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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,
less 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 programable calculator becomes a desireable alternative. The accuracy
remains the same, and the calculator method offers a segment by segment design
approach. This method allows 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 taiiwater, proceed
through the design 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, He and Hg, the upper and lower

limits for these valumg are 4.5 D and 0.5 D. These limits

indicate the range over which reasearch was performed on thesas

culverts, Escauss polynomial bast-fit equations are used to

produce the chart values from E¥C #13, values outside these

limits can be obtained, Since the programs do not check for

these conditions, it is laft to the deslignar,

When designing aithar a side-tapered of slope-tapared inlat,

the number of barrels, N, 1s limited to two, Por multiple

barrels, each barrel should be designed individually.

In programs for circular pipes whare 4,/D is grester than 0.89,

the program assumes the pips to be flowing full in calculating

the outlet velocity.

In caloulating the "H* value in the outlet control psrformance

programs, it is assumed that the sulvert is flowing full.

In the design of slope-tapered inlets, the FALL slopes, Sg,

must range between a 2:1 and a 311 ratio,

In any of the programs which use FALL, this value is limited

to a range of 3D to 14D for slope-tapered inlets.

For sida-taperad inlets the value of side taper, 8T, must be

batwemn bil and 6:11,

The values of Ly must be greater than or squal to $B, This value

has barn sat sd that ¢dntrol will occur at the throat section
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rather than at the band section,

In addition to the design limitations given praviously for

box culvarts with slope-tapared inlets, tha following oriteria

apply to slope-tapared and rectangular side-taperad inlats

for pipe culverts:

The rectangular throat of thea inlet must be a squares

section with sides aqual to the diameter of tha pipe

culvert,

The transition from tha square throat section to the

circular throat section must be no shorter than half

the culvert digmater., If sxcessive lengths are used,

the frictional losses within this section of the culvert

should ba ponsidered in the design,

The dasign of multiple barrels for circular asulverts using

slopa-tapered improved inlets can be parformead the saneas

for box culverts except that the center wall must ba flared

in order to provide adequats space batwaen the pipes for

propsr compaction of the backfill, The amount of flare

required will dapend on the size of the pipes and the gonstruc-

tion techniques used, NO more than two barrels may feed from

the game inlet structure using the design methods of thesa

programs,

An alternative would ba to design a saries of individual circular

culverts with slope-tapered inlets, This permits the usa of an

unlimited nuadber of barrals and the design programs are appli-

able,
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The wingwall flare angles used in side-tapared inlets are

limited from 15° to 26° with the top edge beveled, and from

26° to 90° with or without bevels.

The socket antrance used in these programs rafars to the

bell and spigot typs of pipe.

All the dimensions usad in these programs ares in ¥nglish

units, The programs require all of their inputs to ba in

this type of format.

The use of slopes aqual to a value of zero will produce

incorrect results.

These programs do not check for errors in input values,

Savaral of the agquations given in the aquation section of

a program may not be the exact formula used in the program,

This 1s due to the size limitations of the HP-65 calculator,

It wag datermined that thase small differences 41d not

simifricently change the final results.

Generally the order of program sexmcution is from Label A,

through Labels BE, C, and D, The usar should refrain from

performing calculations between using these labels,

Por the most part, thase limitations are repeated in the

discussions with the programs.



Symbol

ADJ .L

ADJ .S

Alpha

AHW WL,

BW

cw

LIST OF SYMEOLS

 

Area, cenerally the cross-sectional

Bavel Aimension used for circular pipe

Adjusted length of a culvert, aftar its
original length has been altered by the
addition of an improved inlet,

Adjusted slope of a culvert, after 1ts
original slope has been lowered by the

Velocity distribution factor used with
Pipe culverts, 1,04 for concrete, 1.12
for corrigated metal

Allowable headwater elevation at the

Width of the box culvert barrel or the
diameter of a pipe culvert

Bevel dimension used for circular pipe

Width of the face section of an improved

Basa width of a rectangular or trapezoidal

Bavel dimension used for circular pipe

Width of ‘the weir crest

Height of a box culvert or the diameter

beval dimension used for circular pipe

Critical depth of flow

Normal depth of flow

Units Description

sq.ft.
area of flow

ft,
culverts

ft,

use of FALL

re.
culvert entrance

ft,

ft.
culverts

ft.
inlet

ft.
chanhal section

rt,
culverts

ft.

rt,
of a pipe culvert

ft.
culverts

ft,

fe.

ft. Variable depths of flow
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Symbol

®L.PFACE

*L.¥D

¥YL.FU

®L.IN

®L.0UT

EL.THR

FALL

Units

ft.

fe,

fe.

ft.

ft.

ft.

ft.

ft.

ft,/sec?

ft.

ft.

ft,

fe.

ft.

ft.

ft.

rt.

Description

Height of side-tapered pipe culvert
face section, axcluding bevel dimension

Invert slavation of the face section of
a culvert

Catch point elavation of the £111 slope
at the downstream and of the cross sactior

Catch point elavation of the fill slope
at the upstream end of the cross saction

Invert elavation of tha culvart bafores
any improved inlet adjustments

Invert alavation of the culvert outlat

Invert elavation of the culvert throat
saction

Distances batweaan the culvert inlat and
tha control section. Measured in a down-
ward direction

Accelarationr of gravity; 32.2

Hand or anargy required to pass a aiven
quantity of water through a culvert
flowing in outlet nontrol

The depth of pool, or head, above the
weir crast

Head loss at a culvert due to the antrance
configuration

Depth of pool, or head, above tha face
section tnvart

Depth of pool, or haad, atove the throat
section invert

Haad due to velocity

Hegdwater alavation at the antrance tn

a culvert

ntrance anargy loss coafficiant

The length of the culvert, measured alone
the barrel

vii



Symbol

L,,L10.20
L3.L,

o
n

o
O

0S
3

Units

ft,

cfs.

ft.

ft.

ft./re.

ft./ft,

re. /ft.

re. /ft.

re. /fe,

re./re.

rt.

pe,

degrea

ft.

re./re.

re.

rt./rt

Description

NMnensions relating to the improved inlet
as shown in sketches of the Aifferant
inlet types

Number of culvert barrels

Manning roughness coeafficient

The volume rats of flow

Hydraulic radius

Variable parameter aqual to the absolute
value of the difference betwaesn the flow

depth in a pipe culvert and the radius

Slope of the culvert barrel

Downstream fill slope

Upstream fill slope

Slope of FALL for slope taperad inlets,
(retio of horizontal to vertical) See
design sketches

Slope of the natural channel

Sidawall taper

Tallwater depth at the culvert outlet

Mean velocity of flow

Wingwall taper angle

Wetted parimetar

Wingwall taper

Variable parameter used to simplify
calculetions

Variable parameter used to simplify

calculations

Parameters used to indicate the aquations
of warious slope lines

Variable parameter ussd to simplify
calculations

Side slopes of a channel section
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PROGRAM OUTLINE

A. Box Culverts

1.

2,

3.

4,

5.

é.

?.

Tailwatar Calculations

Culvart Langth

Culvert Size

Outlet Controls Parformance Curve

Outlet Controls Outlet Valocity

Inlet Controls Performance Curve

a.
b,
c.
a.

Square Ydge with Headwalls
Square ¥dge with Wingwalls
Bavel ®dge with Headwalls
bBeval ®dge with Wingwalls

1)
2)

Slope and Length Adjustments
Crest "valuation

Tapered Throat Sections

1)
2)

Side Tapered: Square Tages
314» Tapered: Eevel Wyus

a) Slope and Length Adjustments
b) Cregt "valuation

Slopes Tapered: Vertical Pace
Slope Tapered: HNitered Face

a) Slope and Langth Adjustments
b) Face Dimensions
¢) Crest "valuation

Inlet Controls Outlat Velocity

ix

1b, 15
10

16
17

18, 19

22

23, 24



PROGRAM OUTLIN®

EB. Pipa Culverts Program #

1. Tallwatar Calculations 1

2. Culvert Lenath ?

3. Critical Dapth 2s

4, Culvert Siza 26

5. Outlet Control: Performance Curve 26

6, Outlet Control: Outlet Velocity 27

7. 1Inlat Control: Performance Curve

a, Thin-edge Projecting Inlet 2R
b, Standard ™nd Section 29
6, batal Wdges 30
d. Square ®dges in Headwall 31
a, Projecting Sockat Tdge 32
ff. Socket Wage in Headwall 33

1) Slope and lLangth Adjustments 9
2) Crest "valuation 10

g. Tapersd Iniet: Smooth Throat 3b
h, Tapered Inlet: Rough Throat 35

1) Side Tapered: Projecting 36
2) Side Taperad: Square “dgss 37
3) SiGe Tapared: Level Ydges 28

a) Slope and Length Adjustments 14, 15
b) Crest Tvaluation 10

4) Slopa Tapered: Vertical Frce 16
5) Slops Tapered: Mitarad Face 17

a) Slope and Length Adjustments 18, 19
b) Face Dimensions 20, 21
¢) Crast valuation 22

8. Inlet Control: Outlat Veloeity 39, b4o



CULVRRT PROGRAMS



PROGRAM #1 - NORMAL DEPTH

In oalculating the performance of a culvert, the tallwater

depth is required, This tailwater depth 1s used in dster-

mining the water surface elevation at the outlet of the

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

equal to the normal 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 trianguler, rectengular, or tmpezoldal

section may be evaluated. These various shapes are dimen-

gioned as follows:

 

   

vv —_—

Nf z ) )
2y 2 f Z2

f—BWV—] po—PW—}

triangular rectangular trapezoidal

EQUATIONS

Q = 1.586(AR"%7s:5)/n

A = dp(BV44,(2,42,)/2)

VP Bed ((2241) Sh (2541) 0= n 141) +(Zo+1) )

R = A/VWP

Ve QA



REMARKS

Por the program to operate properly, the base width (Bv)

and the stream roughness value (n), must be stored together

as a sum in register #2, To avoid the mixing of data, the

base width (BPW), must te an integer.

The channel depth (d4,) must be calculated using Label A

before the channel velocity (Vy) can be determined.

 

STEP INSTRUCTION INPUTS KFYS DISPLAY

1 Load program

2 Input register valuas Q STO 1 Q

BY ENTER BY

n + 8T0 2 BW4n

8 STO 3 Se

2, STO 4 Zq

2, STO 5 Z,

3 Calculate normal depth A a,

b Calculate channel veloolty F Vo

5 For a change in any of the

channel properties go to

step #2 and change only the

necessary data,

EXAMPLE #1

Pind the normal depth for a trapezoidal channel with a base

width of 6 feet and side slopes of 2:1 and 3:11. The channel

slope is 0.048 and the roughness value is 0.045, The astimated

flowrate is 650 o.f.s.



KFYSTROKES DISPLAY

650 STO1 . . .. . .. . . 650.00

6 ENTFR .045 4+ STO 2 . . 6.05

L008 STO 3 . v6 ov «4 0.05

2 STOb . . «vo sv 0 ou 2.00

3 8T0s5 ... « se. . 3.00

A 0 0 0 te 0 6 vo 0 vw so a 3,61 ft, normal depth

B 4 ¢v oe oo «a so 4 so « «+ + 11.97 fps. channel velocity

EXAMPLE #2

Evaluate the previous example for a triangular cross-section.

The base width (EW) 1s set to zero.

KEYSTROKES DISPLAY

LOUs STO 2 « oe 0 eo + es eo 0. 0s

A . » . . . . * » * . e . * 4, 64 ft.

B . ° . . » * * . * . e . » 12.05 fps.

=ISTING - PROGRAM #1

LBL A 1 STO 6 STO 8 IPL 1 RCL 4 RCL S + RCL 6 x 2

+ BCL 2 ¢ INT + RCL 6 x RCLY4 FENTER x 1 + f JX

RCL S ENTPR x 1 + f JX 4 RCL6 x RCL 2 f INT + +

2 ENTER 3 + g y< x BRCL3 ¢f J x 1 . 4 8 6 x

RCL 2 £1 nr + RCL1 - 0 gx2y & x=y RCL 6 RTN RCL ?

EB xX2y STO 7 - gxmy RCL 6 RTN RCL 7 RCL 8 x g& x2y +

STO 8 STO - 6 GTO 1 LPL Bg Rt RCL1 g xy + RTN

(95 STEPS)



PROGRAM #2 - CULVERTLFNGTH, INLET AND OUTLET ELEVATIONS
a”Soap———

This program uses the site characterlstics to determine the

culvert length for a given barrel height. The inlet and

outlet elevations for the culvert are also calculated dy

this program.

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

The necessary input data are indicated in the diagrsm below:

 

    
 

 

Roadway Cross section

EQUATIONS

L = (EL,INLET-EL.OUTLET)(S3+1)" 5/8,

FL.INLET = FL.PU-(DSSpy(3241)"5/(14548py)

EL.OUTLFT = FL.PD4(DSSpp(S241) 7/(1-5Sep)

The derivations of these equations are found in the appendix.

REMARKS

The length of the culvert (L) is measured slong tha barrel onj

is not a horizontal dimension,
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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 STO 2 nD

Se STO 3 So

Sep 8TO 5 3)
Sku STO 6 Seu

FL.FU STO 8 FL.FU

EL.FD STO 9 FL.FD

3 Calculate the culvert length A L

5 Calculate inlet elevation B FL.IN

S Calculate outlet elevation C FL.OUT

6 For a change in any of the

register values go to step

#2 and change only the

necessary data.

EXAMPLE #1

Pind the length of a 9x§ box culvert on a 4F slope. Foth

the upstrean and the downstream fill slopes are on a 3!

ratio. The elevation of the catch point on the upstream fill

is 100 feet. The catch point elevation for the downstream

slope 1s 90 feet.

KEYSTROKES DISPLAY

S§ 8TO 2 , vv « ¢ os 06 o os « 5.00



KEYSTROKES

Oo STO... . .

3 STO S «+o + vs o

STO 6 . .......

100 STO 8 . . . . . .

90 STO 9 . . ....

A Lee.

B vv ov oe ae ee

C . . . . . . . . . .

BXAMPLE #2

It was later decided to use

location instead of the 9x5

the inlet and outlet invert

KRYSTROKES

66 ENTER 12 + STO

LISTING - PROGRAM #2

LeL A E C «~ RCL 3 +

STO 7? RTN LEL Pb RCL 3

RCL 3 x RCL 6 x RCL 3

RTN LEBEL C RCL 3 AsNTER

x RCL § x RCL 3 RCL §»

RTN (6R STEPS)

DISPLAY

«+o. 0,08

« «. 3.00

«eo. 3.00

« « . 100,00

«+. 90.00

« . . 219,71 rt. LENGTH

« + « 99.46 ft, LL,INLET

« + « 90,68 ft. nI ,OUTLLT

a 66 inch pipe culvert at this

box culvart, Find the length and

elevations for this situation.

DISPLAY

2 .. 5.50

e+ o 216,66 ft, LENGTH

« + « 99.41 ft. EL,INLET

e + « 90.75 ft, oL.OUTLET

RCL 3 ENTER x 1 + f & x

ENTER x J + ¢ J&x RCL 2 x

RCI. x 1 + CHS + ROL RB 4

x 1 «+ f J RCL 2? x RCL ?

CE® x 1 + + RCT © + =r



PROGRAM #3 - POX CULVERT; SIZE AND OUTLFT 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 deen selected, the program will evaluate its

performance for various flowrates., The outlet control perfor-

mance curve can be made by plotting these flowrates varsus

the generated headwater elevations (HY FL.),

In determining the best box culvert size, the designer must

Tirst select a trial height (D) and width (BE), Por these two

values the program computes the water surface elevation of

the hesdwater pool at the culvert inlet. A visual comparison

of this value to the allowable headwater elevation (AHW FL.)

is made and the designer adjusts the height (D) and width (FP)

accordingly.

Once the box size has Teen determined, various flowrate values

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

The following diagram indicates the location of the energy

losses associated with culvert flow,

FNFRGY LINE
HYDRAULIC GRADE LINE  

—
—— _—

 

 

EL.OUTLET ~



EQUATIONS

2
He - kqoV /2g

He = 29n°LVZ/2gRY-33

Hy = V2/2¢

Bm Ho+EptH,

= (1+kg+29n2L/ (BL/2(F4D)) 133) (a/DEN) 2/26

dp = (d,4D)/2 or the Tallwater depth, whichever is largest

AW FL. « B4d4EL.OUTLET

a_ = 0.915(a/em) 57

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 considered to be a pool, the

velocity at this point is assumed to be approximately 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 roughness value (n), muat be stored together

as a sum in register #8, The limitations of the assumptions

made also require that the number of barrels (KX) be limited

to a value of 1 or 2,

Label A (HW FL.) must be executed before Label D (d4,).

