36X.
2'FALL' 14X, <V, F7.01,' FT'/5X."ELEV THROAT INVERT=' ,F7.1,' FT',K 26X,

3'-~',36X, 'ELEV THROAT "INVERT=',F7.1," FTY/8X, 'ELEV FACE INVERT =' .

S,F7.1,' FT',26X,"'==" 36X, 'ELEV FACE INVERT - ="' F7.1,! FT'/ 5X,'CUL
BVERT SLOPE',SX,'=‘,F7.4,29X.'F~'.36X}'CULVERT SLDPE'.SX.'='}F7.4/
75X, 'VEL AT DESIGN @ ='.F7.1,'“Fps',zsx.'--';36x.'VEL AT DESIGN @
3 =' F7.%,' FPS'/5X,'FACE WIDTH' ., 8X,'=!' F7.2.,° FT!,26X,'~="' 36X, 'Fa
9CE WIDTH',8X,'=' ,F7.2," FT'/5X,"L1' 16X, '=' ,F7.2," FT',26X,'==1,
ASEX, "L, 16X, =" F7,.2,' FT'/SX,'MIN CREST LENGTH =',F7,1,' FT',
B26X, f~=1, 36X, '"MIN CREST LENGTH =',F7.1,¢ FT'/SX,'BEVELS = 45 DEGR
CEE'.37X,'==',36X,'BLVELS = 45 DEGREE'/9%.,'B =',F5.1,' IN D =',
DFS.1,' 'IN',27X,'~==' 41X,'B =',F5.1,' IN D =',F5,1,' IN'//S5X,'Q".
Eax,'HwT’,Bx.'HWF'.32X.‘~—',38x.'Q',Bx,’HWT'.ex,‘HwF'/)
QD=Q1~(Q1%.2)

35 X=QD/(B+D*+1.51

37

480

Y16 =,1295033+.3789445*x-.0437778*X*x+.00426329*x-X*x
1=-.000106358%X*x X+ X*X

HWTA=ELTRCA+Y16+«D

HWTC=ELTRCC+Y1G+D

X=3D,/{3F+«D*%x1,5)
Y13=.11111164+.53786558*X—.10516936*X*X+.016074687*X*X*X
1~.0006418302%X «X»X#X

HWFAZELFACA+Y13+D

X=QD/ (3FC«D++1.5)
Y13:-1111!164+.53?86558*X-.10516936*X*x+.016074687*X*X*X
1=.000C<183024X v {rX4X

HAFC=ELFACZCHY13%D
WRITE(SYSOT,37}Q0, HWTA , HWFA,GD,HWTC, HWFC
FOhMAT(Si.F7.1,2X,F?-1,3X.F7.1,31X.'--',33x.2F9.1.2X.F9.1]
LEVQD.GT. (Q1+2%(Q1*.2)+5.)) GO TO 480

Qu=QD Y1 x,2

GO o o35

RETUEN

END

5765
5770

S77%

5780

5785

5790
5795
5800
5805
5810
5815
5820
5825
5830
5835
5840
5345
5850
5855
5850
5855
5870
5875
5550
58835
5890
5895
5900
5905
5910
5915
5920
5925
3930
5925
59490
5945
5950
5955
5960
5965
5970

%%
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SUBROUTINE BSLOPV(E.D,SLOPE)
DESIGN SLOPE-TAPERED INLETS

COVMMON ITAB(100),TAB1(100),TAB2(100),TAB3(100),TAB<{100),
1TAB5(100),TA35(100),TAB7(100),TAB8(100),TABI(100),.TAB1G(100),

2TAB11(100),TAB12(100),TAB13(100),TAB14(100).TAB15(100).TABI6{100),

3TQMAX(2,100),ELINCB{2,100),ELINCC({2,100),HWCB(2,100) ,HWCC{2,100),
4L,LL,K,SYSIN,SYSOT,ELIN,ELOUT,AHWEL,SEL,SER,ELINCA(2,100),
5 1PROJ{26),11,12,13,14,15,ELL,ELR,Q1.AHW,DTW,CLTH. 155,
B6NOCA(2.100),NOCB(2,100),NOCC(2,100),TBFALL(2,100}, TCFALL(2,100),
7DISTA(2,100),SLO0RA(2,100),CRESA(2,100),VELA(2,100",DISTB(2.100),
8SLOPB(2,100),CRESB(2,100),VELB(2,100),0I87TC(2,100),SL0PC(2,100),
OCRESC(2,100),VELC(2,100) ,ELTRCB,ELTRCC,QUE,DISL,DISR,SFACE,
ADIA1,DIA2,ELLE,ELRR,NOCBS, HWTEMP ,KBAS! ,KBAS2 ,KDEP1 ,KDEP2
DIVENSION FALL(2),5(2),L1(2),L2(2),L3(2),VEL(2),BF(2),
1TAPER(2),NOC(2).,0A(2)

INTEGER SYSIN, SYS$OT

RFAL L1.L2,L3,L4,L150

DArA ALPHA,SCORR,CNs1.0,.5,.012/

ISLOPE=0

HW=0.0

QS5=Q1

BAR=ITAB({LL)

NCC{1)=0

NOC(2)=0

I=1

TAPER(11=4.0

TAPER{2)=4.0

Y1=iD «+2/(SFACE**2+1.))*%.5

¥Y2=Y1/%FACE

DY=5FACE+Y1+Y2

SMAL3=(SLOPE*SEL*42«DY)/(1.+SLOPE4SEL)

DIL3=SEL*DY~SMALS

EL3-DIL3*SLOPE

FACLL=ELIN-EL3

TQIL:ELOUT+ELR

DIST=(FACEL-TOEL)/SLOPE

nou

CUliviE A

IR A TR

[T A I TR T )

FAato gl FACEL “Ixup

LFEiABIALLE) L EG. 0.0 uC{2)=1

TRy RDE.LELTOELY NOUL L) =1

TF(FALLe D) LT (04, ) JORLFALL(I).GT.{1.5+4D)INDC(T )=t
IF{NGCITI) . EQ. 1) GO 10 481

HWw=HWTEMP--FAZEL

X=Hw /D

LFACE EQUATION - CHART 16 - HEC 13

Y21:-2.2858. 3+7.342:431%X~4,0350294%X*¥X+1.619481*X*X*X~,3458214x%X
T#X ¥ X+X4, 02843767 Xy XxXkXAX

BF{1)«QS,/ (Y21 «Davt GY4+. 1

Ly )={{BF{1)-L)s2. )*TAPER(I)

S{1)=({TROE~TCEL) /(DIST=L1(1))
DIF=FACEL+DY~{ TROE+{D*x24(CHS{1}))%*2)«*.5)

TUOUIOWOOICRTTNUITTTITAIORATIATDTOCTTA®

Lo RBNOOTEWoOoEEI TJ

5975
598¢
5985
5990

5995

6900
6205
5010
6015
6020
6025
6039
5035
6040
€045
6IE0
6055
6050
6065

570
6075

*k
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A

L3(1)=.5%8
28 L“(T)-L1(I)—L3(I)
SF=L2(T}/( DIF-;(I)*L1(I)+L2(I)*S(I))
IF(SF.EQ.SFACE) GO T0. 450
IF{SF.LT.SFACE) GO 7O 30
SF=SFACE » ,
L2(1)=SFACE*{DIF~-5(1I )*L1(I) /(1.-S(1)*SFACE)
L3(I)=L1(I)=L2(1)
F(L3(I).LT.(.5%B)) L3(I)=.5*B
L2¢1)= L1{I)~-L3(1I).
GO TO 450
30 SF=SFACE
L2({1)=SFACEx(DIF- S’I)*L1(I))/(1 -S(I)*SFAyE)
L1(Iy=L2(I)+L3(1)
TAPER(I)=2.%L1(I)}/(BF(1)-8)

450 S(1)={TROE-TOEL) /(DIST=-L1(1))
SLO=S{1}
DA{I)=DIST-L1(I)
DD=DALI)
Q=75,BAR
BB=H,BAR -

CALL 9CUT{Q.8B,D,HWOUT,VELOUT,DEP,DN,DC,Z, DIST,TOEL, QMAX SLO)
CA_L BNCRM(Q ,CN,SLO ,8B,D,DEP,AREA,WP)
VELIN=Q /AREA
VEL{T1)=VELIN
IF(VELRUT.GT.VELIN) VEL(I)=VELOUT
IF{DN.GE.CC) GO TO 122
IF(DTW.LY.DC) GO TQ 122
IF(WHY2 .GT.DTW) GO TO 122
WHY 2 =0.247+ TLIN®DNe=.5=(,5%DN)
IF(DTW.GE.D) VEL(1)=Q/(BB+D)
IF(DTW.LT.D) VEL{1)=Q/(BB*DTW)

122 IBAR-BAR

481 Q3-QUE
TROE-ELTRCS
I=i4+1 .
IF(1.£0.3) GO TO 483
GO 7O 14

483 WRITE{SYS0T, 47c) O{L3,DISR -

478 FORMAT(,///1X, SLOPE TAPERED INLET DESIGN - VERTICAL FACE', "*«xx¥%
IEER 1\**r*-ﬁ**i*w«*«.\***u‘*****w*F***‘//SX, DISTANCE EMBANKMENT-TO
2E TO FALE =" ,F7.2,' FT',10X,'CULVERT OUTLET TO EMBANKMENT-TGE =',
3 F7. 'UFT'//10X,'MIN FALL DESIGN'.asx,'MAx Q DESIGN')

IF( ““C(' LEQ.1.AND.NDC(2)..EQ. 1) GO TO 484

TFINOCH LEG.1 . ANDL.NQC(2)Y.EQ.0) GO TO 4ags

IF\NOCni) CG.0.AND. NOC(“) EQ.1) GC TO 4838

340 WRITE(SYSOT, 3~2)D1 ,DIST JFALLUY),FALL(2), TROEL,ELTRCB,.FACEL.,

9 HNF',34X,'Q". 'HWT ,8X hwE /)

QD=Q1-01+%.2

1FACEL,S(1},S{2),VEL(1),VEL(2),BF(1), BF'2),;1(1),L1(2).L2(1).L2(2),
203(1),2312),5FACE,SFACE, TAPER\1),TAPER (2) .

342 FDRMAf(//SX,'CULVERr LENGTH =V VET70 ! FT' 25X, 'CULVERu LENGTH
L S A FT’/$X,‘FALL',1dX.'=’.C7 1, ‘F ,25X, ' FALL' , 14X, "2,
2F7.1.,° FT'/BX, 'ELEV THROAT INVERT=',F7.1,' FT'.25X.‘ELEV THROAT IN

3VERT=',F7.1," ¥T'/5X, 'ELEV FACE'INVERT =I LF7.1,' FT!,25X,'ELEV FA

mcummmr.nmmmmmmmmmmwmmmmmmmmmmmmmmm‘mmmmmmmmmmmmmmmmmm'mmmmc{,

*%



4CE INVERT =',F7.1,' FT'/ 5X,'CULVERT SL~PE =' F7.4,28X, 'CULVE
SRT SLOPE =',F7.4/5X,'VEL AT DESIGN Q@ =',F6.1,' FT',26X,'VEL
BAT MAX Q =',F6.1,' FT'/5X, ' FACE WIDTH'.8X,'=',F7.2.' FT',
725X, 'FACE WIDTH',8x,'=',F7.2,' FT'/5X,'L1',16X, =",

8F7.2,' FT',25%,'L1"',16X,'="',F7.2,"' FT'

9/5X,'L2' . 16X, '=' ,F7.1,"' FT',25X,'L2',16X,'=',F7.1.' FT'

A /5%, 'L3', 16X, =" ,F7.1,* FT', 25X,'L3',16X,'=",
BF7.1,' FT'/5X,

C 'SF',16X,'s' ,F7.2,28X,'SF', 16X, '=",F7.2/ )
D 5X,'TAPER! '3X,'=',F5.2,':1',28X, 'TAPER',13X,'="',F5.2,':1'//8X.
E'Q' .BX,'HWT', 8X,'HWF',34X,"'Q',8X, 'HWNT',8X, 'HWF'/}

QD=Q1-01%.2

31 X=q9D,/(B-D*+1.5) .
Y16=.12050325+.37894496%X~.04377779%X+X+.00426329% X*X*X
1-.00010635862+X«X*X+X
HWTA=TROEL+Y16*D
HWTB=ELTRCB+Y16+D
X=QD/(BF(1)*Dxx1.5)
Y18=.1379500+,42973097*X=-,07646745%X*X+.012651097+«X*X*X
1=.0004G6383 =X« X+X*X
HWFA=FACEL+Y18+D
X=QD/(BF(2)*D»+1.5)
Y18=.13708508+. 42G74097%X=, 07646745+ X*X+,012651097% X*X*X
1-.000426383«X*X*xX*X
HWFB=FACEL+Y184D
WRITE(SYSOT,32)00,HWTA,HWFA,QD,HWTB,HWFB
32 FORMAT(1X,3F10.1,30%,3F10.1)
IFIQO.GT. . (Q1+2+(Q1».2)+5.)) GO TO 480
QD=QD+Q1%.2
GO TG 3t
484 WRITE(SYSOT,485)
485 FORMAT( 7/ /20X, 'NO SLOPE TAPERED INLET ~ VERTICAL rACE - DESIGN APP
“1LICABLE")
GO 10 4au0
486 WRITE(SYSOT,487)DIST, FALL{2) ,ELTRCB,FACEL,S(2),VEL(2).BF(2).
2L1{2),L2(2),L3(2),SFACE,TAPER(2)

487 FORWMAT(,/16X,'= =-,40X,'CULVERT LENGTH =t F7.1," FT' J16X,'= =t
1,40,
2 WLLT L iBX, P FT701 Y FT! /16X, "= =',40X, "ELEV THROAT INVERT=',F7.1
3, FT'/746X, '~ =', 40X, 'ELEV FACE INVERT =',F7.1,' FT'/16X,'~ ='_40
4X, 'CULVERT SLaPE =',F9.4/18X, '~ =' 40X.'VEL AT MAX © ="',
SF6.1,' FPS'/1EX,'= =',40X, 'FACE WIDTH',8X,'=',F7.2,' FT'/16X, = =t
6.,40X, "L 16X, "= F7.2," FT'/16X, '~ =',40X,'L2' 16X ,F7.4,' FT'/
716X, = =0 ,4C0X, PLBY 00X, "= F7.1, Y FT' /16X, '= =' 40X, 'SF' 16X, ="',
8F9.2/16X, = ="' 40X, 'TAPER' ,13X,'="',F5.2,':11'//8X,'Q"',BX. '"HwT"'.8X,

33 X=QD2,(B+*Dx*1.5)
Y1€=.12050325+.37894446%X~,04377779+X*X+,00426329+ X#*X*X
1-.000106358624 X+ X*xX»X
HITB=ELTRCB+Y16+0
X=CD/(3F(2)+D%1.5)
Yi8: . 1579500+, 342974007 %X, 07646745« X*X+.012651097=X*XxX
1=, 000400333+ X+ A X*X
HWEB«FACEL+Y18+D
WRITE(SYSOT,34)QD , Hw 7B, HWFB

34 FORMAT(16X,'=="',4CX,3F10.1)

v
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IF{QD.GT.(Q1+2%(Q1%.2)+5.)) GO TQ 480
QD=QD+Qi *.2
GO TO 33

488 WRITE(SYSOT,489)DIST, FALL(1),TROEL,FACEL,S(1),VEL(1).BF(1).L1(1),

1L2(1).,L3(1),SFACE.TAPER(1) '

489 FORMAT(//SX,'CULVERT LENGTH . =',F7.1,' FT',30X,'=='/5X,'FALL', 14
1X.'=',F7.1," FT',30X,'~ ='/5BX,'ELEV THROAT INVERT=',F7.1,' FT',k30X
3,'- -'/5X%,"ELEV FACE INVERT =' F7.1,' FT',30GX,'= «'/BX,'CULVERT §
4L0OPE =',F9.4,33X, '~ -'/5X,'VEL AT DESIGN @ =',F6.1,' FPS',
530X, '~ ='/5X,'FACE WIDTH',BX,'=',F7.2,' FT',30X,'= ='/5X,'L1',16%;
6'=', F7.2,' FT',30x,'= ='/5X,'L2',16X,'=",F7.1,' "FT',30X,'~ ~'/5X%,
703", 16X, "= ,F7.1," FT',/30X,'= ='/56X,'SF',16X,"'=',F9.2,33X,'= ="'/

35

4b0

€5X, 'TAPER',13X,'="',F5.2,':1'//8%,'Q',8X, 'HWT' ,8X, 'HWF',34X,'Q"',8X,
G'HWT ' ,8X, "HWF' /) . v

QD=Q1~Q1%*.2

X=QD/(B-D+x1.5)
Y16=.12950325+.37694446%X=,04377779*X%X*xX+.00426329% X*X*X
1~.00010635862«X¥X*X+ X

Hw A=TRGEL+Y16+D

X=QD/{(BF(1)*Dws1.5)

Y182 .1379509+.42074007%X~,07646745*X*X+.012651097+X*X*X
1=.0004963B3% X+ X+ X*X

HWFA=FACEL+Y18+D

WRITE(SYSOT,36)QD HWTA ,HWFA

FORMAT{1X,3F10.1,40X,'==")

IF(QD.GT.{Q1+2+«(Q1%.2)+5.)) GO TO 480

QD=QD+Q1*.2

GO TO 35

RETURN

END

mmmmmmmm'mmmmmmmmmmmmmmmmmmm‘mmm
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SUBROUTINE BSLOPM(B,D,SLOPE)
DESIGN SLOPE~TAPERED INLETS - MITERED FACE

COMMON ITAB(100),TAB1(100),TAB2(100),TAE3(100),TAB4{100),
1TAB5(100).TAB6(100),TAB7(100),TABB(100),TABQ(100), TAB10(100),

2TAB11(100),TAB12(100),TAB13(100),TAB14(100),TAB15(100).TA316(100),

3TQWMAX{(2,100) (ELINCB(2,100),ELINCC(2,100),HWCB(2,100) . HWCC(2,10Q),
4L,LL,K,SYSIN,SYSOT,ELIN,ELOUT ;AHWEL ,SEL,SER,ELINCA(2.1007,
5 I1PROU(26),11,12,13,14,15,ELL,ELR,Q1,AHW.DTW,CLTH. I55,
BNDCA(2,100) ,NOCB(2,100),NOCC(2,100),TBFALL(2,100), TCFALL(2,100),
7DISTA(2,100),5L0PA(2,100),CRESA(2,100),VELA(2,100),DISTB(2.100),
8SLOPB(2,100),CRESB(2,100),VELB(2,100),DISTC(2,100},SLOPC(2,100),
9CRESC(2.100),VELC(2,100) ,ELTRCB.ELTRCC,GQUE.DISL,.DISR,SFACE,
ADTA1,DIA2,ELLE,ELRR,NOCBS,HWTEMP ,KBAS1 ,KBAS2 ,KDEP1 ,KDEP2
DIFENSION FALL(2),5(2),L1(2),L2(2),L3(2),VEL(2),BF(2),L4(2),
1TAPER(2).,NOC(2),CL(2)

INTEGER SYSIN, SYSOT

REAL L1.L2,L3,L4,L150,L2L3

DATA ALPHA,SCORR,CN/1.0,.5,.012/

HW=0.0
SF=STACE
Q5=01
BAR=1TAR(LL)
NOCH1)=0
NOC(2)=0

I=1

TAPER(1)=4.0C
TAPER(21=4.0

TOEL-ELOUTHELR

FACE=ELIN-E .

