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INTRODUCTION

The programable calculator as a culvert designing tool offers many desirable
features. Compared with the hand method, the calculator is more accurate,
Tess time consuming, and eliminates all the searching through charts and
nomographs. In one quarter of the time it takes to design one culvert by
hand, the designer could use the calculator to design the culvert, checking
four or five different sizes to find the best one, while also evaluating
several inlet configurations including both side- and slope-tapered inlets.

In an office where it is not feasible to use a computer for culvert design,
the programabie calculator becomes a desireable alternative. The accuracy
remains the same, and the calculator method offers a segment by segment design
approach. This method aliows the culvert design parameters to be changed

as the design is proceeding along.

The procedure herein covers both box and circular pipe culverts and follows
the culvert design methods presented in "Hydraulic Design of Improved
Inlets for Culverts," Hydraulic Engineering Circular No. 13 (HEC 13), dated
August 1972. The programs begin with the computation of tailwater, proceed
through the desicn of the culvert barrel, and conclude with the design of
the culvert inlet most applicable to the site. The programs produce
detailed inlet dimensions, performance curve data, and the outlet velocity.

Since the procedure is subdivided into a series of programs, the designer
may enter the sequence at any point, provided the necessary input data is
available, and obtain the desired design results.

‘These box and pipe culvert programs have been written for use on the Hewlett
Packard - 65 calculator. It is expected that with the equations, examples,

and program listings, a designer will be able to write similar programs
for any other calculator he may have available.

Terminology used in this publication assumes that the designer is familiar
with HEC 13 and understands the principles and design philosophy expressed
therein.

This document was written by Mr. Patrick Wlaschin and edited by Mr. Philip L.
Thompson.






PROGRAM LIMITATIONS

When computing headwater depths, Hg and Hg, the upper and lower
14mits for these values are 4.5 D and 0,5 D. These limits
indicate the range over which research was performed on these
culverts, Begcauses polynomial best-fit rquations are used to
produce the chart values from H¥C #13, values outside these
1imits can be obtainad, Sinece the programs do not check for

thegse conditions, it is left to the designer,

When designing either a side-tapered of slope-tapered inlet,
the number of barrels, N, i1s limited to two. Por multiple

barrels, each barrel should be designed individually.

In programs for circular pipes where d,,/D is grester than 0.89,
the program assumes the pipe to be flowing full in calculsting
the outlet velocity. |

In ecaleulating the "H" wvalue in the outlet control performance

programs, it is assumed that the culvert is flowing full,

Tn the design of slope-tapered inlets, the FALL slope, Ss,

must range between a 2:1 and a 3:1 ratio,

In any of the programs which use FALL, this value is limited
to a range of %D to 12D for slope—tapéred inlets.

For side-tapered inlets the value of side taper, 57, nust be
between 4:1 and 6:1.

The value of L3 must be greater than or equal to 2E. This value

' has been set so that eontrol will ocecur at the throat section

iid



rather than at the bend section.

in addition to the design limitations given previously for
box culverts with sliope-tapered inlets, the following brit@ria
apply to slope-tapered and rectangular side-tapered inlets
for pipe culverts:
The rectangular throat of the inlet must be a square
saction with sides equal to the diaheter of the pipe
culvart,
The transition from the square throat section to the
cireular throat section must be no shorter than half
the culvert diamater. If excessive lengths are used,
the frictional losses within this section of the culvert

should be considered in the design,

The design of multiple barrels for circular culvnrts‘ﬁsing.
slope-tepared improved inlets cen be performed the sane as

for box culverts except that the center wall must ba flared

in order to provide adequate space betwesn the plpes for
proper compaction of the baeckfill. The amount of flare
required will depend on the size of the pipes and the constric-
tion technigues used., No more than two barrels may feed from
the same 4inlet structure using the design metnods of'theér

progranms,

An alternative would be to design a series of 1nd1v1dua1-c1rcular :
culverts with slope-tapered inlets, This permits the use of an
unlimited number of barrels and the design programs are appli-

able,

iv



The wingwall flare angles used in side-tapered inlets sre
limited from 15° to 26° with the top edge beveled, and from

- 26 to 90° with or without bavels.

" The socket entrance used in these programs refers to the

bPell énd gpigot type of pipe,.

A1l the dimensions used in these programs are in ¥nglish
units. The programs require all of their inputs to be in

this type of format.

The use of slopes equal to a value of zero will produse

incorrect results,
These programs do not check for errors in input values,

Several of the equations given in the agquation section of

a prograﬁ may not be the exact formuls used in the proaram.
This is due to the size limitations of the HP-65 calculstor.
It was determined that these small differences did not

Sigmificantly change the final results.

Generally the order of program exascution is from Label A,
through Labels B, C, and D, The usaer should rafrain from

performing ecaleulations between using these labels.

For the most part, these limitations are repeated in the

disecussions with the programs.






LIST OF SYMEOLS

Symbol ’ Units Degeription

A : 8q.ft. Area, cenerally the cross-sectional
area of flow
a | ft. Bevel dimension used for cirecular pipe
. culverts
ADJ.L ft. Adjusted length of a culvert, after its

original length has been altered by the
addition of an improved inlet,

ADJ .S Ad justed slope of a culvert, after its
: original slope has been lowered by the

use of FALL -
Alphgl Velocity distribution factor used with

pipe culverts, 1,04 for concrete, 1,12
for corrigated metal

ABW R®L, ft, Allowable headwater elevation at the
: culvert entrance o

B rt. Width of the box culvert barrel or the
diameter of a pipe culvert

b - ft. Bevel dimension used for circular pipe
culverts

Be ft. Width of the face section of an improvad

: inlet

BW ft. Base width of a rectangular or trapezoidal
chahhel section _ -

c S ft. Bevel dimension used for circular pipe

- culverts

CW ft. Width of ‘the welr crest

D ft, Height of a box culvert or the diameter
of a pipe culvert

4 ft. Bevel dimension used for circular pipe
culverts

d, . ft, Critical depth of flow

dn ft. Normal depth of flow

dg,d3,du- ft. Variable depths of flow

vi



Szmbcl

"
EL.FACE
wL.¥D
=L.FU
WL.IN

EL.OUT

EL.THR

FALL

Units

ft.
ft.
ft,
ft.
ft.

ft.
ft.

ft.
rt./sec?
ft.
ft.
ft.
ft.
ft,

ft.
ft.

ft.

-Degeription

Hetight of side~tapered pipe culvert
face section, excluding bevel dimension

Invert elavation of the face section of
a culvert

Cateh point elevation of the £111 slope
at the downstresm end of the cross section

Catech point elevation of the £111 slope
at the upstream and of the cross gection

Invert slavation of the culvart before
any improved inlet adjustments

Invert elevation of the culvert cutlet

Invert elevation of the culvert throat
section .

Distance betwean the culvert inlet and
the control section, Measured in a down-~
ward direction

Acceleration of gravitys 32.2

Head or energy required to pass a #iven
guantity of water through a culvert
flowing in outlet control

The depth of pool, or head, abova the
welir crast

Head loss at a culvert due to the antrance

configuration

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

Dapth of pool, or head, atove the throat
section invert

Head due to veloecity -

Headwater elevation at the entrance to
a culvert

Entrance energy logs coefficient

The length of the culvert, meagured alons
the barrel

vis



Symbol Units Description

Ll'LZ' ft, Dimensions ralating to the improved inlat

L3,Lh as shown in sketcheas of the differsnt
inlet types

N Number of culvert barrels

n Manning roughness coefficiant

Q cfs., The volume rate of flow

R ft. Hydraulic radius

b o ft, Variable parameter aqual to the absolute

value of the differance betwaen the flow
depth in a pipe culvert and the radius

S ft./ft. Slope of the culvert barrel
Sep ft./ft, Downstream fill slope
Spy ft./ft. Upstream 111 slope
£ ft./ft. Slope of FALL for slope tapered inlets,

(ratio of horizontal to vertical) See
deslign sketches

Se ft./ft, Slope of the natural channel

8T ft./ft. Sidewall" taper

™ ft. Tallwater depth at the culvert outlet

v fps. Mean velocity of flow

WA degrea Wingwall taper angle

WP ft. Wetted perimeter

WT ft./ft, Wingwall taper

X Variable parameter used to simplify
calculations

Y.y Variable parameter used to simplify
calculations

Yava ft. Parameters used to indicate the equations
of various slope lines

z Variablp parameter used to simplify
caleculations

Zy+%5 ft./ft 81de slopes of a channel section

viii






PROGRAM OUTLINE

A, Box Culverts

1.
2,
3.
b,
5.
6

.

7.

Tailwater Calculations

Culvert Length

Culvart Size

Outlet Control:s Performance Curve

Outlet Control: Outlet Valocity

Inlet Control: Performance Curve

a,
b,
.
a.

Square ¥dge with Headwalls
Square %Wdge with Wingwalls
Bevel %dge with Headwalls
Bavel Wdge with Wingwalls

1) Silope and Length Adjustments
2) Crest ¥valuation

Taperad Throat Sections

1) Side Tapered: Square Tdges
2) Side Tapered: Bavel Tdges

a) Slope and Length Adjustments
b) Crest ®wvaluation

Slope Tapered: Vertical Face
Slope Tapered: Miterad Face

£Ww
o s?

a) Slope and Length Ad justments
b) Face Dimansions
¢) Crest ¥valuation

Iniet Control: Outlet Velocity

ix

23,

19
21



PROGRAM OUTLIN®

B,

NN v FOwoN e

Pipe Culverts

8.

Tailwater Calculations

Culvert Length

Critical Dapth

Culvert Size

Outlet Control: Performance Curve

Cutlet Control: Outlet Velocity

Inlet Controls Parformance Curve

Thin~edge Projecting Inlet
Standard "nd Section

Be¥el Ydges

3quare ¥dges in Headwall
Projecting Socket ¥dge
Socket Wdge in Headwall

1)
2)

Slope and Length Ad justments
Cregt Tyvaluation

Tapered Inlet: Smooth Throsat

1)
2)
3)

4)
5)

-Taperaed Inlet: BRough Throat

Side Tapared: Projecting
Side Tapered: Square Tdges
Side Tapered: Eevel ¥dges

a) Slope and Length Adjustments
b) Crest ¥valuation

Slope Tapered: Vertical Fsce
Slope Tapered: Mitered Face

a) Slope and Length Adjustments
b} Pace Dimensions
¢) Crest Tvaluation

Inlet Control: Outlst Velocity

Program_#

18, 19
20, 21
22

39, 4o



CULVERT PROGRAMS



PROGRAM #1 - NORMAL DFPTH

In calculating the performance of a culvert, the tallwater
depth is required, This tailwater depth is used in deter-
mining the water surface elevation at the outlet of the

culvert, One method of estimating this depth is to set it

equal to the normel depth of the flow in the channel,

Program #1 calculates the normal depth of water flowing in a
natural channel. For the program to operate, the channel
cross-section is assumed to be prismatic in shape. Depending
upon the inputs, a triangular, rectangular, or trapezoidal
section may be evaluated. These various shapes are dimen-

sioned as follows:

N v 4 v AN A4 -/
1 1 J 1 1
2 Z, N Zy Z,
k—-BW——-{ P —y
triangular rectangular trapezoldal

EQUATIOﬁS
Q = 1.486(ar" 755 /m
A = dp(BWed,(2442,)/2)
WP = B, ((2541) " Oh(2541) ")

R = A/WP

V= Q/A



REMARKS

For the program to operate properly, the base width (Bw)
and the stream roughness value (n), must be stored together
&8s a sum in register #2. To avold the mixing of data, the

base width (BW), must be an integer.

The channel depth (d,) must be calculated using Label A

before the channel velocity (V,) can be determined.

STEP INSTRUCTION INPUTS KEYS DISPLAY

1 Load program
2 Input register values Q STC 1 A
BW ENTER BW
n + STO 2 BW4n
8 STO 3 So
Zl STO 4 Zl
Z, STO 5 Z5
Calculate normal depth A d,
Calculate channel velocity i3 Vo
5 - For a change in any of the

channel properties go to
step #2 and change only the

necessary data.

EXAMPLE #1

Find the normal depth for a trapezoidal channel with gz basge
width of 6 feet and side slopes of 2:1 and 3:1. The channel
slope is 0.048 and the roughness value is 0.045, The ectinated

flowrate is 650 ¢.f.s.



KRYSTROKFES
650 STO1 . . . . .« . .
6 ENTER .045 + STO 2

° 0148 STO 3 . e o e @

2 STO h ® * L] .} [ ] [ ) L E

3 STO 5 ® ° ® ° e (] . .

A * L] @ ® a » . ® a » ©

B - * * o - L] L) ® [ ] (] L]
EXAMPLE #2

Evaluate the previous example

The base width (BEW) is set to

RKEYSTROKES

) 045 STO 2 ° e o . . .

A L) L) L * ® L ] . * . . o

B L] ] ] [ ] L4 . e [ Ld L]

LISTING - PROGEAM #1

LBL A 1 ST0O 6 STO 8 LREL
+ RCL 2 f INT + RCL 6 x
RCL 5 ENTER x 1 + f X
g ¥y x RCL

<« RCL 1 -

-2 ENTER 3 +

ReL 2 r-1

INT
g x2y STO 7 -
ST0 8 S8STO -

(95 STEPS)

g x=y RCL 6
6 GTO 1 LEL

DISPLAY

650,00
6.05
0.05
2,00
3.00

3,61 ft, normal depth

for a triangular cross-section,

zero.
DISPLAY

0.05
b6 ft,
12.05 fps.

L 4 *

1 RCL 4 RCL S + RCL 6 x

&
+ RCL 6 x RCL 2 f INT +
3 f & x 1 . 4 8 6 x

RCL 4 ENTER x 1 + f°

0 & x2y & x=y RCL 6 RTN RCL 7

RTN RCL 7?7 RCL 8 x g x2y

Bg Rt RCL 1 g x2y + RTN

11.97 fps. channel velocity



PROGRAM #2 - CULVERT LENGTH, INLET AND OUTLET ELEVATIONS

This program uses the site characteristics to determine the
culvert length for a given barrel height. The inlet and
outlet elevations for the culvert are also calculated by

this progranm,

Both box and pipe culverts can be evaluated by this program,

The necessary input data are indicated in the diagram below:

e

FL,INLET

Roadway Cross section
EQUATIONS
L = (EL.INLET-EL,OUTLET)(S3+1)" 5/s.O
FL.INLET = FL.FU-(DSSpr(S2+1) "7/ (145,8,.))
‘ 2 145
EL.OUTLET = FL.FD4(DSoSpp(Sq+1) 7/ (1-S43pp))
The derivations of these equations are found in the apprendix.

REMARKS

The length of the culvert (L) is measured along the bharrel oni

1s not a horizontal dimension,
t;



REMARKS (cont,)

The ends of the culvert are assumed to be vertical.

STEP INSTRUCTIONS INPUTS KFYS DISPLAY
1 - Load program
2 Input register values D STC 2 I3
SO STO 3 So
SED 8TO 5 Sep
SFU STO 6 SFU
FL.FU ST0 8 FL.FU
EL.FD STO 9 RL.FD
3 Calculate the culvert length A L
L Calculate inlet elevation R FL.IN
5 Calculate outlet elevation o FL,0UT
6 For a change in any of the
reglster values go to step
#2 and change only the
necesgsary data,
EXAMPLE #1

Find the length of a 9x§ box culvert on o 4% slope. Poth

the upstream and the downstream fill =lopes are on = 311
ratlo. The elevation of the catch point on the upstream fill
1s 100 feet. The catch point elevation for the downstream

slope i 90 feet.

KEYSTROKES DISPLAY
5 STO 2 L] . . . ® . ° . . O 5.00



KEYSTROKES

.04 8TO 3, , ..
3 STO S5 . . ...
sTo 6 .. .., ..
100 sSTO 8 ., , ., .
90 SsTO9 . ...
A L0 ...

B L) L * > * L) . L]

C . ° L] L] L4 L] () .

BEXAMPLE #2

It was later decided to
location instead of the

the inlet and outlet in

KRYSTROKES

66 ENTER 12 =«

A L] @ Ld L J L ° 1 d ]

ﬁ - e e ° » L] L] L] L]

c ° L) [ L] L3 . .

LISTING - PROGRAM #2

LzL A E C - RCL 3

STO 7 RTN LEL E RCL
RCL 3 x RCL 6 x RCL
RTN LEL C RCL 3 &NT
x RCL 5 x RCL 3 RCL

-

RTN {68 STEPS)

use

9x5

vert

+

3
3
ER

5

DISPLAY

o« . 0.0L
. . 3,00
e o 3,00
e « . 100,00
. .« . 90,00
. . . 219,71 ft, LENGTH
« « . 99,46 ft, KEL.INLET
. « . 90,6R ft, KI,OUTLET

a 66 inch pipe culvert st this
boi culvert, Find the length and

elevations for this situation,
DISPLAY

2 .. 5.50
e . . 216,66 ft, LENGTEH
e . 99,41 ft, EL.INLETV
« « « 90,75 ft., RL.OUTLKT

RCL 3 ®NTBR x 1 + f & x
ENTER x 1 + f & RCL 2 x
RCI. 6 x 1 4+ CHS + RCL & 4
x 1 4 f /& RCL ? x RCL 2

CES x 1 4 * RCIL & . =t b



PROGRAM #3 - EOX CULVERT; SIZE AND OUTLET CONTROL PFRFORMANCE

This program has two functions, First, it can be used to
select the appropriate box culvert size, Second, once this
box size has been selected, the program will evaluate its
performance for various flowrates. The outlet control perfor-
mance curve can be made by plotting these flowrates versus

the generated headwater elevations (HW FL.).

In determining the best box culvert size, the designer must
first select a triaml height (D) and width (BR). For these two
values the program ecomputes the water surface elevation of
the headwater pool at the culvert inlet. A visusl comparison
of this value to the allowable headwater elevation (AHW EL.)
is made and the designer adjusts the height (D) and width (F)

accordingly.

Once the box size has Yeen determined, various flowrate values

can be placed into the program to obtain the performance curve,

The following diagram indicates the location of the energy

losses agsociated with culvert flow.

ENFRGY LINE

HYDRAULIC GRADE LINE

.
e
- N
Ce—— T
— = T L e e ,.A‘i._.___;._.
— T Ve
T |9y

EL ,OUTLET ,////




EQUATIONS

k2
Hy = k V°/2g

. Hp = 29n%Lv?/2gr1+ 33
Hy = V2/2g

H = Ho+Hp+H,

(1+ke+29n2L/(BD/2(E+D))1’33)(Q/DBN)?/2z

dp = (dc+D)/2 or the Tailwater depth, whichever is larpgest
HW EL, = H+dp+EL.OUTLET

d, = 0.315(q/eN) &7

REMARKS

The critical depth (d,) cannot be greater than the height of

the box (D). The program includes a test for this situation.

Since the water at the inlet is consldered to be a pool, the
velocity at this point is assumed to be approximétely zero,

This allows the hydraulic grade line to be equated to the energy
line.,

For the program to operate properly, the number of barrels (N}
and the barrel roﬁghness value (n), must be stored together
as a sum in register #8, The limitations of the assumptions
made also require that the number of barrels (N) be limited

toc a value of 1 or 2,

Label A (HW FL.) must be executed before Label D {(d,}.

9



STFEP INSTRUCTIONS INPUTS KFYS DISPLAY

1 Load program
2 Input register values Q STC 1 QR
D STO 2 D
R STO 3 R
EL.OUT STO 4 EL.CUT
k, STC 5§ ke
W STO 6 T
L STO 7 L
N FNTER N
n + 8STO 8 N4n
3 Caleulate headwater elevation A HwW EL.
4 Caleculate critical depth R d,
5 Calculate total head loss C "
6 Caleulate depth of water at outlet D d,
7 To evaluate another box

slze, reenter another

helght and/or width and

go to step #3, ¥

8 To obtain outlet control

performance eurve coordinates,

input various flowrates and

calculate the corresponding

headwater elevations, ##*

* If the length and the elevation of the outlet of
the culvert change with the depth, they must sleo
te reentered,

*## If the tallwater depth changes, it must be reentersd,
10



EXAMPLE #1

For a flowrate of 400 c¢fs., and an entrance loss coefficient
of 0.5, find an appropriate box culvert size. The tallwater
depth for this flowrate 1s 2 feet. From the site conditions,
it has been determined that for a 5 foot box height, a 255,00
foot barrel 1s required. The outlet elevation for this box
would be 99.70 feet, If a 6 foot box height is selected the
length would change to 250,00 feet with an outlet elevation
of 100.00 feet, The culvert is to be constructed of concrete
with a’roughness factor of 0.012, The allowable headwater

elevation is set at 130,00 feet.