9



STF®

~
N

O
N

w
n
E
w

INSTRUCTIONS INPUTS KFYS DISPLAY

Load progran

Input register values Q STO 1 Q

D STO 2 D

B STO 3 B

FL.oUT STO 4 EL.OUT

k, STO Ke

Tv 8TO 6 Tv

L STO 7 L

N FNTFR N

n + STO 8 N4n

Calculate headwater elevetion A HW FL.

Calculate critical depth R 4d.

Calculate total head loss c H

Calculate depth of water at outlet D a,

To evaluate another box

size, reenter another

height and/or width and

go to step #3, *

To obtain outlet control

performance curve coordinates,

input various flowrates and

ocaloulate the corresponding

headwater elevations, **

® If the length and the elevation of the outlet of

the culvert change with the depth, they must aleo

be reentered.

#% If the tailwater depth changes, it must be reantered.

10



EXANPLE

For a flowrate of 400 efs., and an entrance loss coefficient

of 0.5, find an appropriate box culvert size. The tailwater

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 is required. The outlet elevation for this box

would be 99.70 feet, If a 6&6 foot box height is selected the

length would change to 250.00 feet with an outlet elevation

of 100.00 feet. The culvert 1s to be constructed of concrete

with a roughness factor of 0.012, The allowable headwater

elevation 1s set at 130.00 feet,

KEYSTROK®S DISPLAY

400 8M01. ....... . B0O0O.00

«5 STO S . oo tv «vv oo» 0.50

2 STO 6 . + vv vo os o 2.00

1 FNTFR .012 + STO 8 . . 1.01

Try a 5x5 box,

S§ STO 2 . . ¢ ¢ o o « +s ¢ @ 5.00

STO 3 . « ¢ + ¢ eo 5 os oo 5.0C

255 8TO 7 . . . « « « » « » 255.00

99.7 STO 4 . .,...... 99.70

A oc ov so so oo so ss 113.81 rt, HV FL,

AV EL. is lower than ARV FL. Try 4x5 box,

Bb STO 3. . vo co a 0 + 3.00

A oo ov oo so sos as so «119,76 ft, HV PL,

HW FL, 1s closer to the AHV EL. Try 3x5 box.

11



KEYSTROKFS DISPLAY

3 STO3. ....0¢.0.. 3.00

A +. ¢ « «vs os so +s so es «13.08 ft, HV FL,

HV FL. exceeds the AW FL, The 4x5 box will work,

Try a 4x6 vox.

6 STO 2 4 + + + ¢ o « o « 6.00

b STO 3 . +« «vv ov ¢ ¢ ov 4 k,00

250 STO 7 . . . « + « « « « 250,00

100 sTO 4, ....... . 100.00

A 4 v4 «+ so a as a «4 4 116,00 ft, HW FL,

AY FL. is less than the AHV FL. Try a 3x6 box.

3 BTO 3. . ¢ « = + « «sa 3.00

A « ¢« 4 « ¢ ¢« ¢« o 2 os «+ « 125.51 ft. HV FL.

HV EL. is close to the ARV FL. Try 2x6 box,

2 8TO0 3 & vc « os ¢ so ov oo 2.00

A... s «vs ss 4 eo. + 158,31 ft. BW FL,

HW EL. exceeds the AHV EL.

Use either a 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, 9, and 1.2Q.

KEYSTROKES DISPLAY

K0O ENTER .6 x STO 1, . 240.00

6 STO 2... 04460... 6.00

12



KEYSTROKES

3 8T03.....

100 STO 4 , , . .

.5 8T0O 5 ....

2 sT06.....

20 STO 7... .

1 ENTER ,012 +

A ° * ° ° . * . .

400 REnter .8 x

4oo sT01.,.. .

A . * * * » * . .

B

Cc . . * * . * . *

D

LISTING - PROGRAM #3

LBL A B RCL 2 g x%y

EE X& & NOP 8TO 9 C

RCL 3 + RCL 8 fr INT

DISPLAY

RCL 2 g

RCL 4 +

3.00

100,00

0.50

2,00

250,00

1.01

112,95

320,00

118.48

480,00

134.09

400,00

125.51

8.22

19.51

6.00

ft.

re.

re.

ft.

re.

rt.

re.

BW FL. @ .6Q

HW EL. © ,8Q

RW EL. @ 1.2Q

NOP 4+ 2 + RCL 6 g x5¥

RCL 9 + RTN LBL P RCL 1

+ 2 ENTER 3 + g ¥ . 3 1 5 x

RTN IBL C 2 9 RCLB r-1 INT ENTER x x RCL 7 x RCL 3

RCL 2 x RCL J RCL 2 + 2 x + U4 RNTRR 3 + g y* +

RCL 5S + 1 + RCL1 RCL 3 + RCL 2 + RCL 8 f INT +

ENTER x 6 & , 4&4 + x RTN LBL D RCL 9 RTN (99 STFPS)
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Plot of the performance of a 3x6 box culvert operating in

outlet control,
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PROGRAM #4 - BOX CULVERT; OUTLET CONTROL OUTLET VELOCITY

This progra® 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 1s equal to the critical depth or the tailwater depth,

whichever is 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,

FQUATIONS

Ve Q/A = U/(ENdS)

dq = 44 or TW, whichever is larger, not to exceed D

a, = 0.315(a/EN)-57

REMARKS

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

depth of flow value, Label C, can be Adlsplayed.

 

STEP INSTRUCTIONS INPUT KEYS DISPLAY

1 Load progran

2 Input register values Q STO 1 Q

D STO 2 D

B STO 3 E

™ sTO 6 Tv

N STO 8 N

15



STEP INSTRUCTIONS INPUT KFYS DISPLAY

Caloulate outlet velocity A Vv

Calculate critical depth B d

Calculate depth of flow C dq

A
n
n
F
W

For a change in any of the

culvert properties go to

step #2 and change only the

necessary data,

EXAMPLE #1

What 1s the outlet velocity of a 9x5 box culvert at a flowrate

of 600 efs.? The taillwater depth is 4,5 feet.

KEYSTROKES DISPLAY

600 STO 1. . +. + «+ + » » 600,00

S$ 8T0 2 . +o ¢ ¢ ¢ ¢ « oo o 5.00

9 STO 3 4 ¢ ¢ ¢ ¢ oo so o 9.00

4.5 STO 6 . + « « os o + + » 4,50

l 808. .......0.0. 1.00

A oo ec eo eo ooo oo es 13.3) fps. V

B . . . * . * . * * . . . . £.18 re. de

Cc * . . * * * * * . . . . * 5.00 ft. dq

EXANPLE #2

What velocity values could be expected for the box culvart

in the above example at discharges of 40), S00, and 2090 cfs.?

16



KEYSTROKES

With the previous

Loo STO 1

A . * » .

$00 STO 1

A . . . .

800 STO 1

A . . . .

LISTING - PROGRAM

problem

#4

DISPLAY

still stored in the calculator.

LPL A BP RCL 6 g x»y GTO

g NOP GTO 2 IBL 1 RCL 2

STO 9 RCL 3 x RCL 8 Tf

. « 300,00

.« . 9.88 fps. V

. . 500.00

. . 12,11 fps. V

. . 800,00

« + 17.783 fps. V

1 gx2y RCL 2 g x>y gm x2y

g X>y Eg x2y & NOP LPL 2

INT x RCL1 g x2y + RTN

IL B RCL1 RCL 3 + RCL 8 ff INT + 2 FENTFR 3 +

g ¥yY¥ . 31 § x RIN IPL C RCL 9 RTN (60 STTPS)

1?



PROGRAMS #5-8 EOX CULVERT; INLET CONTROL PFRFORMANCE

Program #5:

Progran #6:

Progran #7:

Program #8:

Square Fdged Inlet with Headwalls

Square Edged Inlet with 30°9-75° Wingwalls

111 Pevel Edged Inlet with Headwalls

1:11 Bevel Fdged Inlet with 45° Wingwalle or

13:11 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, Por this reason, these programs are grouped together,

A further detailed explanation of the geometry of these inlets

is depicted in the diagrams below:

 

 

 

     

Program £5

Lo FE 4s°

FT

90° and 15° vingwalls Headwalls - Normal or Skewed to

Square Fdges

Program #6

a 75%

1

45° Square Fdges

Lia tala ad { Lilian
 

 

 

  < 

  
Vingwalls 30°-75° Flare Square Fdame
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150
> t  
 

 4

Hemdwalls - Normal to 45° Skew. 1:1 Fevel Famed,

Variable Pevel on Acute Angle of Skewed Headwall

 
 

t 0] drPP do

oe es
45° Wingwall Flare 18° to 33.7° vingwall Plare

    
     

1:11 Peveled Top Fdge 14:1 FReveled Top Fdge

For each particular inlet, the program calculates the height

of the water at the face of the culvert (Hy). This value is

then added to the culvert inlet invert elevation (Hy 4 FL.IN),

If thls sum is less than the allowable headwater elevation

(AHV EL.), then the inlet elevation becomes the elevation of

the face (FL.PACF). However, if the sum of the height of the

water at the face of the culvert and the elevation of the

inlet exceeds the allowsble headwater elevation, the difference

between this sum and the allowable headwater elevation is suvr-

tracted from the inlet invert slesvation. This new elevation

19



is now called the elevation of the face (FL.FACF). For the

culvert to operate properly, the inlet invert must be reset

to this elevation. The drop in elevation of the inlet invert

1s 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 about the outlet

invert.

 

No PALL Required FALL Required

FL.IN + Hp < ARV FL. FL.IN + Bg 2 ARV ¥L,

As indicated in the diagrams, when the calculated headwater

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 affects of inlet control and PALL, can be

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

Once the culvert has been sized for the design flowrate

conditions, the same program can te used to evalu;te the

20



perforaance 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.PACE = AHV FL.-He (With PALL)

= EL.INLFT (Vithout FALL)

PALL = FL.PACE-EL, INLET

Note: The FALL is measured in a downward direction

and therefore is always a positive value,

X « Q/(PND)L-5

Progr

Hp = D(0.12211740.505435X-0.108560X240. 0207809"

-0.00136757%"40.00003:56x5)

Program#6

He = D(0.072492740, S07087X-0,117874X%40,0221702x°
-0.00148958x*+0.0000380%7)

Pro a

He = D(0.156608640,3989353X~0. 0660392X240, 01120135%
-0.0006449x"40.000016566x>)
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Program #8

He = D(0.089563340.5412L65X-0.,0753498X240,0127318X°

-0.0007588x%40,00001774x°)

REMARKS

In evaluating these inlets, the tox size must be determined

before the culvert performance values can be generated. Once

the tox culvert has been sized and the slevation of the face

(FL.PACF) established using the design flowrate, the program

can then be used for performance evaluations. In calculating

the performance curve values, the elevation of the face (FL,FACF)

aust 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,

Vhenever applicatle, a bevel edged inlet is recommended for

use in lieu of a square edged inlet. The large increase in

hydraulic performance gained by using the tevel edged inlet,

greatly outweighs the small additional cost,

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

is limited to a winimum value of iD and a maximum value of

1#D. 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 is 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 increase the amount of FALL produced. And third, the

sane box size can be used only with another inlet desizn,

If the maximum value for FALL, 14D, 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 inleteg. Since these eguatlions 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 44D and a minimum of 3D, To avold

the porsibility of culvert failure due to buoyancy forces, it

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

Por the programs to operate properly, ths width of the box

culvert (P) and the number of barrels (N), must be stored

together as a product in register #3,

 

STEP INSTRUCTIONS _INPUT KEYS DISPLAY

1 Load program

2 Input register values Q STO 1 Q

D 8TO 2 D

B FNTFR

N x STO 3 FxN
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STEP

~
N

O
N

n
n
F
W

EXAMPLE

INSTRUCTIONS INPUT

Input register values EL.IN

AHY FL,

Calculate the FL.FACF

Calculate the hesadwater elev.

Caloulate the FALL

Caloulate the headwater depth

To evaluate the same inlet

with different design criteria,

g0 to step #2,

To evaluate another inlet,

load the desired program card

and go to step #3,

To obtain the performance

curve coordinates, input

the selected flowrates in

register #1 and press Label PB

to obtain the headwater elev.

DISPLAY

FL.IN

ARV FIL,

EL ,.FACF

HV FL.

FALL

He

Note: Label A must not be used during the performance

curve evaluation,

1

Por a 10-year discharge of 600 e¢fs., an allowable hesdwater

elevation of 113,00 feet, and an inlet elevation of 9R, 00 feat,

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 employed.
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Load program #5

KEYSTROKES DISPLAY

600 STO 1. ., ....... 600,00

§ 8TC 2 . , + « ¢ v « 4 « 5.00

98 8T0 5 . .. «+... .. 98,00

113 sTO 6... « + +. « . « 113,00

Try a §S foot width, And a single barrel,

5 STO 3 . +. vo =o so 6 vo so » 5.00

A. « «ve ts 4 sv eo eo . 85,45 ft, FL.FACF

Cv oo a a se + ss «es oo 12,55 ft, PALL

The allowable PALL is 14D or 7.5 ft. Try larger width,

6 9TO 3 . + + ov vo so so » 6.00

A oo 0s tb es ee see 92,73 ft. FL.PACE

C ee ee et ee ee ews 5.27 rt, PALL

The FALL value is between 3D and 1#D. Check the Hep.

D vv ev vo ss as a. . 20,27 ft, BH,

He is below the maximum values of U4D,

This 6x5 square edged box culvert may be usasd if anchored

seourely.

Por the same site, design a beveled inlet,

Load program #7

XEYSTROKES DISPLAY

S STO 3. + ¢ «cos we 5.00

A ¢ @ oo 8 oo 2 9 & 0 * eo ¢ 90.86 fe. EL,.FACE
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KEYSTROKES

Cc * . 4 . . - . . * * ”

The FALL 1s in the acceptatle

D . . . . . . . . . . *

The headwater depth is in the

A 5x5 bevsl edged box culvert

Other alternatives

STO 3 * = ss 2 se sv

OO
OQ

>»
O
n

.

Oo
®W

w
QQ

»
W
N

A 6x5 bevel inlet

bevel edged

edged

inlet box culvert

EXAMPLF #2

For the conditions in Fxample

with 1,62 ft, of

DISPLAY

. a 7.14 ft. PALL

range.

. «22.14 ft, He

acceptable range,

may be used.

‘oe 6.00

. . 96,38 ft, FL.FACF

«+. 1,62 ft, FALL = .32D

«+. 16.62 ft. EH, « 3.320

. 7.00

. . 98,00 ft, FL.FACF = FL,IN

«. 0,00 ft, PALL

. . 111.28 ft. BY FL.

+. 13,28 ft. H, « 2.7D
fr

FALL, or a 7x5

with no FALL.

#1, using the 5x5 bevel edped

tox culvert, calculate the performance curve coordinates,

Load program #7

76



KEYSTROKES DISPLAY

600 STO 1... ...... 600,00

§ B8TO 2 . + + 4 + + +s « « 5.00

S 8T0 3. + « so « «+ + + « « 5.00 Nel

98 STO 5 . ........ 98,00

113 STO 6 . . + + + + . « . 113.00

A. ov os sv es «e+ +. 90.86 ft, FL.PACF

Bie 4 sa ss es eo eo es 4» 4 113,00 ft. HW EL.

400 STC 1 * ee ev 6 4 oo » eo » Loo.00

B . . . . . . . . . a » - . 102.96 ft. Bw Fl. 9 2} © LOO0ef's.

$00 STO 1 » * » ’ . . . . * 500.00

B . 0 « = 0 8 ss 0° 0» * ee ee 107.48 ft. Av EL.

700 8TO l ¢ 8 ee ee ® © + ee 700,00

B ® ee + ee & + ee = ee 6 2 ee 119.53 ft. Hw EL.

Note: In the above calculations, Label A was only pressed

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

#1, vhile other flowrates are being used for performance

curve evaluations, Label A should not be pressed.

EXAMPLE #3

For a design flowrate of 1000 cfs., an inlet alevation of

437.50 feet and an allowable headwater elevation of big, 20

feet, design an appropriate tox culvert. The stream requires

45° wingwalls. The bottom width of the stream measures 15

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

on the stream bed. No FALL can te employed.