DIST=(ELIN ~TOEL)/SLOPE

TROEL=TAB14{LL)

TROE=TROEL

Y=({Dt{SF#«SEL=1))/((SF+SEL)}*(1+SF*x2) %% ,5)
FACEL=ELIN-Y '

FALL{I)=ELIN ~TROE

IF(TABIA(LL).EQ.C.0)NOC(2)=1 \
IF{FACEL.LT.TROE) NOC(I)=1

IF(TROE.LE.TOEL) NOCT(I)=1
IF(FALL(I).LT.(D/4,4Y) . OR.FALL(I).GT.(1.5*D))INOC(I)=1
TF{(NOC(I).50.1) GO TC 481

HW=HJTEMP-FACEL

X=HW/D
¥Y21=-2.065B683+7.942441 X4, 0350293%X*X+1.619481«X+ ¥ *X~,3458214%X
TAXIN+X+, 008ABTHT XA X¥ XXX

LA{1)=0-SELY (1 +SFev25rv%.5 /{SEL+SF)
BF{LI)=25/(Y214D0 ¢ G)+.

XLA: (D v2/(1.+5F«»2 )1 4»,5

SEX=6F»xL4d

L2L3=((BF(1)~B1/2.)<TAPER(I)

L1(I)=L2L3+L4¢(1;

S(I)={TROE-TOQELV/{(DIST=L1{I))
DIFF=TROE+(D**2+({D=G(1))=»2)**.5

DIF=FACEL+SFX-DIFF

L3{1)=.5+8

mmmmmmmmmmmmmmmmmmmmmmcumcnmmmmmmcnwmmmmmmmmmmmmmwmmmmmmmm_
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28 L2(1)=L1(I)~L3{I)=L4(])
SF=L2CI)/(BIF-S(I)*(L1(I)~La(1)~ LZ(I)))
IF(SF.EQ.5FACE)} GO TO 450
IF(SF.LT.SFACE) GO 70 30
SF SFACE

[)=(SF*{(DIF=-S(I)*L1(I1)+S(I)*L4(1)))/(1.=-SF*5(I})
L3(T;~L1(I) L2(1)=L4(1)
GO 70 450
30 SF=SFACE
2(I)=(SF*(THIF=-S(I)*«L1(I)+S(L)*L4(1)))/(1.=SF*S(I))
L1{I)=L2(I)+L3(1)+L4a(])
TAPER(11=2.%(L2(1)+L3(1))/(BF(1)=B)
450 S({1}=(TROE~TOEL) /(DIST~ L1’I))
SLO=S( 1)
CL{I)=DIST=-LI{I)
Q=Q5/BAR
BB=B/BAR
DA=CL(])
CALL BOUT(Q,BB,D,HWOUT,VELOUT,DEP,DN,DC,2Z,DIST,TOEL, QMAX,SLQ)
CALL BNORM(Q ,CN,SLL .BB,D,DEP,AREA,WP)
VELIN=Q AREA
VEL(T)=YELIN
IF{VELSOUT.GT.VELIN) VEL(I)=VELOUT
IF{ON.GE.CC) GO TO 122
F(DTW.LT.DC) GO TO 122
WHY2=0.247+VELINADN»* ,5~( ,5«DN)
IF(WHY2.GT.DTW) GO 710 122
IF(UTW.GE.D) VEL(I)=0/(BB«D)
IF{DTW.LT.D) VEL(1)=Q/(BB*DTW)
122 IBAR=BAR
481 QS=QUE
TRCE=ELTRCSB
I=1+1
IF{I.rQ.3) GO 7O 483
GO TO 14

483 WRITE(5YSOT,478)

478 FORMAT( - ///1X, "SLGOPE TAPERED INLET DESIGN - MITERED FACE'/'®xxwux
TR o dmbr v b d b awwhk bk Yk aond ek kb wkkkkn' /710X, "MIN FALL DESIGN',35X.
25X Q  DESIGN')

[F(NOC{1).L0. 1 AND.NDC(2).EQ.1) GO TD 434
IFINUCE1).EQ. 1 .AND,NOC{2).EQ.0) GO TO 446
IF(NOC{1).EG.0.AND.NOC(2).EQ.1) GO TO 3u8

340 WRITE(SYSCT,3421D1ST1,DIST, FALL(T),FALL(2),TROEL,ELTRCE,FACEL., .
TRFACEL, S(1) . S(2) VEL(1) ,VEL(2),8BF (1) ,BF{2),L1(1).L1(2),L20(1).L2(2).
QLI 1), L3 (2)

342 FORMAT(,/5X, 'CULVERT LENGTH =',F7.1,"' FT',25X, ' CULVERT LENGTH
1 ='.F7.|,‘ FT'/6X, "FALLY (14X, "= ,F7.1," FT',25X,'FALL'.14X, '=' F7
2.1," FT'/5X, 'ELEV THROAT INVERT=',F7.1,' FT',25X,'ELEV THROAT INV
3ERT=',F7.1,' FT'/ SX,'ELEV FACE INVERT =',F7.1,' FT',25X,'ELEV F
4ACE INVERT =',F7.1,' FT'/BEX,'GULVERT SL~PE =* ,F7.4,28%, 'CULVE
5RT SLOPE ='.F7.A/5x.‘VEL AT DESIGN Q  =',F6.1,' FPS',25X. 'VEL
6 AT MAX O F».1.' FPS'/SX.'FACE WIDTH',BX, '=',F7.2,' £T7',25
7X, ' FACE VIDTH',%X JF7.2,0 FTU/5X,'L1', 16X, "= ,F7.2,' FT',25X.'L
81',16%,'="',F7.2, FT"SX ‘L2' 16X, ="' ,FT.1,' FT',25X,'L2',16X, '=

9F7.1,! FT'/sx.‘L3',16x,'='.F7.1.‘ FT',25X,'L3',16X,'=',F7.1,' FT')
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WRITE(SYSOT,346)L4(1),L4(2),SFACE,SFACE,TAPER(1).TAPER(2)

346 FORMAT(5X,'L4',16X,'=',F7,1,' FT',25X,'L4',16X,'=s' ,F7.1.' FT'/5X.
1'SF‘,16X.'='.F7.2,28X.'SF',16x.’=',F7.2/5x,'TAPER',13X.’='.F5.2,
2':1'.28X,'TAPER',13X.'=‘,F5.2.':1'//8X,'Q‘.ax.'HWT'.8X.'HWF'.34x.
3'Q'.B8X, "HWT* ,8X, 'HWF'/)

QD=Q1-Q1*.2
31 X=3D/(BxD#*%1.5) .

Y16=.12950325+,.37894446%X~,04377773 #X*X+.00426329*%X*X*X

1-.0001063586+X ¥ X*X*X

HWTA=TROEL+Y16+D

HWTB=ELTRCB+Y16+D

X=QD/(SF(1)*De*1.95)

*Y18=.1373509+.42974097%X=. 07646745 *X*xX+.012651097 «X*X*X

1=.000496383* X xX*»X*X

HWFA=FACEL+Y184D

X=QD/(BF;2)*D»x1.8

Y18=.1379509+.42974097*x-.07646745*X*x+.012651097*X*x*x

1= 00493383 X« X ¢ XX

HWFB=FACEL+Y1B+D .

WRITE{SYS0OT,32)QD,HWTA , HWFA,QD,HWTB, HWFB
32 FORMAT(t1X,3F10.1,24X,3F10.1)

IF(QD.GT.(Q1+2+(0Q1%.2)+5.)) GO TO 480

QD=QD+GI .2

GO TO 31
484 WRITE(S5YSOT,485)
485 FORMAT(//20X, 'NO SLOPE TAPERED MITERED INLET DESIGN APPLICABLE")

GO TO 480

405 WRITE(SYSOT,487)DIST, FALL(2).ELTRCB.FACEL.S(2).VEL(2).BF(2).L1(2)
2,L2(2),L3{(2).L3(2),SFACE, TAPER(2)

487 FORMAT{//10X,'MIN FALL DESIGN',35X,'MAX Q DESIGN'//16X,'~ =',40X,
1'CULVERT LENGTH ="', F7.1,' FT'/16X,'= ~', 40X,
2VFALLY L 1BX, "= F701, 0 FT' /16X, '= ~',40X, 'ELEV THROAT INVERT=',F7.1
3. FT'/16X,'= ~*,40X, "ELEV FACE INVERT =',F7.1,' FT'/18X,'~ =', 40
4X, 'CULVERT SLOPE =',F9.4/16X, '~ ~',40X,'VEL AT MAX ©Q =,

"S5FE.1,' FPS'/16X,'~ ~',40X,'FACE WIDTH' ,8X,'="',F7.2,' FT'/16K, '= =1
6,40X, 'Lt 16X, "'=",F7.2," FT'/16X,'- =',40X,'L2"',16X,'=" F7.1,

THOET /8K, = =1, A0X, L3 16X, s F7.1, " FT' /18X, '= =',40X,'L 4",
816X, '=' F7.1,' FT'/ 16X, = ="', 40X,'SF' , 16X, '=a"',
OFI. 2 HBY, = = G0X, ' TAPER' 13X, "= FS. 2, 110 //8X,'Q ,BX, 'HWT',8X,

ATHYF Y, 34AX, Q) BX, "HWT !, BX, "HWF ' /)
QD=1 =1 . D
33 X=0 (B D18
Yi8 12990305, 378931364 X~ . CA3T7TTO9%X 4 X+, 004263294 X*X*X
1=, 00010635062 X X+ X+ X
HWTB-ELTRUB+Y1G D
XD, (BF(2)+D++1.,5%)
Yig:. 13,9500+, 42974097+ X~ ,076458745%X*X+.012651097%*XuXxX
1=.00040.383+X+ XN XX
Hwi'B=FacEL+Y18-0
WRITE({WYSOT,334)0D,HWTB,HWFB
34 FORMAT(16X,'=="' ,a0%,3F10.1)
IFLGO.GT . {Q1+2(R1+,.2)+5.)) GO TQ 430
QD=QD+Q1#,2
GO 10 33
488 WRITE{(3YSOT,489)DIST, FALL(1),TROEL,FACEL,S(1),VEL{1).BF(1},L1(1),
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489

35

36

480

1L2(1).L3(1).L4(1)'SFACE,TAPER(1) -
FORMAT( //10X, 'MIN FALL DESIGN', 35X, 'MAX @ DESIGN'//5X,'CULVERT LE

INGTH. =" F7.1, " FT',30K,'- «'y SX,'FALL' 14X, '='  F7.4
2 0 OFT! 30X, '~ ~'/5X, 'ELEV THROAT INVERT=',f7.1,° FT'.30X,'= ~1/y

35X, 'ELEV FACE INVERT =',F7.1,' FT',30X,'= ='/5X,'CULVERT SLOPE

4 =',F9.4,31X, '~ ~'/5X,'VEL AT DESIGN @ =' F6.1,' FPS',29«,

5'- ='/5X,'FACE WIDTH',8X;'=',F7.2,' FT', 30X, '~ ='/5X. L 16X, tat
6F7.2," FT',30X, "~ —'/B8X, L2 16X, e FT. 1, FT' 30X, ' - -'/5%, 113",
TIBX, "= F7.1,' FT' 30X, '= =1/BX, ' L4' 16X, ="' F7.9," FT',30X,'= =1y
85X, 'SF'.16X,"'=' F9.2,31X, '~ -1/5X, 'TAPER', 13X vfe! JF5.2, 10, 25x,

9""//8X.'O'.BX.'HWT’;BX.'HWF'.34X,'Q'.BX.'HWT'.SX.'HWF'/)
QD=Q1-Q1x.2 , :
X=QD/(B-D+x1.5) , ~

Y162, 12050325+ . 37894446 %X~ . 04377779%X*X+. 004263294 X« XX
1-.00010G35862=X*X*X+ X

HWTA=zTROEL+Y16+D

X=3D/(BE(1)*Dxs1.5)

Y18:. 1379509+, 32074097 %X~. 07646745 X*X+. 012651097 X+ XX
=, 0004983834 X*XvX*X

HWFA=FACEL+Y18%D

WRITE(SYSOT,36)Q0D,HWTA ,HWFA

FORMAT(1X,3F10.1,40%, '==") :
IF(OD.GT.(Q1+2+(Q1%,2)+5.)) 20 TO 480
QD=QD+Q1*,2

GO 70 35

RETURN

END
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SUBRQUTINE BJUT(QADJ,B,D,WHW,VEL,DEP,DSUBN,DSUBC.Z,DIST.TOEL.
1QMAX,SLOPE)

COVMON 1TAB(100),TAB1(100),TAB2(100),TAB3(100),TAB4(100),
1TABS(100).TABG(100),TAB7(100),TABS8(100),7AB5,.100),TAB10(100),

2TAB11(100),TAB12(100),TAB13(100),TAB14(100),TAB15{100),TAB16{(100).

3TQWAX(2.100),ELINCE(2,100),ELINCC(2,100).HWCB(2.100),HWCC(2,100),
4L, LL,K.SYSIN,SYSOT,ELIN,ELOUT, AHWEL ,SEL,SER,ELINCA(2,100),

5 [PROJ(26:,11,12,13,14,15,ELL,ELR,Q1,AHW,DTW,CLTH. IS5,
6NOCA(2,100) ,NOCLB(2,100),NOCC(2,100),TBFALL(2,100),TCFALL(2,150),
7D01STA(2,100, ,SLNPA(2,100),CRESA(2,100),VELA(2,100),0I5T8(2,160),
8SLOPB(2,.100),CRESB(2,100),VELB(2,100),DISTC(2,100),SLOPC(2,100),
9CRESC(2.100),VELC(2,100) ,ELTRCB,ELTRCC,QUE,DISL,DISR,.SFACE,
ADIAT,DIA2,ELLE,ELRR,NOCBS,HWTEMP ,KBAS1,KBAS2 ,KDEP1 ,KDEP2
DIVIENSICN CKE(4),V(2),R(2),SPH(2) ’

DATA CKE/.4,.5,.7,.2/,ALPHA,SCORR,CN/1,0,.5,.012/

OUTLET CONTROL COMPUTATIONS
CALL BNORM%QADJ,CN,SLOPE,B,D,DEP,AREA,WP<
DSUBN # DEP
ARCA # B*D
HR » ARECA, 12.+%Dal<K
HEAD # OAL‘\J,NO.<*,‘.’()AD\J/10.<*%%1 .O55+%1 .&CKEY T4<<</HAREA*
TARCAZS 445, 005+ CN»CH - DIST/%AREA~AREA®HR* %1, 333333<<<
DSUBC # .315+%0ADJ/B< . 666667
IF ©.DSUBC-D< 631,630,620
DSUBC # D
TEMP # ¥DSUBCER</2.
IF %DTW-TEMP< 840,640,650
HO # TELIAR
GO 10 635
HO # Diw
WHA 4 HOSKEAD
IF(WHW.LE.O) GO TO 710
TEVP # D&K1.SCAE%LIA<<+%%QADU*QADU</%64 . 4*AREA*AREA <<
IF %WHW-TEMP< 710,700,700
GG TO 900
K22 # 0

TEST FOR IMLET CONTROL GOVERNS

IF %DSCBN-DSUBC< 900,720,720
IF %DTw-DSUBCK 730,730,725
IF %DTw-DSUEN< 74G,740,73%
DE® # DSUBC

GO TO 7LD

K2 # 1

DEP # DTW

I »

SuWX 4 0.
JFLDUEP~0<T00,751,752
IFLK22«782,700,752

2 DE¥ 4 DIW = SLOPE +» DIST

IF D0 =T SUBNKTS3,753, 754
DEP o LUBN
K2s # -1

WOV OCOWOTORTOIUNCRIIOIPICTRCORIICRRACHIRIDDOIRITOOTTTDRRO®
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760

770

780"

781
782

790

795
798
800
810

811
8,2

813
814

815

820

800
1010
102v

1030
10490

1080
1060

I # 1
BACKWATER COMPUTATIONS

AREA # DEP:3

"V%I< # QADJ/AREA
SPH%I< # DEP&ALPHA*VAI<*V%I</64.4
"R%I< & AREA/S52.xDEPLBK

IF %I-2< 789,790,790
I # 2

1FK22< B00,781,782
DEP # DCP&.2

IF .DEP=D<T760,7CC,7C0
DEP 4 DEP-.2

GO . T0 760

AVEV # JIVS1<qVY%24</2.
AVER # %R%1 <.2F‘“1£2’\</’2 .

S. # CN+CN=AVEV~AVEV/%2.21*AVER**1,33333<

IF %K22< 795,795,79C
IF%S1=%L0FE<753,753,810
IF.LSLOPE~S1<753, 753,811
SPHLZ< # SPH{T<

WHY # SPHWORKECKEXNIA<iVRTI<xVR1</64.4

GO 70 700

DX1 # S PH2<-SPHY1 << /%S1~SLOPEL

CO 10-8i2

DX1 o# SSPHIIK=SPHR2<S/%SLOPE = S$1<

SUMY # SUMXEDX
IF4SUMX~CLTHL 220,813,813
IFiK22<815,814,815

DEP ¢ DEP=%SUMX~CLTH</DX1x.2
GO 70 754 '
DEP # DEP&YSUMX~CLTH</DX1¥.2
GO 1O 754

Vot & yhox

SPHIETS w SPH%2<

R¥ 1 & RH2<

GO TQ Ta0

IF(D.LT.DSUBC) GO TO 1020

IF %DYw-D< 1020,1020,1020
AREA # B~D

GO TO 1060

IF %DSUBC-DTwW< 1050,1050,1040
AREA # 3+DSUBC '

GO TOQ 1060

AREA ¥ B+DTW

VEL # QADU/AREA

RETURN

END

OUCOOCIIRITTTRIRTOTIITAECRIITOCONRITTDOORNWNTTROROE .
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SUBROUTINE BFIT{Q,B,D,GMAX,TOEL.SLOPE)
CO™MMON [TAB(100),TAU1(100),TAB2(100),TAB3(100),TAB4(100),
1TAB5(100),TA36(100) ,TAB7(100),TABB(100),TABS(100).TABIO(100),

2TAB!1(100),TAB12(1OO)wTAB13(100)yTAB14(100).TAB15(100).TA816(100).
3TOMAX(2.100).ELINCB(2,100)'ELINCC(2.100).HWCB(2.100).HWCC(2.100).

4L.LL,K,5YSIN,SYSOT,ELIN,ELUUT,AHWEL.SEL.SER.ELINCA(2.100J'

5 IPRDJ(26},11.I2,I3.I4,IS,ELL.ELR,Q1.AHW.DTW.CLTH.ISS.
6NOCA(2.100),NOCB(2.YOO),NOCC(2.100).TBFALL(2,|00).TCFALL(2.100)-
7DISTA(2,100).SLDPA(2,100),CRESA(z.lOO).VELA(2.100).DISTB(2.100).
BSLOPR(2.100).CRESB(2.100)-VELB(2.100).DXSTC(2.1QO).SLDPC(2.10°).
QCRCSC(Z.100).VELC(2,100),ELTRCB.ELTRCC.QUE.DISL.DISR.SFACE.
ADIAT.DERQ.ELLE.ELRR,NOCBS'HWTEMP'KBAS1,KBAS2,KDEP1.KDEP2
DIVMENSION CKE(4)

DATA CKE/.4,.5,.7,.2/,CN/.012/

DIST=CLTH

A=50.