KEYSTROKES DISPLAY

boo sT01 . . . . ¢ .. . . B0OO.00

05 STO 5 . ° ® . . . * ° ° 0050
2 STO 6 © ° . 3 . » o e s ° 2'00
1 ENTER .012 + STO 8 ., . 1.01

Try a 5x5 box,

5 8TO 2 . . ¢« v ¢« o o s o 5.00

STCO 3 + & ¢ o ¢ o o o o o 5.00

255 STO 7 . . « o « + « o« » 255,00

99,7 STO 4 . . . .. . . . 99.70

A . . v o 4 e v e s s s . .+ 113,81 ft, HW EL,
HW FL. 1s lower than ABW EL. Try 4x5 box.

4 STO 3 . v v ¢ o v o o o 3.00

A o . v v s v e v e e s . . 119,76 ft, BHW FL.
HW FL. is closer to the AHW EL, Try 3x5 box.

11



KEYSTROKFS DISPLAY

5 8ST03 . . . v v v ... 3,00

A . ¢ . ¢ ¢ v v v e e e v . 134,08 ft., BW EL,
BYW FL., exceeds the AHW FL. The 4x5 box will work.
Try a 4x6 bvox,

6 STO2 . ......... 6.00

b sT03 . . .. ... ... k,oo0

250 STO 7 . « v v o« v 4 . . 250.00

100 sTO & , ., ., ... .. . 100.00

A o . . 0o v .., 116,00 £, HW EL.
HW EL. is iess than the AHW EL. Try a 3x6 box.

3 870 3 . . 0 e e e e e e 3.00

A . . o 0 e 0o s s . . 125,51 ft, HY EL.
HW EL. is close to the AHW FEL, Try 2x6 box.

2 STO3 ., . . ¢ v v v .. 2.00

A . ... .. ... . 158,31 ft. HW EL.
HW EL. exceeds the AHW EL.

Use either s 4x5 or a 3x6 box culvert,

EXAMPLE #2

Evaluate the performance curve in outlet control for the
3x6 box sulvert designed above, Plot four points on the

curve corresponding to the 0,.6Q, 0.8Q, 7, and 1.29.

KEYSTROKES DISPLAY

400 ENTER .6 x STO 1 ., . 240,00
6 STO 2 L . L4 L L L Ll L4 L] . 6. OO

12



KEYSTROKES DISPLAY

3 8TO 3 . v ¢ v o ¢ o o o 3.00

100 8TO 4 , , . . . . .. 100,00

5 805 . .. ¢ e+ .. 0,50

2 STO6 . v v v ¢ v o ¢« o« 2,00

250 STO 7 . v + v ¢« « « . . 250,00

1 ENTER ,012 + STO 8, . 1,01

A . . . . v v e e e e v . . 112,95 ft, HY EL, @ .6Q

400 FEnter .8 x STO 1 . . 320,00
A ¢ 8 ¢ »3 © o » e o ° ¢ o 118."“8 fto HW EL. @ .8Q

400 ENTFR 1.2 x STO 1 . 480,00
A . . . e e v v s e .+ 134,09 ft, HW EL, @ 1.2Q

406 sTO01 ... ... ... 800,00

A ¢ ¢ v v v v 4 ¢« s v e . . 125,51 ft, HW FL,

B oot v et e e s e e e .. 8227t 4,

C v e e e e e e e e e ... 19.51 ft. E

D v v v o v v v v oo . 6,00ft, 4,
LISTING - pnoanﬁ #3

IBL A B RCL 2 g xSy RCL2 gNOP + 2 + RCL 6 g x<y
g xy g NOP STO 9 C RCL 4 + RBCL 9 + RTN LBRL P RCL 1
RCL3 +# RCL8 f INT # 2 ENTER 3 + g ¥y~ . 3 1 & x
RIN IBL C 2 9 RCL 8 £l INT ENTER x x RCL 7 x BRCL 3
RCL 2 x RCL 3 RCL 2 + 2 x + 4 FENTER 3 + g yX +
RCL 5 + 1 + RCL1 RCL 3 + RCL 2 + RCL8 f INT =
ENTFR x 6 & , 4 + x RTN LBL D RCL 9 RTN (99 STEPS)
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HEADWATER ELEVATIONS (ft)

Plot of the performance of a 3x6 box culvert operating in

outlet control,

Plotting Coordinates

Q 240,00 320.00 400.00 480,00

H¥ EL. 112.95 | 118.48 125,51 134,09

140 ‘ ,
Aliowable Headwater Elevation d
130 |-
120 = ®
B
&4
®
£
©
w0
-
o
%
-
172]
Q@
ol
110 _ l i
200 300 400

FLOWRATES (cfs.)
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PROGRAM #4 - ROX CULVERT; OUTLET CONTROL OUTLET VELOCITY

This program determines the outlet velocity of a box culvert

operating in outlet control,

The formula incorporated in this program is simply V = Q/A.

The depth of flow used in the computation of the cross-sectional
area 1ls equal to the eritical depth or the tsilwater depth,
whichever 1sg larger. However, if this depth is found to be
greater than the height of the box culvert, then the box
culvert height is used as the depth of flow,

EQUATIONS

v

Q/A = Q/(BNd3)
d3 = dc or TW, whichever is larger, not to exceed D
do = 0.315(@/BN)-67

REMARKS

The outlet velocity, Label A, must be calculated before the

depth of flow value, Label C, can te displayed.

STEP INSTRUCTIONS INPUT KEYS DISPLAY
1 Load program
2 Input register values Q 3TO0 1 - Q
STC 2 D
B , STO 3 E
™ STO 6 Tw
N STO 8 N



STEP INSTRUCTIONS INPUT KEYS DISPLAY
3 Calculate outlet velocity A v
4 Calculate critical depth B 4,
5 Calculate depth of flow C d3
6 For a change in any of the

culvert properties go to

| step #2 and change only the

necessary data.

EXAMPLE #1

What is the outlet velocity
of 600 e¢fs.? The tallwater

KEYSTROKES

600 STO1 .. .. ..
5 802, . . v s o .
9 STO 3 4 v v v o o
b5 sTO6 ., . . . . .
1 8708 ., ... ...

A [ L] L] 1 ] [ ] 9 L ] [ ] [ ] -
B [ ] [ ] L] ® [ ] * * - * e
c

EXSMPLE #2

of a 9x5 box culvert at a flowrate

depth 1s 4,5 feet,
DISPLAY

. +» « 600,00

e+« 5,00
PR 9.00
e« . 4,50
o« o . 1.00

e o «» 13.33 fps., V

c .. 5.8 £t 4

o o e 5.00 ft. d3

What veloecity values could be expected for the btox culvert

in the above example at discharges of 400, 500, and 2300 cfsg.?

16



KEYSTROKES DISPLAY

With the previous problem still stored in the calculator.
uoo STO 1 [ L] L ® L] . * L] [ ] h’oo.oo
A ' ® . L] . ] ® L] ] 3 . . . 9.88 fps. V

500 STO 1 L4 . * * * . ® L[] L] 500 . OO

A e 8 8 e ¢ . s e s L2 } LI 12.11 fpS. V

800 STO 1 o [ e . . . . » ] 800000
A . ° . ® . s s . [} . . [} . 17.?8 fpS. V

LISTING - PROGRAM #4

LEL A B RCL 6 gx»y GIO 1 g x2y RCL 2 g x>y g& x3v
g NCP GTO 2 ILBL 1 RCL 2 g x> g x2y & NOP LRI 2
STO 9 RCL 3 x RCL 8 f INT x RCL1 g x2y + RTN
IEL B RCL1 RCL3 + RCL 8 f INT + 2 FENTER 13 =
g€ ¥y . 3 1 5 x RTN IRL C RCL 9 RTN (60 STWPS)

17



PROGRAMS #5-8 POX CULVERT; INLET CONTROL PFERFORMANCE

Program #5:1 Square FEdged Inlet with Headwalls

Program #6: Square Edged Inlet with 30°-75° Wingwalls

Program #7: 11l Revel Fdged Inlet with Headwalls

Program #8: 1:1 Bevel Fdged Inlet with 45° Wingwalls or
13:1 Bevel Fdged Inlet with 18°-33,7° wingwalls

These programs evaluate the hydraulic performance for the
above inlet configurations. Although the shape of the inlet
faces differ dramatically, the analysis formulas are very
similar. For this reason, these programs are grouped together,
A further detailed explanation of the geometry of these inlets

i1s depicted in the diagrams telow:

Program #5

' =
ISZO- Ll nxlll!llllll

t < 2—'5— >

Elrlll{‘ Kr{r—

90° and 15° Wingwalls Headwalls - Normal or Skewed to
Square Fdges 45° Square Fdges
Program #6 ;x

/o~ 757

30

t [ A A | / T I O O O I O I |

<
| UL L L L L - t'llllll‘li

Wingwalls 30°-75° Fiare Square Fdges
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Program #7

@ | “M,

=g — <

e

Headwalls - Normal to 45° Skew, 1:1 Revel Fdged,

Variable Bevel on Acute Angle of Skewed Headwall

Program #8

2 ~
L;5o K‘\( TS T S W N lgsNJ I Y R I 33;70 TN W N T |
;! g

T T T T ] xulxwli =T T 71 T
45° Wingwsll Flare 18° to 33.7° Wingwall Flare

- 111 Peveled Top FEdge 12:1 Reveled Top Fdge

For each particular inlet, the program calculates the height

of the water at the face of the culvert (Hf)° This value 1is
then added to the culvert inlet invert elevation (He 4+ FL.IN),
If this sum is less than the allowable headwater elevation

(AHW EL.), then the inlet elevation becomes the elevation cf
the face (FL.FACFE)., However, if the sum of the height of the
water at the face of the culvert and the elevatlon of the

inlet exceeds the allowable headwater elevation, the difference
between this sum and the allowable headwater elevation is subt-

tracted from the inlet invert elevation. This new elevation

19



1s now called the elevation of the face {FL.FACF). For the
culvert to operate properly, the inlet invert must be reset
to thls elevation, The drop in elevation of the inlet invert
1 called the FALL. The diagrams below graphically show this
occurrence. It should be noted that as the inlet invert

elevation drops, the culvert barrel rotates sbout the outlet

invert,
BW EL. AHW FT, HW FL. & ABwW FL,
A p— P4 ~
T Z

He

\\

\\EL.IN, EL,FACE

No FALL Required FALL Required

As indliecated in the diagrams, when the calculated hesdwater
elevation is above the allowable headwater elevation, the
headwater elevation is set equal to the allowable and the

difference is taken up by the FALL,

Generally speaking, the invert elevation of the culvert can
always be thought of as the elevation of the face (FL.FACE).
The original elevation of the culvert inlet invert before
considering the sffects of inlet control and FALL, can be

taken as the elevation of the inlet (FL.INLET).

Once the culvert has bteen sized for the design flowrsre

conditions, the same program can be used to evalu;ite the

20



performance of the culvert for other flowrate values, In this
‘manner a performance curve for the culvert operating in inlet

control can be drawn,
EQUATIONS

- EL.FACE = AHW FL.-Hy  (With FALL)
= EL.INLET (Without FALL)

HW EL. = FL.FACE+H,

FALL = EL.FACE-EL,INLET
Note: The FALL is measured in a downward direction

and therefore 1s always a positive value,
X = @/(pNpy1-5

Program #5

He = D(0.12211740. 505435X~0.108560X%40.0207809X°
-0.00136757%%+0.00003456X5)

Program #6

Hp = D(0.072492740,507087X-0,117474X%+0. 0221702
-0.00148958x*40.0000380%°)

Program #7

He = D(0.1566086+0,3989353X-0.0640392X240, 011201 35X
-0.0006449X *+0. 000014 566x°)
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Program #8

He = D(0,0895633+0.8412465X-0,0743498X2+0,01273183%°
-0,0007588%™40.00001774%°)

REMARKS

In evaluating these inlets, the box size must be determined
before the culvert performance values can te generated. OCrnce

the box culvert has been sized and the elevation of the face
(EL.FACFE) established using the design flowrate, the program

can then be used for performance evaluations., In ecalculating
the performance curve values, the elevation of the face (FL.FACF)
must remain s constant, To insure that this value does remain

a constant, Label A on the calculator should not be used during

the performance curve evaluation,

These programs have been written with the input values stored
in the same registers for each program. This allows the designer
to store the input data once and evaluate all four inlet

configurations by just loading the individual program cards,

henever applicatle, a bevel edged inlet is recommended for
use in lieu of a sgquare edged inlet. The large increase in
hydraulic performance gained by using the trevel edged inlet,

greatly outweighs the small sdditional cost.

To insure the proper operation of these inlets, the FALL valne
1s limited to a minimum value of %D and a maximum value of

12D, If the minimum value is exceeded, ie., FALL =~ 0,2D,
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one of three alternatives may be considered. First, since
the FALL is so small, the culvert will operate as though

no FALL 1s present, Therefore, in this case, the culvert
should be designed with no FALL present, Second, the box
size could be reduced for the same inlet configuration, This
would inerease the amount of FALL produced., And third, the
same box size can be used only with another inlet desigzn,

If the maximum value for FALL, 132D, is exceeded, either a

larger box size or a more efficient inlet is required.

Polynomial best-fit equations are used to determine the head-
water depths for these inlets., Since these equations are

an approximation for the curves in HEC #13, they are subject

to the same limitations. Therefore, the headwater depth (Hg)
is limited to a maximum of 434D and a minimum of 3D, To avold
the possibility of culvert fallure due to bucyancy forces, it

is recommended that He be limited to a value around 2D,

For the programs to operate properly, the width of the bhox
culvert (B) and the number of barrels (N), must be stored

together as a product in register #3,

STEP INSTRUCTIONS INPUT KEY3 DISPLAY
1 lLoad program
2 Input register values Q STO 1 Q
D 8STO 2 D
B FNTFR B
N x STO 3 ExN
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STEP INSTRUCTIONS INPUT KEYS

DISPLAY

2 Input register values EL.IN STO §
AHW FL., STO 6
Calculate the FL,FACE A
Calculate the headwater elev, B
Calculate the FALL o
D

Caleulate the headwater depth

~N O & oW

To evaluate the same inlet
with different design criteria,
go to step #2.
8 To evaluate another inlet,
load the desired program card
and go to step #3.
9 To obtain the performance
curve coordinates, 1input
the selected flowrates in
register #1 and press Label P

to obtain the headwater elev.

FL.IN
AFW EL,
EL,FACF
HY;t FL.

FALL

He

Note: Label A must not be used during the performance

gurve evaluation.

EXAMPLE #1

For a 10-year discharge of 600 c¢fs., an allowable headwater

elevation of 113,00 feet, and an inlet elevation of 98,0C feet,

determine an appropriate box culvert size, The site charac-

teristics indicate a box height of 5 feet should be used, A

headwall configuration with a 30° skew should te emploved.
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Load program #5

KEYSTROKES DISPLAY

600 STO 1 . . .+ « « « « « o 600,00
5§ STOC 2 4 o o o s o o ¢ o o 5.00
98 8TO 5 . « « + « « « « » 98,00
113 STO 6 v + ¢« « » » « o « 113.00
Try a 5 foot width. And a single barrel.
5 8TO 3 .+ ¢ s ¢« o o o « « 5,00
A & ¢ o v s s s 4 e e e e e 185.”5 ft. EL.FACF
C 4 o s o o ¢ o s o« o o & o 12,55 ft, FALL
The allowable FALL is 12D or 7.5 ft. Try larger width.
6 STO 3 v v ¢ o o o + o « » 6,00
A v o o o o s o o s e o o o 92,73 ft. FL.FACE
C v v v ¢ o o o o o o« o s s 5.27 ft. FALL
The FALL value is between D and 14D, Check the Hp.
D e e s e e e e e ... . 20.27 ft. Hg
Hy 18 below the maximum value of haD,
This 6x%5 square edged box culvert may be used if anchored

securely.
For the same site, design a beveled inlet.
Load program #7

KEYSTROKES DISPLAY

5 STO 3 ¢« o © 8 e 2 ¢ e . 3 5.00
A ¢ o o ¢ @ s @ s+ o & o ° 90.86 fto EL.FACF
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KEYSTROKES DISPLAY

L 7.14 ft, FALL
The FALL is in the acceptatble range,

D v v e o v o o v s o s o . 22,14 ft, Hf
The headwater depth is in the acceptable range.

A 5x%5 bevel edged box culvert may be used,.

Other alternatives

& STO 3 . v o v+ o + o v & 6.00

A v v ¢ ¢« v e e s e s« « . 96,38 ft, FL.PACE

C e ¢ ¢ o o s o o o o o o o 1,62 ft., FALL = ,32D

D v v e o v o v o o o o o . 16,62 rt, He = 3.32D

7 STO 3 &+ v o o ¢ o v « « & 7.00

A . . v v 4 e s s s s« . 98,00 ft. FL.FACF = FL,IN
C v v o ¢ o o o o . e e 0,00 ft, FALL

B 4 ¢ v ¢ v ¢ s s s s o . » 111,28 ft, HW FL.

D w o v v o v ¢ s o s &« .« 13,28 fFt, H = 2.7D

A 6x5 bevel edged inlet with 1,62 ft, of FALL, or a 7x§

bevel edged inlet box culvert with no FALL.

EXAMPLF #2

For the conditions in FExample #1, using the 5x5 bevel edged

tox culvert, calculate the performance curve coordinates,

Load program #7
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KEYSTROKES

600 STO 1 . . v ¢ « o & &
5§ 8TO 2 . . o ¢« ¢« o o & o
5 STO 3 . ¢ ¢ ¢ ¢« &« ¢« o &
98 STO 5 . . ¢« « ¢ « + &
113 STO 6 . v & ¢ & & o &

A @ L] L ] L] L] . L » . » ° *

E L] L] ° * . ° ® . o ° . ]

L"OO STO 1 a L] ° L] L] .F L4 L4

B [} L] @ ® L] L] [} . L] © [ »

00 STO 1 . . « ¢« &« «v « &

B ® . L] L] ] [ L] - ° . L] .

70 O STO 1 ° . L] . . . ® L]

B L] ° . L] L L4 L ] . L] Ld * ®

Note: TIn the above calculations,

DISPLAY

600.00
5.00
5.00
98.00
113.00
90.86

113.00

400,00
102.96

500,00
107.48

700,00

Label A

ft. FL.FACF
ft. HW EL.

ft., HW EL, @ Q = 400cfs,
ft. HW FL,

ft, HW FL.

was Oonly pressad

while the design flowrate (600 cfs.) was in register

#1. While other flowrates are being used for performance

curve evaluations, Latel A should not be pressed,.

EXAMPLE #13

For a design flowrate of 1000 ¢fs,, an inlet elevation of

437,50 feet and an allowable headwater elevation of LLR 20

feet, design an appropriate btox culvert.

The stream requires

15° wingwalls, The bottom width of the stream measures 15

feet across and therefore a twin 7-foot wide box culvert is
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chosen, Site conditions require that the culvert be placed

on the stream bed. No FALL can be employed .,

Note: When no FALL is specified for a design, a short-cut
method of analysis is possible. The inlet elevatioﬁ
is stored in register #8 instead of register #5, Also
instead of the allowable headwater elevation, a very
large number is stored in register #6, PRy visually
comparing the calculated headwater elevations with
the allowable value, a box culvert design can be

quickly obtained,
Load program #6

KEYSTROKES DISPLAY

1000 8T01 . ... . . . 1000,00
§ 8T0 2 . ¢ ¢« v ¢ o o o 5.00 Trial height
7 ENTFR 2 x STO 3 . . 14,00
437.5 8sTO08 ., . . . . . . W37.50
10000 sT06 .. .. . . . 10000,00 Any number>>AlLW FL,
- 4h8,61 ft. HW RL,
This HW FL. exceeds the AHW FL, Try a 6 foot height.
6 STO 2 ¢ v v v v o o o 6.00
B i e o e s s s s e s s 446,98 ft, HW FL,
This HY EL. is within the allowable. A twin 7x6 square top

edged box culvert would work.