Note: When no FALL is specified for a design, a short-cut

mathod of analysis is possible, The inlet elevation

is stored in register #8 instead of register #5. Also

instead of the allowable headwater elevation, a very

large nuaber is stored in register #6, Ry visually

comparing the calculated headwater elevations with

the allowable value, a box culvert design can de

quickly obtained,

Load program #6

KEYSTROKES DISPLAY

1000 8TO1 ...... . 11000.,00

§ STO 2 . « « « ¢ « o « 5.00 Trial height

7 FENTFR 2 x STO 3 . . 14,00

437.5 sT0 8, ...... 437.50

10000 STO 6 . . . . . . « 10000,00 Any number>>AlvW FIL,

<r b4g,.61 ft, HW FL.

Thie HV FL, exceeds the ARV FL, Try a § foot height.

6 8TO 2 . . . ¢ « ¢ « o 6.00

 - 446,98 rt, HV FL,

This HY FL, is within the allowable. A twin 7x6 square top

edged box culvert would work,

Try a bevel edged inlet.

Load programs #8.
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KEYSTROKFS DISPLAY

Notes The width still equals 5 feet from the previous protlem,

TS bu689 rt, BW FI,

This AV EL. is satisfactory. Try a smaller height,

5 STO 2 4 ¢ ov « ¢ o so + 5.00

B & 4 vv « « «os oo. b809 rr, HwFL

This HY FL. 1s 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 5 - gxSy & xy g NOP RCL 6 g xy

- STO 8 RTN LBL B D RCL 8 + RTM IBL C RCL 5 RCL 8

- RT IPL D RCL1 RCL 3 + RCL 2 FNTER Tf Sox +

FNTER FNTFR ENTFR 3 4 , 5 6 x 1 3 6 7? . 5 7?

- XxX 2 0 7 8 0 ,. 9 + x1 0 8 5 6 0 - x 5

0 5 & 3 5 + x 1 2 2 1

RCL 2 x RTN (94 STEPS)

1 7 «+ 6 t-1 roc =

LISTING . PROGRAM #6

IFL A D RCL 6 RCL S - gxSy g xy & NOP RCL 6 g x3y

- STO8 RIN LPL B D RCL 8 + RIN LBL C RCL 5 RCL 8

- BRTN IPL D RCL1 RCL3 + RCL 2 ENTFR f &X x +

ENTER ENTFR ENTER 3 8 0 x 1 4 8 9 § , 8 - x

2 2170 2 + x117 M4 7 580-3 52070

8 27 0 + x 7? 2 4 9 2 7 + 7 t1 106 + ROL 2 «x

RTF (93 STEPS)



LISTING - PROGRAM #7

IPL A D RCL 6 RCLS - g xSy & x2y & NOP RCL 6 g& x2¥

- STO8 RTN LFL BE D RCL8 4+ RIN LBL C RCL § RCL R

- RT LBL D RCL1 RCL 3 + RCL 2 ENTFR f XX x +

ENTFR ENTFR FNTER 1 4 5 , 6 6 x 6 4 4 9 - x

1 2 01 3 . 5S + x 6 4 0 3 9 2 - x 3 9 8 9

3 53 + x1 5 6 6 0

x RTN (95 STEPS)

6 + 7 £1 106 + RCL 2

LISTING - PROGRAM#8

IPL A D RCL 6 RCL S - gxSy gx2y & NOP RCL 6 g x2y

- 8ST08 RIN LPL B D RCLS8 + RTN LBL C RCL S RCL 8

« RT IBL D RCL1 RCL 3 + RCL2 FNTFR f Xx x +

FNTER PFNTER ENTER 1 7? 7 , 4 x 7? § 8 8 - x 1

2 72 31 8B , 3 #4 x 7 4 3 4 9 8 - x b&b 4 1

2 4 6 5+ x89 5 6 3 3 + 7 £1 106 + ROL 2

x RTN (93 STEPS)
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Plot of the performance of a Sx5 bevel adged tox culvert

operating in inlet control.

Data taken from Example #2.

Plotting Coordinates

Q 400,00 500,00 600.00 700,00

HW EL. 102.96 107.48 113.00 119.53
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PROGRAM #9 - INLFT CONTROL; SLOPF AND LENGTH ADJUSTMENTS

Once a culvert has been designed for inlet control with

FALL, an adjustment must be made to the slope and the length

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 outlet

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 intersect the

£111 slope.

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

The existing streambed and original culvert are altered to

allow for inlet control with FALL, The diagram below depicts

the changes.

 

 

 
—

  

 

EQUATIONS

ADJ.S = (LSy-PALL(S241)°5)/(L+ySpy(s241)*5)
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EQUATIONS

y = PALL+D((8241)5-(ADJ.3241)" 5)

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

ADJ.L = ((LS,/(S2+1)°3)-FALL)/(((ADJ.S)241)-5/ADI.S)

The derivations of these equations are found in the appendix.

REMARKS

Sirce this program does not use the width of the culvert in

any of its equations, the program can re applied to multiple

Yarrel applications.

Both the original culvert length (L) and the adjusted culvert

length (ADJ.L) are measured along the barrel. They are not

horigontal 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 slope which connects

the stream slope (Sy) to the adjusted culvert slope (ADJ.S)

should be established between a 2:1 and a 3:1) ratio. This

transition slope is referred to as the FALL slope (Sg). The

performance of this welr construction 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 te performed between thease

calculations,
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STEP INSTRUCTIONS INPUT KEYS DISPLAY

1 Load program

2 Input regcister values D STO 2 D

So STO 4 So

PALL STO § PALL

Sry sTO 6 Spr

L STO 7 L

Calculate adjusted slope A ADJ.S

Calculate adjusted length B ADJ.L

5 For a change 1n any of the

culvert properties, go to

step #2 end change only the

necessary data.

EXAMPLE #1

A 6-foot pipe culvert has been designed for inlet control

with a PALL of 6,52 feet. The normal channel slope is 5%,

and the upstream fill slope is a 331 ratio. PRarly inves-

tigations showed that a 349.61 foot culvert should have

worked if laid in the streambed, Find the adjusted siope

and length of the culvert for the new design conditions,

KFYSTROKFS DISPLAY

6 STO 2... ve vss 6.00

O058T0O 8 ,..,...... 0.05

6.52 STO 5 . . v « 0 4 4 6.52

3 8T06 . .. 0 iv 04 3.00

In



KEYSTROKES DISPLAY

349 . 61 STO ? LI EE I I I a 9. 61

A ea ® + « o » ee oo ss oo + so» 0. 029661 ADJ.S

B vv ot oo eo os eo 4 a. 368,91 ft, ADJ.L

EXAMPLE #2

Por a 3x5 box culvert on a 4% slope with 1% foot of FALI,

find the adjusted slope and length. The fill slope is 3:1

and the inlet elevation is 250,00 feet.

KEYSTROKES DISPLAY

§ 8TO 2 . . « « oa 4 oo « « 5.00

.04 STO 0.0b& . . -

1.5 STO S . « +. « « « « + 1.50

3 STO 6, vv 4 vo 0 ou 4 3.00

250 STO 7 « « « ¢ ¢ + « + « 250,00

SE 0.033393 ADJ.S

B oc tt es ee es so 4 254,85 ft, ADJ.I

LISTING - PROGRAM #9

LEL A 1 STO 8 IPL 1 RCL? RCL4 x RCL 4 F RCL 5

Xx - RCL4 FP RCL1 x RCL6 x RCL? + + FNTFR F RCL

CHS x RCL S + RCL4 FE RCL2 x + RCL1 - O

& Xsy GTO 2 RCL 3 gxy STO 3 - gg xey GTO 2

RCLB x gx3y + STOB8 STO - 1 GPO 1 LPL F

# RCL? RCLYL x RCLUL4 F + RCL S - x DSP

IPL E FNTFR x 1 + f JX RTF [EL 2 SRy gRy

6 RTN (95 STEPS)
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PROGRAY #10 - CRFST CONTRCI FVALUATIOM

If not properly deglgned, the transition section tretween

the streamted gn? the culvert entrance could adverc<elv affect

the operation of the culvert, To insure that the culvert

operates in the proper manner, thls program computes the

required inlet dimensions,

This program is designed to evaluate the creat control 4imen-

sions for both hox and pipe culverts operating under irlet

control and side-tapered throat control,

The dlagsrams telow indicate the dimensions determined ty the

program,

 

 f
e
e
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(WA) Wingwall Angle

(WT) Wingwall Taper
| | ~ [2

 

 

 

(cw) FxN Q
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BQUATIONS

! - )H, = HW EL.-EL.OUTLET- So(Sp~ADJ,S) (#D+ADJ,L)

CW = Q/(2H,)15

 

WT = (L,-L/VADJ.8%41)/({CW-ExN)/2)

WA = 90-aretan(WT)

The derivations of thase aquations are found in the snpendix.

REMARKS

As mentioned bafore, this program may be usad with either

conventional or side-tapered inlet designs, For conventional

inlets, the culvert width (E) and the number of barrels (XN)

are stored together as a product in ragister #3, When this

prozram is used for side-tapered inlets, the fate width (Bg)

is stored in register #3 instead or the product BxNWN,

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

rd Input register values Q STO 1 Q

D STO 2 nD

b WNTER Bb

N x STO 2 bBxM

Se STO % So



STFP INSTRUCTIONS INPUT KEYS DISPLAY

2 Input resister values BW EL. ENTFR HW FL,

FL.OUT - 8T0 § HW FL.-FL.,OQUT

Se STO 6 Se

ADJ.L STO 7? ADJ.L

ADJ.S STO 8 ADJ.S

3 Calculate crest height A H,

y Calculate crest width BR cw

5 Calculate wingwall taper c wT

6 Calculate wingwall angle D VA

7 Por a change in any of these

culvert properties, go to

step #2 and reenter ADJ.S

and the desired item,

EXAMPLE #1

Yhat is the recommended wingwall taper to insure inlet control

for a flowrate of 850 efs. through a twin 9x5 box culvert? The

channel slope 1s 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 fill slopes

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

elevation is 473,00 feet and the headwater elevation at the

face 1s 488,00 feet, The PALL slope is set at a 2:1 ratio,

KEYSTROKFS DISPLAY

850 8TO 1 * eo eo . se ee oo 850.00
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XEYSTROKFS DISPLAY

§ 8TC 2 . . + « « « a « o & 5.00

9 ENTER 2 x 8TO3 , .. 18,00

JOo42 STOOL , , LL... 0.04

488 FENTFR 473 - STO § . 15.00

2 3TO 6 4 vv ov ¢ «vo oo 2.00

223 STO 7 . +. « + + « +» « « 223,00

01 sT08.,........ 0.01

A Cc

Bot hh eee aes ee. . 2822 ft, CN

C te tt ee eee eee. 2.02 WT

D tt te vo ooo ee. 2632° vA

Note: Labels A thru D must be used ascendingly for proper

crest evaluation,

EXAMPLE #2

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

to be used under a city street. The outlet invert elevation

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

The side-tapered inlet section has a 44 foot opening, The

culvert is to be laid 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.
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K"YSTROKES DISPLAY

210 STO 1 . + «+ « + +» + « » 210,00

3 SMO 2... +444... 3.00

B.S STO 3 . +o oo + « « + « Uk.50

035 STO M4 . . « + « « + 0.04

121.85 ENTER 115.32 - STO § 6.53

J SPC A. vv ves a +. 3,00

64 STC ?7 +. 4 ¢« « oo. oo bL,OO*

.01 sT08, .,....... 0,00

A vv ee he eee eee. B22 1, Hy

B + o ¢« so oo os 5s so os «+ 8,57 ft, CW

C i i vt ts ss eres. 101 WT

D vv vv vo so a os 0 ooo Lb, 76° WA

* Note: When the side-tapered inlet is evaluated with this

program, the value stored in resister #7 is the total

length of the culvert. The total length is comprised

of tha adjusted length (ADJ,L) and the lensth of the

side-tapered section (L,).

LISTING- PROGRAM #10

Le. A O STO 9 RCL 7? ® + STO 9 RCL 2 2 + EB + +

RCL 6 RCLA - x RCL6 RCL 4 - + STO - 9 RCL 4 CHS

x RCL 5 4 RIN L3L © RCL1 gxay 2 ¥ ENTER f x ~

+4 RTN LBL C RCL3 - 2 + RCL 9 CHS + & 1/x 0 g xv

£X3y NOP RIN LoL D f~! TaN 9 0 g x2y - RTVN LiL

8 RCL 8 ENTER x 1 + f x RTN (Rl STuPS)

Lo



PROGRAM #11 - BOX CULVERT; THROAT CONTHOL, TAPERED INLET

Besides improving the face configuration of an inlet, desianing

a new throat section will also increase a culverts performance.

This program evaluates the performance of a culvert operating

in throat control, The formulas from this program can be

applied to two differant inlet shapes; side tapered and slope

tapered. Like the improved inlet programs, throat inlet presrans

often canuse PALL to increase the flow capacity of the culvert.

The following diagrams describe the throat contrél inlets,

HW EL HY FL

  

 

A ——- ota INC
rar \ FEL.THROAT

ELEVATION VIEW

¢ Hy —
|   
 

 

PLAN VIEW

SIDE-TAPERED INLET SIDE-TAPERED INLET

NO PALL, AHW EL. > HV EL, WITH PALL, AFV ®L, S$ HW FL,

un



 

 

ELEVATION VIEW

  

  =
SLOPE-TAPERED INLET SLOPE-TAPERED INLRT

PLAN VIEW

VERTICAL PACE MITERFD PACE

EQUATIONS

EL.THROAT = ABV EL.-H, (With PALL)

= EL.INLET (without FALL)

PALL = EL.INLET-EL.THROAT

Hy = D(0,1295033+0,3789445X-0, 0837778%240. 00426329%>

-0.000106358X")
X = Q/(wBD!-%)

REMARKS

Label A is used during the culvert size determination part of

b2



the prograh. Once s culvert size has been selected, it i=

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 used.

Since the input registers have the same 1ldentity as the ones

used for the inlet control programs (5-8), these programs can

be run in succession, If all the inlet control programs exceed

their maximum limit of FALL (14D), the designer can immediately

load this program and proceed with the culvert design 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 and 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 (SpxLy), 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 sarlier, still apply. A

minimum value of 4D and a maximum value of 14D, If the upper

limit is exceeded, a larger culvert size should ty tried, If

the minimum value 1s exceeded, the presence of PALL 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 1s subject to the same

restrictions. The headwater depth (H,) is limited to 44D and

not less than #D. It is recommended that the value of Hy be

kept around a value of 2D.

For the program to operate properly, the culvert width (BR)

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 KEYS DISPLAY

1 Load program

2 Input register values Q STO 1 Q

D 8TO 2 D

B Enter BR

N x STO 3 BxN

EL.IN STO § EL.IN

AHV EL. 8TO 6 AHV FL,

3 Calculate throat elevation A EL.THR

4 Calculate headwater elevation B Av FL.

5 Calculate the PALL c FALL

é Calculate headwater depth D He

? For a change in any of these

culvert properties, gu to

step #2 and change only

the necessary items,

by



STEP INSTRUCTIONS

8 To obtain the performance

curve coordinates, input

the selected flowrates in

INPUT

register #1 and press Label P

to obtain the headwater elevations.

KFYS DISPLAY

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

with a flowrate of 150 cfs,

and the allowable headwater

KEYSTROKFS

150 8T01. .. ...

3 STO 2... ....

STO 3 +. + + ¢ « oo

120 STO S . « « + o ©

126 8TO6. .... .

og
oO
o

mw
>»

performance of a 3x3 box culvert

The inlet elevation is 120 feet

elevation is 124 feet,

bs

DISPLAY

150.00

3.00

3.00

120.00

124,00

116,17

124,00

3.83

7.83

rt.

ft.

rt.

ft.

EL.THROAT

BW FL.

FALL

He



The culvert size is satisfactory since both the FALL and thm

headwater depth are within their allowable ranges.

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

obtain the parformance curve coordinates,

KEYSTROKES

90 8T0O1 , . . . .

B ov vv 0 0 0 0

120 sTO1 . . . . .

B . 00000

180 sSTO01.. . ..

Bb LJ * ° ° * * * * .