Q=3+A

ARLEA=B«D

HR-AREA/(2.%(B+D))

HD?(QJIO.)*(O/TO.)*((1-555*(1-+CKE(I4)))/(AREA*AREA)+(45.095'CN*_

1CN+DIST (AREA+AREA#HR**1,333333)))
DC:.315+(Q/BY*»+ . (GBGET
IF{DC.LE.D) GO 7O 39
DC=D

T = (DC+D)/2.
IF(DTW.GT.T) GO TO 50
HO= T

GO TO 55

HO=DTW

WHY=FHO+HD ;

HWO = wHe+ TOEL

TF 1w0.CT.ABWEL)GG TO 69
Co 10 10

Q=0-A

IF{A.LT.5.) GO TD 70
A=2.0

GG TO 10

QMAX =Q

RETURN

END
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SURBROUT INE BNORM%QADJ,CN,SLOPE,B,D,DEP,AREA.WP<

coMPUT

DEP&D
AR23#0Q
XXi AR
IF XX.
IFT XX
YOI L0
1-110.3
GO TO
420 YCix+. 0
1-.3776
430 DE®
17 .DEP
440 AREA #
WP # 2
RETURN
END

£ NORMAL DEPTH

ADU*CN/%1.486+5L0OPE**.5<
3, Be+2. 6607 :
GY.2.9< GO TOQ 440
67.0.22< GO 10 420 :
30300 3. GAE37EA XX=15, 152238+ XX*XX&64, 991913 xXXxXX* XX
1635 XXA XX LXK XX
440 -
HAAGHE2. 34061 «XX=1.53643%XX+XX&1.636594% XX X X*XX
21 EXXRXX XX XX
YO8~ 3
.GT.D<DEP4D
8 +DEP
.~DEP&3

mmmmmmmmmmmmmmmmmmmm
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SUUROUTINE BEQUA{X, HW,B,0,SLOPE)

SUBROUTINE CONTAINING CULVERT EGUATIONS

COMMON ITAB(100),TAR1(100),TAB2(100),TAB3(100),TAB4G(100",
1TABS5(100),TAB6(100),TAB7(100),TABB(100),TABI(100), TAB10{ 100},
27AB11(100),TAB12(100),TAB13(100),TAB14(100),TAB15(100).TABIS(100).
3TQWAX(2.100) ,ELINCB(2,100),ELINCC(2,100),HWCB(2,100),HWCC(2.100),
AL LL, K, SYSIN,SYSOT,ELIN,ELOUT,AHWEL,SEL,SER,ELINCA(2,100).
5 IPROJ(26),11,12,13,14,1I5,ELL,ELR,G1,AHW,DTW,CLTH. I55,
BNOCA(2,100),NOCB(2,100) ,NOCC(2,100),TBFALL(2,100).TCFALL(2.100).
7DISTA(2,100),5L0PA(2,100),CRESA(2,100),VELA(2,100Y,DISTB(2.100),
8SLOPB(2,100),CRESE(2,100),VELB(2.,100),DISTC(2,100},5LOPCI(2,100),
9CR{SC(2,100),VELC{2,100),ELTRCB,ELTRCC,QUE.DISL,DISR.SFACE,
ADI«1,01A2,ELLE.ELRR,NOCBS,HWTEMP ,KBAS1,KBAS2,KDEP1 ,KDEP2

INTEGER SYSIN, SYSOT

DATA SCORR/.5/

SYSIN=1
SvYaDT=3

GO TO (100,100,200,310),11

CIRCULAR PIPES == METAL AND CONCRETE

100 WRITE(SYSOT,10)
10 FOKMAT(27H CIRCULAR NOT AVAILABLE YET)
PIPE~ARCH EQUATIONS
200 WRITE(SYSOT,20)
20 FORMAT(29H PIPE-ARCH NOT AVAILABLE YET)

80X CULVERT EQUATIONS
WINGWALLS ~ SQUARE [DGES - HEC NO. 5
310 GO 10 1312,314,314,516,330,331,332),15
312 HYOVD=.0721927+. 507087+ X=. 117474 %X "X+, 0221702 X*X « X~ 00148958 ¢ X xX
14X+ X4.0000380«Xv XX+ X+X ~SCORR*SLOPE
GO 7O 318 ' }
314 HWOVD=.122117+.505435%X~.10856%X <X +.0207809* X*X¥X~. 00136757 X X*X
14X+, 00003456 +X+X*X#X*X —SCORR*SLOPE
GO TO 3183
316 HWOVD=. 144133+ .4613623%X~. 0921507 %X *X+, 0200028 *X*X & X=, 00136445« X»X
14X~ X+. 0CO0B50 =X «X*X . X+X ~SCORR*SLOPE
318 HW=HLOVD+D
RETURN
--+.BEVEL EDGES - WINGWALLS, SKEWS HEC NU. 13 CHARTS 8.9,10
320 HWOVD:. 1566086+, 3980353+X~.0640392¥X*X+.01120135+X * KxX=. 000644 9+X
T¥X X4 K+, 000014566 KA X*xX4X+X
GO TU 342
331 HWOVD=.0895633+.4412465%X=.0743408%X8X+,01273183%X#x*X
1=, 00074882 Xx X« X*X+. 00001 7744X*X+X *XsX - ,02
GO TQ 32
332 HWOVD~.COG7588+. 45515754 X~. 0812895 X#X+.01215577«X *X«X~, C0067794%X
1%X4 X3 X+. 0000148+ X*K~X2X*X
342 HW=HWOVD*D
RETURN
END
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10
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SUBRCUTINE CIRC(DIST,SLOPE)
WRITE(3,10)

FORWAT(20X, 'CIRCULAR PIPE PROGRAM AVAILABLE
RETURN .
END

CUDROUTINE ARCH

WRITE(2,10)

FORMAT(20X,'PIPE ARCH PROGRAM NOT AVAILABLE AT THIS TIME')
RETURN

END
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RCUTINES TO DESIGN AND ANALYZE PIPE CULVERTS

BY VARIO WMARGUES —— FHUWA
COVIMON. ITAB(1COY, TAS1{ Y04, TABZ( 100) . TAB3(100),TAB4(100),
1TAES(100),TABG(1C0),TAB7(100),TAB8B(100),TAB9(100).TABIO(10C).,

27AB11(100),TAB12:100),TAB13(10C),TAB14(100),TAB15(100),.T7A316(100]},

3TVAX(2,100) ,ELINCB(2,100),ELINCC(2,100) ,HKCB(2,100),HWCC12,100),
4L, LL.K,SYSIN,SYS0T, E|IN ELOUT ,AHWEL,SEL,SER,ELINCA(2.100).

5 1PROV(26),11,12,13,1%4, 15, ELL,ELR,Q1,AHW,DTW,CLTH, 155,
6NOCA2.100),NDCE(2,100) ,NOCC(2,100), TBFA;L(; 100} . TCFALL!2,100),
70IS5TA{2,100),SLOPA(2,100),CRESA(2,100),VELA(2,1C0),DISTB(2.100),
e5L0PB(2,100).CRESB(2,100),VELB(2,100),DISTC(2,100),SLOPC(2,100).
9CRESC(2.100),VELC(2,100) ,ELTRCB,ELTRCC,QUE,DISL.DISR.SFACE,
ADla1 DIA2,ELLE, ELRR VOCBS HWTEMP ,KBAS1 ,KBAS2 ,KDEP1 ,KDEP2

INTEGER SYSIN, SYS

DATA 1ELANK/3H /

SYSIN=1

SYSOT=3

~READ DESIGN DATA

READ(SYSIN,201)1PROY

IFLIPROJUT).EQ . IBLANK) GO 70O 11

READ(SYSIN,S03) [1,12,13,14,15,5L0PE,DIST,Q1.DTW,AHWEL,ELIN,
1 ELOUT,SEL,SER,SFACE

IF(I1.EQ.1) GO 70 58

IF{(I11.€Q.2) GO 70 58

IF(I1.€0.3) GO TO 58

IF(;1.EQ.2) GO TG S8

WRITE {SYSOT 2130)

FORMAT( 22H CULVERT CODE INVALID)
GO TO 10
SLIPZ = SLOPE + 0.000001

-ROUTINES TO DESITN PIPES.ARCHES,OR BOXES
GO 70 (110,110,12¢,140),11
CALL CIRC(DIST,SLGPE)

GJ TO 10

CALL ARCH

G0 TO ¢

CALL DBUXES(DIST,SLOPE)
GO TO 10
WRITE(SYSOT,910)

STaPR

FORMAT ( 11H END OF JGB)
FORMAT ( 26.43)

FORMAT (511,F7.3,9F7.1)
FORMAT(2F4.1)

END

nnnnnnnnnonnnonOnoc‘)nnnnnnnnnnnnnnnonnnnnonnnnnnnnq

179
173
130
185
190
159
202
275
2:%
2195

220

23’
33
pE2]

245
230
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SUBROUTINE CIRC{DIST,SLOPE)
SUBROUTINE FOR HYDRAULIC DESIGN OF PIPE CULVERTS

COVMON ITAB(100).TAB1(1OO).TAB2(100).TA83(100).TAB4(100).
1TA85(1OC).TABG(100),TAB7(100).TABB(100).TA89(100).TAB10(100).
2TABI!(100).TAB1?(1OO).TAB13(IOO).TAB14(1001.TAB|5(100).TA316(100).
3TOVAKI?.100).EL1NCB(2,100).ELINCC(2,100).HWCB(2,100).HWCC(2.100).
4L.LL,K.SYSIN.SYSOT.ELIN.ELGUT.AHWEL.SEL.SER.ELINCA(2.100).

5 1PRDN'26J.I1,12.13,14,15.ELL.ELR.Q1.AHWLDTW.CLTH.ISS.
ENOCA(2.100).&0CB(2.100).NOCC(2.100),TBFALL(2.100).TCFALL(2.100).
7DISTA(2.1OO).SLOPA(2.100).CRESA(2.100).VELA(2.1OO).DISTB(2.1OO).
8SL3PB(2.100).CRESB!2.100},VELB(2.400].DISTC(2.100).SLOPC(2.100).
9CRESC(2.100].VELC(2.1C0),ELTRCB.ELTRCC.OUE.DISL.DLSR.SFACE.
ADIA1.DIAz‘ELLE,ELRR.NOCBS,HWTEMP,KBAS1.KBASZ.KDEP!.KDEP2

DIVENSICN HWO(?).SUV?(?),.FACEHW(?),HWEL(2)

CIMENSION CKE(S).FALE(2).CMP(90).CN(90)

INTEGER SYSIN, S5YSOT

DATA CN/.O247..0244,.0241..0237,.0235..0233..0232..0231..0229.
1.0228..0227,.0226,.0225..0281,.0278..0275..0273..0271..0269..0257.
2.0266..0255..0263..0263,.0262..0261..026..026..0332.‘033..0327.
3.0325..0323..0321,.032,.0318,.0317,.0315..0314..0313..0312..0311.
4.031..C309..030H..0307..0307..0306.~0305..0305,.0304..0304..0303.
5.0303..0302..0532..030‘,.0301..03..03..03.29*.012/

DATA CKE/.9,.7..5..2..2/ .

LATA CMP/E..2.T.3.,3.S.4..4.5.5..5.5.6..6.5.7..7.5.8..3..3.5.4..4.
1.5.,5.%,6.. 7.,7.5. .,8.5,9..9.5.10..5..5.5.6..6.5.7..7.5.8..

5.1 L,10.5,0 ..11.5.12.,12.5.13..13.5.14.,14.5.15..15.5,

6..\6.5.17..17.5.!u.,18.5,19..19.5.20..20.5.21..2..2.25.2.5.
42.7%,3..3.5.4. J.S.w..5.5,6..6.5.7.,7.5.8..8.5.9..9.5.10..10.5.

PRINT CONVEMTICHAL CULVERT DESIGN DATA

READ(SYSIN,20) DIAY, DIA2

20 FORMAT(2F5.Z0)

WRITE(SYS0DT.902}) T PO

Q02 FORWAT(IHT,' >»>> p!PE CULVERT DESIGN FCR EROGECT >>>. L2683,/ //

1/ ¢ >x>> THb pRnGaRAM PROVIDES A RANGE OTF CONVENTIONAL PIPE CULVERT
2 S178S wITH AND wITHOUT BEVELS wrICH SATISFY SITE REQUIRENENTS'//
330X, "WAERE:  BEVELED EDGES FOR CMVP AND C~NCRETE PIPES'/37X.'ARE BA
4SED ON CHART 13 IN HLC-13'////

A ' o>>>>  IF INLET CONTROL COVERNS = IMPROVED INLET DESIGNS ARE PR
BOVIDED FOIR SIDE~TARLRED INLETS ' JGEX, 'AND SLCPE-TAPER
CED INLETS '//7) } :

Q03 WRITE{S¥S0T7.,904)

;cjw&T‘1x_’\‘$o»-»¢.“'**»v*n*»iu*ﬁ*m*****t*4*w**#k*****~F‘**'K***!

“.‘.‘,,“u‘»v‘.'vﬁvy‘vtm‘»*v$u«.‘*‘tn»¢:**4~*&*'#;**tth‘v-w#k*,*..

2.““mo‘&';‘ﬁ‘-"..'V‘$¢t$**$4m*$‘** DESION INPUT DATA -k
3,.“a...§'twv\c»-mv"¢»0«tcv*¢~sv$l‘«&~«*w*p~w*tm«*ﬂ«m-.1nwa*.*‘*‘

4..A“"¢m;'/""...;‘«*qmﬁu*uww»i«t¢* DESIGN INPUT DATA *
5“‘tp\‘tovk»$w't‘|o~&*ﬁh*“ﬁ‘#n'*mntmtﬁvtxv»tl“tt##***n"'klﬂmumv
5*,.4“,,4*¢‘/|‘¢....«&*»Q,****»‘-vu**«a«0wwuvv~bmq*#?n».t»nu.tww‘*
7**-r\~-r$\*$*!!-tv'v*‘*GNﬁf“m*‘*4*‘*‘*1*'*'**‘i"**‘*}%“‘*'oQ*t*

8**¢tt»’»“~+'/ )

OO0 0O00

OF)O(70(10(3()ﬂ(!ﬂ(ﬁn(ﬁO(ﬁﬂ(ﬁﬂ(ﬁﬂfﬁn(ﬁﬁ(’O(\O(}O(ﬁO(}n(?ﬂ(?ﬂ(?ﬁ(ﬁﬂfﬁﬂ

345
392

~ -

352D

ang .

4cs
410
415
420
425
430
435
4a9
445
450
ass
4sQ
4z3
a70
475
480
4es
429
335
500
505
510
51%
520
52%

*k
* %



GO 70 (12,14).,11

12 GG TOD (42.44),12

42 GO .76 (48,50.%2,%2,56,58,58),15

48 WRITE(3YSOT,41)

41 FORMAT(4X,'CONVENTTIONAL CULVERT
1ING -~ UNPAVED
GO T0 58

50 WRITE(SYSOT,43)

43 FIRMAT(4X, 'CONVENTIONAL CULVERT
1 - UNPAVED
GO 10 .58

82 WRITL(SY307,49)

35 EORMAT (4X, 'CONVENTIONAL CULVERT
1L - UNPAVED
GU T 58

€6 WRITE(SYSQT,47)

47 CORMAT(4X, 'CONVENIIONAL CULVERT
1TION = UNPAVED

€8 1+(15.€0.7) GO TO B9
WRITE({SYSCT,49

49 FORMAT(4X, 'BEVEL-EDGED CULVERT
WiTH ZEVEL(R)
GC 1O 80

60 WRITE(SYSOT,61)

61 FORMATIAX,'BEVEL-EC.ED CULVERT .
1WITH BEVEL(E)
GO T2 8O

24 GO TO (64.66,62,5€,70,72,725,15

L3 WRITE(SYSOT,65)

65 FORWAT(4X,"CONVENTICHAL CULVERT
1 PAVED
GO 1O 72

66 WRi7e:SYS0OT,87)

67 FORAT(AX, 'CONVENTIONAL CULVERT
1 - PAVEC
G0 T T2

G8 WRITL(SYS0T.,69)

£ FORMAT (X, 'CONVENTIONAL CULVERT
1L - CAVED
GO YO T2 -

TO WRITE(SYSOT.71)

71 FORMAT{IX, '"CONVENTIONAL CULVERTY
1TION - PAVED .

72 IF(15.€EQ.7) GG YO 74
WRITCISYSOT,73)

73 FORWMAT 44X, 'BEVEL-EDGEL CULVERT
tTH PEVEL(A)
GO 10 @@

T4 WRITE(IYSOT,78)

7% FORMATtIX,' - VEL-EDGED CULVERT
1TH BEVEL(B)
GQ TO &0

td IF(15.467.5) GO 10 12
GO 10 §131,23,25,27,29),15

21 WRITE(SYSOT,22)

- -

- -

- -

-

-

-

-

-

e

-

-

0.2'//)

CM PIPE - PROUECT
CM PIPE = MITERED
CM PIPE —’HEADWAL
CM PIPE -~ END-SEC

CM PIPE - UNPAVED

CM PIPE — UNPAVED

CM PIPE =~ PROJECTING =

-

CM PIPE - MITERED
CM PIPE - HEACWAL
CM- PIPE - END-SEC
CM PIPE - PAVED ul

Cv PIPE - PAVED WI

O0OO0COOO0O0O0GOGOOOOO00Ga0 000 OO0 N000000000000000a0N0a0000000

530
535
540
545
550
555
560




22 FORMAT(4X,'CONVENTIONAL CULVERT ~————= ——— CONCRETE PIPE - §

C’ 30%

10CKET-END = PROJECTING KE= 0.2'/) C 810
GO TO 19 ¢ 815

23 WRITC(SYSJT,24) . C 82¢
24 FORTIATIAX, !CONVENTIUNAL CULVERT ===m—memeae , CONCRETE PIPE - § C 825
1CCHET-END HEADWALL KE= 0.2'/) C 83¢
GO TO 19 cC 83s

5 WRITE(SYSOT,26) ¢ B840
3 FORMAT(4X,'CONVENTIONAL CULVERT ==—mce—cwmn ° - CONCRETE PIPE. ~ § C '8a5
1QUARE-EDGE FPROJECTING KE= 0.5'/) C 850
GO TD 10 c 355
27 WRITE(SVYSOT,28) . : C 3¢9
28 FORMAT(4X, "CONVENTIONAL CULVERT ==—mmec—m - CONCRETE PIPE - § ¢ ass
1QUARE~EDGE HEADWALL KE= 0.5%/ ‘ ¢ 870
GO T0 19 C 875

29 WRITE(SYS50T.16) : C 889
16 FORMAT(4X, ' CONVEMTIONAL CULVERT =~~=cemaae - CONCRETE PIPE - E (¢ 835
1NMD SECTIIN . "KE= 0.5'/) C 8920
19 IF{IB.¥Q.7) GO TO 15 C 895
18 WRITE(SYSOT.13) c’ 3soc
13 FORNMAT{dX, 'BEVEL~EDGED CULVERT ==m—cmmeeeo CONCRETE PIFE WITH € @55
1 BEVEL(A) KE= 0.2'//) - € 910
GO TO €0 ' : c 915

15 WRITE(SYSOT,17) C 920
17 FORMAT(AX, 'BEVE!.-EDGED CULVERT ==—m==—wma CONCRETE PIPE WITH ¢ 925
1 BEVEL(R) KE= 0.2'//) C s83¢
BQ ISEL=SEL C 93s
TSER=SER C 940
SLOPD=SLIPE C 945
SLOPE = (EL 1=~E1QUT)/DIST + .0035001 . . C g=o
ARITE(SYSOT,1900)11,12,13,14,15,SLOPP,DIST,Q1,0TK, AHNEL.EL "N, ¢ 938
TELJYT, SEL., S'R, DIAY, DIAZ, SFACE,SLCPE c 920
1900 FOMMATIIBX, "ARPROX TOE-TOE', 27X, C 945
A PALLOWADLE STREAM BED STREAV BED - yg RILUw:/ c 370
1TDS  ROMWAY', 34, "CULVERT ', 7X, '§TREAM CULVERT DESICL' .84, "0 ¢ 978
YSIONY 8N, THEAD WA TER ELEVATION ELSVATION' ,5X, ' CMBANKIE =T, C 986
35X, PUNBAMKMENT 'Y, P OODEY, BX, 'SLOPE' 4K, ' LENGTH DISCHASSE TAI € 343
ALWATLR ELEVATION AT INLET © AT JUTLET!',7X.'SLOPE',*1X,'SLOP € 93¢
SEN XL STT. 8N FTL 02X FBLUT, 2%, F8,1,4X,FS.1,3X,F6.1.4X.FB. 1,54, C 93g
BEG. 1L ONFd 1, it 1SN, F4LY, i1 S /aX, "CULVERT SIZES',33X. 'SLOFE-TA & 1900
TPER' CTX,'RISMETIR. TROM',F6.2, ' FT TO'.FG.2., FT'.9X,'FALL SLCP C 102
BE' . 12N, "COMFUTLD STREAN'/S2X,F4.1," 11" 15X, 'SLOPE .=' .F7.4/,) ¢ 1010