Try a beval edged inlet,

Load program #8,



KEYSTROKES DISPLAY

Note: The width still equals 6 feet from the previous protlem,
B oo s o s v s s e e e s e Whé6 .89 ft, BW FI.,

This HW EL. is satisfactory. Try a smaller height,
5 B8TO0 2 . ¢ o 4« ¢ o« o« o o 5.00
B W u v 4 v e e . . . . L4805 ft, HW EL,

This HW EL., is within the allowable, Therefore, a twin 7x%

box culvert with a beveled top edge could be used,

LISTING - PROGRAM #5

IBL A D RCL 6 RCL S -~ gxsy g x2y g NOP RCL 6 g xey
- STO 8 RTN LBL B D RCL 8 4+ RTN IBL C RCL 5 RCL 8
- RTN IBRL D RCL1 RCL 3 + RCL 2 FENTER f ./ x =+

FNTER ENTER ENTFR 3 &4 . 5 6 x 1 3 6 7 . § 7

- x 2 0 7 8 0 . 9 4+ x 1 0 B 5 6 0 - x 5

0 5 & 3 5 & x 1 2 2 1 1 7 + 6 1 106 =

RCL 2 x RTN (94 STEPS)

LISTING - PROGRAM #6

LEL A D RCL 6 RCL 5 - g x5y g x2y & NOP RCL 6 g x2y

- ST0 8 RTN LEL B D RCL 8 4 RTN LBL € RCL 5 RCL 8

- RTN IBL D RCL1 RCL 3 + RCL 2 ENTER f X x +
ENTER ENTER ENTER 3 8 0 x 1 4 8 9 5 , 8 . x
2 21 7 0 2 4+ x 1 1 7 4 72 & 0 - x 5 0 7 0
8 7 0 + x 7 2 4 9 2 7 4+ 7 1 106 = meL 2 «x

RTN (93 STEPS)
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LISTING - PROGRAM #7

IPL. A D RCL 6 RCL S - g xy g x2y g NOP RCL 6 g x2y
- ST0O8 RPN LPL E D RCL 8 + RTN LBL C RCL 5 RCL R
- RTN LBL D RCL1 RCL 3 + RCL 2 ENTFR f X x +

ENTFR ENTFER ENTER 1 & 5 ., 6 6 x 6 4 4 9 . x 1
1 2 01 3 . 5 4+ x 6 4 0 3 9 2 - x 3 9 8 9

3 5 3 4 x 1 5 6 6 0 8 6 + 7 1 106 ¢+ RCL 2
x RTN (95 STEPS)

LISTING - PROGRAM #8

IR, A D RCL 6 RCL 5 - g x5y g x2y g NOP RCL 6 g x3y

. STO8 RTN IBL B D RCL 8 + RTN LBL C RCL § RCL 8
- RTN IBL D RCL1 RCL 3 + RCL 2 ENTER f X x +
FNTER ENTER ENTER 1 ? 7 . 4 x 7 5 8 8 - x 1
2 7 318 .3 +x 7 4 3 4 9 8 - x & b4 1
2 4 6 5 + x 89 5 6 3 3 4+ 7 1 106 + RCL2

x RTN (93 STEPS)
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Plot of the performance of a 5x5 bevel edged tox culvert

operating in inlet control.

Data taken from FExample #2.

Plotting Coordinates

Q 400,00 500.00 600,00 700,00

EW EL. | 102.96 107.48 113.00 119.53

120 T T T
o
“—
2 1154 . -
8 Allowable Headwater Flev,.
i —
~
o
B 1104 -
] ®
g 3
o o
= Kl
) 2]
P z
m 105 o ~—
&
-l
/9]
o
ot
100 1 I g 1
360 00 500 §00 700

FLOWRATE (cfs.)
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PROGRAM #9 - INLFT CONTROL; SLOPE_AND LENGTH ADJUSTMENTS

Once a culvert has been designed for inlet control with
FALL, an ad justment must be made to the slope and the lensgth
of the culvert. The need for an adjustment in the slope of
the culvert results from the lowering of the elevation of
the culvert inlet while keeping the elevation of the outlet
a constant. Since the culvert pivots about the ocutlet
invert, the culvert slope decreases. Since the height of
the culvert (D) remains constant, the lowering of the inlet
forces the culvert to be lengthened to again 1ntersec£ the

fill slope,
Both box and pipe culverts can be evaluated by this progran,

The existing streambed and original culvert are altered to
allow for inlet control with FALL, The diagram below depicts

the changes,

——— o
e IV,

D e I~
FL,INLET EL.OUTLET ~

EL.FACE

EQUATIONS

ADJ.S = (LSo-FALL(S241)*5)/(L4+ySpy(s2+1)-5)
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EQUATIONS

vV = FALL+D((S§+1)'5-(ADJ.52+1)'5)

The equations for ADJ.S and y are solved by trisl and error,

ADJ.L = ((LS/(52+1)*%)-FALL)/(((ADJ.S)241)5/aDJ.5)
The derivations of these equations are found in the appendix.
REMARKS

Since this program does not use the width of the culvert in
any of its equations, the program can be applied to multiple

barrel applications,

Both the original culvert length (L) and the adjusted culvert
length (ADJ.L) are measured along the barrel. They are not

horizontal measurements,

In the design of the streambed in front of the entrance to
the culvert, the adjusted slope (ADJ.S) should be extended

a minimum distance of %D, The transition sicpe which connects
the stream slope (Sy) to the adjusted culvert slope (ADJ,S)
should be established between a 2:1 and a 311 ratio. This
transition slope is referred to as the FALL slope (S¢). The
performance of this weir construetion is evaluated in another

program,

The adjusted slope value (ADJ.S), Label A, must be determined
before the adjusted length (ADJ.L), Label B, can be calculated.
No intermediate calculations should be performed between thage

calculations,
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STEP INSTRUCTIONS INPUT KEYS DISPLAY

1 Load progranm
2 Input register values D STO 2 D
Se STO 4 S,
FALL STO § FALL
Spy STO 6 Spu
L STO 7 L
3 Calculate ad justed slope A ADJ.S
Calculate ad justed length R ADJ.L
5 For a change in any of the

culvert properties, go to
step #2 and change only the

necessary data,

EXAMPLFE #1

A 6-foot pipe culvert has been designed for inlet control
with a FALL of 6,52 feet, The normal channel slope is 5%,
and the‘upstream i1l slope is a 331l ratio., Farly inves-
tigations showed that a 349,61 foot culvert should have

worked if 1laid in the streambed, Find the ad justed slope

and length of the culvert for the new design conditions.

KFYSTROKES DISPLAY
6 STO 2 o . . © e e e o o 6000
005 STO u’ s e « o " e v e o 0005

6.52 8TO 5 . v v 4« o o o & 6.52
3 8TO 6 & v v v v v v v 3.00
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KFEYSTROKES

349,61 STO 7?7 . . .

A - L] . . L] . ® * o

B ¢ . L] L L ° * L] L]

EXAMPLE #2

For a 3x5 box culvert on a 4%

®

DIS

PLAY

. 349,61

0,02966h ADJ.S

. 368,91 ft, ADJ.L

glope with 1% foot of FAIIL,

find the adjusted slope and length.

The fill slope is

and the inlet elevation is 250,00 feet,

KEYSTROKES

5 STO 2 . . . ...
04 sTO L, , ., ., .
1.5 sT0 5. . ...
3 STO6 . . . . . .
250 STO 7 ., . . . .

A * L4 e L » L] * L] L)

B L] Ld . L L4 L) L L] L

LISTING - PROGRAM #9

LBL A 1 STO 8 IRL 1
x - RCL4 F RCL1 x
CHE x RCL 5 + RCL 4

RCL
RCL

7
6

E RCL

2

DIS

PLAY

5.00
0.04
1.50
3.00

250,00

0.033393 ADJ.,S

254,45 £+, ADJ.L

311

RCL 4 x RCL 4 FE RCL 5

X

X

g x=y GTO 2 RCL 3 g x3y STO 3

RCL 8 x gx2y + STO 8 S8T0O

+ RCL ? RCL 4 x RCL &4
LBL E FENTER x 1 + f
6 BTN (95 STEPS)

E

Jx
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1

RCL. 7 + < ENTER
+ RCL1 - 0

- g x=y GTO 2
GTC 1 LPL F

RCL & - x DSP

RTN

LFL 2 B8Ry gRy

"

RCL
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PROGRAM #10 - CRFST CONTRCI EVALUATIOM

If not properly designed, the transition section tetween
the streamted gnd the culvert entrance could advercelv affect
the operation of the culvert. To insure that the culvert
operates in the proper manner, this program computes the

required inlet dimensions,

This program 1is designed to evaluate the crest control dimen-
sions for both box and pipe culverts operating under inrlet

control and side-tapered throat control,

The diagrams telow indicate the dimensions determined ty the

progranm,

(WA) Wingwall Angle

(WT) Wingwall Taper

T 3 ] 0

(Ccw) ExN

Crest or Fg
Width v 8

o

/:
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EQUATIONS

- I , X
H = HW EL.-KL.OUTLET. So{Sf ADJ,S)(#D+ADJ.L}

© (S-S, )vADJT.52+1
oW = Q/(28,)15

ur - (Ly-L/VADJT .8241)/((CW-BxN)/2)

WA = 90-arctan(HT)
The defivations of these equations are found in the appendix.
REMARKS

As mentioned before, this program may be used with either
conventional or side-tapered inlet designs. For conventional
inlets, the culvert width (E) and the number of barrels (N}
are stored together as a product in register #3, When this
program is used for side-tapered inlets, the face width (Bg)

is stored in régister #3 instesd or the product BxN,

This program is written in such a manner that the labels

must be pressed in an ascending order.

STEP INSTRUCTIONS INPUT KEYS DISPLAY
1 Load program
2 Input register values Q sTO 1 &
D STO 2 D
E WNTER B
N x STO ¥ pyN
SO STO 4 Se
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STEP INSTRUCTIONS INPUT KEYS DISPLAY

2 - Input register values Bw EL. ENTER Hw FIL.
EL.OUT - 8STO 5 HW EL.+EL,.0UT
Se STO 6 Se
ADJ.L STO 7 ADJ.L
ADJ.S STO 8 ADJ.S
3 Calculatevcrest height A H,
L Calculate crest width R cw
5 Calculate wingwall taper C ST
6 Calculate wingwall angle D WA
7 For a change 1n any of these

culvert properties, go to
step #2 and reenter ADJ.S

and the desired item,

EXAMPLE #1

What is the recommended wingwall taper to insure inlet control

for»a flowrate of 850 cfs. through a twin 9x5 box culvert? The
channel slope is 0.042 with an adjusted slope of 0.01. The

| culvert was originally 197 feet long but due to the applied

FALL, it has been lengthened to 223 feet. The fi1ll slopes

of the roadway cross-section are 2:1 ratios, The outlet

elevation is 473.00 feet and the headwater elevation at the

face is 488,00 feet, The FALL slope is set at a 2:1 ratio.

KEYSTROKES DISPLAY

850 STO 1 ° % ° . . . . . ° 850000
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¥XEYSTROKES

5 8TC 2 .

9 ENTER 2 x STO 3

LO0k2 STO 4

LB8 FENTFR 473

2 STO 6 .
223 S8STO 7
.01 8TO 8

" Notes Labels A

crest evaluation,

EXAMPLE #2

thru D must

.

L]

STO 5

DISPLAY

5.00
18.00
0,04
15.00
2.00
223,00
0,01
5.37 ft, 18
24,12 ft, Cwv
2,02 WT
26,32° WA

be used ascendingly for proper

A 3-foot diameter pipe culvert with a side-tapered inlet is

to be used under a city street.

The outlet invert elevation

1s 115.32 feet and the headwater elevation is 121.85 feet.

The side-tapered inlet section has a L% foot opening, The

culvert is to be 1laid on a 1% slope where as the stream slope

is 33%. The total length of the culvert is 64 feet. The

FALL slope has teen chosen at a 311 ratio. A design flowrate

of 210 cfs. is expected.

Evaluate this culvert and determine

the necessary dimensions to insure inlet control,

e
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K"YSTROKES DISPLAY

210 STO 1 . o « « « » . . . 210.00
3 STO 2 + v v o v v v v v s 3.00
BuS STO 3 4 v v o v v v o o 4.50
035 STO L4 . .. . .... 0,04
121.85 ENTER 115.32 - STO 5 6.53
3 STC 6 v v v v v e v . .. 3.00
6L STC 7 . . v . . u u . . 6L.00
01 STOB . . . 4+ ..... 0,01

A L] * . * L3 L L] . L] L] * L] L 4 l“.22 ft. H

(o]
5 L] L] l. L ® * L] * L] . L] - L 8'57 ft. cw
C ' ® ® " L] ® » [ ° L] [ L] L [} 1.01 WT
D 0 . . ¢ . . L] . . . L] . . ’J',”‘076o wA

* Note: When the side-tapered inlet is evaluated with this
program, the value stored in register #7 is the total
length of the culvert, The total length is comprised
of the adjusted length (ADJ.L) and the length of the

side-tapered section (L1).

LISTING- PROGRAM #10

LsI. A O STO 9 RCL? ® + STO 9 RCL 2 2 + E + ‘4
RCL 6 RCL A - x RCL 6 RCL 4 - + STO - 9 RCL 4 CHS
x RCL 5 + BTN L8L B RCL 1 g xy 2 ¥ ENTER f A& <
+ RTN L8L C RCL3 - 2 + RCL 9 CHS + & 1/x 0 & xsv

x2y & NOP RTN LEL D f~1 TaN 9 0 g x2y - RTN IsL

o

& RCL 8 BNTER x 1 + f . x RTN (81 STwPS)
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PROGRAM #11 - BOX CULVERT; THROAT CONTROL, TAPERED INLET

Eeslides improving the face configuration of an inlet, designing

a new throat section will also increase a culverts performance.

This program evaluates the performance of g culvert operating

in throat control. The formulas from this program c¢can be
applied to two different inlet shapes; side tapered and slope
tapered, Like the improved inlet programs, throat inlet presrams
often canuse FALL to increase the flow capacity of the culvert,

The following disgrams describe the throat contrél 1n1éts.

HW EL, AHY EL,
s

EL.IN/ \\EIuIEBQAE

ELEVATION VIEW

B WO S T VU WY WA DU SN TN VN R Y bl b Ly gy
T—¢ T TV T 7T rT /|IIIIIII'IIII.IIV
PLAN VIEW
SIDE-TAPERED INLET SIDE-TAPERED INLET
NC FALL, Auw FL., > HW EL. WITH FALL, APW %I, € HwW FT

Jas e

Ll



HW EL, & ABW EL,

N\ PR
| s ;

T Hy = DJ.§ﬂf§>

g

EL .THROAT ~ ~ EL.THROAT

ELEVATION VIEW

PLAN VIEW

SLOPE-TAPERED INLET SLOPE-TAPERED INLET
VERTICAL FACE MITERFD FACE

EQUATIONS

EL.THROAT = AHW EL.-H; (With FALL)

EL.INLET (Without FALL)

]

Hw ELo = m.THROAT+Ht
FALL = EL,INLET-EL,THROAT

He = D(0.1295033+0.3789445X-0, 0437778X%40, 00426329%3
-0.000106358%*)
X = @/(NBD1-5)
REMARKS

Label A is used during the culvert size determination part of

Lo



the program. Once a culvert size has been selected, it is
put into the calculator and Label A evaluates the appropriate
throat elevation for the design flowrate, When using other
flowrates during the performance curve evaluation, Label A

must not be uzed.

Since the input registers have the same identity as the ones
used for the inlet control programs (5-8), these programs can
be run ln(succession. If all the inlet control programs exceed
their maximum 1imit of FALL (1%4D), the designer can immedistely
load this program and proceed with the culvert deslgn without

restoring any of the design values,

Due to the size limitations of this calculator, a small error
results in the computation of the FALL. The program assumes
that the elevation of the inlet end the elevation of the throat
are equal before determining the value of the headwater elev-
ation., This equality is false and a small difference, equal

to the channel slope times the vertical distance between the
inlet and the throat section (8oxLy), exists., This I, dis-
tance is an unknown in this program. It is determined by
program #12. By understanding this error, a correction, if

necessary, can be made,

The limits placed on the FALL value earlier, still apply., A
minimum value of %D and a maximum value of 1D, If the upper
limit is exceeded, a larger culvert size should by tried. If
the minimum value is exceeded, the prescnce of FALL will not

increase the capacity of the culvert.
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A polynomial best-fit equation is used to determine the head-
water depths for these inlets., Since the equation is an approx-
imation for the curves in HEC #13, it is subject to the same
restrictions, The headwater depth (Hy) 1s limited to 44D and
not less than #D. It 1is reéommended that the velue of Hy be

kept around a value of 2D,

For the program to operate properly, the culvert width (B)
and the number of barrels (N) are stored together as a product

in register #3,

The number of barrels (N) is limited to a value of 1 or 2.

STEP INSTRUCTIONS INPUT KFYS DISPLAY
1 Load progranm
2 Input register values Q STO 1 Q
D STO 2 D
B Fnter B
N x STO 3 BExN
EL.IN STO 5§ EL.IN
AHW EL, STO 6 AHW FL.
3 Calculate throat elevation A EL.THR
L Calculate headwater elevation R HW EL.
5 Calculate the FALL C FALL
6 Calculate headwater depth D Hy
7

For a change in any of these
culvert properties, go to
step #2 and change only

the necessary items.

Ly



STEP INSTRUCTIONS INPUT KFYS DISPLAY
8 To obtain the performance
curve coordinates; input
the selected flowrates in
register #1 and press Label R
to obtain the headwater elevations.
Note: Label A must not be used during the performance
curve evaluation,
9 To evaluate another inlet,
. load the required program card
and go to step #3.
EXAMPLE #1

Evaluate the throat control performance of a 3x3 box culvert

with a flowrate of 150 efs. The inlet elevation is 120 feet

and the

allowable headwater elevation is 124 feet.

KEYSTROKES DISPLAY

150 STO 1 ] ® L4 L] * L] * L] L3 150.00

3 8TO 2 . . v ¢ ¢ ¢« o o o & 3,00
STO 3 ° ® o o e e o e ° ] 3.00
120 STO 5 . e e o ¢ a ° e . 120.00

124 8TO6 ., . . . . . . . . 124,00

A

s ¢ e« 4« o s o+ o+ . 116,17 ft. EL.THROAT
© e e« 4 e 4+« &+ o « . 124,00 ft. HW FL,
c 4 e s e e < 4 e e 4 . . 3,83 ft, FALL

e e e e e e e 4 e e .. 7.83ft, Hg
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The culvert size is satisfactory since bothvthe FALL and the

headwater depth are within thelr allowable ranges,

A range of flowrates around the design value, are used to

obtain the performance curve coordinates,

KEYSTROKES - DISPLAY

90 STO1 ., . . .. ... . 90,00

B v v v 4 v e e e e s . . . 120,85 Ft, HW EL. @ 0.6Q
120 STO1 . . . . . . . . . 120,00

B v s v v v o e v 4 e+ . .122,2h ft, HW EL. @ 0,8¢
180 STO1 .. .......180.,00

B v v v o s ¢ o o« v o+ . 126,20 ft, HW EL. @ 1.2Q

LISTING - PROGRAM #11

LBL A D RCL 6 RCL 5 - g xSy g x2y g NOP RCL 6 g x3y
- STO8 RIN IBIL B D RCL 8 4+ RTN IBL C RCL § RCL R
- RTN LBL D RCL 1 RCL 3 % RCL 2 ENTER f K& x +
ENTER ENTER ENTER 1 0 6 3 . § 8 CHS x L 2 6 3
2 . 09 4+ x 4 3 7 7 7 8 - x 37 8 9 b b & 4
x 1 29 5 0 3 3 + 7 1 106 * RCL 2 x RN

(90 STEPS)
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Plot of the berformance curve of a 3x3 box culvert operetirg

in throat control.

Data taken from Fxample #1.