LISTING - PROGRAM #11

IB. A D RCL 6 RCL 5 - "

- ST0O8 RTN LBI B D RCL

- RTN LBL D RCL 1 RCL

ENTER ENTER ENTER 1 O

2 . 9 + x bub 3 72 9

x 1 2 9 5 0 3 3 +

(90 STEPS)

uh

DISPLAY

90.00

120,85 ft, HW ET, ® 0.6Q

120,00

122,24 ft. HW LL. @ 0,8Q

180,00

126.20 ft. HW EL. @ 1,2Q

xSy & x2y & NOP RCL 6 g xy

BR + RTN IBL C RCL § RCL R

+ RCL 2 ENTER f & x +

3

R

. 5 8 CHR x 4&4 2 6 3

- x 3 7 8 9 4 4 &

r-1 Loc * RCL 2 x RIN



Blot of thé performance curve of a 3x3 box culvert operatirg

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
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I
PROGRAMS #12 & #13 - POX CULVERTS; PACE DIMENSIONS

SIDE-TAPERFED INLET VITH SQUARE EDGES

SIDF-TAPFRED INLET VITH EEVELFD EDGES

These programs continue with the design of a culvert operating

in throat control. ior a side-tapered entrance, these programs

compute the face width (B,) and the horizontal distance tetween

the entrance and the throat control section (Ly).

Program #12 deals with square edged inlets, Inlets with

wingwall flare angles from 15° to 26° with a top beveled edge,

or inlets with wingwall flare angles from 26° to 90° with all

edgen squared. These inlets can be seen graphically below,

   ~

 

ELEVATION VIEW

= !

+ =

 

Be ___F
 

     \”  
PLAN VIEW

15° to 26° Vingwall Flare 26° to 90° Wingwall Flare

Top Fdge Reveled - No FALL All Fdges Square - With FALL

Ls



The bevel edged program, #13, pertains to inlets with winz-

wall flare angles of 26° to 45° with top edges “eveled. and

to inlets with winawall flare angles of 45° to 90° with both

top and side sdges beveled, For further detalles, refer to

the diagrams below,

     D=
D

ler, \
EL .THROAT

ELFVATION VIEW

 

 

 

   
     

 

40° 70°

Be | Bl = ie
T

PLAN VIEV

26° to 45° wingwall Flare 45° to 90° Vingwall Flare

Top Ridge Peveled - No PALL Top and Sides Peveled - FALL

The determination of BF, and Ly 1s a lengthy computation which

exceeds the capacity of the HP-65 calculator, An extra progran

card is needed to complete these calculationa. Programs #12

and #13 compute B, and Ly but one of the inputs for these

kg



caloulations, the ad justed slope, 1s not determined until

program #14, Correspondingly, program #14 needs the L; 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 Fos Lys and ADJ.S stabilize. This

stabilization of values usually only takes two or three cycles,

For the initial calculation of Be and I,, the ad justed slope

value 1s approximated by using the channel slope or a number

slightly smaller,

vhere prefabricated inlet sections are availatle, Be and Ly have

usually been set by the manufacturing company. These values

are normally fixed at 14 times the culvert depth, If this type

of design 1s desired, the given values of Pe and Ly can be used

in lieu of programs #12 and #13. The value of L, can be dir-

ectly used in program #14,

EQUATIONS

1, = ((Bp-ExN)/2)ST

Hy =» HV FL,-PL,THROAT-L, (ADJ.S) = Hy - L;(ADJ.S)

X = He/D

Program #12

Be = Q/(D1*5(-1.21944. 3%-0.6153%240, 0273x340, 0027x%))
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SQUATIONS (cont)

Progras #13

By = Q/(DY*5(<1.1360743. 69853X+0.12128X2-0.205339X>

+0.0256923x%))

REMARKS

The product of tha culvert width (B) and the number of barrels

{N) is stored in ragister #3,

The number of culvert barrels (N), should be limited to a valur

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 stored in register #4,

The sidewall taper (ST) chosen for the culvert inlet is limited

to a value betwesan a 4:1 and & 631 ratio. Values less than b;l

ara unacceptable and will not oparate as side-tapered inlets,

Values greater than 6t1 will parform better than the design

will indicate. Tharafore with this larger value, the dasign

will be eonsarvative,

The value for L, determined by these programs is a horizontal

megsursment, As compared with L or ADJ.L which are measursd

along the culvart barrsl.

 

STEP INSTRUCTIONS INPUT KEYS DISPLAY

1 Load program

s1



STEP INSTRUCTIONS INPUT KEYS DISPLAY

2 Input register values Q STO 1 Q

D STO 2 D

B "NTER

N x STC 3 BxN

Initially use 3S, ADJ.S STO 4 ADJ .S

Hy STO § Hy

ST STO 6 ST

3 Calculate the face width A By

4 Calculate the inlet length Bb Ly

5 Run program #14

é Repeat steps #2, #3, #4,

and #5 until the values of

be and Ly stabilize.

EXAMPLE #1

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

throat alevation was determined to be 181,75 feet. The head-

water elavation was 205 feet, If a 431 side taper is chosen,

what is the face width and the 1lenzth of the sida-tapered inlat?

The natural channel slopes is 5%, and tha inlet is to have square

adres. The headwater depth at the throat section is 23.25 fast,

Load pro m #12

K®YSTROKES DISPLAY

1000 801 ., , . . . « .» 1000,00

é STO 2 * e . * o * . * * 6,00
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KEYSTROKES DISPLAY

7 STO 3 ¢ « + » + ¢ +» os 7.00

05 8TOL ,........ 0,08

23.25 STO 5. . . . . . « . 23.25

8 STO6 . ... +40... UW,00

rE - 15 FE 4TS 7

B v ¢ vo 4 vs eo a sa ese 2,25 ft. Ly

Using Ly in program #14, ADJ.S 1s calculated to be 0.029816

1000 STO1 . .... . . 1000,00

6 8T0 2... .0:0.... 6,00

?7 8TO J . vv vv oe ve. 7.00

.029816 sto 4 , ,..... 0,0)

23.25 8PO 5S. . . + 4 + «oo 23.25

b s™06.......... b,00

1SSU §TP

B ov ti vs ee eee ee 2.2308, Ly

Proa program #14; the ADJ,.S = 0.029814

1000 ST0O1 . ...... 1000.00
6 STO 2. ...000... 6.00

7 SMO3.... 0... 7.00

029814 STO LK . , ..... 0.03
23.25 805... ..... 23.25
b 806... ....... 4,00

A te tii ieee ee. BPE, Be

I 25{A
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De and L stabilized after two trials.

EXAMPLE #2

Design the same inlet

Losd program #13

KPYSTROKES

1000 STO 1

6 8To 2 ,

7 8TO 3 ,

.029814 STO

- .

23,25 8TO § .

4 STO 6 se

A . . . . *

B * & oo os

From program #14;

1000 STO 1

6 8T0 2 , .

7 8TO 3. .

.029734 STO

23.25 8TO S

& STO 6, .

A Lo...

B .....

only using the bevel edged progran.

As in the previous example,

rapidly,

DISPLAY

1000,00

. 6,00

. 7.00

. 0,03

«23.25

. b,00

. 7.68 rt, Bg

. 1.36 ft, Ly

029734

1000,00

. 6,00

. 7.00

. 0.03

. 23.25

. 4.00

. 7.68 re, Be

. 1.36 ft, Ly

values of pe and Ij stabilized



LISTING - PROGRAM #12

IPL A 1 IPL 1 CHS RCL § + RCL 2 + FNTFR FNTYR =NTFX

. 00 2 7 x .02 7? 3 +x . 6153 - xb

. 3 + x1 . 21 9 - RCL1 gx3y + RCL 2 FNIFR ¢

JL ox + 3 1 toc x r INt 3 rl! roc + RCI 9 eo xay

BE Xa«y GTO 2 RCL 3 - 2 + RCLA x STOR RCL 4 x GTO 1

IPL BR RCL R RTN ISL 2 DSP . 2 RCL 3 g& xSy mr x2y

RTN O STO 8 RCL 3 RTN (97 STFPS)

LISTING - PROGRAM #13

IPL A 1 LPL 1 CHS RCL 5S + RCL 2 + FENTFR FNTFR FNTFR

. 02 56 9 Fr . 2053 «1x .1213 + =

3. 6 9 9 4+ ¥ 1 . 1 3 6 - RCL1 =x x2y + RCL 2

NTFR f J x + 3 f°) 106 x f INT 3 f°! 106 + RoI

9 gx®y ~F£x=y GTO 2 RCL 3 - 2 + RCL 6 x STOR RCI 4

x GTO 1 LPL B® RCL 8 RTN IPL 2 DS® , 2 RCL 71 & x<y

£ x3y RTN 0 STO 8 RCL 3 RTN (100 STFFS)
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PROGRAM #14 - SLOPF ADJUSTMENT FOR SIDE-TAPFRED INL®TS

This program calculates the adjusted 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 equation ty a

trial and error method,

As mentioned in other programs, the computation of the ad 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 this length be determined in other programe. For tox

culverts the side-tapered inlet length (L;) i= determined ty

prograes #12 or #13. For pipe culvarts, this length 1s calcu-

lated ty prograns #36, #37, or #38. Py alternately using the

valvee of ADJ.S and Liv the correct values can be found,

The value of Ly to te used in this program, must be a horizonial

aeasurement. If a prefabricated inlet section is used, care

must be taken to not use the manufactures inlet length, Thi«

length must be ad justed by setting the inlet on the channel

slope and figuring the inplace horizontal length,

EQUATIONS

0 = (PALL4D(S241)*5-D(ADJ.S241)" >-ADJI. SL} (Spy( S241) * an, €)
~S,L+FALL(S241) + 5-L,ADJ. 8 (8341) 541ADs.8

ADJ .S 1s solved by a trial and srror method,

The derivation of this equation is found ir the apperdix.
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STFP INSTRUCTIONS INPUT KFYS DISPLAY

1 1.oad program

2 Input register values D STO 2 D

L Ss, STO 0

FALL STO § FATT

Spy TO 5 Spr

L STO 7 I,

Ly STO 8 I4

3 Calevlate ad justad slope A ADJ. S

4 For a change in any of these

properties after the progrsa

has been, the culvert height

(D} must be rer:zored along with

the desired value to be changed.

5 If necesssry, reuse program #12,

#13, #36, #37, or #38,

é Repeat steps #2, #3 and #5 until

Be, Lys and ADJ.S statilize,

FXAMPLF #1

Find the adjusted 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 S€ and the

initial value of the horizontal inlet length is 2.25 fee,

XFYSTROKFS DISPLAY

6 STO 2 . . + ¢ vv « « = 6.00



KFYSTROKFS DISPLAY

08 sTObL . ,....... 0,05

£5.25 STO 5 + + «vo « « o 6.2%

2 STO 6. + ov vo vs «vo» 2,00

325 STO 7 . + + « + «+ + » » 325.00

2,25 STOR , . .. .... 2.25

Aw he eee eee ee 0.02981 ADJ.S

Using this value of ADJ.S in program #12, 14 = 2.23 ft,

6 STO 2 . . » . . . . * . . £,00

.08 STO L . . . * . . . . . 0.08

6.26 STO 5 + + +v « o « o 6.25

2 STO 6 v & so 2 se + » eo 2,00

325 sTO ? e 8 eo es eo so ss eo oo 325.00

2.23 STOR . . LL... 2.23

A . . . . . . . . . . . . . 0.029R1L AD,S

LISTING - PROGRAM #14

IPI A RCL 2 1 STO1l STO 3 DSP , 6 LFL 1 g R¢ RCL 4

E RCL 3 ® - x RCL S + RCL RCL 8 x - RCL 4 F

RCL 6 x x RCL 3 x RCL 4 RCL? x - RCL4 F¥ RCL §

x + RCL4 F BCL 3 x RCLB x - RCL 7 RCL 3 x +

0 x2 gxmy RCL 3 RTN RCL1 gz x2y STO 1l - & Xuy

RCL 3 RTN «Rt gx2y RCL1 RCL 2 x gxd + 5 fF

L0G x f INT £ £1 L0G + STO2 STO 4 3 STO 1 LPL

ENTER x 1 + f JX RTN (95 STEPS)



PROGRAM #15 - LFNGTH ADJUSTMENT, SIDE~TAPFRFD INLETS

vhen a culvert is improved with a side-tapered inlet, the

length of the culvert tarrel is affected, If the new inlet tec

designed with FALL, the tarrel length will increase due to the

rotation of the culvert, It will also be shortened ty the

addition of the inlet section, If no FALL is applied, the

original culvert length will be shortened ty the length of the

inlet. Program #15 computes these changes and corrects the

culvert length socordingly.

With the change in culvert length, the elevation of the face

of the improved inlet may also be affected. This ealculation

is also handled by program #15,

EQUATIONS

ADJ.L = (S_L/(85+1)* 5-FALL)((ADJ.5241)" 5/ADJ.S)aly (ADI .3242) "5

FL.FACF = FL.THROAT+LqADJ.S

The derivations for these equations can he found in the appendix.

REMARKS

The length of the inlet (Ly) to be used by thie nrogram must

be a horizontal distance.

The adjusted length, on the other hand, 18 measured along the

culvert barrel, As mentioned in the paragraph atove, the ad-

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

This program can de used with aither 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.TPROAT

ADJ.S STO 3 ADJ.S

Se STO 4 Sq

FALL STO § PALI

L STO 7 L

Calculate adjusted length A ADJ, I.

L Calculate face elevation E KL..FACF

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 face invart elevation

for a tox culvert with the following conditions,

slope has been adjusted from 3.2% to 1, 79%.

The culvert

The required

channel FALL is 4.23 feet and the horizontal length of the inlat

is 9.8 feet, The elevation of the throat is 346,78 feet and

the original culvert length is 352 feet.

KEYSTROKFS DISPLAY

36.78 STO1 . . . . . . . 346,78

0179 STO 3 . + «+ vo « 0.02

032 sTO04 , ,...... 0.03
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KFYSTROKFS DISPLAY

8,2 STOS . . . «. . b,.23

32 8TM0 7 . . . . . . . . . 352,00

9.8 sr08......... 9.80

A ov 4 4 + 4 +e + as + « + 382,90 ft. ADJ.L

BL. i 4 ee ss ee ss 4 346,96 rt, FL.PACF

FXAMPLF #2

A larger side-tapered culvert is to be used in the previous

exaaple., This new size eliminates the FALL, Destermine the

ad justed length and the face elevation, Since there is no FALL,

the adjusted slope value should te set equal to the orisinal

channel slope.

KEYSTROKES DISPLAY

0 STO 5 "oe * 8 + se se 0 0.00

RCL 4 8TO ‘
a

. - . . . . . . 0.03

A ° . . . - - e . . . . - . 32,19 ft. ADJ.L

B . . . . * . . . * . . . . m7, 09 re . FL. PACE

LISTING - PROGRAM #15

LBL A RCL? RCLY4 x RCL4 ® + RCLS - RCL3 F x

RCL 3 # RCL 3 F RCLR vy . DSP . 2 RTN LBL RB RCL

RCL 3 RCL®& x + RTN IBL R FRNTER x 1 + f Jx RTN

(41 STEPS)
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PROGRAMS #16 & #17 - SLOPF_ADJUSTMFNTS

SLOPE-TAPERED INLET WITH VERTICAL PACE

SLOPE.TAPERED INLET WITH MITERED FACE

When an improved inlet incorporates FALL in the design, the

culvert slope is altered and must be recalculated, PCrosram #16

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 balow shov the difference between these tvo inlet

configurations,

 

    
EBL. THROAT RL. OUTLRT

SLOPE-TAPERED, VERTICAL FACEZ INLET

 

——
— — —

—
———

Team

 

EL ,THROAT EL.OUTLET

SLOPEB-TAPERED, MITERED FACE INLET

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

PROGRAM . #16
0 = EL.FUA(D(S241)* 5(3py43,))/( (Spye+) (85))414/8,

+(EL.OUT-EL.FU)/(S4S¢)+( EL,THR-EL.OUT)/(S¢ADJ.S)

~L3ADJ.S-D(ADJ.S241) 5-gL THROAT

PROGRAM #17
0 = EL.FUA(D(3241)" 5/5.) 4L3/50+ (EL.OUT-EL. FU)/(80S¢)

+(EL.THR-EL.OUT)/(SADJ .S)-L4ADJ .S-D(ADJ 8241) - 5
-EL. THROAT

These two equations are solved by a trial and error mathod,

Their derivations can be found in the appendix.