ARITELSYSOT . 2100
2100 FUR?‘!'_\T(1'30”.‘“.;M....;««v\k-m**.r*vw‘**tA oy RAa v dmAks  AkoRaca ko mh ek kokk

8*&1*->~.x~'.~wxxn..,.-*.-',’,.4.*»:-'/)
459 WRITE(SYS0T,2103) ' +E(14)
2105 FORMAI{3CX, "' == (35, TLET CONTROL == ¥ 27X, '=~ INLET CONTHOL ==
1VLETR RS

C
¢ 1010
1%*&"9*»«&**’.*@'--Uq‘-mv\i‘*—‘\'&**mlb4*.'*‘&**»*,*“\&-'-*'(*’**x*mm\*’ta*nn"‘u* C 102%
2‘&1..».\\.-«.‘:§/'.v-mm‘ln’--QN-***#***\\*!A»»!", ! INDEX SHEET FCR PIPE ¢ 1030
3 CULVERTS lv’q.‘-\‘ﬁ&*igx**"‘****I»k.v-**xa»'tx**,**k**.i*h:kx--xa;*'* C 10335
4**'w$axw‘i*w.**4“/'n-v*t:@‘k-é‘*k*:ﬂ*m*'h***»v'q**" ¢ INDEX SHEET ¢ 1246
SFQOR prec CL;L\/;_'_;T; 'r-v***#*’é:‘*******%*i&n‘x****x*****i‘**ilk!**%** C 1023
Corvvmnamekagmmpan .nqg! /'****u‘*h*&x**m**tx***%ty****k*&.*nmu**v. C 1080
T LR o***m*:,.vxq"q'a-v‘»Ll*an**'ﬂv!‘k*?‘k**mn**ﬁmk**!‘******l:;ﬂ-«x**‘*\k*y C 1055
C g
o
C
C



o,

30

70

130X, '+ 25X, "4+ 73X, * ' /30X, ' % KE=',F4.1,' KE=0.2 OUTLET #= con
2VEVTIONAL CULVERT & BEVtL EDGED CULVERT * SIDE- TAPER:O CULVERT

3 + /30X, ' e e o e e g K e e - i
o -—-----—--*--—-----—----——----------*'/‘ * SEE  =NUVBER
5% BARREL »x  HA HwW INVERT #* HW '.11X,'INVERT = MW
6'.,13X, "INVERT * THROAT',10X,'INVERT ='/' « PAGE » OF * DIAMETE
7R « ELEV ELEV ELEV %+ ELEV FALL ELEV % ELEV
8FALL ELEV +HW ELEV FALL ELEV 'y
9 ' At BX, ' «BARRELS* (FT) * (FT) (FT)
A(FT) =« (F" {(FT) (FT)Y = (FT) (FT) (FT)Y * (FT)
B (FT) (FT) LA *'.GX."‘.7X.‘*'.6X.'*'.6X.'-‘.25X.'*~'.23x.
Cl'a',24%,'%',24X ,'»') '

155=15

IF(I1.EQ.1.AND.I5.LE.3) 15=15+7

DO 457 J)=1,100
ITAB(:)=0
TABI(J)=0.
TABZ(J)=0.
TAL3(J)=0
TAB4{J)=0.
TAES(Y)=0
TARG(JU)=0.
TAB7(U) =0
TAGE U} =0,
TAZA 1=,
TAR10()=0.0
TASt1{J)=Q.C
TAR12(J)=0.C
TAS13(J)=0.0
TABYA(U)r=0.0
TAGC13(01=9.¢C
TAB'G(1=0.0

QOQCOOUOQOOOQ

T2 vt u)=0.0
TOVAXID, UV =0.0

TONTINUE

L=1

1ra-14

I[I5+15

I.o=1I2

IF(13.55.49Y113=3

KT =1

KD2-13

JLo-0

AMALYZE SIFERATY CORRUGATED METAL PIPES REPLACE THE NEXT CARD WITH
YUPO 480 KT o2 LI, I3

U3 430 K1=113,

JL=0

WFOETLEQL.2) GO TU 10

IFIRTLEQ.2) KDY=

IFIRT,E0.2) WO2:=200

IFin1.80.3) KD =2y

IF(KT, l'Cv.':)) KD2=i31

IFCINLEQ.2) KD1=42
IF(I?.EO.Z)RD2=90
DO 480 IBAR=1,8

O(')()O(’)f)ﬂﬂ()(":0().’70(‘.\’)(":OO()GOO()()()Oﬂﬂnﬂﬂﬂ00000()000(')000000()00000

1088
1085
1090
1095
1100
1105
1110
1115
1120
1125
113¢
113%
1140
1148
1180
1155
116¢C
1165
1170
1176
1189

‘1185

199
11'25-
130n

< v
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460

461

39

ICOUNT=0
HWIN=0.0

VELIN=0.0
VELOUT=0.0

START DESIGN OF PIPE CULVERTS

DO 480 K=KD1,KD2

NDCA(1.L)=0 -

NOCA(Z,1L)=0

NOCB(1,L

NCoB(2. L

NOCC (1.1
L
}

NOCC(2,
D=CMP (K
Dla=DN
BAR=184AR
14=114
15=115
18Cv=1
IF(I5.EQ.6.0R.I5.EQ.7)1IBEV=2

IF{IBEV.EQ.2) NOCA(1,L)=1

Q=31 /3aR

IF{R.EQ.29.2ND.I5.EQ.5) GO TO 452
IF(D.GE.DLAT.AND.D.LE.DIA2) GO TO 461

GO 10 420

SMALL=1SLOPE+SEL»42-0)/(1+SLOPE+SEL)
SMALR={SLOPE=SER*%24D)/(1,+SLOPE*SER)
DISL=SEL+*D-SMALL

DISR=SER*D+SMALR

IF(T5.EQ.1.0R. I5.£Q.3.0R.15.EQ.8) DISL=0.0
1F{15.EQ.1.0R.I5.EQ.3.0R.15.EQ.8) DISR=0.0

ELL=DIS! *SLOPE

ELR=DISR*SLGPE

FACEL=ELIN-ELL

FAHC=FACEL

CROWN = FACE(L+D

TOEL=FLOUT+ELR

HH=FACEL-TOEL

DIST1=DIST-0LISL-DISR

CLTH=(IDISTI~DISTY )~ (HH*HH) ) %% .5

ONAX=0.Q

AMN=CN(K)

IF({I2.EQ.2) AN=.75+CN(K)+,25+.012

CaLL CDUT(Q.B;HWOUT.VELOUT.DEP.DN.DC.DIST1.SLOPE.AN)
HWI T IBEV) =HWOU T+ THEL

IF(IBEV.EQ.!) GO TO 488

SF(HWNO(2).GT. AHWEL &
TFLHWO(2) . GT.ARWE L, A%

NIOCA(1,L).EQ.1) N™CA(1,L)=0
FCB{1.L).EQ.1) N™CBf1,L)=0

000000 0GOONO006000

k%



465

ted

IF(HWO{2).GT.ARWEL . AND . NDTT(1 U5 vEBR. Ty K708 1 v L9%l
IFrHs0(2).GT.AHWEL) GO TO 480

IF{HWO(2).LT.TOEL) G3 TO 480

CALL CFIT(Q,AN,D,QMAX,TOEL,SLOPE,14,1I1,CLTH.DTW,AHWEL)
Q@=21/BAR

TQVAX({IREY,L)=0QMAX+BAR

X=3 /D~+:2.5

CALL CEQUA(X,HWIN, O©,SLOPE,IS)

FACEHWL IBEV)=FACEL+HWIN

IF(FACEHV{IBEV).LT.(AHWEL=D }.AND.HWO(IBEV).LT.({ AHWEL=-D

1 GJ TO 480

134

FALIM=1,5+D
FALLT=CLTH*SLOFE

IF{FALLM.GT.FALLT) FALLM=FALLT
IF(FA EHN(ISEV).GT.AHWEL) GO TO 140
GD T2 150

c CCMPUTE THE Sump

14¢C

142

SUWP{IZEV)=FACEHW(IBEV }~AHWEL

IF{SUMP{ IBEV).GE.FALLM) NOCA(IBEV,L)=%
DISTA(ICGEV,L)Y=DIST!
IF{NOCACIBEV,L).EQ.1) GO TO 153
DIS=-3uhMP(IBEV) «SEL
DISTA(IBEV,L)=D[S+0|ST1
FACEL=FACEL+SLCPE+DIS

CIF=FACEL-SUMP (IBEV)-DIS*SLOPE
IF(DIF.LT.TCEL) DIF:=TOEL+.01
SLOPA(IBEV,L)=(DIF~- TOEL)/OISTA(IBEV.L)
CROWN=DIF+D

FACE(IBEVI=DIF

FACERW( 1 )=F. JELIBEV) +HWIN
IF(FACEHW(IBEV).GE.CROWN.OR.HWO( ISEV).GE.CROWN) GO TO 142
GO 70 0

HWEL I3CV)=ABWEL

GO 70 155

c NQ sump

150

155

SUVP{1B8=V)=0.0

SL2PALIZEV,L)=SLOPE

RISTAGIEEREV, L)=CIST1

FATILIDEV)=FACTL

CRIAN=FLCEL+D

HWEL([SSV)I=FACEL+HWIN

IF{rACEY S TFPEV).GE.(CROWN.OR.HWU({ IBEV).CE.CRGWN) GO TO 155
GO TN n0

IF(SUNMP{[BEV).EQ.0.0) CRESA(IBEV,L)=0.0

c COMPUTE ‘CLOLIT.

SLT=5L0PA(IBEV, L

DQARLLISTA(IBEY, L

CALL SAUTLQ. N HWCUT ,VELOUT ,CEP,DN,DC,DA.SLD.,AN)

CA_L CROUT({IN,AREA, T,WP,DIA,R}

VELA(ISLV.,L1=0 ,/AREA .
IFVVELCUT.GT.VELACT EV,L)) VELA(IBEV,L)=VELOUT
IF(SUMPEIBEVY.EQ.C.0) GO TO 151

COM2uTE MININUYM CREST LENGTH

HCA=F 0+ {(SLIMP L IBEV) «SEL*SLOPE)+ (SUMP( IBEV)+3.+D0,/2.)*SLOFE
HC=HWEL( IBEV)=HCA

|}

nnOnr)nnnnnr:nnonnnnnnnnononnnnnnnnnonnoonnonnnnoonnonon‘rs
. " - : - N
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c

c

IF(HC.LT.1.) HC=1.0
CRES=(.5+Q1%% 65857 )/
CRESA{IBEV,L)=CRES#*+
CCMPUTE CURVE B
151 ELINCAIIBEV,L)=FACE(

BFALL=TEVP-r4WEL
TBFALL{IBEV,L)=8FALL

HC
1.5

1BEV)

1€4 X=(TOMAX(iBEV,L)/BAR)/(D*+2.5)
CALL CEQUA(X,H~1,0IA,SLOPE,IS)
TEVP=EL INCA(IBEV, L} +HWI
IF(TEMP.LE.AHWEL) GO TO 144

+SUMP { IBEV)

IF{TOFALLUTEEV.L ).GT.FALLM) GD TO 160

ELINCS: 185V, L) E1LINCA(IBEV,L)~BFALL
IF(E.‘“Lb(lEEV LY.LT.TOEL) ELINCB(IBEV,L)=TQOEL+.0t
HWIB{IBEV, L) = E'INCF(IBEV._)+HWI

GO TO 139
160 ELINCBY IBELV, L)‘tLIN
IF(ELINTB{IBEY.L) . LY

A(1BE
AT

V.LI=(FALLM=SUM." ( IBEV) )
EL+.01) )ELINCB(IBEV. L)=TOE L+.01

BFALL=ELINCA{IZEV,L)-ELINCE(IBEV,L)
TBEALL(I3EY, L) 3VaLL+SUMP( [BEY)
COMPUTE MAX Q BASED uN INLET CURVE

IN-GO.
QUE=Q1 /BAR
162 QUE:=QUE+AIN
X=RUE/D~+2.5

CLUL CEQUA(X,HIGH,D!®,SLOPE,IS)

RI=HICH-ELINCBUIREV,
IF{HILGT.AHKEL)Y GO T
CD 10 3452

170 QUE=QUE-AIN
IF(AIN.LY.1C.) G TOD
LIN=2.0
GO TO 162

L)
J 170

172

172 TOWAXCINEV, ) =JUE«6AR

‘\(-'\ HCEERAIEE N I )

Catt L[‘J\(\ HAL UL, SLOPE,

Hu Ji Y it
189 Disss h!ALL“rL
DTS IVEV,LY=015TA:

SLItBCIREY Y = i CLINCD

COMPUT L vo LTy
SL2-SLGy SCLREV, L)
QO=TOAX (1A, L)/ BAR
CE=BI5TCLIBEV, L)
CaLt CAUTIQQ . D Hw!
CALL CROJT(DN, AvEA,
VELDLIBOV, LY=Q \L-\

iBEV,
(1B

UT VE

Li=ELINC3TEEY, L)+Hw[

L}+DISB
V,L)=TOEL}/DISTB(IBEV,L)

LOUT,DEP.DN,DC,DB.SLO,4N)

JWP,DIA,R)

SPAVELQUT.GY .VE LSBT HEV, L)) VELBIIBEV,L)=VELQOUT

HCB - FAL(+(TbrALL(lb*\.L)*SEL*SL“PE)+(T8FALL(IBEV L)=3.+D/2. ) SLQOPE

hC»\H"‘L"ll\-r
IFIHC. LT HC=1.0
CRES = (. rQaAK:Xu[\.
CRcSB'TQEV L)=CRES -
G2 10 118

144 TBFALL(IBEV,L)=0.Q

L)+w

1.8

.6667)/HC
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NDCB({IBEV,L)=1
c COMPUTE CURVE C
145 TEWP=ELINCA(IBEV,L)+HWIN
IF(HWO(IBEV).GE.TEMR) GO TO 143
CFALL=TEVP~HWO(IBEV)
TCFALL(IBEV,.L)=CFALL +SUMP( I1BEV)
ELINCC{IBEV,L)=ELINCA(IBEV,L)=CFALL
IF(TCFALL{IBEV,L).GI.FALLM) ELINCC(IBEV,L)=ELINCA(IBEV,L)~{FALLM=~
1SUWP(IBEV))
IF{ELINCC(IBEV,L).LT.(TOEL+.01))ELINCC(IBEV.L})=TOEL+.01
CFALL=ELINCA{IBLV,L)-ELINCC(IBEV,L)
TCFALL{IBEV.L)=CFALL+SUMP(IBEV)
HWCC(IBEV,L)=ELINCC(IBEV,L)+HWIN
DISC-CFALL*SEL
DISTC(IBEV.L)=DISC+DISTA(IBEV,L)
SLOPC(IREV,L)= ELINCC(IBEV L= TOEL)/DISTC(IBEV L)
SLD SLOPC(IBEV L)
DCT=DISTS(IEEV, L)
Chel C3UT(O.D.kuuT,VELOUT.DEP.DN,DC1DCC.SLO.AN)
CAL. CROJT(CN.AREA,T . WP,DIA,R) )
VELC(IBEV,L)=Q /AREA
IF/VELOUT.GT.VELC{IBEV,L)) VELC(IBEV,L)=VELOUTY
HMCC=FAHC+{ TCFALL{IBEV,L)*SEL=SLOPE)+(TCFALL(IEBEV.L)*3. +D/2 }*SLOPE
HC=TEMP-HCC
IF(HC.LT.1.} HC=1.0
CRES=(.E+Q1%x%. 6567 )/HC
CRESC(IiFEV,L}=CRES»+1.5
» GO TO 103
123 TCFALLIIBIV,L)=0.0
NOoe{tegy .L)-1
153 CONTINUE
IF(IBEV.ED.2) GO TO 464
1BEV=jBEV+T
FACEL=ELIN-ELL

14:4
15=6
GO T a61

4G4 IFINTCALT,L)Y.EQ. 1) NUCB(1,L)=t
TF(NOCACT,LY.EQ.1) 22CC(1, L) =1
IF(NOCAT2,LYLEQ. 1) NOC3(R2.L) =1
IFINOCA(2,L).EQ. 1) NUCC(2, L):1
INDEA=Q

c IF(RAR.GT.2.) GO TO 120

IBAN=LAR

CALL CSIDE{ ©O,FALL,HWT,TROEL,18AR,DISTt,INDEX,.SLOPE.AN)

TF{FALL.ST.900.) GO 70O 120

IF{FALL.GE.FALLM) GO TQ 480

GO TO 121
120 FALL=0.0

TRIEL=0.0

HuT=0.0

S IFI(NOCA(1,L)Y.EQ.1.AND.NOCA(2,L).EQ.1) GO TO 480

121 IF(I2.EQ.2) GO 71O 32

IF(I2.EQ.1) GO TO 31

IF(JL2.EQ.0.AND.K.Lt .90) GG TO 186
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IF{JL2.EQ.1.AND.K.LE.90) GO TO 122
31 IF(L.EQ.1.AND.X.LE.13) GO TO 180
IF{K.LE.13) GO 70 122
IF(JL.EQ.O.AND.K,.LE.28) GO TO 182
IF(JL.EQ.1.AND.K.LE.28) GO TO 122
IF(JL.EQ.O.AND.K.LE.B1) GO TO 184
IF(JL.EQ.1.AND.K.LE.B1) GO TOJ122
32 1F(L.EQ.1.AND.K.ILE.13) GO TO 34
IF(K.LE.13) GO TO 122
IF(JL.EQ.0.AND.K.LE.28) GO 7O 386
IF{JL.EQ.1.AND.K.LE.28) GO TO 122
TF{JL.EG.0.AND.K.LE.B1) GO TO .38
IF{JL.EQ.O.AND.K.LE.B61) GO TO 122
34 WRITE(SYSOT,35)
35 FORMAT(/10X,'2-2/3 IN X /2 IN CCRRUGATED-METAL PIPE = PAVED ')
Ji=t : ' - T '
GO TO 122
36 WRITE(SYSOT,37)
37 FORMAT(/10X,'3 IN X 1 IN CORRUGATED-METAL PIPE ==wm=m===pAVED')
JbL=1
GO TO 122
58 WRITE(SYSOT,40) )
40 FORMAT(/10X,'6 IN X 2 IN MULTIPLATE PIPE cre e e DAVED ' )
Ji=1
GO 10 122
180 WRITE(SYSOT,181)
181 FGRMAT(/10X,'2-2/3 IN X 1/2 IN CORRUGATED-METAL PIPE = UNPAVED')}
Jl=1
GO 7O 122
182 WRITE(SYSOT '83) )
183 FORMAT(/10X,'3 IN X 1 IN CORRUGATED~METAL PIPE =m=mw—w=- UNPAVED ')
Jl=y
GO 70 122
184 WRITE(SYSOT,189%)
165 FORMAT{(/10X,'6 IN X 2 IN MULTIPLATE PIPE =========~= mm—=UNPAVED ')
Ji=1
GO 12 122
1686 WRITE(SYSOT,187)
187 FORMAT(/10X,'CONCRETE PIPES')
Jyl2=1
122 IBAR=DAR
ITABIL Y= IBAR
TAB1(L)=D
TAB2(L)=4N
TABR(L)=HWO{ 1)
TARG (L) =HWO(2)
TABS(1L.)=TOEL
TABG{ LY =HWEL(1)
TABT{L1=SUMP(1)
TABS(LY.FACE (1)
TASD L)i=HWEL(2)
TASTO{ L)Y =53UMP(2)
TABI1(L)Y=FACE(Z)
TART20 L) =HWT
TAB13{L)1=FALL
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TAB14(L)=TRGEL
TAB1S(L)=DIsT2
TAB16(L)=QMAX+*IBAR
JF(NOCA(1,L).EQ.0.AND.NOCA(2,L).EQ.C) GO TO 126
IF{NOCA{2,L).EQ.0) GO TO 130
GO 70 125
130 TAB3(L1)=0.0
TABS(LY=0.0
TAB7(L)=0.0
TAES(L)1=0.0

WRITE(S\SOT.|27)L IBAR D, HWO(2),TOEL.HWEL(2).SuUMP(2),
1 FACE(2),HWT,FALL,TROEL ’
127 FORMAT(' *' ,I3,3X,'«',14,3X,'*' F9.2,3x%, 'k ~—1 ,F9.1,
1F10.1,"' *=* =t BK, et T Y= ! J2UFB.1 04X, FA01 ,3X.F6.1, 0 41))
GO TO 128 . '
126 WRITE(SYS0T,122)L,IBAR,D, HWO(1) ,HANQO{2).TOEL . HWEL( 1},
1SUWP (1) . FACE(1) . HWEL(2),SUMP(2).FACE(2),HWT.FALL.TROEL
123 FORMAT(' ',13,3%X,'+',14,3X,'*' F9.2,3X, Yow'  2F7.1,F10.1,
1 kk F3.1,5X.F4.1,3X,F6.1,"' *' 2(F6.1,aX,F4.1,34,F6.1.' *'})
GO 10 128
8 WQITE(SYSOT 1~9>h.IgAR D. HWO(2),TOEL.HWT, FA'L TROEL
29 FORMAT(' *} 13,3X, LI14,3X,'%' [ F9.2,3X, - -t FG,1,
1 F10.1," % .—~'.5x.'~—'.7x. = *x! 3X, ==t ,6X, -~ .7x.'-- b
2F8.1,3X , F4,1,3X,F6.1,"' **)
128 L=lL+1

479 1CIUNT=1BAR

480 CONTINUE

482 L=L-1 .

IF(L.EQ.Q0) WRITZ(SYSOT ,483) :

483 TORMAT(///SX, ' THE RANGE OF CULVERT SIZES ANALYZED EXCEED THE DESIG

1IN CRITERIA', /)
TF{L.E0Q.0) RETURN
VRTITESYS0T.,484)

484 FORMAT // /29X, '8Y DCFINITION OF FALL, WHEN A SIDE~TAPERED INLET LI
188 ON ThE STYREAM SLOVE,'/25X,'THE FALL IS THE DIFFERENCE IN ELEVAT
210% OF THC FACE UNVERT AND THE THROAT INVERT',//25X,'WHEN SIDE-TAPE
3RED CULVIRT Ccotumt (ABOVE) CONTAINS 0.0 0.0 ©€.0 '/30X.''., THE TH
ARCAT DESICN EXCEEUED THE DESIGN CRITERIA'/27X,'0R 2. IMPROVED INLE
85T FOR MORE THAN 2 tiARRELS NOT AVAILABLE') .