Plotting Coordinates

Q 90.00 120,00 150.00 180,00

Hw FL. 120,85 122,24 124,00 126,20

135 T I T ]
o
& |
~ itnk -
= .
5 |
i
< |
I~
= |
& y294 -
= Allowatle Headwater Flev.
£~
=
=
i &
o120 £ls -
— S
Lo
oiw
£}
(o]
115 1 1 I i
€0 9n 120 159 180 219

FLOWRATE (cfs.)
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PROGRAMS #12 & #13 - POX CULVERTS; FACE DIMENSIONS

SIDE-TAPERED INLET WITH SQUARE EDGES

SIDF-TAPERED INLET WITH BEVELFD EDGES

These programs continue with the design of a culvert operating
ih throat control, For a side-tapered entrance, these prograns
compute the face width (By) and the horizontal distance btetween

the entrance and the throat control section (Ll).

Program #12 deals with square edged inlets., Inlets with
wingwall flare angzles from 15° to 26° with a top beveled edge,
or inlets with wingwall flare angles from 26° to 90° with all

edges squared, These inlets can be seen graphically below,

qY Z T HW EL, /—"" o
CE ¢ T
_~_C:::::::::::;;;gl;;;;;;;; \\**~E:::: T—

D
L-‘———N_ ._\'.‘————
EL.THROAT EL.THROAT

FLEVATION VIEW

- ’ N

ST J
!

By » P > By

B <
[ 2l
= //
2 |

PLAN VIFW
15° to 26° Winawall Flare 26° to 90O Yingwall Flare
Top Fdge Reveled - No FALL All Fdges Square - With FALL
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The bevel edged program, #13, pertains to inlets with wing-
wall flare angles of 26° to 45° with top edges “eveled, and
ﬁo inlets with wingwall flare angles of 45° to 90° with both
top and side édges beveled. For further details, refer to

the diagrams below;

<

‘ |
|-m >
. | .
L»L a4 ‘ LI»;‘““-‘_‘*~4
1 \_EL . THROAT Rt FL.THROAT

ELFVATION VIEW

40° 50°

f | !

Ef ’ B < Ef B <
o 1 1

" 8T
PLAN VIEW

26° to 45° wingwall Flare 45° to 90° Wingwall Flare

Top Edge RPeveled - No FALL Top and Sides Feveled - FALL

The determination of Ef and L1 ls a lengthy computation which
exceeds the capacity of the HP365 calculator, An extra progran
card is needed to complete these calculations. Programs #12

and #13 compute Bf and Ll but one of the inputs for these
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o)

caleculations, the adjusted slope, is not determined until
program #14, Correspondingly, program #14 needs the Ll value

of programs #12 and #13, to complete its evaluation of ADJ.S.

The method used to solve this dilemma is to alternately use
either programs #12 and #14 or programs #13 and #14, several
times until the values of Ef. Ll’ and ADJ.S stabilize. This

stablilization of values usually only takes two or three eycles,

For the initial celeculation of By and Ly, the adjusted slope
value is approximated by using the channel slope or a number

slightly smaller.

Where ptefabrlcated inlet sections are available, Be and I, have
usually been set by the manufacturing company, These values

are normally fixed at 1% times the culvert depth. If this type
of design is desired, the given values of Bf and L1 can be used
in lieu of programs #12 and #13. The value of Lllcan be dir-
ectly used in program #1b&,

EQUATIONS
Ly = ((Bp-BxN)/2)ST
Hp = HV EL.-FL.THROAT-L, (ADJ.S) = Hy - L(ADJ.S)

Pfogram #12
By = /(D17 5(-1.21944,3%-0.6153x240. 0273%340. 0027x%) )
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EQUATIONS (cont)

Program #13

Be = Q/(DL*5(-1.1360743. 69853%+0.12128X%-0.,205339X"
+0.0256923%x%))

REMARKS

The produect of the culvert width (B) and the number of barrels

(N} is stored in register #3,

The number of culvert barrels (N), should be limited tec a vaiue

of one or two,

As mentioned before, for the initial value of the adjusted
slope (ADJ.S), the original channel slope (S,) should be used

as an approximation, This value 1s storad in register #i,

The sidewall taper (ST) chosen for the culvert inlet 1= limited
to a value between a 4:1 and a 6311 ratio. Values less than 4:1
are unacceptable and will not operate as side-tapered inlets,
Values greatef than 611 will perform better than the desizvw
will indiecate, Therefore with this larger value, the design

will be conservative.

The value for L, determined by these programs is a horizontal
" measurement, As compared with I or ADJ.L which are measured

along the culvert barrel.

STEP INSTRUCTIONS INPUT KEYS DISPLAY

1 Load program
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STLEP INSTRUCTIONS INPUT KEYS DISPLAY

2 Input register values Q STCO 1 Q
D STO 2 D
B ENTER B
N X STC 3 ExN
Initially use 8, ADJ.S STO 4 ADJ.S
Ht STO 5 Ht
ST 8TC 6 37
3 Calculate the face width A Bg
L Calculate the inlet length B Ly
5 Run program #1l4
é Hepeat steps #2, #3, #4,

and #5 until the values of

Bf and L1 stabilize,

EXAMPLE #1

In designing a 7x6 box culvert for s Qgp of 1000 efs., the

throat elevation was determined to be 181.75 feet. The‘head-
'wafer elevation was 205 feet. If a 411 side taper is chosen,
 what is the face width and the length of the side-tapered inlet?
The natural channel slope is 5%, and thea inlet is to have square
edges. The headwater depth at the throat section is 23.25 feet,

Load program #12

KRYSTROKES DISPLAY

1000 sTO1 ., ... .. . 1000,00
6 STO 2 . ® Ll L] [ - L . * 6.00
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KEYSTROKES

7 s703 . .
.05 STO b ,
23,25 STO 5
b 8TO 6 ., .,
A ... ..
B owou ...

Usging Ll in program

1000 STO 1

6 8TO 2 . ,
7 8TO 3. .
.029816 STO
23.25 STO §
4 8T0 6 , .,
A ... ..
B .. ...

From program #1b;

1000 STO 1

é6 sT0 2 ., .,
7 8TO 3 ., .
.029814 STO
23.25 STO 5
b STO 6 . .
A . . ¢ e .
B .’. «

DISPLAY

e e e e .. 7,00

s e v+ .. 0,05

e v e ... 23.25

v e e ... koo

s+« . .. B.12Tft, By

Ao ° . A4 L] ° 2025 fto Ll

#14, ADJ.S 18 caleulated to be 0,0298164

« « « + « 1000,00
* » L LJ - . 6.00
¢ o & e e o 7000

e . L] e 4 L] 0003

» ° . . . [ 23u25
e L] L4 . L L L"OOO
. . ° . 3 . 8.11 ft. Bf
. . . ® ? e 2.23 ft' Ll

»
]
<
n
]

0.02981L4

« « + « . 1000.00

e e e e . 6.00

o e e e a 7.00

+ e e e .. 0,03

c e e e .. 23,25

e e e o . 00

v e e e .. BL11 TE. B
Ce e e e 2,23 8, Ly
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Be and L1 stabllized after two trials.

EXAMPLE #2

Design the same inlet
Load program #13

KRYSTROKES

1000 SsSTO 1 . .
&€ STO2 . . ..
7 sTO0 3, . . .
.029814 STO L4 ,
23,25 STO 5 .

L STO 6, . . .
<

B L] L) » ® ® L] .
From program #1l4; the

1000 sTO 1 . .
6 sTo 2 ., .

7 8TO 3 ., .

.029734 STO 4 ,
23,25 8STO 5 . .
L sT0o 6., ...
A ... ..

-
d . L4 * * . » ®

only using the bevel sdged progran.

DISPLAY

e« « +« « . 1000,00
c v o+ . . 6,00
e e e e . 7.00
c v e v s . 0,03
e« s e . . 23,25
B N o1
e+ 4 s s . 7.68 ft, Bg

. e . » ° * 1.36 ft. Ll

ADJ.S = 0,02973L

.« . . . 1000,00
s e . 6,00

e e e e 7.00

T s

s e e . . . 23,25

v e . . . booO

c « e« . . 7.68ft, B

f
] ° ° ® " . 1.36 ft. Ll

As in the previous example, the values of by and Ly statilized

rapidly.



LISTING - PROGRAM #12

ILFL A 1 IFL 1 CHS RCL 5 4+ RCL 2 + FENTFR FNTFR FNTRR
- 00 2 7 x . 0 2 7 3 + x ., 6 1 5 3 - x 4

. 3 4 x 1 ., 2 1 9 - RCL1 g X2y + RCL 2 FNTFR ¢
wEox o+ 3 1 o x r oInr 3 £l rog + mer g g Xy
g X=y GTO 2 RCL 3 - 2 + RCL A x STO 8 RCL b x GT0o 1
LR B RCL 8 RTN IBL 2 DSP . 2 RCL 3 g xy & X2y

RTN O S8STO 8 RCL 3 RTN (97 STEPS)

LISTING - PROGRAM #13

IPL A 1 IPL 1 CHS RCL 5 + RCL 2 + ENTFR &®NTFR FNTFR
- 02 56 9 x . 20 53 - x .12 13 4+ ¥
3 .69 9 + x 1 ., 1 3 6 - RCL1 gx2y + ROL 2
ENTFR £ X x + 3 1 106 x £ INT 3 ' 106 + ror
9 &x8y g x=y GTO 2 RCL 3 - 2 + RCL6 x STO & ROL &

x GT6 1 LRLL B RCL 8 RTN IRL 2 DSP . 2 BRCL 3 g x<y
g x2y RTN 0 STC 8 RCL 3 RTN (100 STEPS)
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PROGRAM #14 - SIOPF ADJUSTMENT FOR SIDE~TAPRRED INL®TS

This program calculates the ad justed slope of a culvert which
has been designed with a side-tapered inlet with FALL. A
complex equation results from solving the geometry of the
culvert rotation. The calculator solves this eguation bty =

trisl and error method.

As mentioned in other programs, the computation of the 28 jus-~
ted slope (ADJ.S) requires the length of the side-tapered
inlet., The small size of the HP-65's program storage, requires
that thisg length be determined in other programs. For tox
culverts the side-tapered inlet length (L) is determined by
programs #12 or #13. For pipe culverts, this length 1s calcu-
lated by programs #36, #37, or #38. Ry alternately using the

valves of ADJ.S and Ll' the correct values can be found.

The value of L1 to te used in this program, must be a horizontal
measurement, If s prefabricated inlet section iskused, care
must be taken to not use the manufactures inlet length, Thix
length must be ad justed by setting the inlet on the chnnnel

slope and figuring the inplace horizontal length.
EQUATIONS

[4
0 = (FALL4D(Sg+1)*5-D(ADJ.S241)"°-ADJ.SL7) (Spy(s241)  Sanc.5)
~SoL4PALL(S241) 1 5-L,ADT. S (S241)* 541.4DI. S

ADJ.S is solved by a trial and error method.

The derivation of this equation is fourd ir the apperdix,
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STwP INSTRUCTIONS INPOT KFYS DISPLAY

1 l.oad progran
2 Inpvt register values D STO 2 D
T S
s, STO 4 °
FALL STO 5 FATT
SFU STO 6 ng
L STC 7 1
Ll STO 8 I.-1
Calculate ad justed slope A ADJ,S
[ For a change in any of these

propertles after the program
has been, the culvert height
(D) must be restored along with

the desired value to be changed,

5 If necessary, reuse program #12,
#13, #36, #37, or #38,
6 Repeat steps #2, #3 and #5 until

Be, Ly, and ADJ.S stabilize.

FXAMPLE #1

Find the adJjusted slope for a side-tapered, 7x6 tox culvert
with 6,25 feet of FALL. The culvert is 325 feet long with an
upstream fill slope of 2:1, The channel slope is 5% and the

initial value of the horizontal inlet length is 2,25 feaet%,

XFYSTROKFS | DISPLAY

6 ST0 2 ., . . . . ..., 6,00



KEYSTROKFS DISPLAY

05 sToL . . ... ... 0.05
£.25 STO 5 . v « v v « « . 6,25
2 STO 6 v v v v s v v v .. 2,00
325 STO 7 . . v v v « . . . 325.00
2.25 STO & ., . . . . « .« . 2.25

- 0.02981€ ADJ.S
Using this value of ADJ.S in program #12, I, = 2.23 ft,

6§ STO 2, . v v v « ¢« + « . £.00
05 sTO b, L., L. ... 0.05
6.25 8TO 5 . . v v v « o+ . 6,25
2 STO 6 & v v v v v v v o o 2,00
325 STO 7 & v v ¢« « « « & o 325,00
2,23 STO8 ., ... .. .. 2,23

A . ® » L . . ° . . . . . . 01029811“’ AD&T.,S

LISTING - PROGRAM #14

IRT A RCL 2 1 STO1 STO 3 DSP , 6 LEL 1 g By RCL 4
E RCL 3 E - x RCL S + RCL 3 RBCL 8 x - RCLA4 F
RCL 6 x x RCI 3 x RCL 4 RCL ? x - RCL4 ¥ RCL 5
x + RCL4 F BRCL 3 x BRCLB x - RCL 7 RCL 3 =x 4+
0 g x& g x=y RCL 3 RTN RCL 1 g x2y STO 1 - & X=¥y

. -
RCL 3 RTN g Rt g x2y BCL 1 RCL 2 x gx2y + 5 £+

1

I0G ¥ £ INT & 7 LG + STO 2 STO + 3 4GTC 1 IPL

® ENTFR x 1 + f /X BRTN (95 STEPS)

58



PROGRAM #15 - LFENGTH ADJUSTMENT, SIDE-TAPFRED INLETS

When a culvert 1s improved with a side-taperéd inlet, the
length of the culvert tarrel 1is affected., If the new inlet ic
designed with FALL, the btarrel length will increase due to the
rotation of the culvert, It will alsc te shortened bty the
addition of the inlet section. If no FALL is applied, the
original culvert length will be shortened bty the length of the
inlet, Program #15 computes these changes and corrects the

culvert length accordingly.

With the change in culvert length, the elevation of the face
of the improved inlet may slso be affected. This ecalculation

is also handled by program #15,
EQUATIONS
ADJ.L = (soL/(s§+1)'5-FALL)<(ADJ.s2+1)'5/ADJ.S).r,,1_gADJ.sz+i)~f
FL.PACF = FL.THROAT+L7ADJ.S
The'derivations for these equations can be found in the appendix.
REMARKS

The length of the inlet (Ll) to te used by this program must

be a horizontal distance,

The ad justed length, on the other hand, is measured along the
culvert barrel, As mentioned in the paragraph arove, the sd-

Justed length does not include the length of the improved inlet.

This program can be used with either box or pipe culverts,
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STEP INSTRUCTIONS INPUT KFYS DISPLAY

1 Load program
2 Input register values FL.THR STO 1 FL.TFROAT
ADJ.S STO 3 ADJ.S
Se STO 4 S,
FALL STO § FALL
L STO 7 L
Ll STO 8 Ll
3 Calculate adjusted length A ADJ. T,
L Caiculate face elevation B . FL.FACE
5 For a change in any of these

channel variables, go to step
#2 and change the necessary

data.

EXAMPLE #1

Determine the adjusted length and the facé invert elevation

for a box culvert with the following conditions, The culvert
slope has been ad justed from 3.2% to 1.79%. The required
channel FALL is 4,23 feet and the horizontal length of the iniet
is 9.8 feet., The elevation of the throat is 346,78 feet and

the original culvert length is 352 feet.

KEYSTROKES DISPLAY
3“6 @ 78 STO 1 . . . [ [ . . Bué @ 78
L0179 8TO 3 v v v v v o o . 0.02
032 8STO® ., . . . .. . . 0.03
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KFYSTROKFS . DISPIAY

4,23 STO5 .. ... ... b,23

352 8TO 7 . . . . . . . . . 352,00

9.8 STO8 . ... ..... 9.80

A . . v . v . v v .. . . .3B2.90 ft. ADJ.L

B . . 4 e v 4 e e+« . . . 346,96 ft, FL.FACF

RXAMPLE #2

A larger side-tapered culvert is to be used in the previous
‘example. This new size eliminates the FALL, Determine the
ad justed length and the face elevation. Since there is no FALL,
the ad justed slope value should be set équal to the original

channel slope.

KEYSTROKES DISPLAY

0 8T0O 5. . ........ 0.00
RCL4 8TO3........ 0,03
A . .o e e .. ... . 342,19 ft. ADJ.L
B 4 s s 4 s e e e e . 4 . . 347,09 ft. FL.PACR

LISTING - PROGRAM #15

IBL A RCL 7 RCL4 x RCL4 ¥ + RCL S5 - RCL 3 F x
RCL 3 +# RCL3 F RCL& ¥ - DSP , 2 RTN IBL R RCL 1
RCL 3 RCL & x 4+ RTN LBL E ENTER x 1 + f . BTN
(41 STEPS)
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PROGRAMS #16 & #17 - SLOPF ADJUSTMENTS
SLOPE-TAPERED INLET WITH VERTICAIL FACE

SLOPE-TAPERED INLET WITH MITERED FACE

When an improved inlet incorporates FALL 1n.the design, the
culvert slope is altered and must be recalculated, Program #i6é
analyzes the inlet geometry and determines the ad justed slope
for a slope-tapered, vertical face inlet. Program #17 solves
for the adjusted slope of a slope-tapered, mitered face inlet,
The diagrams below show the difference between these two inlet

configurations,

[ e o,
— e
—— e

—_—
T ——
—
e

EL.THROAT EL.OUTLRET

SLOPE-TAPERED, VERTICAL FACE INLET

— e
——
—
—
———

—
———
—
——
——
—— ——
———
——

EL.THROAT EL.OUTLET
SLOPE-TAPERED, MITHERED FACE INLET

These programs can be used with either box or pipe culverts.
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EQUATIONS

PROGRAM . #16

0 = EL.FU+(D(SZ4+1)* 5(Spy#8.) )/ ((SpySo+l) (S2))4L4/S,
+(BL,OUT-EL.FU)/(SS,)+(EL.THR-EL.OUT)/(S¢ADJ.S)
-L4ADJ.S-D(ADJ.S241) * >-EL.THROAT

PROGRAM #17
0 = EL.FUS(D(S341)"5/5,)4L4/S p+(EL.OUT-EL.FU)/(SoS )

+(EL.THR-EL.OUT)/ (S ADJ .S )~LADJ ,S-D(ADJ.5%41) "3
-EL . THROAT

These two equations are solved by a trial and error method.
Thelr derivations can be found in the appendix.
REMARKS

The value of L3 is not caleculated but is usually set equal
to one-half the culvert width (B/2). Values slightly larger

than B/2 may be used, but smaller values are not recommended.

In operating these programs, the values stored in registers
#4, #6, #7, #8, and #9 are removed during the calculations
of the ad justed slope. If the particular program is to be

immediately reused, these register values must first be restored.

STFP ~ INSTRUCTIONS INPUT KEYS DISPLAY
1l Load program
2 Input register values D STC 2 D
< Ly STO 3 Iy
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STFP INSTRUCTIONS INPUT KEYS DISPLAY

2 Input register wvalues So STO 4 8o
®L,QUT STO § ®L,OUT
Spy sTO 6 Spy
FL ,FU STO 7 EL.FU
Sf STO 8 Sf
EL.THR STO 9 FL.THR
3 Calculate adjusted slope A ADJ .S

4 To change any of the channel
variables go to step #2,
reenter that value plus S,,

Sy, RL.FU, Sf, and FL,THR,

FXAMPL® #]

Determine the adjusted slope for a slope-tapered, vertical

face inlet with the following site conditions. The culvert

is & 5x4 box, with an outlet elevation of 102.00 feet, a throat
elevation of 118,50 feet, and a channel slope of 5%. The
‘upstream fill slope is on a 3:1 ratio and intersects the
streambed at elevation 125.00 feet. The face slope has been

set at a 3:1 ratio.