REMARKS

The value of Ly is not calculated but is usually set equal

to one-half the culvert width (B/2). Values slightly larger

than B/2 may be used, but smaller valuss ere not recommended.

In operating these programs, the values stored in registers

#4, #6, #7, 48, and #9 are removed during the calculations

of the adjusted slope. If the particular program is to de

immediately reused, these register values must firet be restored.

 

sree INSTRUCTIONS INPUT KWYS DISPLAY

l Load program

2 Input resister values D STO 2 D

Ly STO 3 Ig
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STPP INSTRUCTIONS INPUT KRYS DISPLAY

2 Input register values So STO 4 Se

FL.ouT STO § RL .OUT

FL.FU STO 7 EL.FU

S, STO 8 Se

EL.THR 8TO 9 RL .THR

3 Calculate adjusted slope A ADJ.S

To change any of the channel

variables go to step #2,

reenter that value plus S,,

Spy, wL.FU, Seo and ¥L,THR.,

FXAMPL® #1

Dataraine the adjusted slope for a slope-tapered, vertical

face inlet with the following site conditions, The culvert

is a 5xb box, with an outlet elevation of 102,00 feet, a throat

elevation of 118,50 feet, and a channel slope of 5%. Tha

upstreanr fill slope ig on a 3:1 ratio and intersects the

streambed at elevation 125,00 feet, The face slope has been

set at a 3:11 ratio.

Load Program #16

K¥YSTROK®S DISPLAY

4 STO 2 * - .» . . . . e - . i, 00

S ENT™R 2 + STO 3 . .. 2.50
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XRYSTROK®S

.05 STO 4 .

102 8TO 5

3 sT0 6. .

125 STO 7 .

3 STOR, ,

11&,5 STO 9

A . . . . .

EXAMPLE #2

Evaluate the same

pipe culvert.

Load Program #17

KWYSTROKRS

60 ENTFR 12

2 + STO 3

.05 STO 4 ,

102 8TC S .

3 STO 6. .

sTo8 .,..

125 STO 7 .

118.5 STO 9

A... ..

DISPLAY

site conditions

- . . . . . . .
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0.05

102.00

3.00

125.00

3.00

118.50

0.038524 ADJ.S

for a mitered face, 60-inch

DISPLAY

5.00

2.50

0.05%

102,00

3.00

3.00

125.00

118.50

0.037716 ADJ.S



LISTING - PROGRAM #16

IBL A RCL 2 RCL A PNTER x 1 + f fx x RCL 8 RCI 6

RCL 4 x 1 + x + RCL 6 RCL8 + RCI 8 + x RCL 7 +

RCL 9 - RCL 3 RCLR + 4 RCL S RCL 7 - RCL AR + RCL 4

STO 7 STO STO 6 + + STO4 RCL 9 RCL § - RCL BR +

ST0 8 DSP . 6 LBL 1 RCL 2 RCL 1 RNTER x 1 + f JX

x RCL3 RCL1 x + RCLS8 RCL1 + - ECL 4 - 0 g x2y

g xy RCL 1 RTN RCL 7 gx x3y STO 7 - g xey RCL 1 RTK

RCL 7 RCL 6 x gx@y + STO 6 STO + 1 GTO 1 (100 STEPS)

LISTING - PROGRAM #17

IBL A RCL 2 RCL 8B ENTER x 1 + f JX x RCL 8 + RCL“

+4 RCL 9 - RCL 3 RCLB + 4+ RCL S RCL? - RCL & +

RCL 4 STO 7 STO1 STO 6 + + STOLL RCL 9 RCL § - RCL R

+ STOR DS® ., 6 IBL 1 RCL 2 RCL 1 ENTER x 1 + fr AX

x RCL 3 RCL1l x + RCL8& RCL1 + - RCL U4 - 0 g xy

BR Xey RCL 1 RTM RCL 7 g x®y STO? - g xey RCI 1 RTN

RCL 2 RCL 6 x gxy + STO 6 STO + 1 GTO 1 (88 STEPS)
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PROGRAMS #18 & #19 - INLFT DIMRNSIONS

SLOPR-TAPRRED INLRT WITH VRRTICAL FACE

SIOPE-TAPERFED INLET WITH MITERED FACE

In order to complete the design of the slope-~-tapered inlet,

several inlet dimensions are required, Programs #18 and #19

calculate these values for the vertical face 1nlet and the

mitered face inlet respectively.

Since the slope of the original culvert has been lowared, the

original culvert length will be affected. The programs deter-

mine a new adjusted culvert length, The invert elavation of

the face of the culvert is also determined by these programs.

Two critical inlet lengths are alsc solved by these programs.

The 2osation of these values can be seen in the diagrams elo,

 

ADJ.L—

 

SLOPR-TAPERED, VERTICAL PACE INLET

 

 

   

 

SLOPE-TAPERED, MITERED FACF INLET
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These programs can ba applied to elther box or pipe culvert

situations,

It should be noted that even though the face elevation is

calculated by program #19, for the mitered face inlet, there

18 no break in the culvert slope to mark this elevation.

EQUATIONS

PROGRAM #18

BL.PACE = EL.PU-L,S

Ly = SeyD(Sa41)*5/(54(8Spy+1))

PROGRAM #19

EL.PACE = EL.FU- Ly/3,

Ly, = SpyD(8341)°5/(8py4s,)

BOTR

Lp = (EL.PU-EL.OUT)/S,-L,-L5-{EL.THR-EL.OUT)/ADJ.S

ADJ.L = (EL.THR-EL.OUT)(ADJ.S241)"/ADJ.8

The derivations of these equations can be found in the appendix.

REMARKS

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

and does not include the length of the improved inlet.

 

STD _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 STO 2 D

Ly STO 3 L,

So STO 4 $o

FL .CUT STO § EL ,OUT

Spy STO 6 Spy

RL.FU STO 7 EL. FU

Se STO 8 S¢

EL.THR STO 9 EL.THR

3 Calculate face elevation A FL.PACE

Calculate I, P Ly

Calculate L, Cc L,

Calculate adjusted length D ADJ.L

L For a change in any of these

values go to step #2 and reenter

only the necessary value.

EXAMPLE #1

Determine the inlet dimensions for a vertical face , slope-

tapered culvert with the following characteristics. Original

channel slope 1s 6.2% and after the improved inlet evaluation,

the slope has been adjusted to 4.42€, The culvert is a 5x4

box, with an upstream fili slope of 3:l1 and an inlet face alope

of 2:1, The throat slevation is 117,00 feet, the outlet eleva-

tion i= 105.40 feet, and the upstream rill catch-point elevation

1s 124.10 feet.
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KEYSTROKES

L042 STO 1

4 sTc 2. .

S ENTER 2

.062 STO 4

105.4% 8TO §

3 8ST0 6 . .

124.1 8TO 7?

2 sTr08

117 8TO 9 .

Load Program #18

A...

Rn

C 4 * . * *

D * . . - -

EXAMPL”#2

Evaluate the same

Load Program #19

DISPLAY

+4 ST03% , . .

site conditions

70

0.04

bh. 00

2.50

0.06

. 105.40

3.00

124,10

2,00

117.00

123.40 ft.

11.31 re.

25.36 rt.

262,70 rt.

fo~ he mitered face

121.42 ft,

5.37 tt.

31.30 rt.

262.70 ft,

EL.PACE

inlet.



LISTIKG - PROGRAM #18

LBL A DSP , 2 B RCLY4 x RCL? @ xy - RTN IBL PB

RCL 2 RCL 8 ®NTFR x 1 + f JX x RCL 8 + RCL 4 RCL 6

g& 1/x + + RTN LBL C RCL? RCL S - RCLU4 + B -

RCL 3 - RCL 9 RCL 5 - RCL1 + - RTN IRL D RCL 9

RCL § - RCL! ®NTER x 1 + f J x RCL1 + RTN

(69 STEPS)

LISTING - PROGHAM #19

LBL » DSP . 2 B RCLB + RCL? g x3y - RTN LBL EP

RCL 2 RCL6 x RCLS8 ENTER x 1 + f J x RCL 6 RCL 8

+ # RPN LBL C RCL? RCL § - RCL4 + B - RCL 3 -

RCL 9 RCL § - RCL1 +4 - RTN LBL D RCL 9 RCL 5 -

RCL 1 BNTPR x 1 + f JX x RCL1 + RTN (66 STEPS)
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PROGRAMS #20 & #21 - FACP DIMPNSIONS

SLOPE.TAPERED INLET WITH SQUARE EDGES

SLOPR-TAPERED INLET WITH FPEVEBLED EDGAS

These programs continue ith the design of a culvart operating

in throat control, For a slope-tapered 1nlet, these programs

compute tha face vidth of the improved inlet (B,), and the

taper of the inlet's sidewall (ST).

Program #20 deals with square edged inlets. Inlets in this

catagory have winawall flare angles from 15° to 26° «1th a top

revealed edge, Or inlets with wingwall flare angles from 26° to

90° »ith all squared edges. These inlets can be samen graphically

telov,

 

“FACE SECTION zacks=crIoN

 

      
 

 

8ST

a. 1

“od

VERTICAL PACE MITERED PACE

15° to 26° winawall Flare All Bdges Squared

Top Rdze Raveled
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The bevel edred program, #21, pertains to inlets with wing-

wall flare angles of 26° to 55° with their top edges bevel=1,

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

both top and side edges beveled, For further inlet descriptions

refer to the diagrams below,

 

| \FACF SECTION | “FACE SECTION

   
 

   
1 i =

VERTICAL PACE MITERKD FACE

45° to 90° Vingvall Flare Top "Age Eaveled

Both Top and Side Fdgas Beveled

As can be noted fron the diagrams, these programs oan be

applied to either vertical or mitered fase inlets. Since

the mitered face inlet generally has no wingwalls, the dis.

tinction between the uss of these two programs as they pertain

to tha mitered inlet is whether the top edge is tno te Vvavelasd

or squared,
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The bevel to be applied to the face section can ba either a

1:1 bevel or a 1#:1 bevel,

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

PQUAT [ONS

Program #20

By = (D1 5(=1.377+5.15%-1.131%240.1578x3-0. 01sux*

+0.0011x3))

Program #21

By = Q/(D}5(-2,26586347,902641X- 4.0350294%241, 619481X3
-0.3658214x%40.02866767x5))

Both

X « (AY RL,-FL.PANR)/D

ST = (154L4)/((Bp-BxN)/2)

REMARKS

The value of Ly is not calculated but is usually set equal

to one-half the culvert width (R/2)., Values slightly larger

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

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

are stored together as a product in register #4,

Since the celculation of the sidewall taper (ST) uses the

face width dimension (Be), the Be aslculation should be per-

formed first, Label 'A* before Luhel ‘BR’,
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The headwater elevation (HV RL.) 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 vartical face condition, the face

elevation (®L,PACF} and tha length L, should comes from vertical

face calculations from previous programs, For the mitered faced

inlet, these tvo values should correspondingly come from mit-

ered faced prograns,

 

STRP INSTRUCTIONS INPUT KEYS DISPLAY

1 Load program

2 Input register valuas Q STO 1 Q

D STO 2 D

Ly STO 3 Lay

B ENTER R

N x STO 4 PRxN

BJ EL, STO § HW EL.

EL.PACE STO 6 EL. FACE

L, STO 7? L,

3 Calculate face width A Be

L Calculate sidewall taper B ST

5 To change any of these

variables go to step #2

and alter only the necessary

data,

6 To change from square edged to bevel edged inlet, or

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

Por a 6x6 box culvart with a design flowrate of 800 cfs.,

determine the face width and sidewall taper. The headwater

elevation is 180.00 feet and for a mitered faced inlet, the

face elevation is 176,40 feet and a length of 23.70 feet is

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

Load program #20.

KRYSTROKRS DISPLAY

800 STO1.. ..... . . 800,00

6 8T02.....46444.. 6,00

6 BNTER 2 + STO 3 , .. 93,00

6 BNTER 1 x STOLL , .,. 6,00

180 8T0 5S... .... .. 180.00

176.4 sT0 6, . ...... 176,40

23.7 STO 7 . ....... 2370

A oe i viii eee. 39.96 ft. By

B vv vee eee. 1.87 ST

EXAMPLE #2

A 60-inch pipe culvert with a design flowrate of 480 cfs. is

to be used «ith a slops-tapered inlet, The headwater elavation

is set at 214.60 feet and the face elavation of 209.40 feet

exists for the vertical faced situation, An L, lenath of 14.96

feat has deen determined, Find the width of the fece section

and the sidewall taper. The pipe 1a to have a 90° wingwall

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

KXYSTROKES DISPLAY

480 STO 1 LJ o * . * . . . » h80., 00

60 ENTER 12 + ST™0 2 , , 5.00

2 + STO 3 + uv ¢ eo so o o 2.50

S STOB . . . sv vo. 5,00

214.6 8T0OS . . . +. +. « . , 218,60

209.4 8T0O6 . . . .. . . . 209.40

14,96 STC 7 eo 8 eo oo oo eo + » 14,96

A a ® eo » * e° 2 © ee © © 2» > 13.93 Te. Be

b  e + eo ee ¢ + © + vv v ee 3.91 ST

LISTING - PROGRAM #20

LBL A RCL 5S RCL 6 - RCL 2 + ENTER ENTER ENTER 1

1 x1 6 , 4 - x1 5 7 , 8 + x11 31 - x

5 1 5 0 + x 1 3 5 3 - 3 £7} 106 + RCL 2 &NTER

f /&X x x RCL1 gx3y + STO8 RTN LBL B RCL 8 RCL 4

- 2 4 g 1/x RCL 7 RCL 3 + x RTN (73 STEPS)

LISTING - PROGRAM #21

LEL A RCL S RCL 6 - RCL 2 + ENTER ENTER ENTER 2 8

b 6 72 . 6 x 3 4 5 8 21 , 4 - x1 61 9 4

8 1 +4 x 4 0 3 5 0 2 9 , 4 - x 7 9 uk 2 4 &

1 «+ x 2 2 6 58 6 3 - 6 f° LOG + RCL 2 ENTER

f Jf x x RCL1 gx2y + STOS8 RTN LBL B RCL 8 RCL b

2 + g 1/x RCL? RCL 3 + x RTN (94 STEPS)
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PROGRAM #22 . CRFST CHECK EVALUATION

SLOPE-TAPERED MITERED INLET

In ordsr for this inlet design to operate sffictently, the

velr configuration at the inlet must be operating propertly.

This program establishes the width of the sidewall opening

and the #iéewvall taper necessary to insures the appropriates

hydraulic conditions.

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

for either square or tevel edged inlets.

The diagrams below indicate the locations of the dimensions

determined dy this program.

 

 

ST) Sidewall Taper

1

 (Cw)
Crest

width    

 

Slope-Tapered Mitered Faced Inlet
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PQUATIONS

H, = HV EL,-EL.PACE

cw = o/(2r,)15

ST = 2L,/(CW-Rg)

REMARKS

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

must be calculated before the sidewall taper (3ST) can be

 

determined,

STwp INSTRUCTIONS INPUT KRYS DISPLAY

1 Load program

2 Input register wnlues Q STO 1 Q

L, smo & Ly

(Throa':) BW ®L, ST0 § AV RL.

(Mitered) EL,.PACE 87T0 7 EL.PACE

(Square or Beveled) FE, STO 8 B,

3 Calculate crest height A R,

b Calculate crest width B cw

5 Calculate sidewall taper c ST

6 For a chance in any of these

culvert properties, go to

gtep #2 and reenter the desired

item plus the value of B,.
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RXAMPLR #1

What is 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 I, value of 10.0 feet. The

headwater elevation is 98.4 feat 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 feet,

KFYSTROKRS DISPLAY

3000 8STO1 ..... .. .3000,00

10 STO L eo ee 8 eo + + + 10,00

98.4 STO S * ® e& ee eo ee eo oo 98 40

83.2 STO 7 ¢ 6 eo + Be eo 83,20

B.12 STOR . ...,.... B12

A tiie eeu... 15.20 ft, By

Boo ve ov ov ovo oo. 17.90 ft, CV

C tei e ieee... 205 87

If the sidewalls are built on a 2¢1 or larger taper, the

culvert «ill operate in throat control,

LISTING - PROGRAM #22

IPL A RCL § RCL? - RTN LBL B RCL1 A 2 x 1 . 6§

g yX 4 STO 6 RPN LBL C RCL4 2 x RCL6 RCL 8B - +

0 x xy & x¥ & NOP RTN (34 STRPS)
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PROGRAMS #23 & #24 . BOX CULVERT; INLET CONTROL OUTLET VBLOCITY

Due to the complexity of the calculations involved in computing

this outlet velocity, the progres has teen divided into two

parts, program #23 and program #24,

Together these programs contaln polynomial equations which

approximate the normal depth curve for a rectangular croas-

sectional area. The set of curves involved ware taken from

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

Program #23 determines the abscissa for the curves (called °*v'

in the equation section), as wall as one of the polynomial

equations required, Program #24 compares the values produced

by program #23 and completes the second polynomial expression

if necessary.