Covnn CALL TO CHY1 FOw CONVENTIONAL ANJD BEVEL rIPE DESIGN

CALL CHY1(DIST,SLOPE)
RETURN
END
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SUBROUTINE CHY1(DIST,SLOPE)

COVIMON ITAB(100),TAB1(100),TAB2(100),TAB3(100),TAB4(100), -
1TAB5(100),TABE(100),TAB7(100),TABB(100),TAB9(100),TAB10( 100},
27A311(100),TAB12(100),TAB13(100),TAB14(100),TABI5(*100),TABI6(100).
3TQMAX(2.100),ELINCE(2,100) ,ELINCC(2,100).HWCB(2,100),HWCC(2,100),
4L, LL,K,SYSIN,SYSOT,ELIN,ELOUT.AHWEL,SEL,SER. ELINCA(2,100).

5 IPROU(25),11,12,13,14,I5,ELL,ELR,Q1,AHW,DTW,CLTH, I35,
BNOCA{2,100),NOCB(2,100),NOCC(2,100),TBFALL(2,100), TCFALL{2,100),
7DIS5TA(2,100),SLOPA(2,100),CRESA(2,100),VELA(2,100),DISTBI(2.100),
85L0OPB(2,100),CRESB(2,100),VELB(2,100),DISTC{2,100)},5L0PC(2,100),
9CRESC(2,100),VELC(2,100),ELTRCB,ELTRCC,QUE,DISL,DISR,SFACE,
ADIA1 ,DiA2,ELLE,ELRR,NOCBS,HWTEMP ,KBAST ,KBAS2 ,KDEP1 ,KDEP2

DIVENSION HWO(2),SUmMP(2), FACEHW(2),HWEL(2)

DIVIENSION CKE(5),FACE(2) : ‘

REAL L1,L2,L3,L.4

INTEGER SYSIN, SYsSQr

DATA CKE/.9,.7,.5,.2,.2/

I11=11

I..=12

113=13

I13=14

115=15

$0 Li=1
100 IBAR=ITAB(LL)

BAR:1BAR

WN=TAB2(LL)

D=TARY(LL)

SMALL={SLOPE*SEL**24D)/(1.+SLOFE*SEL)

SMAL=(SLOPE+SER#424D) /(1. +SLOPE*SER)

DISL=SEL*D-3MALL

DISR=SER*D+SMALR

ELL=DISL+SLOPE

ELR=DISR~SLOPE

DIST{=DIST-DISL~DISR:

c PAGE HEADINGS -
84 WRITE(SY30T,80) Li,ITAB(LL), TABI(LL).Q',AHWEL,SLOFE
1, TARSILL) o
80 FORMAT(1HI,' PAGE=',613, 5X,'NO. BARRELS=',I2,5X,
T'DIAMETER =',F5.2,' FT',8X,'Q(50}="',F7.1,"' CF$ AHWEL=',F7.1,
2' FT',4x, 'STREAM SLGPE =',F7.4/50X,'0UTLET [NVERT ELEV. =',F7.1,
3! FTY/A)

IF{I5.EQ.6.CR.IS.EQ.7) GO TO 212
IF{NOCA(1,LL).EQ.0) CD TO 89
WRITE(SYSOY,91)14v,12,13,14,155

91 FCRMATOIX, "CONVINTLIONAL INLET CESIGN FOR CULVERT CODE ' ,513/
11x"mwkot‘***Aﬁﬁ*my,w****‘*4***«**1*“!#4***4***-#*****’///:3K'
2'DESION DATA NOT APFLICABLE BECAUSE THE REQUIRED FALL FOR THE CONV

SENTIONAL INLET EXCEEDS 1.50 OR LS0.')

GO TO 2086
C
C.....CONVENTIONAL PIPE CULVERTS + PERFORMANCE CURVE DATA
o

89 WRITE(SYSCT.81)11,12.13,14,155,CKE(I4),TOMAX(1,LL)
B1 FORMAT('X, 'CONVENTIONAL INLET DESIGN FJR LULVERT CODE: ',511/
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2LET COMPUTATIONS', 34X, ' INLET COMPUTATIING' /53X, ' mhakakuhhshr kbmnnissn
3wt L8N, ‘******mg*»m*; Bk ek b ol sk e ok ow ok ok o ok ok ok s ol o ok o i ok o o R ok e e
Gy v xhkarkrRkk kP knkknkkmnw k' / /10X, 'KE =',F7.1,18X,'MIN FALL C
SURVE'.17X,'MAX Q CURVE',21X, 'MIN HW CURVE'//B7X,'MAX Q =',F7.1.
&' CFS'/7)

DA=DISTA(T,LL)

SA=SLOPATT,LL)

SB=SLGPB(1,LL)

SC=5LCrC(1,LL)

IF(NOCB!1.LL).EO.1 AVD NOCC(1,LL).EQ.1) GO TO 14

IF(NOCB(1.LL).EQ. GO 10 32 .

IF(NOCC(1,LL),EQ. 1) G0 TQ 18

10 WRITE'S5YSOT,120ISTACY,LL),LISTB(1,LL),DISTC{1,LL)Y.TAB7(LL),

TTBFALLET, LL) TOFALLET,LL) ,ELINCA(T ,LL) ,ELINCB(1.,.LL) . ELINCC(T.LL).
2SLOPA(Y LL),SLOPB(1,LL),.SLOPC(1,LL),VELA(T,LL),VELB(1.LL) VELC( T,
3LLY,CRESA{1,LL)Y,CRESBlY,LL),CRESC(1,LL)

12 FORMAT (30X, 'CULVERT LENGTH =',F7.1,' FT',.6X, 'CULVERT LENSTH =,
. 1F7.1," FT',.€X, 'CULVELRT LENGTH =',F7.1,° FT'/30X.'FALL AT FACE
' ) 2=, F7.2." FI1'.GX,'"FALL AT FACE ="', F7.2,' FT',.8X,'FALL AT FACE
3 =‘.FT.2w' FT’/WOX"ElEV FACE INVERT="',F7.1,' FT',6X,'ELEV FACE I
4NVERT="' F7.1,"' FT', +'ELEV FACE INVERT=',F7.1.' FT'/30X., CULVERT
SSLIPE =',F9.4, 7X.‘CJLVFRT SLOPE =',F9.4,7X, 'CULVERT SLCPE =!,
6.F9.4/30X,'VEL AT DUESIGN Q =',F7.1,' FPS',5X,'VEL AT MAX © !,

7F7.1.' FPS',5X,'VEL AT DESIGWN Q =',F7.1,! FPq’/SOX.'MIN CREST LENG
8TH=',F7.1%,' FT',CX, 'MIN CREST LENGTH=',F7.1,' FT',.6X,'MIN CREST LE
GNGTHM=' ,FT.1," FT'//HX,'Q‘,SX.'HWO'.20X,'Q‘,8X.‘hWF'.20x.'O’.SX.'HN
AF' 20X, 'Q',BX, "HWF' /)

QO=01/8AR~(Q1/BAaR>.2)

63 Q=290

catl CQuT’ M, , HWOUT,VELOUT ,DEP, DN, DC DIST1,SLOPE,CN)

de.-H CUT+1ABJ(L~)

23 /D 2.5

CALL CEQUA(A.th.D.SA,IS)

HOCA=ELINCA(1,LL)+HWN

CALL CEQUA(X,HaN,D,u8,15)

HOCHS=ELINCB(1, LL) vHwN

CALL CEGUAIX,HaN,D, T, 158)

AOCCEELINCCIT, Ll )«HuN

QU=QD - 52A

WRITE(SY¥SOT, 85\“U.HWU1,QU.HDCA.QU.HDCB,QU.HDCC

BE FONMAT(3X,2F9.1,30(13X,F9,1,1X,Fg.1))

IF{2D.GI (01,BAA+4~((O1/BAR)*.2J+5.)) G0 TO 206

0D=QD+\Q1/BAR)*.2

GO TQ ™3

14 WRITE(SYSOT, 1SIDIGTA(T,LL), TABT(LL),ELINCA{1.LL),.SLOPAL ., L),
TVELACTLLLY,CRES 1, LL)

16 FORMAT(30X.'CULVERT LENGTH =',F7.1,' FT',19X, == 26X.'=="'/30X,
1TPFALL AT FACE  © =' F7.2,' FT',18X,'==", 26x.'-—‘/3ox.‘sLav FFPCE I
INVERT=' ,F7.1," FT' 10K, '==" 26X, '==' /30X, 'CULVERY SLGPE 'LF9.4,

S0%, "= 26X, == 30X, 'VEL AT DESIGN Q =',F7.1.' EPS!',18X,'—="'
AL0GR, == /30K PMIN CREST LENGTH=',F7.1,' FT',19X,'~="',26X, --‘//sx.
5'Q ,BX, "HWI' 23X, 'QF ,BX, "HWF' 20X, 'Q' L BX, 'HWF ' ,18.,'Q" .&X, 'EWF'/)

QD-Q1./BAR~{(Q1 /AR~ .2)

680 Q=D

CALL COUT(Q.D,HWOUT ,VELOUT,DEP,DN,DC,DIST1,SLOPE,CN)
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186

18

20

64

183

32

24

66

HWJ 1 =HWOUT+TABS(LL)

X=3,D%+2.5 .

CALL CEQUA(X,HAN,D,5A,15)

ROZA=ELINCA(1,LL)+HAN

QU=QD*EAR '

WRITE{SYSOT,186)0U,H*01,QU,HDCA _
FORMAT(3X,2F9.1,14X,2F9.1,20X, '=="',8X,'==' 18X, '==",8X,'~=")
IF(OD.GT.(Q1/BAR+4«((Q1/BAR)*.2)+5.)) GO TO 206
OD=QD+((1/BAR) .2

GO TO 60
WRITE(SYSOT,20)DiSTA(1,LL),.DiSTB(T,LL),TABT{LL),TBFALL(1,LL),
1ELINCA{1,LL) ,ELINCE(1,LL),SLOPA(1,LL),SL™PB(1,LL), VELA(1,LL),
2VELB{1,LL ),CRE3A(1,LL),CRESB(1,LL)

FORMAT (30X, *CULVERT LENGTH . =',F7.1,' FT' 6X,'CULVERT LENGTH =!',
1F7.1,°7 FT',14%,'-="'/30X, ' FALL AT FACE =' ,F7.2,' FT7'.6X.'FALL AT
2 FACE ="' ,F7.2.' 7T',14X,'--'/30X, 'ELEV FACE INVERT=',F7.1,' FT'

4,6X, 'ELEV FACE INVERT=',F7.1,' FT',14X,'~-'/30X, 'CULVERT SLGPE =
5',F9,4,7X,'CULVERT SLOPE =',F9.4,15X,'~-" /30X, 'VEL AT DESIGN Q =
§',F7.1.' FPS',SX,'VEL AT MAX Q =" F7.1,' FPS',13X,'=="'/30X, 'MIN
7 CREST LEMGTH=',F7.1,' FT' 6X,'MIN CREST LENGTH=z',F7.1,' F7',14X,
87__://8\' 'Q"'Bv‘v ‘HWO‘,?OX,'Q‘ ’ax'leFl '2ox'>|Ql'8x' .HwF',18x"'Q"
98X, 'HNF /) :

QD=21/BAR-(Q1/BAR«.2)

Q=30 . :

CALL C3UT(Q,D,HWOUT,VELOUT,DEP,DN,DC,DIST1,SLOPE,CN)

HWI =HWOUT+TABS (LL)

X= Q 0-:2.3

CALL CEUUA(X . MWN,D,%54,15)

HICA=ELINCA(T, LLY+HUN

Call CLEUAIX,HYN,D.53,15)

HDCO=ELINCEOT, UL)+HwN

QU=GD-BAR

WRITE(SYST,183)CQU,HWO,0U, HDCA, QU ,HOCS
FORVATIZX,DFI.1,14%,2F9.1,14X,2FG.1,17X,'=-" X, '=-=1)
IF(CD.GT.(Q:/BAr+4-((Q1/BAR)*.21+5.)) S0 TG 206

QT QD01 /BAR)+.2

G2 10 L« .
WRITE(SYS™T,24)00I5TA(T,LL),DISTE{1.,LL), TAS7{LL),TCFALL(1,LL),

fE "NCA(1,LL) ELINCC(1,LL} SLOPA{1,LL},SL"PC(1,LL),VELA(1, LL}.
2VELC(*.LL),CRESA{T, LL},CRESC(1,LL)

FORMAT 50X, 'CULVERT LENGTH =',f7.1,' FT',19X,'==',15X, 'CULVERT LE
INGTH =',F7.1,' ST';30X,'FALL AT FACE =
2r7.0, 0 FT',18xX,'=-=' 15X,'FALL AT FACE ="',
3 F7.2,' #1',20K, 'ELEV FACE INVERT=',F7.1,' FT'.18X, '=="
3.15%, "ECEV FACE INVLRT=',F7.1,' FT'/30X,'CULVERT SLOPE =',F2.4,
B0\, '-=' 15X, CULVERT SLORPE  =',F2.4/30X,'VEL AT DESIGN G=',F7.1,

6! FPS', 19X, ==, 15, 'VEL AT DESIGN @ =',F7.1,*' FPS'/30X. '™MIN CREST
7 LENGTH=',+7.1," FV*,19X,'==' 18X, 'MIN CREST LENGTH=',F7.1.' FT'//
BEX, 'Q',8X, "HWO''.20X,'Q"',BX, 'HWF' ,20X,"'Q7,8X, 'HWF',18X,'Q"' ,8X,
S'Har’ )

QL =1/ BAR-(Q1 /BAR*.2)

Q=30

CALL COUTHQ,D,HWIUT,VELOUT ,DEP,DN,DC,DISTt ,SLOPE ,CN}

HWI 1 =WOUT+TABD(LL)

X= Q/0+:2.5

O(")O(“.(‘;O(")()()000(70000000000000()0000000000OOOﬂOOOOGc’)OﬂOGnOﬂO
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CALL CEQUA(X,HWN,D,SA,I5)
HOCA=ELINCA(1, LLI+HWN
CALL CERUA{(X,HAN,D,S5C,15)
HOCC=ELINCC{1,LL)+HuN
QU=0D+BAR
WRITE(SYSQT,180)CQU,HWO1,QU . HDCA, QU ,HDCC
180 FORMAT(J3X,2F9.1,14X ,2F9.1,19X,'=="' ,8X,"'=="' ,13X,2F9.1)
IFIQOD.GT.(Q1/BAR+3+( (Q1/BAR)*.2)+5.)) SO TO 206
QD=QN4(Q1/BAR)*» .2
GO T EG
206 I4=4
I15=6

..... BEVELED INLETS

212 DA=DISTA{Z,LL)
SA=SL0PA(2,LL)
SA=3.0PZ(2,.LY)
SL=SLOPCL2,LL)
TFINACA:2,LLY,.EQ.C) GO TO 208
WRITE(SYSOT.211) 11,12,13,14,15,TQVMAX(2,LL)
211 FOSIMAT(///1X,'BEVELED INLET DESIGN FOR CU!LVERT CODE: ',SIt1/1X, '#xux%
Trkan ¥k kKRR Yk r kb ok Kk kR Rk kr ek akkkwk k' [/ /20X, 'DESIGN DATA
2 NOT AP?LLCABLE BECAUSE THE REQUIRED FALL FOR THE BEVEL-EDGED INLE
3T EXNCEEDRS .50 OR L30'/20X,'THIS OQUTPUT CONSISTS OF THE CUTLET CON
4TRIL PERFJFMAN" CUNVE DATA FOR KE = 0.2'/20X,'WHICH IS APPLICABLE
5 F3? THE IMPROVED INLETS.'//30X,'Q',10X,'HN¥0',.15X,'MAX Q = ',
6F7.5,* CFS'/)
240 QD=Q1/BAR=(C1/BARw.
214 Q=30
CALL LOUT(Q, D, HWOUT,VELOUT ,DEP,DN,DC, DI ST1.SLOPE CN)
HAS =HWLUT+TABS(LL)
QU=QD«BAR
241 WRITE(SYSOT,243)QU,HuO1
243 FCRWVAT(26X,F7.1,8X.F3.1)
IF(OD.GT.(Q1/BAR+43-((Q1/BAR)*,2)+5.)) CO 7O 330
QDO+ (N1 /BARYV Y, 2
GO TO 234
208 WRITCl:YSDT.213) 11,12,13,14, 15, CKE(I&,TOMAX(2,LL)
Q12 FORCATC /X, 'BEVELED INLET DESIGN FOR CULVERT CODE: ',511/
Aj\".‘»-;»uv‘nv.AAH:,.c~.$yu>¢\n‘iﬁt‘-«ttvwva»-.,;:*‘,g‘/
14N, POUTLET COMPUTATIONS' 34X, "INLET COM UTATIONG'/ 33X, ' *rrewvbunn
2*-*-vnt~*"8x."4!v.ﬁtv#l‘#***‘v‘h***tq!*****#!*4‘****“****'W‘tm#
z‘wi‘v\-.$'u\w&&Au«t,*%‘}*t***&lat*t##u*‘//10},'KE =t
3Fd, 1, 18X, 'MIN FALL CURVE', 17X, 'MAX Q CURVE', 21X, 'MIN HW CURVE'/
4 JBTX, VA Q =", FT.0." CFSY//)
FINDCBI2,LL).EC. Y AND.NOCC(2,LL).EQ.1) GO TO 25
IF(NIC3{2,LL) , EQ.1) G0 TO 22
IF(RQCTe2,LL)Y.EQ. 1) CC TO 28
21 WRITE ! 5vSOT .2)DISTA\2.LL),DISTB(Q.LL),DISTC(2.LL).TABIO(LL);
1TTBFALL(2,LL) , TCFALLI2,LLY,ELINCA(2,LL),ELINCB(2,LL),ELINCC(2,LL).
25L3PFAL2, LLY, SL"PB(2 LL), SLDPC(2 LL)  VELA(2,L),VELB(2,LL), »ELC(2
3LL),CRESA(2.LL) ,CRESB(2,LL),CRESC(2,LL})
QC=31/84R= (Q1/DA«\".f")
38 Q=30

OO0 O00O0NCOO0O0QOQ00000CONAOO0O0000000000000000000CO0O00



25

€2

28 WRITH(SYSOT,20)D7STA(2,LL),DISTB(2,LL),TABIO(LL) TBFALL(2

66

22 WRITE(SYSOT,24)DISTA(2,LL),DISTC(2,LL),TABIO(LL), TCFALL(2, L.,

87

CaLL COUT(Q.D,HWOUT,VELOUT,DEP,DN,DC,DIST1,SLOPE,CN)
HWO2=HWOUT+TABS(LL)

X= Q;D++2.5

CALL CEQUA(X,HWN,D,5A,15)

HDCA=ELINCA(2, LL)+HWN

CALL CEQUA(X,HWN,D,%B,I1I5)

HOCB=ELINCB(2, LL)+HWN

CALL CEQUA(X,HWN,D,5C,15)

HDCC=ELINCC(2, LL)+HWN

QU=QD+EAR
WRITE(SYSOT.85)0QU,HWC2,QU,HDCA,QU,HDCB, QU . HDCC
IFIQD.GT.(Q1/BAR+4~((Q1/BAR)*.2)+5.)) GO TO 330
QD=QD+(Q1/BAR) «.2

Gg TO 8g

WRITE(SYSOT, 16)DISTA(2,LL),TABIO(LL),ELINCA(2, LL),sLorPa(2,LL),

1IVELA(2,LL),CRESA(2, IL)

@D=Q1/5AR~(C1/EARR.2)

Q=D .
CALL COUT{Q,D,"wWOuUT,VELOUT,DEP,DN,DC,DIST1,SLOPE,CN)
HWI2=HWQUT+TABS(LL)

X= Q/Dv+2.5

CALL CEQUA(X,HWN,D,5A,15)

HOCA=ELINCA(2, LL)+HWN

QU=JD=BAR

WRITE(SYSOT,186)10U,HWO2,QU,HDCA

IFIGO.GT . (Q1/BAR+B¥( (Q1/BAR)*.2)+5.)) G0 TO 330
QRO=QL+{Q1/BAR)+.2

GO 19 €2

L),

TELINCA(2,LL ELINCE(2,LL),SLOPA(2,LL),SL™PB(2,LL),VELA(2, LL).