Load Program #16

KWYSTROKFS DISPLAY
h STO 2 L L4 L] L ] . e L] L] . L] u.oo
5 ENTPR 2 + STO 3 . . ., 2,50
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KEYSTROKRS DISPLAY

05 STOL . . . ... ... 0,08
102 STO 5. .. ... ... 102.00
3 STO6 . . . . ... ... 3,00
125 STO 7 . . . . .. ... 125.00
3 8TOB . . ... ... .. 3.00
118,5 STO9 . . . . . . . . 118,50
A . .. ... ....... 0.038524 aDJ.S

EXAMPLE #2

Evaluate the same site conditions for a mitered face, 60-inch

pipe culvert,

Load Program #17

XFYSTRCKES DISPLAY

60 ENTFR 12 + STO 2 . . 5.00
2 + 8STO3 ... ... .. 2.50
05 sTO 4, ., ., .. .. 0.05
102 sTC 5. ... ... ..102.00
3 8706 . ..., .. ... 3.00

ST08 . ... ... .... 3.00
125 8STO 7 . . . .. . .. . 125.00
118.5 STO9 . . . . .. . . 118.50
A . oo oo s, 0.037716 ADJ.S
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LISTING - PROGRAM #16

IBL A RCL 2 RCL B ENTER x 1 4+ f & x RCL B RmerL &

RCL L x 1 4+ x + RCL 6 ROL 8 4 RCL. 8 + x RCL 72 4
RCL 9 - BRCL 3 RCL & + 4+ RCL 5 RCL 7 - RCL 8 =+ RCL &4
STO 7 STO1 STO6 + 4+ STO 4 ReOL 9 BCL 5 - RCL R =
STO 8 DSP - 6 LBL 1 RCL 2 RCL 1 FRNTFR x 1 + £ k&

X RCL 3 RCL1 x 4+ RCL 8 RCL 1 + - RL & . 0 g 22y
& X=y RCL 1 RTN RCL 7 g x2y STO 7 - g X=y RCL 1 RTK

RCL 7 RCL 6 x ¢ x2y + 8STO 6 STO + 1 GTO 1 (100 STEPS)

LISTING - PROGRAM #17

IBL A RCL 2 RCL 8 FENTER x 1 4+ ¢ VX x RCL 8 s ReL 4

+ RCL 9 - RCL 3 RCL 8 + 4 RCL 5 RCL 7 - RCL 8 =

RCL 4 STO 7 STO1 STO 6 + 4+ sro 4 BCL 9 RCL § - ROL 8
* STO B DSP . 6 IBL 1 RCL 2 RCL 1 ENTER x 1 + r K&
x RCL3 RCL1 x + RCL 8 RCL 1 & . RCL & - 0 g x2y

& X=y RCL 1 RTN RCL 7 g x2y STO 7 - g X=y RCL 1 RTN
RCL 7 RCL 6 x g x2y + STO 6 STO 1 GTO 1 (88 sTeps)
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- PROGRAMS #18 & #19 - INLET DIMRNSIONS
SLOPR-TAPRRED INLET WITH VERTICAL FACE

SLOPE-TAPERED INLET WITH MITERED FACH

In order to complete the design of the slope-tapered inlet,
Several inlet dimensions are required. Programs #18 and #19
calculate thege values for the vertical face 1inlet and the

mitered face inlet respectively,

Since the slope of the original culvert has teaen lovared, the
original culvert length will be affected. The programs deter-
mine a new adjusted culvert length. The invert elevation of
the face of the culvert is also determined by these programs,
Two eritical inlet lengths are aslsge solvad bty these programs,

The tovation of these values can be seen in the diagranms belowr,

ADJ.L

SLOPE-TAPRRED, VERTICAL FAC® IN;;;—MNN*hi

ADJ.L ~—~~~\~~_f
SLOPE-TAPERED, MITERED FACF TNLAT
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These programs can be applied to either btox or pipe culvert

situvations,

It should be noted that even though the face elevation is
calculated by program #19, for the mitered face inlet, there

is no break in the culvert slope to mark this elevation,

EQUATIONS

PROGRAM #18

BL.PACE = EL.FU-L,S,
2
Ly = SpyD(Se+1)*3/(Sp(S Spy+1))

PROGRAM #19
EL.FACE = EL.FU=- Lu/Sf

Ly = SpyD(S241)*5/(Spy4s,)
BOTH
L, = (EL.FU-EL.OUT)/S,-L;-L4~(EL.THR-EL.OUT)/ADJ.S
ADJ.L = (EL.THR-EL.OUT)(ADJ.S241)"2/ADJ.S
The derivations of these equations can be found in the appendix,

REMARKS

The ad justed length value (ADJ.I.) is measured along the culvert

and does not include the length of the improved inlet.

STFRP INSTRUCTIONS INPUT KFYS DISPLAY

1 Load program
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STEP INSTRUCTIONS INPUT KEYS DISPLAY

2 Input register values  ADJ.S  STO 1 ADJ.S
D ST0O 2 D
sT -
L3 O 3 13
So STC 4 So
EL.OUT STC § KL, OUT
EL,FU STO 7 EL,.FU
Sf STO 8 Sf
EL.THR STO 9 EL.THR
3 Calculate face elevation A ¥L.,FACE
Calculate I, R Lh
Calculate L, c L,
Calculate adjusted length D ADJ.L

4 For a change in any of thege
values go to step #2 and reenter

only the necessary value.

EXAMPLE #1

Determine the inlet dimensions for a vertical facé » Slope-
tapered culvert with the following charascteristics. Original
channel slope 1s 6.2% and after the improved inlet evaluation,
the slope has been adjusted to 4.42%, The culvert is a Sxh

box, with an upstream fill slope of 3:1 and an inlet face slope
of 2:1. The throat elevation i1s 117.00 feet, the outlet eleva-
tion is 105.40 feet, and the upstream fill catch-point elevation
is 124,10 feet,.
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KEYSTROKES

.04k2 sSTO 1

L sTo 2 .,
5 ENTER 2
.062. sTO &4
105.4 s3TO
3 sT0 6 ,
124,1 STO
2 8TO 8
117 38TOo 9
Load Program #18

A
B
. C
D

KXAMPLE #2

*

5

Evaluate the same

Load Program #19

A

B
¢
D

site conditions

70

DISPLAY

0.04
4,00
2.50
0.06
105.40
3.00
124,10
2.00
117.00

123.40 ft. EL.FACRE
11.31 ft. 1,
25.36 ft. L,

262,70 ft. ADJ.L

for the mitered face inlet,

121.42 rt, EL.FACF
5.37 ft. I,

31.30 £, L,

262.70 ft. ADJ.L



LISTING - PROGRAM #18

IBL A DSP . 2 B BCL & x RCL 7 & X2y - RTN IBL R
RCL 2 RCL 8 F®NTFR x 1 4+ f X x RCL 8 + RCL & RCL &

& 1/x + + RTN IBL C RCL 7 RCL 5 - RCL 4 + B -
RCL 3 - RCL 9 RCL 5 - RCL1 + - RTN LBL D RCL 9
RCL 5 - RCL1 ENTER x 1 + f X x RCL1 + RTN

(69 STEPS)

LISTING - PROGRAM #19

IBL A DSP . 2 B RCL8 + RCL?7 gx2y - RTN IBL B
RCL 2 RCL 6 x RCL 8 ENTER x 1 + f J x RCL 6 RCL 8

+ # BTN LBL C RCL? RCL S - RCL 4 + B - RCL 3 -
RCL 9 RCL S - RCL1 + -~ RIN LBL D RCL 9 B®CL § -
RCL 1 ENTER x 1 + f & x RCL1 + RTN (66 STEPS)
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PROGRAMS #20 & #21 - FACR DIMENSIONS

SLOPE-TAPERED INLET WITH SQUARE EDGES

SLOPE-TAPERED INLET WITH BEVELED EDGHS

These programs continue with the design of a culvert operastineg
in throat control., For a slope-tapered inlet, these programs
compute the face width of the improved inlet (Bf), and the
taper of the inlet's sidewall (ST).

Program #20 deals with square edged inlets. Inlets in this
catagory have wingwall flare angles from 15° to 26° with a top
teveled edge, or inlets with wingwall flare angles from 26° to

90° with all squared edges. These inlets can be saen graphically

telow,

|

r*\\fmcg SECTION J “\FACE _SECTION

8T 8T

VERTICAL PACE MITERED FACE
15° to 26° Wingwall Flare A11 Bdges Squared

Top Edge Beveled
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™

The bevel edged program, #21, pertains to inlets with wing-
wall flare angles of 26° to 45° with their top edges beveled,

~and to inlets with wingwall flare angles from 45% to 90° with

both top and side edges beveled. For further inlet deseriptions

refer to the diagrams below,

\\\\FACE SECTION ‘\\\EACE SECTION

480

F 8T X | ~~._ ST N
TR 1T
I ,

VERTICAL FACE MITERED FACE
45° to 90° Wingwall Flare Top Wdge Ravelad

Both Top and Side Fdges Bevelead

As canﬁbe noted from the diagrams, these programs can be
épplied to-either‘vertical or mitered face inlets. Since
the,mitered face linlet_generally has no wingwalls, the dis-
tinction between the use of these two programs as they pertain
to the mifered inlet is whether the top edge is tn te vavelead

or squared.

73



The btevel to bte applied to the face section can be elther a

1:1 bevel or a 1%:1 bevel.

These programs can be applied to either box or pipe culverts.

PQUATIONS

Program #20
Bp = Q/(D1*5(=1.35345.15%-1.131%240.1578x3-0. 01643
+0.0011%3))

Program #21 \
Be = Q/(D1"5(-2,26586347, 9b2u81X- 4.0350294%241 . 619481%3
-0.3458214x%40, 02846767%5Y )

Both
X = (HY EL.-EL.FACE)/D

ST = (L2+L3)/( (Bf-BXN)/z)
REMARKS

The value of Ly is not calculated but is usually set egual
to one-half the culvert width (B/Z). Values slightly larger

than B/2 may be used, but smaller values are not recommended.

The culvert width (B) and the number of culvert barrels (N),

are stored together as a product in register #4,

Since the calculation of the sidewall taper (ST) uses the
face width dimension (B¢), the By calculation should be per-

formed first, Lgbel 'A* before Label 'R’
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The headwater elevation (HW FL.) used in the program can be
obtained from program #11 for box culverts and from programs

#34 and #35 for pipe culverts.

To use the programs for the vertical face condition, the face
elevation (EL,PACE) and the length L, should come from vertical
face calculations from previous programs, For the mitered faced
‘inlet, these two values should correspondingly come from mit-

ered fased programs.

STEP INSTRUCTIONS INPUT

KEYS DISPLAY
1 ‘Load program
2 Input register values Q ST 1 Q
D STO 2 D
L3 STO 3 LB
B ENTER B
N x STO 4  RxN
BvW EL, STO 5 HW EL,
EL.FACE STO 6 BEL.FACK
L2 STO 7 12
3 Calculate face width A By
b Calculate sidewall taper R ST
5 To change any of these |
variastles go to step #2
and alter only the necessary
data,
é To change from square edged to tevel edged inlet, or

vice versa, load the appropriate program and go to step #3,
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FXAMPLE #1

For a 6x6 box culvert with a design flowrafe of 800 efs.,

determine the face width and sidéwall taper. The headwater
elevation is 180.00 feet and for a mitered faced inlet, the
face elevation is 176,40 feet and e length of 23,70 feet is

given to the dimension L,. All edges are to be squared.

Load program #20.

KEYSTROKES DISPLAY

800 sTf01........ . 800.00
6 8T0O2 ..., 44.4... 6,00 = 1
€ ENTER 2 + STO 3 . . . 3,00

6 ENTER 1 x STO 4 . .. 6.00

180 STO S . . . ......180.00

176.4 STO 6 , . . . . .. . 176.40

23.7 STO7 . ... .... 23,70

A e . 39.96 tu. By

B ot it e e e e e e e e 1.87 ST
EXAMPLE #2

A 60-inch plpe culvert with a design flowrate of 480 efs. is

to be used with & slope-tapered inlet. The héadwater elevation

1s set at 214,60 feet and the face elevation of 209.40 feet

- exists for the vertical faced situation. An Ly length of 14.96

feet has been determined, Find the width of the face section
and the sidewall taper, The pipe is to have a 90° wingwall .

flare. All edges are to be beveled,
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Load program #21

KEYSTROKES DISPLAY

480 STO1 . ., .. . ... L80.00
60 ENTER 12 + STO 2 , , 5,00
2 +# STO3 ... ..... 2.5
5 8T0L . . ..., ..... 5.00
2146 STOS . . . ..... 21k 60
209.4 STO 6 . . . ... . . 209,40
14,96 STO 7 . . .. . . .. 14.96
Ao vii oo 1393 1. B,
Bow e c e v e 391 ST

LISTING - PROGRAM #20

RCL 2 + ENTER ENTER ENTER 1 .

LEL A RCL 5 RCL 6
L1 4 . 4% - x1 57 .84+ x 1131 - x

5150 4+ x 1 3 5 3 - 3 1 106 + RCL 2 sNTER

f & x x RCL1 gx3y + STO 8 RTN IEL B RCL 8 RCL &
- 2 o+ g 1/x RCL 7?7 RCL 3 + x RTN (73 STEPS)

LISTING - PROGRAM #21

LBL A RCL 5 RCL 6 - RCL 2 + KNTER ENTER ENTER 2 8

b 6 7 ., 6 «x 3 4 5 8 2 1 , 4 . g 1 6 1 9 &
8 1 + x & o 3 50 2 9 ., 4 - x 7 9 4 2 1 4
1 + x 2 2 6 58 6 3 - 6 1 06 ¢+ RCL 2 sNTER
f £ x x RCL1 g X2y + STO 8 RTN LBL B RCL 8 RCI &

- 2 + g 1/x BCL 7 RCL 3 + x RTN (94 STEPS)
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PROGRAM #22 - CRFST CHECK EVALUATION

'SLOPE-TAPERED MITERED INLET

In order for thié inlet design to operate effictently, the
welir configuration at the inlet must be operating properly.
This progran establishes the width of the sidewall openinsg
and the 8idewall taper necessary té insure the appropriate

hydraulic conditions.

This program can be used for either box or pipe culverts and

for elther square or bevel edged inlets,

The diagrams below indicate the locations of the dimensions

determined by this program.

(ST) Sidewsll Taper
1

(cw)
Crest : <
width

Slope-Tapered Mitered Faced Inlet
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FQUATIONS

Hy, = HW EL,-EL,FACE

oW = Q/(28,) 5

ST = 2I,,/(CU-Eg)
REMARKS

For the program to operate properly, the crest width (Cw)

must be caiculated before the sidewall taper (ST) ean be

determined.
ST®P ' INSTRUCTIONS | INPUT KEYS DISPLAY
1 Load program
2 Input register values Q 8TC 1 Q
“ Ly, sTO & Ly
(Throat) BW ®L, 8T0 5§ HYW FL.
(Mitered) EL,FACE STO 7 £L . FACK
(Square or Beveled) By STO & Be
3 Caleulate crest height A H,
b Calculate crest width B oW
5 Calculate sidevall.taper c ST
6 For a change in any of these

culvert properties, go to
step #2 and reenter the desired

item plus the value of Be.
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FXAMPLR #1

What ig the recommended sidewall taper for a mitered face
slope-tapered inlet to insure throat and not crest control

of the hydraulic performance, The culvert is to handle 3000
cfs., and has a predetermined Ly value of 10.0 feet. The
headwater elevation is 98,4 feet and the elevation of the face
section of the culvert is 83.2 feet., For a beveled edged
inlet the face width is 8,12 feef.

KEYSTRCKES DISPLAY

3000 STO1 . ...... .300000
10 STO L , .. ... ... 10.00
98.4 STO S . . .. .... 98.40
83.2 STO 7 . . ...... 8320
8,12 STO8 . .. ..... 8,12

A . * . * * . L] e » L] L L] L] 15. 20 ft' Hc
B . T 8 e e o ¢ ° . . . . 17.90 ft. CY‘I
c * » - .. ° L] L3 L] * . o L ] 2.05 YST

If the sidewalls are bullt on a 2:1 or larger tapér, the

culvert «ill operate in throat control.

LISTING - PROGRAM #22

IEL A4 RCL 5 RCL?7 - RTN LBL B RCL1 A4 2 x 1 . §
g y* + STO6 RTN LBL C RCL & 2 x RCL 6 RCL 8 - =
0 & x<y = x¥y g NOP RTN (34 ST®PS)
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PROGRAMS #273 & #24 . BOX CULVERT; INLET CONTROL OUTLET VELOCITY

Due to the complexity of the calculations involved in computine
this outlet velocity, the program hag been divided into two

parts, program #23 and program #24,

Together these programs contain polynomial equations which
approximate the normal depth curve for a rectangular cross-
sectional area. The get of curves involved were taken from

"Open Channel Hydraulics" by Chow, See reference #4,

Program #23 .determines the abseissa for the curves (called *¥-
in the equation section), as well as one of the polynomial

equatioﬁs required. Program #24 compares the values produced
by program #23 and completes the second polynomial expresgsion

if necessary.

To run these programs, the desired inputs are stored in their

appropriate registers‘and then Label 'A; is pressed for programn
#23. The value of (X) is displayed. Program #24 1s then loadsd
and Label A is 1mmediately pressed again. The value of the

| outlet velocity for the eulvert operating in inlet controi is

then displayed.
EQUATIONS

Progrém #23
X = (Qn/(1.486Ns°7))/RE/3
If X < 0,22
d, = B(0.038402+3,6483784X-15, 15?°39x2+6u 991913x3
©~110,31635%%)
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EQUATIONS

Program #24
If 0,22 S X < 1.1
d, = B(0,08446842, 34061X-1, 53643%241,636594x3
-0,677621X%)  dy is Timited to 28

Irx 21,1

dp = D

V = Q/(BNQ,)
REMARKS

Once the register values have been stored for program #23,

they do not have to be restored for the running of program #24,

The ecaleulators register values should not be tampered with

between the running of the two programs,

STFP-! IﬁSTRUCTIONS INPUT KFYS DISPLAY
1 " Load program #23
2 Input register values Q STO 1 Q
D STO 2 D
B STC 3 B
N STO 4 N
» n STO 5 n
(ADJ.S or S) S sTo 6 s
3 Caleculate 'X° A : X
L Load program #24
5 Calculate outlet veloeity A v
6

For a change in any data, soto step #1;
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RXAMPLE #1

Find the outlet velocity for a 6x5 box culvert operating in
inlet control, The design discharge is 100 ¢fs, and the

channel glope has been ad justed to 0.015. The box is to be
construeted out of toncrete making the value for Manning's

n = 0,012,

KEYSTROKES DISPLAY

100 STO1 ., . . .. .. .. 100.00
5802, ...,.....,.. 500
I 6.00
1 8704 ., .., ...... 1.00
012 8STO5 . ... .,.. o0.01
2015 STO6 ., . . ... .. 0.0

Load program #23
A v oo o 0oL, 0.06

Load program #24

. A G‘ L] e L d 0' ® L] * L L] L4 * o 13"7“ fps. VO

EXAMPLE #2
Evaluate the same culvert for a flowrate of 500 cfs,

KEYSTROKFS DISPLAY

566 sTro1. .., , . o . . 500,00

L

Load program #23
A Lo s e e, 0.28
Load program #24
. . 21.49 fps, V

A L] ° 9 L] * L] ° ° L] ° ®

°
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LISTING - PROGRAM #213

IBL A RCL1 RCLS x 1 . 4 8 6 + RCL6 f . x +
RCL 4 + RCL 3 8 ENTER 3 + g yX + 8rO7 . 2 2

g xSy BRCL 7 RTN RCL 7 ENTER ENTER ENTER 1 1 0 3

1 6 4 cES x 6 4 9 9 1 9 + x 1 5 1 5 2 2

- x 3 6 4 8 b4 4+ x 3 6 4 , 0 2 4+ & £ 106
+ 2 gx>»y gx3 g NOP RCL 3 x RCL 2 g X2y & x>y

g X2y & NOP RCL 4 RCL 3 x x RCL 1 -g X2y + STO 8
RCL 7 RTN (100 STEPS)

LISTING - PROGRAM #24

IBL A . 2 2 RCL7 gx$y GTO 1 1 ., 1 g x>y ero 2
RCL 1 RCL 2 RCL 3 RCL 4 x x + RTN LBL 1 RCL 8 R/S
IBL 2 RCL 7 ENTER ENTER KNTER 6 7 7 6 2 1 CBS x
1 6 3 6 5 9 4 4+ x 1 53 6 4 3 0 - x 2 3 U
0 6 1 0 + x 8 4 & 6 8 4+ 6 1 1oc + 2 gx>y
gx2y g NOP RCL 3 x RCL 2 g x2y g X>y & x2y g NOP
RCL 4 RCL 3 x.x RCL 1 gx2y + R/S (97 STEPS)
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PROGRAM #25 - PIPk CULVLRT3 CRITICAL DEPTH

The approach by this progrem to determine the critical depth
for plpe culvert is to use polynomial best-fit equations of

the c¢ritical depth curve given in, "Open Channel Hydraulies”,
by Chow. The program computeg a °'Z*' value which corresponds
to the abscissa of the curve., This value is then appllied to
one of two equations whieh are used to approiimate different
reaches of the curve., Continuing through the calculations,

the critical depth is determiried,
RQUATIONS
z - (0/(N(32.2/x)*5)) /D% 5
X = Log Z
It X € Lég .7
4y = p(10)¥
Y = (ao.oo51657+o.uo7362x-o.1830236x2-o.0915565x3)‘
If X > Log .7

Y = (-.0264603+0,2017057X-0. 6400981 5X2+0.695619% )

STEP INSTRUCTIONS INPUT ~ KEYS DISPLAY
1 Load program
2 Input register values Q 510 1 @
D 8TO 2 D
N 8TOC 3 N
o STO U x



STFrP INSTRUCTIONS INPUT KEYS ~ DISPLAY

Caloulate critical depth A de
To change any of the input
data, go to step #2 and change

only the necessary item.