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

appropriate registers and then Label 'A' is pressed for program

#23, The value of (X) is displayed. Program #24 1s then loaded

and Label A is itwmmediataely pressed again. THe value of the

outlet velocity for the culvert operating in inlet control 1s

then Zdisplayed.

EQUATIONS

Progran #23

X = (Qn/(1.486N3°5))/rE/3

If X < 0.22

a4, = B(0.038b0243,65R83788X-15,152238X2+64.99191 3x3

-110. 31635")
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EQUATIONS

Program #24

If 0.22 S$ X <1.1

d, = B(0.084L6B42, 3H061X-1. 53643XZ41,636594x3

-0,677621x%) dn is limited to 2B

Ir x 21.1

d, = Vn

V = Q/(BNa,)

REMARKS

Once the rerister values have been stored for program #273,

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

The caloulators register values should not bs tampered with

betveen the running of the two programas,

 

STFrP INSTRUCTIONS INPUT KEYS DISPLAY

1 Load program #23

2 Input register values Q STO 1 Q

D 8TO 2 D

B 8T0 3 B

N STO 4 N

n 810 § n

(ADJ.S or 8) 8S sT0 6 s

3 Calculate °X* A X

4 Load prosram #24

5 valeulate outlet velocity A Vv

6 For a change in any data, goto step #1.
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EXAMPLE #1

Pind the outlet velocity for a 6x5 tox culvert operating in

inlet control. The design discharge is 100 cfs, and the

channel slope has been adjusted to 0.015. The box is to be

constructed out of ooncrete making the value for Manning's

Ne 0.012.

KEYSTROKES DISPLAY

100 801... .. +. + + « 100,00

5 8TO 2 4 o ¢ o + « « « » » 5.00

6 STO 3 +. + v vo +o ov « + . 6.00

1 BTO LM , , i ¢ ov ¢« oo oo 1,00

012 8TO 5 , . « + vo. 0.01

.01 8T06 . ....... 0.02

Load program #23

A 4 0 ev os so a os 8 2 oo 0.06

Load program #24

A oc i vt ee ee vs oe. 13.74 fps, V

EXAMPLE #2

Evaluate the same culvert for a flowrate of 500 cfs.

KRYSTROKRES DISPLAY

$00 STO1........ . 500.00

Load program #23

J

Load program #24

A * . * » * * * * . * . . . 21 . 49 fps . Vo



LISTING - PROGRAM #23

IBL A RCL1 RCLS x 1 . 4 8 6 + RCL6 f J +

RCL 4 + RCL 3 8 ENTER 3 + g y* + 8TO7 . 2 2

€ xSy BCL 7 RTN KCL 7 ENTER ENTER ENTER 1 1 0 3

1 6 4 CHS x 6 & 9 9 1 9 + x 1 5 1 § 2 2

- x 3 6 4 8 bb 4+ x 3 64 , 0 2 + 4 1 206

+ 2 gxy «xy gNOP RCL 3 x RCL 2 g x2y g& xy

gx g NOP RCL4 RCL 3 x x RCL1 gx + STO 8

RCL 7? RTN (100 STEPS)

LISTING - PROGRAM #24

IBL A . 2 2 RCL? gxfy GPO 1 1 , 1 gx>y GTO 2

RCL 1 RCL 2 RCL 3 RCL 4 x x + RTN IBL 1 RCL 8 R/S

IBL 2 RCL ? ENTER ENTER KNTER 6 7 7? 6 2 1 CRS «x

1 6 3 6 5 ¢ 4 + x 1 5 3 6 4 3 0 «- x 2 3 4

0 6 1 0 + x 8 4 4 6 8 + 6 £1 106 + 2 gx

gx2y NOP RCL 3 x RCL 2 gxgy &8 oy & Y2y g& NOP

RCL 4 RCL 3 x x RCL1 g xy + R/S (97 STEPS)
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PROGRAM #25 - PIPe CULVERT; CRITICAL DEPTH

The approach by this progrsm to determine the critical depth

for pipe culvert is to use polynomial best-fit equations of

the critical depth curve given in, "Open Channel Hydraulics",

by Chow. The program computes a °Z' value which coriasponds

to the abscissa of the curve. This value is then applied to

one of two equations which are used to approximate different

reaches of the curve, Continuing through the calculations,

the critical depth is determined.

FQUATIONS

Z = (0/(N(32.2/%) 5))/D2"5

X = Log 2

If X £ Lég .7

dy = (107

Y = (-0,0051657+0.407362X-0.1830236X2-0.0915565X°)

If X > Log .7

Ys (-.021560340, 2017057X-0. 6400981 5x20. 695619%7)

 

STep INSTRUCTIONS INPUT KEYS DISPLAY

1 Load program

2 Input register values Q STO 1 Q

STO 2 D

N STO 3 N

o STO &4 «
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STwp INSTRUCTIONS INPUT KEYS DISPLAY

3 Caloulate critical depth A do

To change any of the input

data, go to step #2 and change

only the necessary item,

RXAMPLE #1

Find the eritical depth for a corrigated metal pipe (CMP) of

a 36-inch diametar. The flow through the pipe is 100 efs,

Por a CMP tha value for alpha is 1.12,

XKRYSTROKES DISPLAY

100 STO, . . .. . . . . 100.00

36 ENTER 12 + STO 2 . . 3.00

1 SPTO3 ... 44.444. 1.00

1.12 sto, ....... 1.12

A et ee ee eee ee. 2.92 Tt, 8,

EXAMPLE #2

How would the critical depth change if connrete was used instead

of the corrigated metal. The value of alpha for concrete i=

1.04,

KFYSTROKES DISPLAY

1.04 STON , ....... l.c4

A . a . . . . . . . . . . . 2.90 ft. 4,

Not much of a significant change results,
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LISTING - PROGRAM #25

LBL A RCL1 RCL 3 + 3 2 , 2 RCLA4 + RCL2 x ft &

+ RCL 2 RCL 2 x + f LOG ENTER ENTER ENTER , 7 f

LOG gexsy Ri B gRé 9 1 5 6 CHS x 1 8 3 0 2

- x 4 07 3 6 + x 517? - C IBLB 69 5 6K

2 x 6 LL 01 0 ~- x 2 0171 + x 2 4 4 6 -

LBL €¢ 5 f1 roc + £1 1oG RCL 2 x RCL 2 g x>y

R X¥y & NOP R/S (100 STOPS)
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PROGRAM #26 - PIPE CULVERT; SYZk AND OUTLET CONTROL PrRFORMANCH

This program has two functions, Pirst, it can be umed to

sslect the appropriate pipe culvert size, Second, once this

pipe size has bean selected, the program will svaluate the

performance of the oulvert for various flowrates., The outlet

control performance curve can be made by plotting these flow-

rates versus the szenerated headwater slevations (HW PL,),

In determining the best pipe culvert size, the designer must

first select a trial diameter (D)., For this value, tha program

computes the water surface mslevation of the headwater pool at

the culvert inlet. A visual comparison of this value to the

allowable headwater elevation (AHW FL.) is made and the designer

adjusts the dlameter (D) accordingly.

Once the pipe size has been determined, various flowrate values

can bs used with the program to obtain a performance curve,

The following diagram indicates the location of the energy

losses associated with thes culvert design,
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EQUATIONS

Hy = kqV2/2¢

Hy = 29n°LV2/2eR1+33

2
H, = V</2e

H = Ho+Heel,

« (1+k,+29n2L/(D/8)1 +33) (ha/¥D%y) 2/20

a, = (a,4D)/2 or the Tallwater depth, whichaver 32 largact

HW WL. = H4d44EBL.OUTLET

REMAR¥S

The criticsl depth (d,) cannot be arester than the diameter of

the pipe (D)., The program includes a tast 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 sllowg the hydraulic grade line to be equated to the enrersy

line,

For the prosram to operate properly, the number of barrels (N)

and the barrel roughness value (n), must be stored tozether as

a sum in resister #3. The limitations on tha squations above,

require that the number of barrels (N), be limited to a valua

of either 1 or 2,

Lebel A (HW WL.) must be executed before Labal C (d,).

89



STFP INSTRUCTIONS INPUT ¥EYS DISPLAY

1 Load program

2 Input register values Q STO 1 2

D STO 2 D

N PNTER N

n + 3TO0 8  N4n

EL.ouT STO 4 £1 .OUTLAT

Ke STO 5 Kg

T™ STO 6 Tw

L STO 7? L

a, STO 8 d.

3 Calculate headwater elevation A HW ¥L,

L Calculate total head loss b H

5 Calculate depth of water at outlet C a,

h To evaluate another pipe size,

reenter the new value and go to

step #3, *

? To obtain outlet control

performance curve coordinstes,

input verious flowrstes and

calculate the corresponding

headwatar elevations, **

* If the length, critical depth, and outlet elevatlor of

the culvert change with the diameter, they must alsn

be raentearad,

#% If the tmilwater depth, and the critical depth change

with the new flowrates, they must also be reentered.
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RXANPLE #1

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

of 0.5, find the appropriate pipe culvert size. The tailwater

depth for this flowrate is 3.61 feet. From the site conditions,

it has beer determined that for a twin 48-inch CMP, a 2%3,70

foot barrel is required. The outlet slevation for this sige

of pipe would be 119.43 feet. The corresponding critical depth

is 3.90 feet, If a twin Shk-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 feet, Por corrigated metal, Manning's n is 0.024,

The allowable headwater elevation is set at 140.4 feet.

KEYSTRO DISPLAYKEYSTROKES DISPLAY

b20 8T™01 . . . +. . . . . 820,00

2 ENTER .026 + 8TO 3. . 2,02

5 80S ... 4... 0.5

Try the M8-inch culvert

48 TNTER 12 + STO 2 . . 4.00

119.43 STO MS , , . . . . . 119.43

3.61 sM06 ........ 3.61

253.7 STO 7 . . +. « +o . + 253.70

39 808... ....¢¢. 3.90

A 0 ¢ os oo os os os « oa o « 108,26 ft, HV EL.

This EN RL. is larger than the allowabls, try Sk-inch pipes.

Sh EPTER 12 + STO 2 , . 4,50

119.75 sro 4 , ... .. . 119,78
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KEYSTROKES DISPLAY

248,56 8sTO 7? . . . . . . . 248.56

4,16 STO 8 . . +... M16

A vo « «4 oe so oo « oe «+ «137.75 ft, HW EL,

This HW KL. is below the allowable, Use it,

Bu vv so oo «oo oo sso 13.67 ft. H

C vv vv vee de eee. B.33f1e, dy

Use the twin S4-inch pipe culverts,

EXAMPLE #2

Zvaluate the outlet performance curve for the pipe designed

above, Plot the four points on the curve which correspond

to the 0.6Q, 0.8Q, Q, and the 1,2Q, The tallwater 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.

K®YSTROK®S DISPLAY

420 ENTER .6 x STO 1 ., . 252,00

St ENTER 12 + 8T0 2 . . 4,50

2 ENTER ,024 + STO 3. . 2.02

119.75 STO 4 , . . . . . . 119,75

.5 8TOS ......... 0,50

3.82 STO 6 . . . «+ « « 3.42

28,56 STO 7 . . . . . « . 218,56

3.39 808 ........ 33%

A tt «et eo os eo so a a + 12B,62 rt, HW EL, 8 0.6Q

420 BNTER .8 x STO 1. . 336.00
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KuYSTROKES DISPLAY

3.56 STO 6 ov vo « « « + 3.55

3,82 STO 8 . . . .. +... 3.87

Ao vv « so so o « o » o « + 132,68 rt, HW EL. ® 0.08Q

20 ENTER 1.2 x STO 1 , 504.00

3.72 8T0 6 . . . « .  . 3.72

4.32 sT08 ........ b,32

A. vv cv ev 4 eo 4 + « «143,84 ft, HW BL. @ 1,2Q

LISTING - PROGRAM #26

181, A RCL B RCL 2 gxgy RCL 2 g NOP 4+ 2 + RCL 6 g xy

gx NOP STO 9 32 RCL 4 4+ RCL 9 + RTN IBL B 2

9 RCL 3 1 INT ®NTER x x RCL 7 x RCL 2 4 + 4 ENTER

3 # g¢ yY + BCL 5 + 1 + 4 RCL1 x RCI 3 f INT +

RCL 2 MANTER x + g o + oNTER x 6 4 , 4 + x RTM

LBL € RCL 9 RTN (77 STEPS)
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Plot of the performance of a twin 5k-inch pipe culvert operating

in outlet control.

Plotting Coordinates
 

Q 252,00 336.00 420.00 504,00
 

  HW wL, 128,62 132.68 137.75 143.84   
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PROGRAM #27 - PIPF CULVERT; OUTLET CONTROL OUTL&T VELOCITY

This proxram 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 aqual to the dritical

depth or the tallwater depth, whichever is greater. Howaver,

if this depth is found to be larger than the diamater of the

pipe culvert, the depth of flow is set equal to the diameter

of the pipe.

FQUATIONS

V = AN

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

R = D/2

r = ABS(R-4,)

If-dy < R

A = (wF.%cos~1(r/R)/180)-r(R2-r2)"5

If 4, 2 R

A » wR2-(wR2Cos-1(r/R)/180)4r(R2-r2) 5

The calculator shovld bm set in the degrees mode for this progran

to operate properly.



 

STwp INSTRUCTIONS INPUT KEYS DISPLAY

1 Load program

2 Input resister values Q STO 1 Q

STO 2 D

N STO 3 N

T™ STO 6 ™

c STO 8 a.

Calculate outlat velocity A Vv

4 For a change in any of the

culvert propertimss go to

step #2 and change only the

necessary item.

WXAMPLE #1

What is the outlat velosity of a 48 inch pipe culvert with a

discharge of 200 ofs.? The tallwater depth is 3.28 feet and

the critical depth is 3,88 faet,

KRYSTROKES

200 STO 1 .

48 ENTER 12

1 8T0 3...

3.28 8T0 6

3.8R STO 8

ALL...
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200.00

4,00

1.00

3.28

3.88

16,06 fps V



LISTING - PROGRAM #27

LBL A RCL B RCL 6 gxSy x2 & NOP RCL 2 g x>y & x2¥

xg NOP RCL 2 2 + STOS gxgqy f SP1 .- g ABS STO §

RCL 4 + f} cos RCL 4 RCLYL x x aw x 1 8 0 +

RCL 4 RCL 4 x RCL S RCLS x - f JX RCL S x - r=}

TF1 GTO 1 RCL SL RCLS x a w x mx¥dy - £1 spi

IBL 1 RCL 3 x RCL1 gx + RTN (71 STEPS)

97



PROGRAMS #28-33 PIPR CULVERTS; INLET CONTROL PERFORMANCE

Program #28: CMP with Projecting Wdge

Program #29: CMP or Concrete with Standard ®nd Section

Program #30: CMP or Concrate with Bavaled Rdges (Type A)

Progras #31: Concrete with Square Rdgaes in a Headwall

Program #32; Concrete with Projecting Socket Rdge

Program #33: Concrete with Socket ®dge in a Headwall

Information is also provided for the design of the following

inlets,

CMP Mitered to Conform to Slope

CMP in a Hesdwall

CWP or Concrete with Beveled Ridges (Type B)

Concrete with Projecting Square Fdges

The programs named above evaluate the hydraulic performance

for the described 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 datailed

explanation of the geometry of these inlets is provided balow:

 
 

 

Program #28 Program #29

CMP . Projecting kdge CM®/Concrete - "nd Section
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—
CMP - Mitered to Conform to Slope

Program

 ==
CMP - In a Headwall

 

 

 

d
b
 

TO | 0

CMP/Concrete - saveled Fdges 0.042{0.082)0,042 0,083
 

Type A and B  0.,08310.125/0,.042 0,125     
 

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

Program #31

EE
Concrete - Square Wige

 
in Headwall

 
Concrete - Projecting

Square Fdge



Program #32 Program #33

 

 

Concrate ~ Projecting Concrete - Socket Fdze

Socket Fdge in Headwall

For each particular inlet, the program calculates the helznt

of the water at the face of the culvert (Hy). This value is

then added to the culvert inlet invert elevation (He + FL,IK},

If thie sum is less then the allowable headwater elevation

(AHW ¥1,,), then the inlet elevation becomee the alevation of

the face (FL,.FACF), However, if the sum of the height of the

water at tha face of the culvert plus the elevation of the

inlat axcmeds the allowable headwater elavation, the difference

between this sum and the allowable haadwater elevation is sub-

tracted from the inlet invert mlevation. This new mlevatior

is now called the elevation of the face (FL,FACR). For the

culvert to operate properly, the inlet invert must be reset

to this elevation. The drop in elevation of the inlet invert

is called the FAI!. The dlagrams on the following page graph-

ically show this occurrence, It should be noted that as the

inlet invert elevation drops, the culvert barrel rotates avout

the ocutlst invart,
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EL, IN, EL.FACE  

No PALI Required PALL Required

EL.IN + He < AHW EL, FL.IN + He 2 ARW EI.