2VELB{2,LL ),CRESA(2,LL),CRESB(2,LL)

QO=01,/BAR~(Q1/BAR~.2)

Q=30

caLe C3UT(Q, 0, HWOUT,VELOUT,DEP, DN DC DIST1,SLOPE,CN)

HW Il =HWIUT+TAES(LL)

X=. Q/0v:2.5

Call CEQUA(X,HWN,D, SA 15)

HECA GELENTA(2, LU +HY

HD;:<J~.NLB\2.;L)+h\Q

QJ \‘5-\
R'TE(S‘bOT.183JOU,HW02,0U,HDCA.OU,HDCB
IF(QD.GY.(Q1/BAR+4«((Q1/BAR)*.2)+5.)) GO TO 330

QO=Q0+tQ1/BAR)Y *. 2

GC 70 uR

TELINCAC2,LL) ELINCCI2,LL),SLOPA(2,LL),SL"PC(2,LL).VELA(2, Lu),

QVELC(2,LLY ,CRESAI2,LL),CRESC(2,LL)
QC=Q1/BAR-(Q1/BAR+.2)

Q=QD

CALL COUT(Q,3,HWOUT,VELQUT,DEP,DN,DC, DIST1.$LOPE CN)
FWo2=HWOUT+TABS(LL)

X= Q/Dv+2.5

CALL CEQUAIX.HWN,D,GA,IS)

HOCA=ELINCA(2, LL)+ruN

CALL CEQUA(X,naN,D,5C,15)
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O

320

220

330

362

HDCC=ELINCC(2, LL)+HWN
GU=QD*BAR

WRITE(SYSOT,180)QU,HWD2,QU,HDCA,QU,HDCC
IF(QD.GT.(O1/BAR+4*((Q1/BAR)¥.2)+S.)) GO0 70 330

QD=QD+{Q1/BAR) x.2
GO 10 57

SIDE TAUERED INLETS

IF(ITABILL).GT.2) WRITE{SYSOT,250)

[*A°ROVED=INLET DESIGN'/BX, "wkkxuskkkknkmnhkexaxwk! f/ /[
135x%, ‘NG IMPROVED-INLET DESIGNS AVAILABLE FOR CULVERTS HAVING MORE
1THAN " 2 " BARRELS ')

IF(ITAB{LL).GF.2; GO TO 362

FORMAT(/ /'

INDEX=2

CALL CSIDE( D,FALL,HWT,TROEL,IBAR,DIST ,INDEX,SLOPE,CN)

SLOPE TLPERED INLETS
CaLL C3.IPV{ D,SLOPE)
CALL CSLIPM(8,D,SLOSE)
LL=LL+1

IF(LL.GT.L) RETURN
14=114

IE=115
GO TO 100
END

ﬂ(')OO()OOOOOOﬂﬂ()000000000(‘)0
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an

SUBROUTINE CSIDE( O,FALL,HWT,TROEL,I'BAR,DIST +INDEX,SLOPE ,AN)
COVWMON ITAB(100),TAB1(100),TAB2(1C0),TAB3(100),TABA(100),
1TAB5(100),TAB6(100),TAB7{100),TABB(100),TAB9(100),TABI0(100),
2TAB:1(100).TAB12(100),TAB13(1OOI,TAB14(1QO),TAB15(.OO).TAB15(100),
3TQWAX(2,100),EL!NCB(2,100),ELINCC(2.100).HWCB(2.100),HWCC!2.100).
AL, LL,K.SYSIN,SYSOT,ELIN,ELDUT , AHWEL,SEL,SER,ELINCA(2,100) .
5 IPRCU(26),11,12.13,14,15,ELL,ELR,Q1,AHW,DTW,CLTH. I55,
6ND:A(2,100).NOC5(2.100\.NOCC(2,100).T8FALL(2,100!.TCFALL(2.1GO).
TD[STA(Q.100).SLOPA(?.TOO).CPESA(2.100).VELA(2.100).DISTB(2.100).
BSLJPB(?,100),CRESB(2.100),VELB(2,100).DISTC(2,100).5LOPC(2,100).
9CR§SC(2.100).VFLC(2,100).ELTRCB,ELTRCC.QUE.DISL,DISR,SFACE.
ADIAY,CIA2 ELLE.ELRN,NCCBS,HWTEMP ,KBAS1 ,KBAS2 ,KDEP1 ,KDEP2

DESiGY SIDE TAPERED INLETS

REAL L1,L1B,L1C
INTEGER SYSIN, SYSOT, TYPE
IF(IBAR.GT.2) GC 10 480
TADIR=4,
460 HWJIUT=C.0
BAR= [GAR
E=D
W=0.

SNHALR="5L0PE-SER:=2+D)/(1.+SLOPE*SER)
DIL=5ti~D-SNALL
DIR=5tR-D+3MALR
ELLZ=DTL*SLCPE
ELSR=DIR*SLOPE
DISTI=DIST-2IL-DIR
FACEL=EiL LN -~ELLE
TOEL=EL.JT +ELRR
<. .. THROAT CONTROL - CHART 18 - HEC NO. 13
={G1/BAR)Y/L~+2.B
IFIX.LT.2.5) FaLL=94993.
IFIX.LT.2.5.AND. iNDEX.CT.1)WRITE(SYSOT,2)
2 FCRMAT( 7/, /1X, 'SIDE-TAPERED INLET DESIIN'/IX, "hmsrmkmbnn v kmd kg ko
1wt 7, 20X, 'THIS STUE~TAPERED INLET EXCEEDED DESIGN CRITERIA'/)
IF{X.LT.2.5) RETURN
X=ALOG1O (X}
GO 10 (4,6).11 .
4 HTOVD=~.233392+.4891254X+41.068628+X*xX~3,074735%xX4X*X
T2 711 AT AR XX X~1 30836 XXX ¢ X4 X
Go T¢ Q8
6 HTOV D= 237130+, 1407925 X+2. 180221 X% X=4,3531 14w XX %X
T+ 21089 XX o XaX=7 [ 34T032AX* X X kXX
8 HT=10.++ATOVD+D
52 Nz HT=-1,)0
20 NALDGI0 (XY
YOTO: (1 d42007+1 327606+ X=, T226 102X o X4+, 1853064 % X s X«X
T= dd21733 e N XA Xe X+, 5000368 % XrXeX s X*X
YOI =10-%¥C19
TRODL=ABNEL-HT

€

ﬂ(ﬁ()ﬂ(ﬁ()ﬂ(ﬁr)O(ﬁ()ﬂ(ﬁ(}ﬂ(ﬁf)ﬂ(1()0(3()0(7C)O(1()0(1(70(3(10(3(70(7()0(7()0(7()ﬂ¢1{7ﬂ(1f)ﬂ

4445
4450
4455
44690
4469
447G
4475
448¢
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4530
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4550
45€%
4570
4575
4c2¢
453%
4530
453%
4672¢
4605
4610
4518
4620
4g2%
£530
4¢2%
4a84ae
4645
48390
4555
450
agss
4579
4675
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1655
47C¢C
470%
4710
4713
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<TANDARD SIDE~TAPERED INLET DESIGN EQUATIONS FOR BF AND L1
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HEC~13 -SIDE~ TAPERED INLET DESIGN EQUATIONS FOR BF AND L1

42

« s e s

10

100

BF=1.5+D
Lt=1. 4107*0

BF=(Q1/BAR)/(YC19%(3.1416/4.)%Ex*1.5)
L1={(BF~D)/2.)*TAPER
TAPER=L1/((BF=D)/2.)

DLEFT=DIL +L1

OROP= DLEFT*SLOPE

5UBT=DIST1-L1

STROEL=ELIN =DROP
FAHC=STROEL+SLOPE~ LY

DIF=STRCEL-TROEL

TF(2iF.LE.0.0) GO TO 10

COVPUTE FALL

FALL=DIF+L1*SLOPE

HAT =AML

IF{ INDEX.EQ.1) RETURN

IFIINPEC.EQ.2) SO TG 5

IF(INZEX.EQ.3) CO TG S

INDEX=INDEX+1

X=(UT=L1xSLOPE) /D

GO TO 20

EIT=SEL-DIF

SUBT=SUBT+BIT

TOTA=SUGT+L1

SA=({TROEL-TCEL),/SUBT

STFACE = STROEL+5LOPE L1+BIT*SLOPE
ELFACA=TROEI +SA~

ELTRCA=TROE. ..

IF(FALL.LT.D/4.) WA=0.0
IF(FALL.LT.D/4.)G0 T2 100 -
MIdIMCN CREST LENGTH - CHART 17 = HEC 13
HCA= FAHC+(FALL¥SEL-SLOPE)+(FALL*3.4D/2.)+SLOPE
HC=AHKEL=HCA .

IFIHC.LT. 7.} HC=1.0

W23A= (L5 Q1xx, BBAT) /HC

WA= W23A+ 1.8

GO 71O 100

N; t:'| L

Waz0.,0

FALLzFATEL-STRIEL

HWT=TROIL-HT
IFCINDEX.EQ.1YRETURY
IFCINDEX.CQ.0) GO TO 3
ELFACA:TROEL+SLO?E*L1

TOTA=5UaT+Lt
ELTRCA-TRCEL

SA:RLTEE
bT*3CE ELFACA
SL3=5A
BAR=IBAR
Q=21/BAR

CeiL cUT(Q, D, HWOUT,VELQUT,DEP,DN,DC, SUBT,SLO,AN)

nnnnn0onnnnnooonnnnnnnnnonnnnnnnnnondnnnnnnnnnnbononnoq,
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101

162

12

14
15

4749

CALL CROUT(CN,AREA,T,WP,D ,R)
VELAA=C /AREA

IF{VELOUT.GT.VELAA) VELAA=VELOUT
BEA=BF4+ .5

CEA=D=*.5

INDEA=INOEX+1

IF(INDEX.EQ.4) GO TO 102
X=(HT=~L1%*SA} /D

GO TO 20

COMPUTE CURVT B = SIDE TAPER

INDEX=2

HWTEMP=HWT

FALLM=1,5+D

FALLT=SUBT*SLOPE
IF{FALLM.GT.FALLT) FALLM=FALLT
QUE= Tag16(LL)/BAR

GO TY (12,14), 11 °
HTOVO=.0341* (GUE/Dx*2.5 )*+2+.89
CS 7O 15

HTOVD=. 0318+ (QUE/D¥~2.5)%+2+,89
HWATER=HTOVD*D
TEWP=ELTRCA+HWATER
IF(TEMP.LE.AHWEL)GO TO 466
BFALL=T VIP-AHWEL

TBFAL =u3FALL+FALL
ELTRCE=ULTRCA=-BFALL

IF{TBFAL.GT.FALLM) ELTRCB=ELTRCA-(FALLV~FALL)
IF(ELTRCB.LI.TOEL) ELTRCB=TOEL+.01

BFALL=E!L.TRCA-ELTRCB
TBrAt=LFALLHFALL
CIToL=RFL*BFALL
58={ ILTLCB-TOEL) /(SUBT+BITE)
AlN: ¥0,
QUE ()1 /i AR
0LE~uuL+AAN
G0 TO (17,186), 11
HTOVO= . (341 (QUE/L«»2.5)%+2+.89
GO TO 19
H vD=.0310+ (QUE/D*+2.5)*«2+.,89
HIGH-HTIVD D
HI=HIGH*ELTRCH
IF(YT.CGT . AHWEL) GO TO 474
NS PR
(]9 30 S0 N g
QUE =Qui~AIN
IF{AIMN.LTIC,) 00 TO 475
~LN.DLD
GO oI a0

IFCQUE.GT.TABIGILL) /CAR) QUE=TAB1S(LL)/BAR

’

X= (AHWEL=EL RCE-L1-30)/0
=ALOG10 (X))

YC190=2.4140027+1,.3275086*%X-,T722612*X*X+, 155368 «X*X*X
—.4421?35*X~X*X'X+.5055368*X*X*X*X*X

YC12=10+%YC19
BFB= Qu J{YC19» . 78B54-Ex*1.5)

ﬂl“,(')0000(‘)00(‘)0OO()OO(’JOOOOOOOOOOOOOOOOOOO()GOOOOOOOOGOOOOQOO
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C

L1B=((BFB-D)/2.)*TAPER

BFB=1.,54D :

L1B=1.4167*D

TOTB=SUBT+L1B+BITB

ELFACB=CLTRCB+L1B~SB

QO=QUE/BAR

TB=SUBT+BITB _
CALL  COUT(QQ, D,HWOUT,VELOUT,DEP,DN,DC,
CALL CROUT(CN,AREA,T,WP,D ,R)

VELBD= QJ/AREA

IFIVELCUT.GT.VELBB) VELBB=VELOUT

+» «MINIMUM CREST LENGTH = CHART 17 = HEC 13

SUBT,SLD,AN)

HCS=FAHC+{TBFAL*SEL*SLOPE)+(TBFAL*3.+D/2.)*SLOPE

HC=AHWEL~HCB
IF{HC.LT.1.) HC=1.0
W23B={.3« QQ**,86€67)/HC
WB=W235+%1.,5

BER=1F8+.5

DEB=D~>.5

GO TO 4590

466 TB¥AL =0.0

NOCBS=1
CCMPUTE CURVE C - SIDE TAPER

A0 TEVP=C{TRCA+HT

IF{TABI(LL).GE.TEVMP) GD TO 432
CFAL=TEMP-TAB4 (LL)

TCFAL. . AL+FALL
ELTRUC-ELTRCA-CFAL

LF{TCFAL.GT.FALLM) CLTRCC=ELTRCA~{FALLV=~FALL)

IFIELT&.C.LT.TOEL) ELTRCC=TOEL+.01
CFA! =51 TRCA=EL TRCC
TCFAL=CFAL+FALL

BITC=SELXCFAL

SC={ELYRCC=TOEL) /({SUBT+BITC)
X={TEMP ~CFAL-ELTRCC=L1%5C)/D
X=ALIG10(X)

YC19=.4140027+1.327568%X~. 72261 2%X*X+, 155368+ X» X %X

1= dd21T35 5 X*X* X2 X+, 5065368 % Xk X4 X %X * X
YC19=10+-YC19

BFC=1,8+0

LiC=z1.41G7*D
3FC=(Q1/BAR)/(YC19*.7854*E**1.5)
L1C=((BFC-D}/2.)«TARPER
TOTC=SUBT+LIC+BITC
ELFACC=ELTRCC+L"1C*5C

<o eMINLIGM CREST LENGTH = CHART 17 - HEC 13

FCC=FAHC+{TUFALYSEL~SLOPE)+(TCFaL*3.4D/2, ) *SLOPE

HC=TENP=-HCC
TF{HC.OLT. 1. HC=1,0
V23C=(.5» ( -.6867)/HC
WC=W23C+41.5

SLO+S8C
TC=3UBT+BITC :

CALL CouTQ, D,HWOUT,VELOUT, CEP,DN,DC,
CALL CROUT(DN,AREA,T,WP,D ,R)

SuUBT,SLO,AN)

OOOOOOO«’)COOOOOOOOOGOO()()GOOOOQ
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VELCCs @t/ 383 /AREA

IF(VELGUT.GT.VELCC) VELCC=VELOUT

BECL=BFC» .5

DEC=D~*.5

GO TO <283
482 TCFAL=D.0

NOZCS=1
483 QUE=QUE ' BAR

WRITE(SYSOT,104) TAPER,E,QUE,BF, L} :
104 FORMAY(////1X,'SICE TAPERED INLET DESIaN /' *#***t*w**ti*tt*t-**ﬁ**

1xx%?, 10X, 'FACE EDGE BEVELS = 45 DEG',S5X,'SIDE TAPER="',F6.3,':1'//

2 10X, '"MIN FALL DESIGN',30X, ‘MAX 3 DESIGN'.BOX.'MIN HW DESIG
SN'/,1CX,'E = D =',F5.2," FT'.29X.’MAX = F7 0,' CFS'/ 10X,'FACE
AWI2TH= 1.5D0=',F6.2,' FT'/10X,'Li= 1. 41867D="',F6.2,' FT'//)

IF(NDCSS.E0.0.AND.NOCCS.EQ.O) GO TG 30
IF(NOCBS.EQ.0) GO TG 32
IF(NOCCS.EQ.Q) GO To 34

WRITE{S(5QT,28)TOTA, TABI13(LL),TAB14(LL) ,ELFACA,S5A, VELAA, WA,
18EA,DEA

28 FORMAT(BX,'CULVERT LENGTH =' F7.1,' FT', 286X, , 44X, "=~ /55X,
T'FALL' 14X, '=" ,F7.1,"' FT',26X,'=-~", 44x 'e=t /55X, ‘ELEV THROAT INVERT
2=' ,F7.1,"' FT',26X,'-=",44X,'=~"' 5%, "ELEV FACE INVERT =',F7.1,' FT,
3',26X,"-=",44X," ' -~ /5X, '"CULVERT SLOPE',SX, F7.a 29x.'—-'.44x.'~
-'/BX,'VEL AT DESIGN Q@ =',F6.1,' FPS'.2sx.‘—-'.44x.'--'/
5 5X, 'MIN CREST LENGTH =',F7.1,' FT',26X,'=
7=',44%,'=='/5X ,'BEVELS = 45 DEGREE',36X,'~~',44X,'==1/9X,'B =",
8F5.1,' IN [ =',F5.1," IN',27X,'==",84X,'==1//5X,+ Q" ,8X, "HWT' , 8X,
QIHWNF! 22X, ==t 4%, ' -=" /)