EXAMPLE #1

Find the eritical depth for a corrigated metal pipe (CNP) of
a 36-inch diameter. The flow through the pipe 1s 100 cfs,
_FPor a CMP the value for alphs is 1.12.

XRYSTROKES | DISPLAY
100 STO1 ., . ... ... . 100,00

36 ENTER 12 + STO 2 , . 3.00
1 STO 3 . v v v v v o v s 1,00
1,12 sT04 . .. .. ... 1,12
A v oo L 2,92 Tt 4,

EXAMPLE #2

How would the critical depth change if concrete was used instesd
of the corrigated metal, The value of alpha for concrete is

1.04,

KFYSTROKES DISPLAY

1.0u STO u » £ L4 ° L] L] L] * l'ou
A .‘ . o L] L L L * L ] L] e . » 2‘90 ft. dc

Not much of =a significgnt change results.
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LISTING - PROGRAM #25

IBL A RCL 1 RCL3 + 3 2 . 2 RCL L = RCL 2 x f A&
* RCL 2 RCL 2 x + f LOG ENTER KNTER ENTER . 7 ¢
LOG gxsy R4 B gRs 9 1 5 6 CHS x 1 8 3 o 2

- x b 07 36 4+ x 51 7 - ¢ L B & 9 5 6
2 x 6 L 010 - x 2 0171 4+ x 2 4 b 6 .
LBL ¢ 5 t°} 106 + -1 106G RCL 2 x RCL 2 & x>y

& X2y g NOP R/S (100 STOPS)
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PROGRAM #26 - PIPE CULVERT; SIZE AND OUTLET CONTROL PrRFORMANCE

This program has two functions. First, it can be used to

select the appropriate pipe culvert size. Second, once this
pipe size has been selected, the prograﬁ will evaluate the

\ perfbrmance of the culvert for various flowrates, The outlet

control performahce-curve can be made by plotting these flow-

rates versus the generated headwater elevations (HW ®L.).

In detefmining the‘best pipe culvert size, the designer nust
first select a trial diameter (D). For this value, the program
computes the water surface elevation of the headwater pool at
the culvert inlet. A visusl comparison of this vaiue to the
allowable headwater elevation (AHW FL.) is made and the desigmer

ad justs the diameter (D) acocordingly.

Once the pipe size has been determined, various flowrate values

can be used with the program to bbtain a performance curve,

The fbllowing disgram indicates the location of the enérgy

losses assoclated with the culvert design.

ENERGY LINE

HYDRAULIC GRADF LINF

/ - He.

: e 7
1 NN P 7 7 N - X

RL.OUTLET _—
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FQUATIONS
Hy = koV2/2g
Hp = 29n°Lv2/2gr1- 33
HV = VZ/Zg
H = He+Hf+Hv
= (14kg4+29n2L/(D/8) 1+ 33) (4q/wD%) % /26
d2 = (dc+D)/2 or the Taillwater depth, whichever ies largest
HW FL, = H+dp+EL,OUTLET

REMARYKS

The critiesl depth (d,) cannot be greater than the diameter of

the pipe (D)., The program includes a test for this situation.

Since the water at the inlet is considered to be a pool, the
velocity at this point is assumed to be approximately zero,
This allows the hydrauliec erade line to be equated to the enargy

iine.

For the prosram to operate properly, the number of barrels (N)
and the.barrelvroughness value (n), must be stored togather as
8 sum in register #3. The 1limitations on the equations above,
require that the number of barrels (N}, be limited to a value

of either 1 or 2,

Label A (HW FL.) must be executed before Label C (d,).
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STFP INSTRUCTIONS INPUT KEYS DISPLAY
1 Load program
2 Input register values Q STO 1 )
D STO 2 D
N FNTER N
n + 870 8 N4n
EL,OUT STO 4 EL.OUTLMT
ke STO § k,
TW STO 6 TW
L STO 7 I.
dc STQ 8 dc
3 Calculate headwater elevation A HW ¥I.,
L Calculate total head loss B H
5 Calculate depth of water at outlet © ds
A To evaluate another pipe size,
reenter the new value and go to
step #3, *
7 To obtain outlet control

3 3

performance curve coordinates,

input various flowrates and

calculate the corresponding

headwater elevations, #**

If the length, eritical depth, and outlet elevatior of
the culvert change with the diameter, they must also
be reentered,

If the tallwater depth, and the critiesl depth change

with the new flowrates, they must also be reerntered.



EXAMPLE #1

For a flowrate of 420 cfs., and an entrance loss coefficient

of 0.5, find the appropriate pipe culvert size. Tho'tgllwatei ”
depth for this flowrate 1s 3.61 feet. From the site conditions,
it has been determined that for a twin 48-inch CMP, a 253,?0
foot barrel 1s required, The outlet eleVation}for this size

of pipe would be 119.43 feet. The corresponding critibal depth
1s 3.90 feet. If a twin S4-inch CMP is selected for the site,
the length would change to 248,56 feet, the outlet elevation
would rise to 119,75 feet, and the critical depth would raise
to 4,16 fest., For corrigated metal, Manning's n 15‘0Qb2h.

The allowabie headwater elevation is set at 140.4 feet.

KEYSTHOKES DISPLAY

420 8TO1 . . . . . ... . 120,00
2 ENTER .024 4+ STO 3 . ., 2.02
.5 8T05 . . ....... 0,50
- Try the #8-inch culvert
48 ENTER 12 + STO 2 . . 4,00
119.53 STO K . . . . . . . 119.43
‘3.61;fSTo'6 e e e e .. 3.6
253,7 STO 7 v ¢« v « + o + o 253,70
3.9 STO8 . . v . v o+« o 3.90
A ¢ v v e o v e v v o+« . 148,26 ft, HW EL,
This HW BL. is larger than the allowable, try 54-inch pipes.
Sh BNTER 12 + STO 2 . . 4.50 o
119,75 STO N L CR £
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Faaiaus”

KEYSTROKES ' DISPLAY

248,56 STO 7 . . . . . . . 248,56
5,16 STO 8 . . « « o o « . 4,16
A v i . v e e v e e e« . . 137.75 ft, HW EL,
This HW EL. is below the allowable. Use it,
B . 'ic.‘--,-f;f~ . . . . 13,67 ft. H
C e e W33 tE. 4,

 Use the twigf5heinch]pipe‘culverts.

A _ExAanE'#2.‘xf f
  Eva1ugte¢the‘cutlepfperformance curve for the pipe designed

_above.’ P10tythe'fonr'pointé on the curve which correspond

to the 0.6Q, 0.8Q, Q, and the 1.2Q. The tailwater depths

‘are 3.42 feet, 3.55 feet, 3,61 feet, and 3.72 feet respectively.

Similarly the critical depths are 3.39, 3,87, 4.16 and 4.32 feet.
KRYSTROKES DISPLAY |

420 ENTER .6 x STO 1 . . 252,00
SL ENTER 12° # STO 2 . . 4.50
2 ENTER ,024 + STO 3 . . 2,02
119.75 STO 4 . . . . . . . 119.75
5 STO S . v v s e e .. 0,50
3,82 STO6 . . v .. . . . 3.42
248,56 STO 7 . . . . . . . 248,56

3.39 STO 8 , . v . v + v . 3.39
A v . i e s e e e e s e s 4 12B.62 ft. HW EL. @ 0.6Q

420 ENTER .8 x STO 1 . . 336.00



KBYSTROKES DISPLAY

3.55 STO 6 ¢« o o e ® e o e 3055
3.87 STO 8 e & 2 e e & e @ 3-87
A . v oo o s oo v o . . 132,68 ft, HW EL. @ 0.08Q

420 ENTER 1.2 x STO 1 . 504.00
3.72 8T06 ., . ., . .. .. 3.72
4.32 sTO08 ., .., . ... 4,32
A o o oo oo v s o0 . 143,84 ft, HW KL, @ 1.2Q

LISTING - PROGRAM #26

ISL A RCL B8 RCL 2 gx$y RCL 2 g NOP + 2 + RCL 6 g xSy
g x2y g NOP STO 9 B RCL4 + RCL 9 + RTN LBL B 2

9 RCL 3 £l INT sNTER x x RCL 7 x RCL 2 4 <+ &4 ENTER
3 + & y* + RCL5 4+ 1 + 4 RCL1 x RCL 3 £ INT =
RCL 2 ENTER x + g w4 <+ WNTER x 6 & ., 4 = x RTN
LBL € RCL 9 RTN (77 STLEPS)
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HEADWATER ELEVATIONS (ft)

Plot of the performance of a twin S54-inch plpe culvert operating

in outlet control.

Plotting Coordinates

FLOWRATES (cfs)

o

Q 252,00 | 336,00 | 420.00 | 504,00
EW %L, 128,62 132,68 137.75 143,84
150 , .
_ Allowable Headwater Wlevation J////Q
140k =
&
2
[4)
[4]
o
o
&
ot
w
[+
a
1200 { |
200 300 400 500
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PROGRAM #27 - PIPF CULVERT; OUTLET CONTROL OUTLET VELOCITY

Thig program determines the outlet velocity of a pipe culvert

operating in outlet control.

The depth of flow used in the computation of the cross-sectional
area of the flow through the culvert is equal to the éritical
depth or the tailwater depth, whichever is greater, However,

if this depth is found to be larger than the diameter of the
pipe culvert, the depth of flow is set equal to the diameter

of the pipe.

FQUATTIONS
V = Q/AN

dy = d, or TW, whichever is greater, not to exceed D

R = D/2
Y = ABS(R-du)
If-dy < R

A = (WRZCos‘l(r/R)/lBO’-r(R2~r2)'5

If d) 2 R

A = wR2-(nR2Cos~1(r/R)/180)4r(R2-12) 5
R¥MARKS

The calculator should be set in the degree mode for this program

to operate properly.

e}
n



STrP . INSTRUCTIONS ____INPUT KEYS DISPLAY

1 Lbad program
2 Input register valuas Q ST 1
8STO 2
N STO 3 N
TW STO 6 W
d, ' STO 8 d,
Calculate outlet velocity A Vv
L For a change in any of the

culvert properties #o to
step #2 and change only the

necessary item,

RXAMPLE #1

What is the outlet veloecity of a 48 inch pipe culvert with a
discharge of 200 cfs.? The tailwater depth is 3.28 feet and

the critical depth is 3,88 faet.

KRYSTROKES ' DISPLAY
200 STO1 , . v . . . . . . 200.00
LB ENTER 12 + STO 2 , , 4,00

1 8703 . ... ...... 1.00
3.28 8T06 ., .. . .. .. 3,28
3.88 sTO08 L, .., .. .. 3.88
A . . . . . . .. .. . . 16,06 fps v



LISTING - PROGRAM #27

LBI. A BRCL 8 RCL 6 g xSy = X2y & NOP RCL 2 g x>y e xéy
g NOP RCL 2 2 + STO L g xgy £ “SF 1 - & ABS STO 5
RCL 4 + r1 cos RCL 4 RCL L x x ew x 1 8 0 +

RCL & RCL 4 x ROL § RCL 5 x - f X RCL S x - ¢-1
TF1 GT0 1 RCLA4 RCL 4 x & % x gaxdy - £l gp1

IBL 1 RCL 3 x RCL 1 g x3y + RTN (71 STEPS)
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PROGRAMS #2833 PIPE CULVERTS; INLET CONTROL PERFORHANCE

Program #28: CMP with Projecting Wdge

Program #29: CMP or Concrete with Standard Fnd Section
Program #30: CMP or Concrete with Beveled FRdges (Type A)
Program #31: Conerete with Square EdgesAln a Headwall
Program #32: Concrete with Projecting Socket Fdge

Program #33: Concrete with Socket Rdge in a Headwall

Information isvalso provided for the design of.the folloﬁing
inlets. v ,

CMP Mitered to Conform to Slope

CMP in a Headwall

.CMP or Concrete with Beveled FRdges (Type B)

Concrete with Projecting Square Fdges

The programs named above evaluate the hydraulic performance
for thne déécribed inlet configurations operating in inlet con-
trol, Although the shape of the inlet faces\differ dramat-
ically, the analysis formulas are very similar. For this
reason, these programs are grouped together, A more detsileqd

explanation of the geometry of these inlets is provided below:

S

o d

CMP - Projecting Fdge CMP/Concrete - ¥nd Section

Program #28 Program #29
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CMP -~ Mitered to Conform to Slope CMPL:IH a;ﬁgdwé{]'

Program #30

+ a"é
d ta S
} b R
e
T b
TYPE| b : ] 4
b D D D
CMP/Concrete - Saveled Fdges A 10.042|0,042{0,042|0,083
Type A and B B [0.083/0,125/0.042(0,125

The beveled ring should extend a minimum of 300° around the face.

Program #31

Conerete - Square Wdge Conerete - Projecting

in Headwall _ Square ¥Fdge
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Program #32 Program #33

Concrete - Projecting Conerete - Socket Fdge

Socket Fdge in Headwail

For each particular inlet, the progrsm ealeculates the heignt
of the water at the face of the culvert (Hpe). This value is
then added to the culvert inlet invert elevation (He + FL,IN),
If this sum is less than the allowable headwater alevation
(AHW ¥1,,), then the inlet elevation becomes the elevation of
the face (FL,FACF). However, if the sum of the height of the
water at the face of the culvert plus the elevation of the
inlat exceeds the allowable headwater alevation, the diffprpncp
between this sum and the allowable headwater elevation is sub-
tracted from the inlet invert elevation. This new elevat;on
ls now called the elevation of the face (RL.FACE)., For the
culvert to operate propeily, the inlet invert must be reset

to this elevation, Thae drop in elevation of the inlet invert
is crlled the FATI. The diagrams on the following page graph-
leally show this occﬁrrence. It should be noted that as the
inlet invert elevation drops, the culvert barrel rotates avout

the outlet invert,
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HW ®T.. AHW EL, HW EL. & AHW EL,
¥

EL. IN’ EL‘-FACE

No FALIL Required FALL Required

EL.IN + H_, < AHW EL. FL.IN 4 He @ ABW ®I.

f

As indicated in the diagrams, when the calculated headwater
elevation 1s sbove the allowable headwater elevation, the
headwater elevation ig set equal to the allowable value and

the difference is taken up by the FALL,

The invert elevation of the culvert face can always be thought
of as the elevation of the face (FL.FACE). The original elava-
tion of the culvert inlet invert, before considering the
affects of 1n1et control and possible FALL, can be taken ag

the elevation of the inlet (FL.INLET).

Once the culvert has been sized for the design flowrate-con-

ditions, the same program can be used to evaluate the perform-
ance of the culvert for other flowrate values, Tn this manner
a performance curve for the culvert operating in inlet control

can be drawn.

EQUATIONS

FL.FACE = AHW EL.-H,  (With FALL)
' EL.INLET (Without FALL)
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HW EL, = EL.FACE+Hf

FAILL = REI.,FACE-KL,INLgT
Note: The FALL 1is measured 1in = downwand dircection

and therefore 1s always a positive valua,
X = Q/(NDZ:5)

Program #28

Ep = D(0.18732140.567710X-0,156544X240, 044705213
-0.00343602X+0. 000089661 5)

Program #29

He = D(0.120659+0,630768X-0.218423%240, 059181 5x 7
-0.00599169X"¥+0,0002292R7X 5)

Program #30

Hp = D(0,06334340.766512X-0.316097%% 40, 0876701%3
~0.00983695x 40, 000416760 )

Program #31

He = D(0.08748340.706578%X-0,253295X%+0, 0667001 >
-0.00661651%*4+0.000250619% 5)

Pregram #32

He = D(0.10878640.6623R1X-0.233801%°40, 057958 5% 3
-0.00557890%%40.,000205052x5)
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Program #33

Hg = D(0.114099+40.653562X-0.233615X240. 0597723x
-0.00616338x 40, 000242832x5)

CMP Mitered to Conform to Slope

Hp = D(0.107137+0,757789X-0, 361462X240,1233932X3
-0.01606422x%40,000767390X5)

CMP in a Headwall

Hp = D(0.167433+0. 538595X~-0.,149374X240, 0391 543%3
-0.00343974%%40,000115882x5) | |

CMP or Concrete with Beveled Wdges (Type B)

Hp = D(0.081730+0.698353X-0.253683x240,0651250%3
-0.00719750X*+0,000312451%5)

Concrete with Projecting Square Wdges

Hy = D(0.16728740. 558766X-0,159813X240. 0420069%3
-0.00369252X*+0.,000125169x5)

REMARKS |
In evaluating these inlets, the pipe size must be determined
before the culvert performance values can bé generated, Once
the pipe size has been fixed and the elevation of the face
(FL.FACE) established using the design rlowrate.—the progran
can then be used for performance evaluations. In caleulating

the performance curve values, the elevation of the face must
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remalr a constant. To insure that this value ie not altered,
Lebel A on the caleulator should not be used during +he ner-

formance curve evalustion,

These programs have been written with the input values stored
in the same registers for each proeram, Thig sllowe the designer
to store the input data once and evaluate all of the inlet con-

figurations by just loading another nrogram card,

Whenever applicable, a bevel edged inlet is recommanded For
uge in lieu of a square edged inlet. The large increase 4n
hydraulic performance fained by using a beveled edged inlet
over s square edged inlet, freatly outweighs the small addd-

tional cost.

To insure the proper operation of these inlets, the FALL value

i1s 1limited to & minimum value of 3D and o maximum valne of

14D, If the minimum value is exceeded, 1e., FALL = 0,20,

one of three alternatives should be considered, Firet, singe
the FALL is so small, the svlvert will operate as though nn

FALL is occurring. A slde-tapered should te considered, Sncord,
the pipe size could be reduced for the same inlet configuration,
This would increase the amount of FALL required. And third,

the same pipe size could be used with another inlet type.

If the maximum value for FALL, 14D, is axceeded, eithner a

larzer pipe size or a more efficient inlet is required,

Polynomial best-fit equations are used to datermine the hesd.

water depths for these inlets, Sinee these aauations are
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an‘appioximation for the curves in HFC #13, they are subject

to the same limitations, Therefore, the headwater depth {Efﬁ
1s 1imited to a maximum of U4D and a minimum of #D. To avoid
the possibility of culvert failure due to buoysnecy forces, it

iz recommended that He be limited to & value of around 2D.

STFP INSTRUCTIONS INPUT K¥YS DISPIAY

t

ILcad program

2 Input register values 2 sSTO 1 Q
D STO 2 I
N STO 3 N
RL.IN STO 5§ EL.IN
AHW BL., STO 6 AHW KT,
3 Calculate the FL,FACE A BL,FACH
b Calculate the headwater elew. 2 HW %1,
5 Calculate the FALL c FALI
b Calcualte the headwater depth D Hf
7 To evaluate the same inlet
with different design criteris,
go to step #2,
2 - To evaluate another inlet,
locad the desired program card
and go to step #3,
9 To obtain the performance curve

coordinatas, input the selected flowrates in registear
#1 and press Lebel 5 to obtain the headwsater eslevations.
Note: Label A must not be used during the performantce

curve evaluation.
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RXAMPLE #1

For a 50-year discharge of 200 cfs,, an allowable headwater

elevation of 72.00 feet, and an inlet elevation of 63,00 feet,

determine the appropriate pipe culvert size.

considered is a projecting CMP,

Load program #28

KEYSTROKES DISPLAY

200 STO1 . . « « « « « . « 200,00
1 8TO 3 . & ¢ ¢ ¢ ¢ ¢ o o o 1.00
63 STO 5 . . . + + « « « . 63,00
72 STO 6 . . . ¢ « v « .« . 72,00
Try a 42 inch pipe.
3.5 STO 2 « o v v v v v v v 3.50
A v s e e e e e e e e . . k561 ft,
C v v vt e e s e e e s s s 17.39 ft,

The design to be

RL.FACE
FALL

This FALL value is larger than the allowable value of 5,25 feet.