As indicated in the diagrams, when the calculated headwater

elevation is above the allowable headwater elevation, the

headwater elevation is 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 sleavation of the face (R¥L.FACE)., The original elava-

tion of the culvert inlet invert, before considering the

affects of inlet control and possible FALL, can be taken as

the elevation of the inlet (¥L,LINLET).

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, In this manner

a performance curve for the culvert operating in inlet control

can be drawn,

RQUATIONS

RL.PACE = AHW EL.-H, (With FALL)

= EL. INLET (Without FALL)
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FW EL. = BL.FACE+H,

PAIL = pl, FPACER-EL, INLAT

Note: The FALL i= measured in a downward direction

and therefore is always a positive values,

X = 9/(ND2:5)

Program #28

He = D(0.18732140.567710X-0,15654LX%40. 0647052

-0.00343602x*40. 000089661 5)

Program #29

He = D(0.12065940.630768X-0,218423X240,0591R1 5X’

-0.00599169X40, 0002292875)

Program #30

He = D(0.06338340,766512X-0,316097%240. 08767013

-0.00983695X+0, 000416760X5)

He = D(0.08768340,706578X-0,253295X740, 0667001X

-0.00661651X%40.000250619X 5)

He = D(0.10878640,6623R1%-0.233801X240,05795R5% 3
-0.00557890x¥40., 000205052x5)
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Pro Bn

He = D(0.11609940.653562X-0.233615%240,0597723x>
-0.00616338X"40. 000262832X5)

CHP Miterad to Conform to Slope

Hy w D(0.10713740. 757789X-0. 361462X240.1233932x3

-0.01606422x%40,000767390X5)

CMP in a Headwall

He = D(0.167833+0. 538595X-0.149375%240, 0391 563x3

-0,00363974X"+0. 00011 5882%3)

CMP or Concrete with Beveled Ridges (Type B)

He = D(0.081730+0,698353X-0,253683%240,0651250X>

-0,00719750X"40.000312451X5)

Conorete with Projecting Square Edges

Re = D(0.16728740. 558766X-0.159813%240. 0420069%)
-0.00369252x%40.000125169X5)

REMARKS

In evaluating these inlets, the pipe size must be determined

before the oulvert performance values can be generated.

the pipe size has besn fixed and the elevation of the face

("L.PFACE) established using the design flowrate, the programs

can then be used for performance avaluations. In saloulating

the performance ourve values, the elevation of the face must
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remain a constant, To insure that this value is not altere?,

1abel A on the calculator should not be used Aurinag the ner-

formanca curve svaluation,

"hase 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 mvaluste all of the inlet con-

figurations by just loading another program card.

Whenever applicable, a tevel edeed inlet is recommended for

uge in lieu of a square edged inlet, The large increase ir

hydraulic performance gained by usinz a beveled adged inlet

over a squares edged inlet, greatly outweiche the small addi-

tional cost,

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

is limited to a nintmum value of 2D and » maximum valine of

14D. If the minimum value i= axceedad, je., FALL = 0,2D,

one of three alternatives should be considared., Firat, sine»

the FALL 1s so small, the culvart will operate as thoush nn

FALL is occurring, A side-tapersd should be considered, Secori,

the pipe slze could be reduced for the same irlet configuration,

This would increase the amount of FALL required. And third,

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

If the maximum value for FAL!., 13D, tis axceeded, either a

larzer pipe size Or a more efficient inlet ie requirad.

Polynomial best-fit aquations are used to datermine the nesd.-

water depths for these inlets, Since these equatiore are
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an approximation for the curves in HFC #13, they are subject

to the same limitations, Therefore, the headwster depth (zg)

1s 11mited to a maximum of 44D and a minimum of &D, To avoid

the possibility of culvert fallure due to buoyancy forces, 1t

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

STEP INSTRUCTIONS INPUT KEYS DISPI AY
 

a Load proecran

2 Input register values Q STO 1 Q

D STO 2 nD

N STO 3 N

RL.IN STO § EL.IN

AHW el. STO 6 AHW LEI,

3 Calculate the FL, FACE A EL .PACH

L Calculate the headwater elemv, c HW FT,

5 Calculate the PALI c FALI

6 Calcualte the headwater depth D Fe

7 To evaluate the same inlet

with diffarent desien criteria,

g0 to step #2,

2 To evaluate another inlet,

load the desired program card

and go to step #3.

9 To obtain the performance curve

coordinates, input the selected flowrates in regicter

#]1 and press Isbel 5 to obtain the headwater elevations,

Notes label A must not bs used Auring the performance

curva evaluation,
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PXAMPLE #1

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

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

detaraine the appropriate pipe culvert size,

considered is a projecting CMP,

Load program #28

KFYSTROXES DISPLAY

200 STO1........ . 200,00

1 8TO 3. . « vv vo vv 0 1.00

63 STO 5 .. .. +4... 63.00

72 8T06 .. ...+.... 72.00

Try a 42 inch pipe.

3.5 STO 2 . + « «oo o o 5s 3.50

ILNEE 4

Cv i th he ee ee eee 17,39 ft,

The design to be

¥L..PACE

PALL

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

Try a 48 inch pipe.

bh STO 2... . «+o vv « os 4.00

A ov vo vce 0 0 0 ee. S541,

C tv te tv ve ss sea. 7.5 ft,

This PALI is larger than the allowable (1D)

Try a S4 inoh pipe.

8,5 STO 2 , . . + ¢ +o « « 4,50

A i tt tt ee ee. ee. 60.61 Trt,

+ 2.39 fe.
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value of 6.00 faet,
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This FAL! value is within the limits (3D) and (13D).

Check the limits of He.

D vv vv vee eeu... 11,39 ft. He

This value of He 1s below the maximum value of 20.25 = 42D.

A S4 inch CMP culvert will work for the conditions specified.

EXAMPLE #2

Consider the aame design criteria only change the pipe from

a projecting inlat to a bavel edged inlet,

Load program #30.

¥FYSTROKRS DISPLAY

dith the design data already in the calculator from the

previous axampla, just proceed with the calculations,

A. Lt 4 ev es e+ + +. 63,00 ft, PL,.PACE

Ct et he he eee es 0.00 ft. FALL

This design uses the Si inch diameter. With a bevel edgzed

inlet no PALL is required. In order to maximize the design

a saaller size of pipe will be evaluated, Try 48 inch diameter,

8 8702, .... 4... k.00

A. i i i i i i ee ees. 60,50 Tt, FL.PACE

C ve ee te ees ee ee 2,50 ft, PALL

This PALL value is within the allowable range. Check He,

Db .....00000... 11.50 ft. EH,

This value 1s also within tha allowabla range.

Use 49 inch disnater pipe. The bevel sdaed inlet reduces the

required diamater by one half of a foot.
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PXAMPLE #3

Evaluate tha performance of a twin 30 inch concrete pipe

suivart sntrance,

allowable headwater elevation is 86.50 feet.

of the inlet invert is 80.20 feet.

KFYSTROKES

100 STO 1 .,

2,5 8TO 2 .

2

80.2 8TO §

B6.5 STO 6

A

B

c

D

No excavation

STO 3 ,

. 3 * *

. . . . *

*

1s required for

water slevation is just below

perforuance curve

60 STO 1

B + + oo

80 STO 1

B , « «a

120 STO 1

B . . .

Note:

Label A, this button was not pressed again.

After the face

*

*

coordinates

* . [J .

*

The design flowrate is 100 cfs., and the

The elevation

Use program #31.

DISPLAY

. « 100,00

oo 2,50

o 2,00

. . 80.20

. » 86,50

. « 80.20 rt. EL.PACE

. . 85.98 rt. HW EL.

. oe 0.00 rt, PALL

.. 5.78 ft. H,

this culvert dasign, The head-

the allowable value. For the

use 0.6Q, 0,8Q, and 1.2Q,

60,00

83.37 ft. HW ®L, @ 0.6Q

80.00

84.49 fe, HW EL. ® 0.8Q

120.00

87.81 ft. HW EL. @ 1.2Q

elevation was originally determined,
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produce an error in the calculation of the parformance ourve

coordinatas, Label A should only bs used when the design

flowrate is in ragister #1,

A plot of this performance is on the final pase of this section.

LISTING - PROGRAM #28

LoL A D RCL6 RCL S - gXSy & xZy g NOP RCL 6 g xy

- STOB8 RTN IBL 5 D RCL8 + RTN LsL C RCL 5S RCL 8

- RIN LL D RCL1 RCL 3 + RCL 2 2 , 5 g y¥ +

WNTRR ENTER ENTER 8 9 , 6 6 1 x 3 4 3 6 , 0 2

- x 4 4 2 0 5 , 2 + x1 5 6 5 U4 bb - x § 6

 

2 21 0 + x1 8 7 3 2 1 + 6 1 roc + RCL 2

x RTN (96 STEPS)

LISTING - PROGRAM #29

Isl A D RCL6 RCL S - gxSy & xy & NOP RCL 6 =z x2y

- STO8 RIN LBL 8 D RCL B + RTN LoL € RCL § RCL R

- RP LsL D RCL1 RCL 3 + RCL2 2 , § g y* +

ENTER ENTER ENTER 2 2 9 , 2 8 7 x § 9 9 1 . 4

$$ - x § 91 81 , §8 + x 218 4 2 3 - x 6

307 68 + x1 206 59 + 6 £71 L0G + RL 2

x RTN (97 STEPS)

LISTING - PROGRAM #30

I51 A D RCL6 RCLS - gx<y g& xy g NOP RCL 6 « xy

- STOR RTN IBL 8 D RCL 8 + RTN I8L C BCL § RCL %

- RT™ Isl, D RCL1 RCL. 3 + RCL 2 2 , § go y* +

ENTER eNTER ENTER 4 1 6 , 7? 6 x 9 8 3 € , 9 5
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LISTING - PROGRAM #30 (cont)

- x B 727 6 2 0 , 1 +x 31609 72 - x 76

6 5 1 2 + x 6 3 3 4 3 + 6 £1 Lo + RCL2 x

RTN (95 8TLPS)

LISTING - PROGRAM #31
NE a—ere——

IBL A D RCL 6 RCL S - gx$y gg x2y & NOP RCL 6 g x2y

- STO8 RTN LBL B D RCL8 + RTN LBL C RCL 5 RCL R

- RTN LL D RCL1 RCL 3 + RCI 2 2 , 5 g y* +

ENTER ENTER =NTXR 2 5 0 . 6 1 9 X 6 6 1 6 . 5 1 - X

6 6 7 00. 1+ X253295-X%X 706267 8 +

X 87 48 3+ 6 f1 LOG + RCLZ X RIN (96 STEPS)

LISTING - PROGRAM #32

LBL A D RCL 6 RCL 5 - gxSy &x2y & NOP RCL 6 g x2y

- STO8 RPN LL. B D RCL 8 + RTN LBL. C RCL § RCL 8

- ARTN LBL D RCL1 RCL 3 + RCL2 2 , 5 g y* +

ENTER KNTER ENTER 2 0 5 , 0 S$ 2 x 5 § 7 B , 9

- x 57? 9 58 . 5 x 2 3 3 8 01 - x 6 €+

 

2 3 81 + x 108 72 86 + 6 1 106 + RCL 2

* RTN (96 STwPS)

LISTING - PROGRAM #33

LEL A D RCL 6 RCL S ~- gxsy g x2y & NOP RCL 6 gm x2¥y

- STO8 RTN 181 zz D BCLS 4 RTN LBL C RCL § RCL R

- RMN LoL D RCL1 RCL 3 + RCL2 2 . 5 =z y* +
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LISTING - PROGRAM #33 (cont)

ENTER ENTER ENTER 2 4 2 , 8 3 2 x 6 1 6 3 , 13

8 - x 5 9 7 7 2 3 «+ x 2 3 3 6 1 5 - x 6 5

3 56 2 + x 1 104 09 9 4+ 6 1 106 + RCL 2

x RTN (96 STKPS)

 

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 60.00 80,00 100,00 120,00
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PROGRAMS #34 &35 - PIPER CULVERTS}; SIDAE-TAPERED THROAT CONTROL

SIDE-TAPLRED WITH SMOOTH THROAT

SIDE-TAPERED WITH ROUGH THROAT

A culvert with a smooth throat pertains to pipe sulverts made

of concrete or of a smooth metal. Roush throated culverts

apply to corrigated metal structures,

These programs evaluate the performance of a culvert operating

in throat control, Tha formulas incorporated in these prograns

apply only to side-tapered inlets for pipe culverts. Like the

inprovad inlet programs, these throat control programs often

can use FALL to increase the flow capacity of a evlivert, The

following diagrams describe the throat control inlets,

 

  
 

 

LLKVATION VIsW

 

   

ROUGH THROAT SMOOTH THROAT

PLAN VInW

SIDE-TAVERED INLAT SIDs~TAPERED INIT

NO PALL, HW aL, < AHW tL, WITH PALL AND WINGWALIS
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EQUATIONS

sl .THROAT = AHW Al, -H, (With FALL)

= EL.INLET (Without FALL)

HW KL. = EL .THROAT+H,

FALL » A&L.TINLLT-rL.THROAT

X = LOG(Q/(NDZ:5))

Program #34

(=0.23713940.146792X+2.189321X2-4, 354114X73
H, =D 10
t I 5

+4,210539X ~1,3L7032%"°)

Program #35

-0,23339240.489125X+1.068638%2-3. 074435xH, =D 10°
+3.711165x%-1. 32836x5)

REMARKS

As mentioned before, thesa programs are only to bs used with

gide-tapered pipe culverts, To avaluate the parformence of =

pipe culvert with a slope-tapsred inlet, the designer should

use program #11. This prozram avaluates the performance of

box culverts with both side-tspered and slope-tapered inlets,

The slope-tapersd inlet for a pipe culvert is designed as if

it were going to be used with a box culvert, A transition

section is then fabricated to connect the box shaped inlet

to the pipe culvert barrel, The diaxrans on the next page

will further explain this situation,
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SLOPL-TAPLRED INLET SLOPE-TAPRRED INLET

VARTICAL FACE, WINGWALLS MITLRED FACE

The width values (B) in program #11 will have to be translated

into a diameter siza, This can be acoomplishéd 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.

Label A is used during the culvert size determination part of

the program, Once a culvert size has been selected, it is

stored in the calculator and Label A evaluates the appropriate

throat elevation for the given design flowrate. When using

flowrates other than the design value for the performance curva

coordinates, Label A must not be pressed.

Since the input registars have the same 1dantity as the ones

used for the inlet control programs (#28-33), these two prograss
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can ba run in succession after the inlet control programs have

been avaluated., If all of the inlet control programs have their

calculated FALL valuas exceeding the maximum limit (14D), the

designer can immediately load these programs and proceed with

the design of the culverts for throat control, without changing

any of the register valuas,

Due toc the sizes limitations of this calculator, a sasll error

results in the computation of the FALL. The prozrams assume

that the elevation of the inlet and the elavation of the throat

are equal before determining the value of the headwater slev-

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 (S,xL;) exists. This L. distance
1

1s an unknown value in these programs, It is determined by

the next programs. By understanding this error condition, a

correction, if necessary, can be made.

The limits placed on the FALL value for the inlet control

pProxrans applies to the throat control designs also. A minimum

value of 4D and a maximum value of 14D still apply. If the

upper limit is exceeded, a larger culvert size should be tried.