————— PERFCNMANCE CURVE DATA

GD=01-01+.2
QD=GQD, AR

29 X=QD D::2.5
X=ALDG10(X)

CO 1D (90,41), 11 ,
S0 HTIVYDs=-.233392+.4B3125%X+1 . 06B538+X*X=3.074435%XxX X
TH3. 711105 X X XrX=1, 32836 XxX#X+ X*X
GO TN 33
41 HTOVD== 237139+.146792%X+2.189321+X*X<4. 354114mx—x*x
T3 210830 X X4 X ¢ X=1 . 3370324 X X# X ¥ X*X
43 HT=10.v-HTO\D:D
HATA=ELTRCA+HT
X=JD (3F*. 7854 +E*xx1.5)
X=3_2010(X)
Y=~ 2675+, G176F~X—.11698*X*x+.41498*X*x*x
hf ‘,__1('\ LN
FAFA=ELTACACHFOVEYE

Qu=l0 3R
WRITE({SYSOT,2710U, HNTA HWFA .
27 FORMAT{3X,F7.1,2%,F7.1,3X,F7.1., J1X y44X, ==

IFICD.GT. (01/5'?+44| 1/BAR*.2)+35. )) GO T" 4b0
QD=QD0+(Q1+.2)/BAR
GO T0 29 ‘
30 WRITE (wYaOT 332)707TA,TOTB, TOTC,TAB13(LL), TBFAL,TCFAL,TABIS(LL) .,
TELTRIBLELTRCC,
ZELFACA,ELFACB,ZLFALC,SA,SB,SC, VELAA,VEL&B,VELCC

O0O000

O()()(’)ﬂﬁﬁﬂ{‘}F'td')(".r\"}(700000()OOO(?OOOOQOGO()OOOOOOOO()OOOGOOOOO

(S GRS UL IS T IO S

w0 6 -y

G ~3 -3 Oy

IR IR ER Rt
AP OB SN G

-, O QPO W

n



©

332 FORMAT( SX,'CULVERT LENGTH '  F7.1,' FT',20X,'CULVERT LENGTH
1 =' ,F7.1,"' FT',15X,'CULVERT LENGTH =' ,F7.1,' FT'/
2 SX, FALL',14X,'="',F7.2,' FT',20X,'FALL',14X,'=' F7.2.' FT
3 15X, 'FALL',14X,'=',F7.2,"' FT'/5X,'ELEV THYROAT INVERT=',F7.1,

4 ' FT',20X,'ELEV THROAT INVERT=',F7.1,' FT7',15X,'ELEV THROAT INVER
5T=',F7.1,' FT'/SX,'ELEV FACE INVERT =',F7.1.' FT',20X,'ELEV FACE

BINVERT =',F7.1,' FT',15X, 'ELEV FACE INVERT =',F7.1,' FT'/ 5X.
7 'CULVERT SLORE =',F7.4,23X, 'CULVERT SLOPE =' ,F7.4,18X,
8 'CULVERT SLOPE =',F7.4/ 5X,'VEL AT DESIGN Q@ =',F6.1,' FPS',
920X, 'VEL AT MAX @ =' ,F6.1,' FPS',15X,'VEL AT DESIGN Q0 ="',

AF6.1,' FT')

WRITE(SYSQT,504)
504 FORMAT{

2 5X,'MIN CREST LENGTH =',F7.1,' FT',20X,'MIN CREST LENGTH =',

WA,wB,%C,BEA,DEA, BEB,DEB,BEC, DEC

3F7.1,"' FT',18X%,'MIN CREST LENGTH =',F7.1,' FT'/SX,'BEVELS = 45 D

4EGREE',30X,'B5VELS = 45 DEGREE',25X,'BEVELS = 45 DEGREE'/9X,'

B a

S',F5.1,' IN D =',F5.1,' IN',24X,'B =',F5.1,' IN D =!',F5.1,' IN',

622X,'B =',F8.1,' IN D =',FS5.14,"' IN‘//SX.'Q',BX.'HWT‘.SX.VHWF',
729X ,'0',BX, "HWT',8xX, 'HWF"',20X,'Q"',8X, 'HWT' ,BX, 'HWF'/)
QD=Q1-(01 *».2)
QD=QD/BAR
31 X=3D/0C»=2.5
X=ALOGI10(X)
GO 70 (46,44),11
46 ‘HTOVD=-, 233392+.489125%X+1.068638B#X*X=3.074435%xX*X *X
14+3. 711165 Xk Xx X e X~1,32B36* X* Xk X & X*X
GC 70 45 i
44 HTOVD=-.237139+,146792+X+2.189321*X%xX~4,.354114%XsX*
144 . 2106539« Xk Xx Xk X=1,337032xX*XeXnX*X
45 HY=10.==xHTOVD«D
HWTA=ELTRCA+MT
HWTB=cLTRCB+HT
HWTC=ELTRCCHHT
X=J0/{BF*.7854%E**1,5)
X=ALDGIC{X)
==, 237G+ . 617564 X~, | 1698+ X *X+.31498%«X+X*X
HFJVE=1C., **xY
HWFA=ELFACA+HFOVEYE
X YD/(BYB*x,.7854%F+m1.5)
X=ALOGI1Q(X)
Yz 26754 . 61T6R«X=, 1169B*X%X+.41498nXu XX
HFOVE=10.9 Y
HWIFB=ELFACB+HFCVE«F
X=J0D,(BFC*.7854¢«En+1.5)
X=ALOG10(XK)
Y=~ 2676+ . A1766+X~, 11698% X *X+. 41498 %XuX*X
HFOVE=10.%%Y
HWFC=ELFACC+HFOVE=E
QU=QD~24R
WRITE(3YSOT,36)1QU ,HWTA ,HWFA,QU ,HWTE ,HWFB,QU, HWTC . HWFC
36 FORMAT(3X,F7.1,2X,F7.1,3X,F7.1,22X,F9.1,1X,F9.1,3X,F9.1,13X,
12F9.1,2¢,F9.1)
IF(QD.GT.(QY/BAR+44{ 1Q1/BAR)*.2)+5.)) GO TO 480
QD=QD+{(¢1/8AR)*.2
GC 70 3
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32 WRITE(SYSOT,110)TOTA,TOTB, TAB13(LL),TBFAL,TAB14(LL),ELTRCB,ELFACA,
1ELFACB,SA,SB,VELAA,VELBEB .

110 FORMAT{S5X, ‘CULVERT LENGTH ="', F7.1,' FT',20X,'CULVERT LENGTH
1=' F7.1,' FT'.21X,'-—'/5X,fFALL',14X,'=‘,F7.1,' FT',20X."'FALL', 14X
2,'="F7.1," FT',21%,"'=="/8X, 'ELEV THROAT INVERT=! [ F7.1,' FT',20X,
3'ELEV THROAT INVERT=',F7.1,' FT',21X,'--'/ SX,'ELEV FACE INVERT
4=' F7.,1,' FT',20X,'ELEV FACE INVERT =' , F7.1," F7',21X,'--'/ 5X,
5'CULVERT SLCPE',SX,'=',F7.4,23X, 'CULVERT SLOPE',5X,'=',F7.4,24X, " '=
6-',/ ©X,'VEL AT DESIGN Q =',F6.1,' FPS',20X,'VEL AT MAX Q =
T',F6.1, ' FPS',21X,'==")
WRITE(SYSOT,112) WA ,wB,BEA,DEA,BEB,DEB

112 FORMAT(5X, 'MIN CREST LENGTH =',F7.1,' FT',20X,'MIN CREST LENGTH
2= F7.1," FT',21X,'=='/8X, 'BEVELS = 45 DEGREE',31x,'BEVELS = 45
3DEGREE' ,27X,'=='/9X,'B =',F5.1,' IN D =',F5.1," IN',25Xx.'B ="',
4°5.1," IN C =',F5.1," IN' 27X, ' =="//5X,'Q',BX, "HWT',8X., 'HWF',

SQQKK'O'.8X;'HWT'.8X,'HWF'.26X,'-"/)
QD=01=(Q1+.,2) : '
Q0=0D/DAR
33 X. .DP%:2.5
X=ALOG10(X)
GO 7O (56,57),11
56 HTOVD==,233392+.489125%X+1,.06863084X*X~3.074435%X*X %X
143.711105% Xk Xk Xw X1, 328368 X Xk)X & XX
GO 70 &8
57 HTOYD=~_237130+.146792%X+2.189321*X*X~4,3581 14%X*X*X
144 210039« X Xx XaX=1, 347032 X*xX*X%X*xX
58 HT=10.,*>HTOVD*D
HWTA=ELTRCA+HT
HWTB=ELTRCB+HT
X=0D/{BF*~.7854+E%¥%1,5)
X=ALAG10(X)
Y==.2B67CG+.61766+#X~, 11698*X*X+.41498xX*X+X
HFOVE=50.%%Y
HWFA:CLFACA+HFOVE+E
X=QJ0/(BFB+.7354 *E~x1.5)
X=ALOCGIC(X)
Y= 2670+, 01765+ X~.11638%X*X+.41498%X* X kX
HFOVF:10.%»Y
HWFB=TLFACB+HFQVE-E
QU=QD»BAR
WRITE(SYSOT.38)QU. . HWTA,HWFA,QU,HATB,HWFB
Su FGRMAT(BX.F7.1,2X,F7.1,3X,F7.1.22X,F9.1.1X.F9.1.3X,F9.1.
130X, '=="1)
IF(QD.GT.(Q'/BAR+6*( (Q1/BAR)*.2)+5.)) GO TO 480
QD=QD+{Q1/BAR) +.2

GO 70 33

34 WRITZ(SYS0T,105)rQTA,TOTC, TAB13(LL),TCFAL,TAB14(LL) ,ELTRCC,ZLFACA
1,ELFACC,5A,SC, VELAA, VELCC, WA,WC,BEA,DEA,BEC,DEC

10€ FORMAT(5X, 'CULVERT LENGTH =' F7.1,' FT',26X.'==',36X, 'CULVERT L
1ENGTH =1 TTU4, FTU/BX, PFALLY 14X s F7.1,0 FT',26X, '-=', 26X,
2:F‘:LL',14X,‘="F7.1" FT'/SX'IELEV THROAT INVERT=‘,F7.1,' FT',26X.
3'-=',36X,'ELEV THROAT INVERT=' F7.1,' FT'/SX,"ELEV FACE INVERT =!
5,F7.1,' FT',26X,'-~',36X, 'ELEV FACE INVERT ='.F7.1,' FT'/ SX,'CuL
6VERT SLCPE',5X.'=',F7.4,29X,"'=="';36X,'CULY'ERT SLOPE',5X,'=',F7.4/

7SX,'VEL AT DESIGN Q@ =',F7.1,' FPS',26X,'-~',36X,'VEL AT DESIGN @
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54
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480

8 =' ,F7.1,' FPS'y 5X,'VIN CRE3ST LENGTH =',F7.1,' FT',
326X, '==',38X, 'MIN CREST LENGTH =',F7.1,' FT'/5X,'BEVELS = 45 DEGR
CEE',37X.'==',36X,'BEVELS = 45 DEGREE'/9X,'B =',F5.1,' IN D =',
DF5.1.%' IN',27X,'==',41X,'8B =',F5.1,' IN D =',F5.1,' IN'//SX,'Q",

EBX, '"HWT',BX, 'HWF',32X,'=="',38X,'Q"',8X, 'HWT"',BX, 'HWF'/)
GD=Q1-(Q1%.2)

GD=QD/8BAR

X=QD/D+:2.5

X=AL3G12(X)

GO 10 (53,54), 11
HTOVD==.233392+.439125*X+1.068838%X*X~3.074435*%X%X*X
143.711165%X» Xr Xv+X=1, 32836 X*kXxX* X*X

GO TO 5% . .
HTDVD=-.237129+.146792%X+2,189321*X*X~4.354114%XxX*X
144.210539% X Xk X6X~1, 347032« XX+ X*X*X

HT=10.++-HTOVDD

HWTA=ELTRCA+HT

HATS=ELIRCCHHT

X=QD,/ (BF*.7854 «E+»1.5)

A=ALDGIC (X)

(2~ . PGTE+.61766X=,11698+X*xX+,41498%X*X*X
HFOVE=Z1Q . %Y

HWFA=ELFACA+HFOVE~E

X=30,/{8FC+.7854~E*%x1.5)

X=ALOG1O(X)

Y- . 2676+.61766+X~.11698*X*X+.41498%XsX*X
HFOVE=10.,%%Y .

MWFC=ELFACC+HFQOVE~*E

GU=00=38AR

WRITE(SYSOT 27)QU,HWTA ,HWFA,QU,HWTC,HWFC
FORMAT{3X.Fv.1.2%,F7.1,3X,F7.1,31X,'=~"',33X,2F9.1,2X,F9.1)
[F(CH.GT.{(Q1/BAR+4+( (Q1/BAR)*.2)+5.)) GO TO 480
OD=Q0+ (G /BAR)Y» .2

GC 70 35

RETURN

END
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SUBROUTINE CSLOPV( D,SLOPE)
DESIGN SLOPE-TAPERED INLETS - VERTICAL FACE
COWMON ITAB(100),TAB1(100),TAB2(100),TAB3(100),TAB4(100),
1TAB5(100),TAB6(100),TAB7(100),TAB8(100),TAB9{(100),TAB10(100),

2TAB11(1C0),TAB12(100),TAB13(100),TAB14(100),TAB15(100),TAB16(1Q0),
3TQWAX{2.100),ELINCB(2,100) ,ELINCC(2,100),HWCB(2,100) ,HWCC(2,100).

AL,LL,K,S5YSIN,SYSOT,ELIN,ELOUT,.AHWEL,SEL,SER,ELINCA(2,100),
5 IPROJ(26),11,12,13,14,15,ELL,ELR,Q1,AHW,DTW,CLTH, 155,
6NQCA(2,100G) NOCB(2,100),NOCC(2,100),TBFALL(2,100), TCFALL(2,100),
7DISTA(2,100),5LOPA(2,100),CRESA(2,100),VELA(2,100),DISTB(2,100),
8SLOPB(2,100) ,CRESB(2,100),VELB(2,100),DISTC(2,100),S5L0PC(2,100),
9CRESC{2,100),VELC(Z,100),ELTRCB,ELTRCC,QUE,DISL,DISR,SFACE,
ADIA:,DIA2,ELLE,ELRR,NOCBS,HWTEMP ,KBAS1 ,KB£S2 ,KDEP1 ,KDEP2
DIVENSION FALL(2),S(2),L1(2),L2(2),L3(2),VEL(2),8F(2),
1TAPER(2),NOC(2),DA(2)

INTEGER SYSIN, SYSOT

REAL L1,L2,L3,L4,L150

ISLOPE=0

HW=0.0

BAR=ITAB(LL)

Q5=01/BAR

CN=TAB2/(LL)

NOC(1)}=C

NOC(2)=0

=D

I=1

TAPER(1Y=4.0

TAPER(21=4.0

Y1a(D v+ 2/(SFACE4%2+1.))%%.5

YZ2=V1/$FACE

DY:=5FACE*Y1+Y2

SMAL3w (SLOPEXSEL*«24DY) /(1. +SLOPEXSEL)

CIL3-SELYDY-SMALS

EL3=DILL*SLOPE

FACEL =L IN=-ELD

TOFD =R JTHELR

DUt - PSrRF T L) S OPE

Ltk 3 EYF TSI - |

PR A I N < NI R }

Trok-IROEL

FALL{1Y=FACEL~TROE

IF(TAB14LL).EQ.0.0) NOC(2)=1

IF{TROE.LE.TOEL) NOC({)=1

IFLFALL{I) . LT, (/8. .0R.FALL(L).GT.{1.5+D))NOC(I)=1
IF{NQCt1).EQ.1) GO TO a8

HW=HWTEMP-FACEL

X=HAW/D
¥Y21=~2.768863+7.942441+X~4,03502934*X*X+1,819481 %X X*X=,3423214xX
THX+X X+, 02846767+ X+ X*x XAX*X .
.COVIUTE FACE WIDTH FROM CHART 16 = HEC-13
BF(1:=Q5/(Y21»0xa1,.5)+.1

L1(IY=t(BF{T)=B)/2.)~TAPER(I)
S(I)=(DIST*SLOPE~FALL(I))/(DIST=-L1(1)=~2/2.)

O0OO000OO00OOOCaOLT A Oa000NOO0O0000OO000000a0000000000000O00

6550
6555
6550
€565
€570
6575
6580
6535
6530
6595
6600
6505
6610
65°5
€620
6625
6630
§635
66490
684<
65¢
6555
6660
6€55
6670
657¢
6520
€525
5656
6575
6720
6799
5710
6715
6720
6775
573¢C
o713
(O L]
[ g B
B=
3735
57€0
8765
¢770
8775
6780
67835
7%0
6733
6350
63C5
6810
5815
6820

wk



&

DIF=FACEL+DY=( TROE+(D*%2+(D*S(1))*%2) %% 5)
L3(I)=.5+8B
28 L2(1)=L1({1)=L3(1) '
SF=L2(})/(DIF=S(1)*L1(1)~S(1)%(D/2.)+L2(1)¥S(I))
IFISF.EQ.SFACE) GO 1O 450 )
IF(SF.LT.SFACE) GO TO 30
SF=SFACE
L2(1)=(SF*(DIF=S{I)*L1(I)})=S(I)*(D/2.)})/(1.-5(1)*SF)
L3(1i=L1(I)=L2(1)
GO T0 450
30 SF=SFaCE
L2(Iy=({SF*(DIF=S(I}+L1{I}-S(I})*(D/2.)))/(1.~S(I)»SF)
L1(I)=L2(1)+L3(1}
TAPER(I1=2.%L1(1)/(BF(1)-B)
450 S(I)=(DIST*SLOPE-FALL(I))/(DIST-L1(I)-D/2.)
SLO=S(I)
DA(1)=DIST
DD=DA(I}=L1(I)
Carl COUT(GS, D,HWOUT,VELOUT,DEP,DN,DC,DD,SLO.CN)
CALL CRCUT(CN,AREA,T,WP,D ,R)
VELIN=GS/AREA
IF(VELIN:GT.VELOUT) GO TO 152
VELII)=VELOUT
GO TO 122 ’
152 VEL(T)=VELIN
122 IBAR=RAR
481 QS=0UE /BAR
IF{NOCBS.EQ.1) NOC(2)=1
IF{NICBS.EQ.1) GG TO 483
- TROE=ELTRCB
I=l+t
IF{1.EQ.3) GO TQ 483
GO TO 14
483 WRITE{SY50T,474) DIL3,DISR
478 FCRNAT(//,//1X,'SLOPE TAPERED INLET DESIGN - VERTICAL FACE'/' ¥4 anun
1*h«1a;n«*****m’tm*4,*****a*:**w*****~'//sx'IDISTAHCE EMBAN“MENT—TO
28 YO FACE =',F7.2,' FT',10X,'CULVERT QUTLET TO EMBANKMENT~TGE =",
ZFT.2,0 FT'// 10X, '"MIN FALL DESIGN', 35X,
4'NAX  Q DESIGN'//710X, 'TRANSITION SECT:ON= D/2'/10X,'INLET DESIGNE
50 AS BGCX TYPE INLET'//)
FF(NOC(1).EQ.1.AND.NDC(2).EQ.1) GO TO 484
IF(NDC(1).E0.1.AND.NCC(2).EQ.0) GO TO 486
IF(NOC(1).EQ.0.AND.NDOC(2).EQ.1) GO TO 488
340 wnxra(svsor.suz)DAtt).UA(Q),FALL(1).FALL(2).rROEL.ELTRcs.FAcsL.
1FACEL.S(1).S(2).VEL(1).VEL(2).BF(11.BF(2).L1(1).L1(2).L2(1).L2(2).
2L3(1),L3(2),SFACE,SFACE, TAPER{1),TAPER(2)