Try a 48 inch pipe.

b STO 2 . . v v v v ¢« o o & Lh.oo

A v e e e e e e e e e e e . 55.41 ft,

C i e e v e e e e e e e e 7.59 ft.
This FALIL is larzer than the allowable (1%D)
Try & 54 inch pipe.

b,5 STO 2 . . v ¢« v« & v & & L,s50

A e e e e e .. ... 60,61 ft.

C e e it e e e e e e e e . 2.39 ft.

®L,FACE
FALL

value of 6.00 feet.

FL.FACE
FALL



This FALI. value is within the 1imits (D) and (1%D).
Cheeck the limits of Hf.
D . . . L] L L L4 L] L L] [ L] @ 110 39 ft ' Hfl

This velus of He is below the maximum value of 20,25 = 43D,
A 5k inch CMP culvert willl work for the conditions specified.

EXAMPLE #2

Congider the same design criteria only change the pipe from

a projacting inlet to a bevel edged inlet.
Load program #30.

KWYSTROKES DISPLAY

4ith the design data already in the calculator from the
previous example, just proceed with the caleculations,
A v o o v 0 v s s e s .. 63,00 ft, FL.FACE
Co e e e e e e e e e e e e 0.00 ft., FALL
This design uses the 54 inch dismeter. With a bevel edged
inlet no FALL is required. 1In order to maximize the design
2 smaller size of pipe will be evaluated. Try 48 inch diameter.
b sTC2 . ... 0 ..., L,o0
A . . . ... ... .. 60,5 ft, FL.FACE
Co e e s e e e e e e e e 2,50 ft. PFALL
This FALL value is within the allowatle range. Check He.
D . . v v v ¢ v v e s . . . 11.50 ft, He
This value 1s also within the allowable range.

Use 48 inch dismeter pipe. The bevel edzed inlet reduces the

required dismeter by one half of a foot.
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RXAMPLE #3

Evaluate the performance of a twin 30 inch concrete pipe
culvert entrance. The design flowrate is 100 c¢fs., and the
allowable headwater elevation is 86,50 feet. The elevation

of the inlet invert is 80.20 feet. Use program #31,

KFYSTROKES ’ DISPLAY

100 STO1 . . . .« .« . + . 100,00

2.5 STO 2 . . . « o ¢ . o . 2,50

2 STO 3 . v v « s s oo o+ 2,00

80,2 STO5 . ... ... . 80,20

86,5 ST06 . ... . ... 86,50

A . e e e ... ... BO.20 ft. EL.FACE
B v v v v s o e s« s s . . 8598 ft. HW EL.
C e v o v s o s o s s s« o 0,00ft, FALL

o
»
e
[
-
.
.
L]

e e e e e e 5.78 ft. Hg
No esxcavation is required for this culvert design. The head-
water elevation 1s just below the allowsble value, For the
performance curve coordinates use 0.6Q, 0.8Q, and 1,2Q.
60 STO 1 . . . o « +« . « « 60,00
B 6 s 6 & o« e o v e o 5 o e 83.37 ft, HW FL, @ 0.6Q
80 STO1 . . . ... ... 80,00
B v v v v o e e e e e e e 84.49 ft, HW EL. @ 0.8Q
120 STO 1 . . « + & « « « » 120.00
B v v 4 e s e e e e e« .. 87.81 ft. HW EL, @ 1.20Q
Note: After the face elevation was originally determined,

Label A, this button was not pressed agein. To do so would
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produce sn error in the calculation of the performance curve
coordinates, lLabel A should only be used when the'design

flowrate is in register #1,
A plot of this performance is on the final page of this section.

LISTING - PROGRAM #28

L5 A D RCL 6 RCL 5 - g xSy & x2y & NOP RCL 6 g X2y
- STO8 RTN IBL 5 D RCL8 + RTN L&L C RCL 5 RCL 8
-~ BTN LBL D RCL1 RCL 3 + RCL2 2 ., § g yX =

NTER ENTER ENTER 8 9 , 6 6 1 x 3 4 3 6 , 0 2
- x 4 b 72 0 5 , 2 4+ x 1 5 6 5 4 4 . x 5 §

771 0 4+ x 18 7 3 21 4+ 6 1 106 & mer o
X RTN (96 STEPS)

LISTING - PROGRAM #29

LbI. A D RCL 6 RCL 5 - g XSy g x2y g« NOP RCL 6 Z X2y

~ 8T08 RTN IBL B D RCL 8 + RTN LsL C RCL 5 RCL R

- RTN IsL D RCL1 RCL 3 + RCL2 2 , § g yX 4

ENTER ENTER ENTERR 2 2 9 2 8 7 x 5 9 9 1 ., 4
- x 59181 ., 5 4+ x 21844 2 13 - y ¢

3 0 7 6 8 4+ x 1 2 0o 5 9 + 6 1 o6 + Rer o2
X BTN (97 STEPS)

LISTING - PROGRAM #30 |

IS. A D RCL 6 RCL 5 - ¢ X<y & x2y g NOP RCL 6 &« X2y

- STO® RTN IBL 8 D RCL 8 + RTN I8 C RCI. § RCL R
= RTN LsL D RCL 1 RCL 3 + RCL 2 2 . g g y* =
ENTER  BNTER ENTER 4 1 6 . 7 6 x ¢ 8 3 & . ¢ &

. 109



LISTING - PROGRAM #30 (cont)
- x B 7 6 7 0 ., 1 + x '3 1 6 0 9 7 - x 7 6
6 5 1 2 + x 6 3 3 4 3 + 6 -1 106 + RCL 2 x

RTN (95 STEPS)

LISTING - PROGRAM #31

I8, A D RCL 6 RCL 5 - g xSy & x2y & NOP RCL 6 g %2y
. SPO & RTN IBL B D RCL 8 + RTN LBL € RCL 5 RCL &
. mrN IBL D RCL1 RCL 3 + RCL2 2 . 5 g y% +
KNTHR KNTHR ®NTER 2 5 0 . 6 1 9 X 6 6 1 6 . 5 1 - X
6§ 6 7 00 .1+ X 253295 -X 706578+
X 8 7 4 8 3 + 6 1 L0G + RCL2 X RTN (96 STEPS)

LISTING -~ PROGRAM #32

I8, A D RCL & RCL 5 - g x<y & x2y & NOP RCL 6 « X2y

- STOR RTN IBL B D RCL 8 + RTN IBL C RCL 5 RCL 8

- RTN LL D RCL1 RCL 3 + RCL2 2 . 5 g y% +
WNTER KNTER ENTER 2 0 5 , 0 5 2 x 5 5 7 8 . 9
- x 5 7 9 5 8 , 5 4+ x 2 3 3 8 0 1 - x 6 6
2 3 8 1 4+ x 1 0 8 7 8 6 + 6 -1 106 + RCL 2
£ BTN (96 STEPS) | ’

LISTING - PROGRAM #33

IZL A D RCL 6 BRCL 5 - g XSy & x2y & NOP RCL 6 & x2y

. STO 8 RTN L8L 2 D RCL 8 4+ RTN IBL C RCL 5§ RCL &
- ®WPN ISL D RCL1 RCL 3 + RCL 2 2 . 5 & y° +
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LISTING - PROGRAM #33 (cont)

ENTER ENTER ENTER 2.4 2 ., 8 3 2 x 6 1 6 3 ., 3
8 - x 5§ 9 7 727 2 3 4 x 2 3 3 6 1 5 - x 6 5§
35 6 2 +# x 1 1 4 0 9 9 4+ 6 1 106 + RCL 2

x RTN (96 STEPS)

Plot of the performance of a twin 30 inch conerete pipe culvert

operating in inlet control with square edges in a headwall.

Plotting Coordinates

Q £0.00 | 80.00 | 100.00 | 120.00
HW W1, 83.37 | 84.49 | 85.98 87.81

90 ¥ ¥ 1

™ Allowable Headwater mlev,

HEADWATER ELEVATION (ft.)

86 L i
84 | % -

.

£|8

Ll 1 4]
- o 73] -

& wd

D a

82 1 | L L

Lo 60 80 100 120 140

FLOWRATR (efs.)
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PROGRANMS #3L4 &35 - PIPE CULVERTS; SIDE-TAPHERED THROAT CONTROL

SIDE-TAPRRED WITH SMOOTH THROAT

SIDE-TAPERED WITH ROUGH THROAT

A culvert with a smooth throat pertains to pipe eulverts made
of concrete or of a smooth metal. Rough throated culverts

apply to corrigated metal structures,

These programs evaluate the performance of a culvert operating
in throet control. The formulas incorporated in these programs
apply only to side-tapered inlets for pipe culverts. Like the
inproved inlet programs, these throat control progréms often
can use FALL to increase the flow capacity of a culvért, The

following diasgrams describe the throat control inlete,

HW BL, & AHW AL,

TraLy

EL;IN; \LL,THROAT

LLEVATION VIEW

RCUGH THROAT SMOOTH THROAT

PLAN VILKW
SIDE-TAPLRED INLAKT SIDe-TAPERED INI BT
NOIFALL, HW L., < AHW L. WITH FALIL AND WINGWALTS
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LQUATIONS

£l .THROAT = AHW EL.-Ht (With FaALI)
= EL,INLET (Without FALL)

HW L. = EI.THROAT4H,
FALL = EL,INLET-KL.THROAT
X = LOG(Q/(NDZ2-5))

Program #34

- 10( -0,23713940.146792X+2,189321%2-4, 354114%3
+4.210539x%-1 . 387032%5)

H

Program #3%

i ;1616(-O.233392+0.u89125X+1.068638X2-3.07&&35X3
t
+3.711265%% -1, 32836%5)

REMARKS

As mentioned before, these programs are only to be vsed with
side-tapered pipe culverts. To evaluate thebperférmance of n
pipe culvert with a slope-taperad inlet, the deSigner shou1d
use program #11. This progrsm evaluates the performance of
box culverts with both side-tepered and slope-tapered inlets.
The slope-tapered inlet for a Pipe culvert is designed as if
it were going to be used with a box culvert, A transition
section 1s then fabricated to connect the box shaped inlet
to the pipe culvert barrel. The disgrams on the next pazp

will further explain this situation.
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EL. & AHW KL,

N

HW FL, & AHW EL.

&L, THROAT -~ \
TRANSITION SECTION TRANSITION SECTION
>
SLOPE-TAPERED INLET  SLOPE-TAPERED INLET
VERTICAL FACE, WINCGWALLS MITERED FACE

The width values (B) in program #11 will have to be translated
into a diameter size, This canbbe accomplished by setting B
equal to the diameter snd then proceeding with the design as

if the box culvert in question had a square cross-section,.

ILabel A is used during the culvért size determination part of
the program, Once a culvert siée'has been selected, it is
stored in the calculator and Label A evaluates the appropriate
throat elevation for the given design flowraie. When ﬁsing
flowrates other.than the design value for the performance curve

coordinates, Label A must not be pressed,

Since the input registers have the same identity as the ones

used for the inlet control programs (#28-33), these two programs
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can be run in succession after ‘the' inlet- eontrol programs have
been evaluated. Tf all of the inlet econtrol programs have their
calculatpd FALL values exoeeding the maximum limit¢ (12D), the
designer can 1mmed1ate1y load these programg and proceed with

the design of the culverts for throat control, without;changing

any of the register Values.

Due to the slze limitations of this caleculator, a small error
results in the computation of the FALL. The programs assume
that the elevation of the inlet and the elavstion of the~th§oat
are equal before determining the value of thp hpadwater elev-
ation. This equality is false and a small difreronee. equal

fo the channel slope times the vertical distance between the
Inlet and the throat section (S,xL,) exists. This L, distanse -

is an unknown value in these programs, It is determined by

the next programg, By understanding this error aondition, a

correetion, if necessary, can be made,

The limits placed on the FALL value for the inlet controil
programs applies to the throat control dasigns‘aiso. A_minimum‘
value of 3D and a maximum value of 13D still apply. If the
upper limit is exceeded, a larger culvert size should be tried,
If the minimum value is exceeded, the culvert will essentially
operate as if there was no FALL present, A larger or: smaller

culvert, or another inlet configuration should be consgidered,

Polynomial best-fit equations are used in determining the head-
water depths for these inlets., Sinece the aquations afe an

approximation for the curves in EEC #13, they are subject to
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the same restrictions, The headwater depth_(Ht) 1s limited to
43D maximum and 2D minimum., It is recommended that the value
of H, be kept below a value of 2D to protect the sulvert from

buoyancy foreces,

The number of barrels (N) 1is limited to a value of 1 or 2,

STRP INSTRUCTIONS INPUT _  KEYS DISPLAY
1 . Load program
2 Store register values Q STC 1 Q
D STO 2 D.
N STO 3 N
FL.IN STO 5 EL.IN
AHW EL., STO 6 - ARW EL.
3 Calculate throét elevation A | - FL.THROAT
i Caleulate headwatgr elevation B HW ®L, .
5 Caleulate the FALL c FALL
6 Calculaté headwater ﬁepth D Hy
7 For a change in Any of thase
culvert prbpprtias, go to‘
step #2 and changg only
the necessary items.’
8 To obtain the performance curve COQrdinates}_input
the selected flowrates in register #1 and press Label B
to obtain the headwater élevations. |
Note: lLabel A must not be used during this caleculation,
9 To evaluate another inlet, load the desired program

card and go to step #3.
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EXAMPLE #1

Size and evaluate the throat control performsnce of a CHMP
with a 300 cfs. flowrate. The inlet slevation ig 135,00 feet
and the allowable headwater elevation is 14k4,50 feet,.

Load program #35

KRYSTROKES DISPLAY

300 STO1 ... ...... 300.00

1 STO3 . v v v v v v v o . 1.00

135 STO 5 . . v v v o . . . 135.00

1,5 STO 6 . v « o v « o o 1b4,50
Try a 48 ineh pipe.

b sT02 . ... ... ... Bb,00

A . . . .+ ...+ ... 129,00 ft, ®L.THROAT

C e v v e e e e ... 6,00 ft, FALL
The FALL 1s within its allowable limits. Check H,.

D . . e i s e e s e e e . . 15,50 ft, Ht
This valué is within the allowable but not the recommended range.
Try a 54 inch diameter,

4.5 STO 2 . . v v v . v v . 4,50

A e v e v v v v v e+« . 133,02 ft, FL.THROAT

C e e s s e e e e e e e e 1.98 ft. FALL

D o« e v v v v v e v o .. 11.48ft, H
Both the FALL and H_ are within their allowable ranges. Hy
equals 2,55 times the diameter. This value is abqve the'recém-

mended value of 2D but with proper anchoring it can be used.
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The performsnce curve coordinates will be found for the 0,4Q,
0.8Q, and the 1.2Q values,
KEYSTROKES DISPLAY

300 ENTER .6 x STO 1 . . 180.00

B 4 v v e e w e e e+ . . .139.78 ft. EW EL. @ 0.6Q
300 ENTER .8 x STO 1 . . 240.00

B v e v u s u e e e . .. . 141.87 ft, HW EL. © 0.8Q
300 STO1 .. . ......30000

B e e e e e e . u . . 1B4.50 ft, HW EL. @ Q
300 ENTER 1.2 x STO 1 . 360,00 |

B v v v v v w e w e w . o . 147,75 ft, HW BL. @ 1.20Q

LISTING - PROGRAM #34

(1]

LsL A D RCL 6 RCL 5 - g xSy g x2y g NOP RCL 6 X2y
- STGB RTN ISL 5 D RCL 8 + BTN LSL C RCL 5 RCL 8
- RN IL8L D RCL1 RCL3 + RCL2 2 , 5 g yX &+ f
LOG ENTBR ENTHR KNTER 1 3 4 7 0 3 CEHS x 4 2 1 o
5 4 + x 5 3 5 411 - x 2189 3 2 4+ x 1
b 6 7 9 + x 2 3 7 1 & - 5 1 106 2 1 10

RCL 2 x RTN (97 STEPS)

LISTING - PROGRAM #135

LBL. A D RCL 6 RCL 5 - & xSy & x2y g NOP RCL 6 - g x2y
- STO8 RTN LBL B D RCL 8 4+ RTN LBL C RCL 5 RCL 8
- RIN L3L D RCL1 RCL 3 + RCL 2 2 , § g yr & f

LOG &NTsR ENTKR ENTER 1 3 2 8 3 6 CHS x 3 7 1 1
1 7 « x 3 o 7 & 4 4 - x 1 0 6 8 6 4 + x 4
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LISTING - PROGRAM #35 (cont)

8 9 1 3 + x 2 33 3 9 - 5 1 105 4 g1 L0G
RCL 2 x RTN (97 STEPS)

Plot of the performance curve of a 54 inch corrigated metal

pipe culvert operating in throat control,

Plotting Coordinates
Q 180.00 | 240.00 | 300.00 | 360.00
HW L. 139.78 | 141.87 | 144.50 | 147.75

148

(rt)

146 |

Allowable Headwater Flev,

144 -

142t

HEADWATER ELEVATION

10|

Design Discharge

138 i 1
120 180 240 300 360 420

FLOWRATE (cfs)
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DROGRAMS #36-38 PIPR CULVERTS; FACE DIMENSIONS

Program #36: Side-Tapered CMP with Projecting Rdge
Program #37: Side-Tapered Square Hdges in a Headwall

Program #38: Side-Tapered Beveled Rdges in s Headwall

These.programs continue with the design of a éulveft operating
in thfoat control; FPor the side-tapered entrahce,‘these prégramé
compute the face width (B¢) and the horizontal distance between
the entrance and the throat control section (Ll)' Seé the

disgrams below for a further explanation,

Program #36

}"' 11"'4 \\EL.THROAT L—Ll—.-l “\\EL , THROA

¥ ¥
Sp By

Side-Tapered, Projecting Wdge Side-Tapered, Projecting

No FALL | Fdge, With FALL
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\1

| Program #37 Program #38

2
’* 12+ o
EL . THRCAT _ EL.THROAT
& . A F—, .
N _— .
1 Fr S
Be By : S 2
.__L.v —{——///; ‘ '
L] ‘ 1
Side-Tapered, Square ¥dges ‘ Side-Tapered, Baveled Rdges
In a Headwall, CMP or Concrete In Headwall, CMP or Conecrete
‘With or Without FALL With or Without FALL

An additional dimension from the face of the side-tspered inlet
is required as one of the program inputs. This is the value of
the height of the side-tapered face. Tt is referréd to as the

value ®.in the diagram below.

s
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The limitations on the value of ® are a minimum of the dismeter
ard a maximum ef 1,1 times the diameter. The sidewall taper

(ST) should be kept between a value of 4:1 to 6:1 for the pro-

4:ram to operate properly.

The determination of Bf and L1 is a lengthy computation ﬁhich
exdeeds the capacity of the HP-65 caleulator. An extra program
card is needed to compute these values. This extra program, #1bL,
computes the ad justed slope of a culvert which has FALLvincorj
porated 1n‘its design. Program #14 uses the value L1 ﬁn its
computations, L1 is determined by these progﬁams, #36—38; but
they need the value of the adjusfed siope to comput@'Ll.j The
mpfhod ugsed to solve this dilemma is to alternately use @ither'
programs #36 and #1& #37 and #14, or #38 and #1& in an alter-
nating manner until the values of Be, Ly and ADJ.S stabiiize.,

This proecess usually only requires two or three cycles.

For the initial caleculstion of By and Ly, the adjusted slope
is approximgted by using the original channel slope. A number
slightlﬁrsmaller than the original SIOpe may be}us@d'to decrease

the time of convergencs,

Where prefabricated inlet sections are aVailable.'Ef and L1
have generally been fixed by the manufacturing company. These
values are normally set at 14 times the culvert diameter. If

this type of design is desired, the given values of Bf and L1

can be used in lieu of programs #36-38, The value of‘L1 can

be directly used in program #14 to determine the adjusted slope.