342 FURMAT(//5X, 'CULVERT LENGTH =',FB.2,' FT',24X, 'CULVERT LENGTH
Vo=t FBL2, " FT'SX,CFALL', 14X, '=',F8.2,' FT',24X,'FALL',13X,'='.Fg
2.2, Fr'/8BX, 'ELEV THROAT INVERT="',F8.2," FT',24X, '"ELEV THROAT INV
3ERT=',FB.2, FT'/8X,'ELEV FACE INVERT =',F8.2,' FT',24X,'ELEV FAC
4E INVERT =',F8.2,' FT'/SX,'CULVERT SLOPE =' . F8.4,27X, 'CULVERT
5 SLOPE =',FB.2/5X, 'VELOCITY',10X, '=',F8,2,' FPS',

6 23X,'VELOCITY',10£,'=',F8.2,' FPS'
7 / 5X,'FACE WIDTH',8X,'=',F8.3,"' FT',24X,'FACE WIDTH'.8X,

8'=',F8.3,"' FT! AR R e

Ot?F)ﬂ(?()0(7()011()0(7()0(3()0¢1()O¢1()0f?f)ﬂ(ﬁf)ﬂ(Wrintﬂf)ﬂ(ﬁ()0¢7()0(7(70!1()0(3()”(1()0
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9F8.3,' FT',24X,'L1',16X,"'=',F8.3,' FT'

A/BX, L2, 16X, '="' ,F8.2," FT',24X%,'L2',16X,'=',F8.2."' FT'

8 /5%, '3 ,16X,'=" ,FB.2," FT', 24X,'L3',16X,
CF8.2,' FT'/5X, 'SF',16X,'=',F8.2,27X,'SF',16X,'=z',F8.2/

B 5X,'TAPER',13X,"'="' F8.3,':1',25X, 'TAPER',13X,"'=" ,FB.3,':1'//8X,
E'Q' ,BX, 'HWT',8X, 'HWF',34X,'Q',8X, 'HWT',8X, 'HWF'/)

QD=Q1-Q1+%.2

QL=Q0/BAR

31 x=30/D*=x2.5
X=ALOGIC(X}
GO 70 (4,6),11

4 HISVD=~.233292+.439125+*X+1.068638*X*X~3, 074435*X*X*X
1+3. 711160 Xk X4 X2 X~1,32836% Xk X« X*X*xX
GO TO &

6 HTOVD==,237139+.146792*X+2.1808321*X*X~4,3541144xXnX*X
1+4,21053I« X+ X X4 X~1 , 34T032%X kX xX %X %X

8 Yi5=10.«*HTCVD
HWTA=TROEL+Y16~D
HATB=ELTRCB+Y16+D
X=D/(BF(1)*+De+1.5)
Y138=.1379509+.42974097*X~,07646745%X*X+. 012651097*X*X*X
1— 0Q0I96 383X+ X¥X*X
HWFA=FACEL+Y18*D
X=QD/(BF(2)*Dx*1.5)
Y18=.,1279508+,42974097%X~,07646745*X*X+.012651097+ XnX#X
1-.000435383+ X XxX* X
HWFB=FACEL+Y18+D
QU=QD+BAR
WRITE(SYSOT,32)J0U ,HWTA ,HWFA,QU ,HWTB,HWFB

32 FORMAT(1X,3..0.1,24X,3F10.1)
IF(QD.GT.(Q1/BAR+4+ ((Q1/BAR)*.2)+5.)) G0 TO 480
QD= oD+<o1/BAQ\+.2

GO 7O 31

ag4a WRI'&(SYSuT 485)

488 FONTIAT(, /720X, 'NG S(OPE TAPERED INLET - VERTICAL FACE - DESIGN APP
1LICABLE‘)
GC TO 480

456 WRITE(SYSOTY,487)DA(2), FALL(2),ELTRCB,FACEL,S(2),VEL(2).BF(27},
208(2).L2¢2).L3(2),SFACE,TAPER(2)

487 FORMAT{(//16X,'= =',40X, 'CULVERT LENGTH =',FB8.2,"' FT' /16X,'= =
1,40X,
2UFALL'.15X, =" FB.2," FT'/16X,'~ ~',40X, ELEV THROAT INVERT:=',F8.2
a.' FT',!GX,'— ~',40x,'ELEV FACE INVERT =',FB.2,' FT'/16X.'~ ~',40

. 'CULVERT SLOFRE =',F8.4/16X, '~ ~' 40X, 'VELOCI /Y',10X."'=",

SFB 2, FPS!',164,"'~ ="', 40X, 'FACE WIDTH' ,8x,'s',FB.3,' FT'/16X, '~ ~'
G,a0X, 'L 16X, '=! FB.S.’ FT'/16X,'= =',40X,'L2',16X,F8.2,"' FT'/
716X, '= ~', 40X, 'L3',16X.'=',F8.2,' FT'/16X,'= ="' ,40X,'SF', 16X, 's"',
8F8.2716x, '= =' 30X, 'TAPCR' ,13X,'=a"' ,F8.3,':1'//8X,'Q"',BX, 'HWT' ,8X.

Qlriwt ', 34X, 'Q" ,BX, 'HWT ' ,8X, 'HWF'/)
GO=01=Q1# .2
RO=QD, BAR
33 X=Q0/%.-2.3
=8L0G10(X)
GO TO (1,2),1I1
1 HIZVDz=.233592+.489125% %41 .Q00863B#X*X=3.074435=X*xX*X
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T+3. 711165 X4X4 X ¥ X=1 32B36-X# Kb X » X% X
GO 1O 3 : o
2 HTDVD=-.237139+.146792*X+2.189321*X*X~4.354114#thtx
1+4. 210839 X%k X X*xX~1,347032*XeXxX«X%X
3 Y16=10.=*xHTOVD
HWTB=ELTRCB+Y16+D
X=QD/(BF(2)*Dx*1.,5)
Y1s=.1379509+.42974097*x—.07646745~xth.o12&51097*x*x*x
1-.000496383» X*X*XxX
HWFB=FACEL+" '8%D
QuU=QD~BAR
WRITE(SYSOT,34)QU,HWTB,HWFB

34 FORMAT(16X,'~~',40X,3F10.1)

IF(OD.GT.(Q1/BAR+4*((Q1/BAR)*.2)+5.)) GO -0 480
QD=QD+(Q1/BAR; *.2 '
GO TO 33

488 WRITE(SYSDT,489)DA(1).FALL(1).TRDEL,FACEL.S(1)'VEL(1).BF(1)‘L1(1).

1L2{1).,L3(1),SFACE,TAPER(1)

489 FORMAT(//5X, 'CULVERT LENGTH =',F8.2,"' FT',30X.'= ~'/5X, FALL"'.{
14X, "="',F8.2,' FT',30X,'~ -'/5X,'ELEV THR-AT INVERT=',F8.2,' FT',30
3X, '~ ~'/5X,'ELEV FACE INVERT =',F8.2,' FT',30X,'= ~'/SX, CULVERT
4SLOPE =',F8.4,34X, "'~ ~'/5X,"VELOCITY',10X, ="', F8.2," FPS*', 28X,
5'- ='/5X, 'FACE WIDTH',8X,'=',F8.3,' FT',30X, '~ ='/5X, L1, 16X, "2,
EFB.5,' FT',30X,'= ='/5X,'L2',16X, " '=',FB.2, ' FT',30%,'= «'/5%,t 37,
716X,'=';F8.2," FT',30X,'=~ ='/5X,'SF' 16X, '=' ,F8.2,34X,'= =1/
BSX.’TAPER'.13X.‘=‘rF8.3,':1'//BX.'0',BX.'HWT‘,SX.'HWF'.SGX.'Q'.sx.
B'HWT',BX, "HWF' /)

QL=Q1~Q1*,2
CD=Q0/BAR

3

5 X=QD/D+~x2.5
X=ALO0GII(X)
GO 10 (5,7),11

5 HTEVD=-.233392+.4891?5*X*1.068638*X*X-3.074435*X*X#X
1+3;7Y1165*K*X#X‘X‘1.32836‘x*x‘x*x*x
30 10 19

7 HT?VDT“.2371399.146792‘X+2.189321*X*X‘4.354114*X‘X*X
1+4.?10533*X*x*x*x-1.347032*X*X*X*X*X

9 Y18=10.%«HTOVD '
H.. A=zTROEL+Y16+D
X=QD/(IBF(1)«D+v1.5)
Y18=.1379509+.42974097*X‘.07646745*X*K+.012651097*X*X*X
1-. 0009538383 % X« X+ X %X
QU=QD*BAR ¢
HWFA=FACEL+Y18+D
WRITE(SYSOT,3617U,HWTA,HWFA

’G,FGRﬂAT(1X.3F10.?.4OX,'--')

IF(QD.Gr.(O*/BAR+4‘:(01/BAR)*.2)+5.)) GO TO 480
G0=QD+ (N1 /BAR) = .2 .
GO TO 35

480 RETURN

END
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. SUBROUTINE COUT(QADU.DIA.WHW.VEL1.DEP,DSUSN.DSUBC.DIST.SLGPE.CN)
- COVIMDN ITAB(100;,TAB1(100),TAB2(100),TAB3(100),TAB4(100),
1TABS(100),TABS(100).TAB7(100),TABB(iOO),TA59(100),TAB10(100)'
2TAB11(100),TAB12(100),TAB13(100),TAB14(100).TAB15(lOO).TAB1G(100).
3TQWAX(2,100),ELINCB(2,100).ELINCC(2.100),HWCB(2,100).HWCC(2.100),
4L,LL,K,SYSIN,SYSOT,ELIN,ELOUT ,AHWEL,SEL,SER, ELINCA(2,100),
5 IPROJ(26),11,12,13.14,15,ELL,ELR,Q1,AKW,DTW,CLTH, I55,
6N :A(2.100).NOCB(Z.iCO‘.NCCC(2.$00).TBFALL(2.100).TCFALL(2.100).
7DISTA(2.100),SL09A(2.100),CRESA(2.100),VELA(2.100).DIST8(2.1OO),
BSLJPB(Z.100).CRESE(2.1CO).VELB(2.100).DISTC(2,100).SLOPC(2.100),
9CRESC(2.100),VELC(2,10C),ELTRCB,ELTRCC,QUE,DISL,DYSR, SFACE,
ADIAY,DIA2,ELLE,ELRR,NOCBS,HWTEMP ,KBAS1 ,KBAS2,KDEP1 ,KDEP2
CIVENSIUN V(2).SPH{2),HYDR(2),CKE(5)
DATA CKE/.9,.7,.5,.2,.2/

HEAD = (1. + CKE(T74) + ( 185.0%CN *CN *DIST/DIA#%1.,33333 ))
1% (QADU~QADJ/39.725/D1A*%4 )

Al PHA=1,12

IF(I1.EQ.2) ALPHA=1,04

CRITICAL DEPTH CALCULATIONS
Z=JADU/(32.2/ALPHA) +*.5
X=ALOG10(Z/DIA*+2.5)
IF(X.GT.ALOGIO(.7)) GO TO 80 .
YOD==.C051657+.407352*X—-,1830236*X*X~, 0915565*X*X* X
GO TG 85 i .
YOD=-.0244603+4.2017057*X~.64009815*X*X+.695619%X*xX*X
Y0D0=12.»%Y0D .
DSuUBC-YOD*DIA

NORMAL DEPTH CALCULATIONS

Z=CN *QADU/ (1.4RG*SLOPE*+.5)
X=ALOGIG(Z/ClA*+2.6687)
IF(X.LE.ALDG10t.24) GO TQ 60
IF(X.LE.ALOG1C(.375)) GO TO 62
YOD=1.0%B1646+2,32063+X+1,089492*X+X

GO T 6
YOO =, 303620+, 90T8RA+X+.192615%xX*X
GO o oea

YOO - . 0uh734-2, 0975032+ X+1,125336%X+X
IFIX.CTOALOCI0(.33%)) YOD=0.0
YOU-10,++Y0D

CSUBN=YQD+D LA

WTw=DTW

TEVP=(DSUBC+DI A)%0.5

IF { TEMP = WTW )1€1.,161,170

TEVMP = WTW

WHo = TEVP + HEAD

IF(wWHW = (OTA+{1.+CKE(I4))*(QADJ*QADU/39.725/DIAwx4)) }200,450,450

IF (DSUBN=DS. 5C)450,205,205
NEW4 = O

IF ( WTW - DSUBC )225,225,210
IF (WTw - DSUBW )220,220,215
NSWI = 1

DEP = WTW
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GO TO 320
DEP = DsUBC
GO TO. 320

SUVIX = 0.0

I =1

NSWI10 = O

IF ( DEP - DIA )700,325,330
IF ( NSwé )700,390,700

DEP = WTwW - SLOPE * DIST

IF ( DEP —~ CSUBN )335,335%5,376

SUVMX = (WTW=DIA/(1.0+SLOPE*SLQPE)**Q.5)+(1.0+1.0/SLOPE/SLOPE)*%0.5

DEP = DIA
CALL CRZUT(DEP,AREA,T,WP,DIA,R)

¢™PUTE THE VELOCITY,SPECIFIC HEAD + HYDRAULIC RADIUS
ki TWD CROSS-SECTIONS

V(I) = QADJ / AREA

SPH(L) = DEP + ALPHA * V(I)*v(I) / &4.4
HYDR(I)= AREA / WP

IF ( 1 - 2 )3%0,360,360

I =1 + 1

IF . ( NSw4 )280,355,35%6

DEP = DEP + 0.2

IF ( DEP =~ DIA )700,390,390

DEP ‘= DEP - 0.2

GO TO 700

COVPUTE AVErAGE VELOCITY AND AVERAGE HYDRAULIC RADIUS
FOR THE COR&S=SECTIONS

AVEV = (V(1) + V(2)) * 0.5

AVEHR = (MYOR(1) + HYDR(2)) * 0.5

St = CN * CN « AVEV % AVEV / 2,21 / AVEHMR*=*1,33333
IF ( NSwd )362,361.362

IF ( 51 - SLOPE )37%,375,366

IF ( SLDPE -~ St ;375,375,367

COVPUTE DISTANCE Xt

DX1 = { SPH(2) ~ SPH(1) ) / ( S1 ~- SLOPE )
GO TN 368
DX1 = ( SPH({1) =~ SPH(2) ) / ( SLOPE = 351 )

COVPUTE ACCUMULATED CISTANCE FROW THE QUTLET

SUWX = SUMX + DXt

IF ( SUMX =~ CLTH )370,371,371
Vit = v(2)

SPrii1Y= SPH(2)

HYDR({1)= HYDR{2)

GO TO 351

IF « NSx4 )C273,372.373

DEP = DEP - (SUMX=CLTH)/DX1%0.2
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GO 10.376

DEP = DEP + (SUMX-CLTH)/DX1%0.2

GO TO 375

CEP = DSUBN

NSWG = =1

I =1

CALL CROUT(DEP,AREA,T ,WP,DIA,R)

WHW = SPH(1) + CKE(I4) * v(1) » V(1) / 64.4
GO TO 450

VELOCITY CALCULATIONS FOR INLET AND OUTLET CONTROL

OUTLET CONTROL CALCULATIONS

IF ( wTw - DIA )451,470,470
IF(DSUBC ~ DIA)452,470,470

IF(DSLBC ~ WTw)453,454,454

DEP = wTw

.CO 70 4€90

DEP=DSUBC

R = 0,5«DIA

CALL CRQUT(CEP,AREA,T,WP,DIA,R)
GO 70 480

AREA CALCULATION FOR PIPE FLOWING FULL

AREA = (.735398 + DIA * DIA
VEL1 = QADJ / ARCA

RETURN

END
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SUBROUT INE CFIT(Q,CN,D,QMAX,TGEL,SLOPE,14,11,CLTH, DTW, AHWEL) C 8335
DIVENSION CKE(5) ' C 8340
DATA CKE/.9,.7,.5,.2..2/ C 8345
DIST=CLTH C 8350
ALPHA=1,12 C 8355
IF(I1.EQ.2) ALPHA=1,04 C 8350
QF=0Q C 8365
AREA=.785398%D*D - C 8370
WP=3.141594D C 8375
A=50. C 8380
10 OF=QF+A C 8385
HR=AREA, WP C 8390
HD=(QF/10.)*(QF/10.)* ((1.555%(1.+CKE{14)))/(AREA*AREA)+(45.095+CN+ C 8395
1CN«DIST/ (AREA*AREA®HR#*1,333333))) ' ¢ 8400
Z= QF/(32.2/ALPHA)+*.5 C B40S
X=ALOG10(2/0%%2.5) C B419
IF(X.GT.ALOG10(.7)) GO TO &80 C 84:5
L YOO==,0051657+.4073624X~, 1830236%X*X~, 09155655+ X« X» X C 8420
GU TO &S . C 8425
E0 YCD=-.0244603+.20170574X~.64009815%X*X+,.595619+X#X#X C 843¢
85 YOD=10.=*Y0QD C 8435
DC=YID«D C 8440
IF{DC.LE.D) GO TO 30 C B44s
20 OC=D . C 8450
30 T = (DC+D)Y/2. , C 8485
IF(DIW.GT.T) GO TO 89 C s46¢
40 HD= T € 8465
GO 70 55 € 8370
£0 HO=DTwW C 8475
55 WHW=HO+HD C 8480
HWO=WH®+ TOEL C 84325
IF(HWO.GT.AHWEL)GO TO 60 C 8490
GO 10 10 C 8495
60 QF=QF-A C 8590
IF(A.LT.5.) GO 70 70 ¢ 8505
A=zD . C 8%1
GO TO 10 C &515
70 QMAX=QF C 8320
RETURN C 8525
END C B8S30



SUBROUTINE CEQUA(X,HW,DIA,SLOPE,1S)

DIVENSION A{10),B(10),C(10),D(10).E(10).F(10)

DATA A/.108786..114099..157287.p087483..120659,.063343..081730.
1 .187321..107137,.167433/

DATA B/.662381..653562..558766,.708578..630768..766512..698353.
1 .567710,.757769,.538595/

DATA C/—.233801.-.233615.—.159813,—.253295.—.218423.-.315097.
1--.253683, -.156544,-.361462,~-.145374/

DATA D/.0579585,.0597723,.0420069 -.0667001,.0591815,.0876701,
1.0651250, .0247052,.1233932,.0391543/

DATA E/-.0055789,~.00616338,-.00369252,~.0066165,-.0059917.
1-.00983695,~,0071975, . =-00343602,-.0160642,-,00343974/
DATA F/.000?05052,.000242832,.000125169..00C250619..000229287.
1.00041876,.00031245, »00008866, .00076739,.000115832/

c

C-~=~—=CONVENTIJINAL PIPES

' SCURR= .5

IF(IS.EN. 9 SCCRRa0.0 ,
HWIVD = A(I5) + ( B(IB) + ( C(I5) + { N{1I5) + ( E(I5) + F(I5)*Xx )

1 X )+ X ) * X ) « X - SCORR * SLOVE
HW = HWOVD % DIA

RETURN

END
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SUBROUTINE CROUT(DEP.AREA.T.WP,DIA(R) .
CALCULATIONS FOR PlpE CHARACTERISTICS FOR ANY DEPTH OF fFLOW
ANSWERS ARE 1, AREA OF PIPE 2. WETTED PERIMETER 3. TOP WIDTH

ARCSIN APPRTYIMATION

PHIY = 1.570796 + (~0.214512 + ( 0.0878763 + (-0.0449589 + (
10.0193499 - 0.00433777 * Y1) % Y1) * Y1) % vq) & vy
ANGLE = 1.570796 ~ (- 1.0 - Y1) %% 0.5 * oH1y :
IF(C Y }705%,715,710°
ANSLE = = ANGLE
AT = ANGLE + 1.5707956
AREA = ( DAE * ( OIAYDEP =~ CEP=DEP )*%0.5 ) + (R*R*DAC)
T = 2.0 « { R¥R = DAB*DAB ) *+ 0.5

WP '= DIA * DAC
RETURN
END
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