TQUATICONS
He = HW FL,-EL.THROAT-L;ADJ.S= Hy - L;ADJ.S

X ='Hf/D

Program #36

Be = 4Q/((wE1+5)(0,014441.1505X+1,8167x%-0,9642x3
+0.1978x%-0,0148x%5) |

Program #37

Bp = 4Q/((wEl+5)(-0.004840.9026X+2,9784x%-1,792%3

L

+0.4228%7-0,0357x5)

Program #138

Bp = BQ/((melr3)(0.73932x+3,2998X2-1, 746X

% _0.0287x5)

+0, 3744
REMARKS

The numbey of barreld (N) is limited to a valua of I or 2.

As mentioned before, for the initial value of the adjusted
slope (ADJ.S), the channel’'s original slope (SO) shoqld be used

a3 an approximation., This value is stored in register #4.

Side taper values (ST) less than the specified value of U4:1
are unacceptable. Under this condition, the culvert would

overate as if it were a regular culvert and there was no taper
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present., Side tapers in excess of the recommended value of
6:1 will perform better than the desizn will indicate. There-
fore with this lerger velue, the Hroframs will produce conser-

vative results,

' The value of L,. determined by these programs is a horizontal
measurement. This 1s in comparison with the adjusted length

ADJ.L, whieh is measured alonz the slope of the eulvert.

STwP INSTREUCTIONS ENPU% KEYS DISPLAY
1 Load program
2 Inptit register values G STC 1 Q
D STO 2 D
N 3T0 3 N »
Initially use 8, ADJ .S ST0 4 ADJ,.S
Hy STO 5§ Hy,
87 370 6 87
B STO 7 €
3 Calculate the face width A Bf
L Calculate the inlet length B Ly
5 Run program #1&
é Repeat steps #2, #3, #4,

and #5 until the values of

bfa Ly, and ADJ.S stabilize.

EXAMPLE #1

In the design of a 48 inch CMP culvert with a 25-year discharge

of 190 e¢fs,, the throat elevation was determined to be 79.30 ft.



EXANMPLE #1

{cont)

Load pfogram #36

KFYSTROKES

190 8TO 1

4 sTo0 2 . .
1 8To 3 . .
.05 STO 4 ,
8.4 38TO 5 ,
6 8Tto 6 , ,

4,2 8TO0 7 .
A....l
B .. ...

imastion of ADJ S by S

l.OSD or 4,2 feet.

a2 value of ADJ.S =

program #136,

190 sSTO 1
4 310 2,
1 8sTO 3 .

a headwater depth of 8,40 feet,

Thé headwater elevation for this site was 70,90 feet,

5% and a side taper of 6:1 1s to be used,

The original channel slope was

The E value will be

Find the face width and the inlet length,

from the 111 slope.

0.02495

L L4 L]

DISPLAY

190,00
%.00
1.00
0.05
8.40
6.00
5,20

6.42 r¢
7.26 ft. T

is obtained,

L4 ° L]

125

190,00
4,00

1.00

The culvert is hot to have a headwall but to be projecting

. Bg

1

These are just two estimates of By and Ll baspd on the approx~

Using this Ly value 1n program #1&,

Using this value in

This gives



KEYSTROKES A DISPLAY

.02‘%‘95 STO Lﬁf @ ° 9 ° o L3 ® L3 @902
86& STO 5 ° @ © e w o [ o © ggeé\‘z‘@
0

<

6 STO S o v o o o o o o 5 » b

L.,2 STO 7 ¢ ¢« o s o o o o = 4,20
Note: These values nust be restored singe the runﬁ;ng of program.

#184 has altered their original values.

A o o 4 o o o s s o 5 o o o 6.28 Tt. Bg

B e e 0 e o e o v a0 0 oo. B.BR fT, Ly
Again tsking the value of L, te progrsm #14. A value of 0.025907
for ADJ.S iz obtained. Ueging this walve in program #36,

190 STO L . . v v w . . . . 250,00 | |

B 8T0 2 . . o ¢« o o o 5 o @ &,00

" BTC 3 4 o s s s 6 e s o s 1.00

LO28Q07 STO B . o o & o e 0.02

Bl STO 5 o v v v o o o o o 8,80

6 8TO 6 . . o s o 0 o o0 o 5,00

5,2 8T0 7 o ¢ o v v o o o o B.20

B ) L4 3 3 L) @ R} o k-2 L o -2 @ ® 6 @ 85‘5) ft ﬂ* L‘-‘E‘ ’
The face width is 6,28 feet and the inlet length is 6,84k feet,

The corresponding values usgsed in program #14 are as follows:

D= b feet.
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LISTING - PROGRAM #36

LBL A 1 LBL 1 CHS RCL 5 + RCL 7 + ENTER ENTER ENTER

1 4 8 CHS x 1 9 7 b + x 9 6 & 2 - x 1 8 1
6 72 +# x 1 1 85 0 5 4+ % 1 4 4 4 | 1 106 +
RCL1 gx2y + 4 x g m + RCL 7 ENTER f +%X x + RCr
9 232y £xey GO 2 RCL 2 RCL 3 x - 2 + RCL 6 x

ST0 8 RCL L x Gr0O 1 LBL B RCL 8 RTN LBL 2 DSP ., 2
RCL 2 g xSy g x8 g NOP -RTN .(99 STuPS) |

LISTING - PROGRAM #37

IBL A 1 IBL 1 CHS RCL 5 + RCL 7 + ENTER LNTER &NTER

3 57 CHS x 4 2 2 8 4+ x 1 7 9 2 0 - x 2 9
7 8 4 4 x 9 b 2 6 + x 4 8 - & 1 106 + meL1
gxqy + 4 x g w + BCL 7 ENTER f X x + ROL 9

g xqy g x=y GT0O" 2 RCL3 RCL2 x - 2 % RCL 6 x
STO8 RCL4 x GPO1 LBL B RCL 8 RTN IBL 2 DSp .2
RCL 2 g xSy & x2¥ g NOP RTN ' (98 STEPS) '

LISTING - PROGRAM #38

IBL A 1 IBL 1 CHS RCL 5 + RCL 7 + ENTER 'E.‘IQTER - ENTER
2 8. 7 CHS x 3 7 & b 4+ x 1 7 6 & 0 - x 3 2

9 9 4 4+ x 7 39 3 , 2 4+ x & r1 106 + meL1
gxqy + B x g 4 + RCL 7 ENTER f & lx + RCL 9

8 X2y & X=y GTO 2 RCL 3 RCL 2 x - 2 + RCL 6 x STb 8
RCL & x _G'I"O i ILBL B ‘RCL 8 RTN IBL 2 DSP . 2 RCL 2
B xSy & x2y G NOP RTN (97 STEPS)
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PROGRAMS #39 & 40 - PIPE CULVERT; INLET CONTROL QUTLET VELOCITY

These two pfograms determine the outlet velocity for circular pipe culvefts
by first calculating the normal depth of flow within the barrel. Once
this depth is determined, the waterway area is calculated and the ve]ocity‘

is found by dividing the discharge by the area.

Due to the length of the polynomial equations employed and the limited

number of program steps of the HP-65 calculator, two programs must be used.

Normally as the depth of water within a pipe culvertuincreases, the discharge
correspondingly increases. However, after the depth of‘f1ow reaches a
little over 90 percent of the culvert height, the discharge begins to decrease
as the depth increases. This decrease in flow is a result of the large
increase in the wetted permeter (barrel roughness) with only a small increase
in the waterway area. This decrease in discharge continues until the barrel
flows full. For a given discharge requiring a flow depth greater than

82 percent of the pipe diameter, two depths of flow may exist. One value
will be between 82 percent and 93 percent of the pipe diameter and the other
depth will be between 93 percent and 100 percent full. Correspondingly there
exist two values for the waterway area and two values for the flow,veTOCity.
The calculator programs determine the smaller flow depth. This action will

produce the smaller areas and the higher outlet velocities.

The equations used in the programs are polynomial expressions which approximate

the normal depth curve for circular cross sections as found in Figure 6-1 of

reference #4.
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To operate these programs, program #39 is loaded into the calculator and

the input valves are stored in their appropriate registers. Label A is

then pressed and an intermediate valve is displayed. This number will vary
depending upon which subroutine the calculator has exited from. Program #40
is then loaded into the calculator and Label A is again pressed. The ocutlet
velocity value for this particular pipe culvert operating in inlet control
will then be displayed.

EQUATIONS
X = (qn/(1.486Ns")) 08/
Z=L0G (X)
If X < 0.06
4 =D x 10(0+136525 + 0.57114Z + 0.023622°)

If 0.06 < X < 0.24

4 =D x 10(0-3063639 + 0.9078847 + 0.1926152°)

If 0.24 < X < 0.34

_ v (0.685734 + 2.097532Z + 1,12583622)
dn =D x 10
If X > 0.34
d =D
n
e = arc cosine (radians) (I-Zdn/D)

A = (D/2)2 (e - sin e cos o)
V = Q/(NA)
REMARKS

Once the input values have been stored for program #39, they do not have
to be re-entered for program #40.

The calculator may be used between the running of programs as long as
registers #1, #3, #4, and #7 and Flags #1 and #2 are not altered.
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STEP INSTRUCTIONS INPUT KEYS ~  DISPLAY

1 Load program #39
| 2 Input register values Q STO 1 Q

D STC 2 D
N STO 3 N
n STO 5 n
S STO 6 )

3: Calculate "X" A X

4 Load program #40

5 Calculate outlet velocity A v

6 For a change in any of

the design data, go to

step #1.

EXAMPLES #1
Find the outlet velocity for a CMP of diameter 54 inches, with

a slope of 0.032 and a flow rate of 100 cfs. Manning's n is 0.024.

Load program #39

KEYSTROKES DISPLAY
100 STO 1 100.00
4.5 STO 2 4.50
1ST0 3 1.00
.024 STO 5 0.02
0.32 STO 6 0.03
A ' 0.24
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EXAMPLE #1 (cont.)

Load program #40

KEYSTROKES DISPLAY
A 12.12 fps.
EXAMPLE #2
What would be the outlet velocity for example #1 if the flow

rate was 200 cfs?

Load program #39

200 STO 1 200.00
4.5 STO 2 | 4.50
1 ST0 3 1.00
.024 STO 5 0.02
.032 STO 6 | 0.03
A -0.07

Load program #40

A | 13.78 fps.

LISTING - PROGRAM #39

LBL A RCL 1 RCL 3 DIV STO1 RCL2 2 DIV STO 3 g x%y RCL 5

X 1 . 4 8 6 DIV RCL6 f SRX DIV RCL2 8 ENTER 3 DIV ¢ y*
DIV f LOG STO7 g LSTx . 0 6 g wy G0 1 g x&y . 2 4

g x>y GTO 2 gx¥y . 3 4 g x>y RCL7 E O STO 4 RTN LBL
E1.125836 x2 .09757372+RL7 x .6 8
5 7 3 4 + STO4 R/S IBL 1 f SF1 RTN LBL 2 f SF 2 RIN

. (100 STEPS)
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LISTING PROGRAM #40

LBL A f TF1 RCL7 D 1’"-1 TF2 RCL4 E RCL7 . 1 9 2 6

1 5 %X . 9 0 7 8 8 4 + RCL7 X . 3 06 3 6 3 9 +

E tBL D . 0 2 3 6 2 X . 5 7 11 4 + RCL 7 X . 1

36 25 + IBLE f£* L0G 2 X 1 - CHS g RAD g COS™H

ENTER ENTER f COS ¢ X%y f SIN X - RCL 3 ENTER X X RCL

1 1

1 g X%y DIV g DEG f 1 sF1 f1 SF2 R/S (100 STEPS)
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APPENDIX A

Derivations of ¥quations

- Used in Programs
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R

 PROGRAM #2

- So

. The equation for the fill slope (line a) is:

Ya = gi- + WL.FU

FU

Similarly, the equation for the channel slope (line b) is:
Yy = -8,X + EL.FU

At the face of the‘culiert. the difference between these twe

equationé equals the height of the culvert,
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PROGRAM#2 (cont)

J82.1 - - X RL . - BL.FU = & g%

Solving for the unknown value X;

DVSZ+1 _ sFUDJSE+1

=71
(g;;t—} + So)

For the downstream condition, a similar value for X would be;

EDQVSE+1

Sy
=
(1-503FD)
Multiplying these values by the channel slope will give the
change in elevation across the distance X. From thig,the inlet

and ocutlet elevations ¢an be determined.

SoSEpDVSa+1
(1-843gp)

EL.OUTLET = EL.FD +

From these two values, the culvert langth can be determined,

(L. INLET-EL,OUTLET) V5541
=
SO

L




PROGRAM #9

EL.FACE ADJ L~ | ADJ.s.;::J:f

b af  ~tpoad

v‘/BVADJ.SZ+1

\EL.FACE

EL.OUTLET /

" There are three unknpwns to be solved for in this program,

| ADJ,L, ADJ.S, and the vertical diétance y. EKnowing thét the
FALL is the difference between the inlet and face elevations,

an expression for y can be obtained,
y = FALL + DVS241 - DVapJs.sZn

Using a rise/run relationship, the value of ADJ.S becomes:

(LS, /¥8Z41)-FALL _ LS,-PALLYSZ41

ADJ.S = >
(L/Js§+1)+ysFU L+ySFUJS§+1-
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PROGRAM #9 {cont)

Due to the compléxity of these two equations they are solved

by a trial and error method by the caleculator, -

Onee the ad justed slope 1s found the adjusted length can be
obtained by multiplying the difference in elevation b&tween
the face invert and the outlet invert by the cosecant of the

ad justed slope.

ADJ.L = (2o . FALL) (YADJ.S"+1;
YsZa ADJ,S

PROGRAM #10

{3D4ADJ,LYADT,
- -ADJ.S\&I
1

3

——

X l«—  ADJ.L — e
;%D JADJ.S241 EL.OUTLET
JAD7.8%41 L |
— e




PROGRAM #10 (cont)

Prom the diagrams the value of Lo can be deternmined.

LO m X 4 éD L 3 ADJ.L
JanJ.s241  VADJ.S%41

Since the value of X 1s also an unknown, an expression for it

43 also reguired. Sﬁmming vertical distances produces;

. {(3#D+ADJ,L}ADJ.S

4ADJ.82+1

LoSo = XSe

Combining these two equations, an expression for L, without-thé}

value of X in it, is obtained.

- (S¢-ADJ.S)($D+ADJ.L)

L
®  (8p-8,)VADI.SZ4L

Substituting this value in an expression for H,s

So(S¢e-4DJ.S) (4D+ADJ.L).

(Sp-So)VADT, 8241

He = HW EL. - EL,OUTLET -

The crest width can be calculated using this value ofTHc}
The formuls relating crest width to the depth of water at the
crest is taken from the references and is not derived here.

c

- —
(2H)1+5
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PROGRAM #10 (cont)

WT
T ¢
Ccw BxN

| }.‘ ADJ.L —wmf
. | vaps.sZ+1
- Lo

~ From this diagram, the wingwall taper is determined,

- (Lo-L/VADJ.5241

(CWw-BxN)}/2

“WT

The wingwall angle is just 90° - the arctangent of the wing.

wall taper,

PROGRAM #14

EL.FACK ®L.THROAT - '°  ADI.S /
EL, INLET etail  EL.OUTLET .
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PROGRAM #14 {cont)

YSFU ~——~——*1

g —p)

DVADJ.SZ+L

- EL.PACE/ e I

EL ,OUTLET

The formulas given here are similar to those given in program
#9, except a new unknown L, has been introduced. The meaning
of FALL has changed also., It now equals the differenae bétween
the eleﬁation of the inlet and the elevation of the throat,

The expressions for y and ADJ.S now equals

'y = FALL + DVSZ41 - DVaDJ.s%41 - 1yaDa.s

LSO—FALLV53+1+L1ADJ.S S+l
L+ySFUu30+1

ADJ .S =

Substituting:
0 = (FALL + DV8Z41 - DVADJ.5%41)SpyADJ.SVS2+1 = LS,
+ FALLVSZ41 - L1ADJ.SVSZ41 + LADJ.S - LyADJ.S2Sp /5241
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PROGRAM #15

The adjusted length computations used in program #15 can be
derived using the diagrams of program#ll. Once the ad justed
slope is calculated by program #14, it is used by this prégram

to find the new culvert length,

As wés the case in program #9, the ad justed length is the
product of the cosecant of the ad justed slope and a difference
in elevations. In progran #9, the difference was between the
face invert elevation and the outlet invert elevation., For
this program the difference is between the throat invert and
the outlet invert. Although this difference in definition
exists, it has little effect on the formula below, This
difference is resolwdd by:the two different defihitions of

the FALL. 1In program #9, the FALL is the difference in elevetion
between the inlet invert and the face invert, In program #15,
it is the difference in elevation between the inlet invert and
and the throat invert, After the culvert length is found,

the length of the improved inlet is subtracted off,

ADJ.L = (B0 . FALL)(..__._____% 241y - L,vADJ,8%41
S&+1 .

S1liding back up the adjusted slope from the throat sectlion:

¥L.FACE = EL.THROAT + L,ADJ.S

141



PROGRAM #16

&L, FU-£L, OUT
SO

Y

KL .THR- 4L, OUT
ADJ.S

—
——
——
—— . .
vl VY

EL . THRCAT

Detail

VAD3.82+1

/'.D

The equation for the 111 slope (line a) is;

Yo = =% 4 PL.FU
Sry

Similarly, the equation for the channel slope (line b) isg
Yy = -Sgly + EL.FU

b2



PROGRAM #16 (cont)

At the face of the culvert, the difference betwsen these two
equations equals the height of the culvert,
DVS;+1 L

L
=Yg « Yp = 2= 4 WL.FU 4 S.L, - EL.FU

 Solving this expression for Ly

SpuDVS;+1

S¢(1455Sgy)

Lu:

From the first dlagram, it can be determined that;

I, = ZL.FU-EL.OUT _ y _ . _ EL.THR-L,OUT
2 = =g Ly - L3 ADT.S

By summing measureménts in the vertical direction, the following

expression was obtained,

: 1 - fr———5—
EL.THR = EL.FU + §£L - gg - LBADJ.S - DYADJ,S%31
FU f

Combining these last three equatlions, an expression for the

ad Justed slope can be obtained.

0 = ®L.Fu 4 Sf+Spy)D 5§41 + L3 | EL.OUT-EL,.FU
SE (S 5ry) T8 T esy

+ §£¢§§§%§L§QHI - DVADJ.8%41 - BL.THROUT
f .
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PROGRAM #17

kL, FU-EL,OUT

So

&L, THR=-4T, OUT

T — :
—
——
—— e
P

£L . OUTLET/

DvADJ,.S +1

J

' The equation for the fill slope (line a} is;
Yo = 2% 4+ RL.FU
S¥U
Similarly, the equation for the fall slope (line b} isy

Yy, = by, v
Se

Thl



.PBOGRAM #17 (cont)

At the face of the culvert, the difference between these two

equations equals the height of the culvert face,

DVSEa

Ly ' Ly | :
Solving this express;on for Ly

Ll;. a’SFUDng+1
. SF'U'.'Sf

From the first diagram on the previous page;

®L.FU-EL,OUT _ , _ ;_ _ &L,THR-EL.OUT
La = S - M- I3 ADT.S

By summing the measurements in the vertical diréction; the

following expression was obtained.

L L :
®L.THR = EL.FU + §1L - g% - L3ADJ.S - DVADJ.S%41
- Spy S¢ o

Combining these last three equations, an exprassion for the

ad justed slope can be obtained.

—— | _ .
0 = EL,FU 4 E.Eiﬁi + Ez + BL.OUT-BL.FU | EL,THR-EL,OUT

- LBADJ.S - DVADJ.SZ+IV- EL ,THROAT



PROGRAM #18

For the derivations of the equations for L, and Ly refer to

the derivations for program #16,

The EL, FACE”equation can be taken from the &&agrwmévof»pregraﬁ‘
#16, The ADJ.L is- ‘e¢hal to the cosecant of the adjuste& siap@ .

times the change in elevation b@tween ‘the throat section and

the outlet soction.

PROGRAM #19
Refer to the derivation equations for prbgram #17 for an

'explanation 6#%hqw L2 and L, were obtained.

The %L, FACE equation can be taken from the diagrams of program
#17.‘ The ADJ.L is equal to the cosecant of ‘the adjuste& slope
times the»change in elevation between the throatrinver$ an& 

the outlet invert.
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