If the minimum value 12 excesded, the culvert will essentially

operate as if there was no FALL present. A larger or smaller

culvert, or anothar inlet configuration should be considered.

Polynomial begt-fit equations are used in determining the head.

water depths for these inlets, Since the equations are an

approximation for the curves in HFC #13, they are subject to
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the came restrictions. The headwater depth (Hy) is limited to

44D maximum and §D minimum. It is recommended that the value

of H, be kept balow a value of 2D to proteat the sulvert from

buoyancy foroes.

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

 

STwP INSTRUCTIONS INPUT KEYS DISPLAY

1 Load programs

2 Stores register values Q STO 1 Q

D STO 2 D

N STO 3 N

RL, IN STO § BL.IN

AHW EL, 8TO 6 AW EL,

3 Calculate throat elevation A ®L.THROAT

h Calculate headwater alevation B HW ¥®L,

S Caloulate the FALL C PALL

6 Calculate headwater dapth D Hy

? Por a change in any of these

culvert properties, go to

step #2 and change only

the necessary items.

8 To obtain ths performance curve coordinates, input

the selected flowrates in register #1 and press Label B

to obtain the headwater elevations,

Note: Label A must not be used during this calculation.

9 To avaluate another inlet, load the desirsd program

card and go to step #3.
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EXAMPLE #1

Size and evaluate the throat control performance of a CMP

with a 300 efs. flowrate. The inlet elevation is 135,00 feet

and the allowable headwater elavation is 144,50 feet,

Load program #35

KRYSTROKES DISPLAY

300 8T0O1. ...... . . 300,00

1 8TO 3. . « ¢ ¢ «vo os 1,00

135 STO S ¢ « « « « +» « « +» 135,00

Wb, STO6 . . . . . . . . 144,50

Try a 48 ineh pipe.

b sTO2.......... Bb,00

A... tc ct ee vse. 129.00 fr, ¥L,THROAT

C i i i ie i ieee ese 6,00 ft, PALL

The PALL 1s within its allowable limits. Check H,.

D .¢e0v oes v eo. 15.50 ft, Hy

This value is within the allowable but not the recommendad range.

Try a 54 inch diameter.

B,S STO 2 . +. sv ¢ ¢ oo «+ 4,50

Ao ¢ oo ¢ «oo oo ao o 133,02 ft. FRL.THROAT

C vt a i te eee se ea 1,98 fe, PALL

D + oo vv vss ae v.. 11.4811, H

doth the FALL and H, are within their allowable ranges. H,

equals 2.55 times the diameter. This value is above the recom-

mended value of 2D but with proper anchoring it can ba used.
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The performsnce curve coordinates will be found for the 0.6Q,

0.8Q, and the 1.2Q values,

KRYSTROKES DIS Y

300 ENTER .6 x STO 1 , . 180,00

Be 4 o « « 0 oo oo + + 2139.78 ft, HW BL. @ 0.6Q

300 ENTER .8 x STO 1 . . 240.00

Bu 4 « ¢ oo oo oo + oo 181,87 ft, BW KL. © 0.8Q

300 STO 1 . «+ + « +» « + . 300,00

Bu 4 4 es os ss oo oo 144.50 £t, HW EL. © Q

300 ENTER 1.2 x STO 1 . 360.00

B vv «a ee a eo os a a oo 187.75 ft, EW BL, © 1,2Q

LISTING - PROGRAM #34

Inst A D RCL6 RCL S5 - gxSy g x2 g NOP RCL 6 g x3y

- STO 8 RT 1BL 8 D RCL SB + RTN LBL C RCL § RCL 8

- RPM LsL D RCL1 RCL 3 + RCL2 2 . § gg y* +f

LOG &NTER &NTWR KNTBR 1 3 4 7 0 3 CHS x &4 2 1 0

S 4 + x 4 3 5 4 11 -~- x 21 8 9 3 2 + x 1

8 6 27 9 «+ x 2 3 7 1 4 - 5 27 106 + £1 roc

RCL 2 x RTN (97 STsPS)

LISTING - PROGRAM #35

LBL A D RCL 6 RCL S - gxSy g£ xy & NOP RCL 6 g x2y

- STOB8 RTN LBL B D RCL8 + RTN LsL C RCL 5 RCL 8

- RTN LsL D RCL1 RCL 3 + RCL2 2 , §5 g y* + ¢

LOG ENTMR ENTER NTR 1 3 2 8 3 6 CHS x 3 7 1 1

1 27 «x 3 0 72 4 4 bb - x 1 0 6 8 6 4 4+ x &
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LISTING - PROGRAM #35 (cont)

8 91 3 + x 2 3339 - 51 106 + £1 proc

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 mL. 139,78 141.87 144.50 147.75
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OROGRAMS #36-38 PIP® CULVERTS; PACE DIMENSIONS

Program #35: Side-Taperad CMP with Projecting Fdge

Program #37: Side-Tapered Square Edges in a Headwall

Program #38: Side-Tapered Beveled Fdges in a Headwall

These programs continue with the design of a culvert operating

in throat control. For the side-tapered entrance, thase prograns

compute the face width (3,) and the horizontal distance batween

the entrance and the throat control section (ry). Sed the

disarans below for a further explanation.

Program #36

 

 

hL.y—e] “\EL.THROR

ores Hoes
Side-Tapared, Projecting Pdge Side-Tapered, Projecting

 

No FALL Vdge, With FALL
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Program #37 Program#38

   oL1]
EL. THROAT ta \ EL.THROAT

 

  
     

—

b ER

i i

Side.Tapered, Square Vigas Side-Tapered, Beveled Rdges

In a Headwall, CMP or Concrete In Headwall, CMP or Concrete

With or Without FALL With or Without PALL

An additional dimension from the face of the side-tapared inlet

is required as one of the program inputs, This 1s the value of

the height of the side-tapersd face. It 1g referred to as the

value ® in the diagram below,

STTe
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The limitations on the value of ¥ are a minimum of the diameter

ard a maximum of 1,1 times the diamster. The sidewall taper

(ST) should be kept between a value of 4:1 to 6:31 for the pro.

gram to operate properly.

The detsrmination of By and Ly is a lengthy computation which

exceeds the capacity of the HP-65 calculator, An extra program

card is needed to compute thesa values, This axtra program, #14,

computes the ad justed slope of a culvert which has PALL incor-

porated in its design. Program #14 uses the value L, in its

computations. L, is determined by these programs, #3£-38, but

they need the value of the adjusted slope to compute Ly. The

method used to solve this dilemma is to alternately use either

proerams #36 and #14, #37 and #14, or #38 and #15 in an alter-

nating manner until the values of Bg, Ly and ADJ.S stabilize,

This process usually only requires two or three cycles.

For the initial calculation of B, and Lio the adjusted slope

is approximated by using the original channel slope. A ntmber

slightly smaller than the original slope may bes used to decrease

the time of convargencs.

Where prefabricated inlet sections ars available, By, and Ly

have ganerally been fixed by the manufacturing company. These

values are normally set at 13 times the culvert diameter. If

this type of design is desired, ths given values of B, and L,

can be used in lieu of prosrams #36-38, The value of L, can
1

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

Ly = ((B,-DxN)/2)8T

Hy = HW EL.-EL.THROAT-L,ADJ.S = H, - L,ADJ.S

X = He/D

Program #36

Bp = 4Q/((wEX-5)(0,016841,1505%+1.8167%2-0.9642x3

+0.1976x*-0,0148x5)

Program 437

Be = 8Q/((nel*5)(-0,004840,9426X+2.978LX2-1,792x3

+0.5228x%-0,0357x5)

Program #38

Be = BQ/((7el*3)(0.73932x43. 2998x231, 766x3

+0. 3784x"-0.0287x5)

REMARKS

The number of barrels (N) is 1iuited to a valus of 1 or 2.

As mentioned before, for the initial value of the adjusted

slope (ADJ.S), the channel‘'s original slopa (S,) should be used

as an approximation. This value is stored in register #4.

Sida taper values (ST) lass than the specified value of ii}

are unacceptable. Under this condition, the culvert would

ope .te as if it were a regular culvert and thare was no taper
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presant. Side tapers in excess of the recommended value of

6:11 willl perform better than the design will indicate, There-

fore with this larger valua, the programs will produce conmar-

vative results.

Tha value of Ly» determined by these programs is a horizontal

neasurement, This is in comparison with the adjusted langth

ADJ.L, which 13s messured along the slope of the culvert,

 

STFP INSTRUCTIONS INPUR KEYS DISPLAY

1 Load program

2 Inpat register values Q STO 1

D STO 2

N STO 3 N

Initially uss S, ADJ.S STO 4 ADJ.S

Hy, STO 5 He

sT STO 6 ST

wv STO 7 E

3 Calculate the face width A Be

L Calculate the inlet length B Ly

5 Run program #1b

6 Repeat steps #2, #3, #4,

and #5 until the values of

EXAMPLE #1

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

of 190 ofs., the throat elevation was determined to be 79,30 ft.
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BXAMPLE #1 (cont

The headwater elevation for this site was 70.90 feet, This gives

a headwater depth of 8.40 feet. The original channel slope was

5% and a side taper of 6:1 is to be used. The E value will be

1.05D or 4,2 feat. Find the face width and the inlet length,

The culvert is not to have a headwall but to be projecting

from the £111 slope.

Load program #36

KWYSTROKES DISPLAY

190 STO 1... .. . . . «. 190,00

b 8TO 2 . . 4 vv 4 « vo 4,00

1 8TO 3 . . vv ov ¢ oo » 1,00

.05 8sTOL , ,,.,..... 0,05

A. STOS......... Bo

6 8TO 6 . « vv «0 0 + oo 6.00

B.2 STO 7 « ¢v vv ¢ vo « o 4,20

A oo i ci ieee. 6,421, Be

B «ov 0 tv tt see 0 7.26 tt, Ly

These are just two estimates of By and L, based on the approx-

imation of ADJ.S by So+ Using this Ly value in program #14,

a value of ADJ.? = 0.02495 4s obtained. Using this value in

program #36,

190 STO1 . . . « +. +» +. «. » 190,00

LU STO 2, .... 4.4... B&,00

1 803 .......... 1,00
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KEYSTROKES DISPLAY

02895 STO LH , . . . . . .. 0.02

8.8 STO SS. . +. ++. ... 8080

6 STO 6 . . + «vo + +... 6,00

b.2 STO 7... +. + «+ « bk, 20

Note: These values must be restored since the running of program

#14 has altered their original values,

A ov ov oe 0 0 oo a oo oo 6.28 re, Be

B tv tv tv aa so aa oo. b6.84rt, Ly

Again taking the value of L, to program #14, A value of 0.024907

for ADJ.S is obtained. Using this value in program #36.

190 8T01 . . . . . . . «. . 190,00

b STO 2... + ¢ oo oo os 4,00

1 8TO 3 . v « s o ¢ oo o 1,00

.024007 STO BH . . . . . . . 0.02

Bl STO 5. vv oo 4 « « 8.40

6 STO 6. + «vc oo... 6,00

4.2 STO 7 . ¢« ¢« v ev vo L,20

A oo a 0 6 0 os 5 0 5 0 ao 6.28 re, Be

B vt et eevee eae. 6.84fr, Ly

The face width is 6.28 feet and the inlet length is 6.84 feet.

The corresponding values used in program #li4t are as follows:

So = 0,05, PALL = 6.0 feet, Spy = 311, L = 250 feet,
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LISTING - PROGRAM #36

IBL A 1 LBL 1 CHS RCL S + RCL 7 + ®NTER ENTER ENTAR

1 4 8 CHS x 1 9 7 ub + x 9 6 & 2 - x 1 8 1

6 27 + x11 50 5 + x 1 84 4 + 4 £1 Loc +

RCL 1 gx + 4 x & w + BCL? ENTER f +X x + BCL

9 gx3y exay GTO 2 RCL 2 RCL3 x - 2 + RCL6 x

STO 8 RCLL x Gro 1 LBL B RCL 8 RTN LBL 2 DSP . 2

RCL 2 g xSy g x g NOP RTN (99 STuPS)

LISTING - PROGRAM #37

IBL A 1 LBL 1 CHS RCL 5 4 RCL 7 + ENTER ENTER ENTER

3 5 7 CHS x 4 2 2 8 + x 1 7 9 2 0 - x 2 9

7 Bb 4 x 98 2 6 4+ x 4 8 - 4 £1 06 + RCL1

gx + Bb x g w + RCL? ENTER f JX x + RCL 9

2X3 mXxey GTO 2 RCL 3 RCL 2 x - 2 + RCL 6&6 x

ST08 RCL 4 x GPO1 LBL B RCL 8 RTN 1BL 2 DSP , 2

RCL 2 g x% g xy & NOP RTN (98 STEPS)

LISTING - PROGRAM #38

LBL A 1 T1BL 1 CHS RCL S + RCL 7 + BNTER ENTER ENTER

2 8 72 CHS x 3 7 4 4 4+ x 1 72 6 4 0 - x 3 2

9 9 4 + x 7 39 3 . 2 + x b&b 1 roc + RELI

gxxy + 4 x g 4 + RCL 7 ENTER f JX x + RCL 9

gx8y g£xey GTO 2 RCL3 RCL2 x - 2 + RCL6 x STO 8

RCL x GTO 1 I1BL B RCL 8 RTN 1BL 2 DSP , 2 RCL 2

EXSY &£ x8Y G NOP RTN (97 STEPS)
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PROGRAMS #39 & 40 - PIPE CULVERT, INLET CONTROL OUTLET VELOCITY

These two programs determine the outlet velocity for circular pipe culverts

by first calculating the normal depth of flow within the barrel. Once

this depth is determined, the waterway area is calculated and the velocity

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 culvert increases, the discharge

correspondingly increases. However, after the depth of flow 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 velocity.

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 ana
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 outlet
velocity value for this particular pipe culvert operating in inlet control
will then be displayed.

EQUATIONS

X = (gn/(1.486Ns"°)) 08/3

Z= L0G (X)

If X < 0.06
4 =D x 10(0-136525 + 0.571147 + 0.023622%)

If 0.06 < X <0.24

- bx 10(0-3063639 + 0.907884Z + 0.1926152°)

If 0.24 <X <0.34

. 2
=D x 1p(0-685734 + 2.0975327 + 1.1258362%)d

n

If X > 0.34

d =D
n

@ = arc cosine (radians) (1-2d/)

A= (0/2)? (e - sin e cos e)

V = Q/(NA)

REMARKS

Once the input values have been stored for prograa #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, #M, 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 STO 2 D

N STO 3 N

n STO 5 n

S STO 6 S

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 § 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 ST0 2 4.50

1 ST0 3 1.00

.024 STO 5 0.02

.032 570 6 0.03

A -0.07

Load program #40

A 13.78 fps.

LISTING - PROGRAM #39

LBL A RCL1 RCL3 DIV STO1 RCL 2 2 DIV STO3 g x¥y RCL 5

X 1 . 4 8 6 DIV RCL6 f SRX DIV RCL 2 8 ENTER 3 DIV ¢ y¥

DIV f LOG STO7 g LSTx . 0 6 g Oy G0 1 g xy . 2 4

g xy GT0 2 gxdy . 3 4 g Oy RCL7 E 0 STO 4 RIN LBL

E1.125836x2.0297%532+RL? x. 6 8

5 7 3 4 + STO4 R/S LBL 1 f SF1 RTH LBL 2 f SF 2 RIN

(100 STEPS)
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LISTING PROGRAM #40

LBL A f TF1 RCL 7 D £1 TF2 RCL4 E RCL7 . 1 9 2 6

1 5X. 907 8 84 +« RL7 X. 306 36 3 9 +

E LBL D . 0 2 3 6 2 X . 5 7 1 1 4 + RCL 7 X . 1

36 2 5 + LBL Ef} LOG 2 X 1 - CHS g RAD g COS:

ENTER ENTER f COS g XZy f SIN X - RCL 3 ENTER X X RCL

1 1
1 g x3y DIV g DEG f° SF1 f° SF2 R/S (100 STEPS)
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APPENDIX A

Derivations of Rquations

Used in Programs
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PROGRAM #2

 

  

   

 

 

 

The equation for the rill slope (line a) 1s:

Ya = — + ®L. PU
FU

Similarly, the equation for the channel slope (line b) is:

Yp = SX + RL.FU

At the face of the culvart, the difference batween these two

equations equals the heignt of the culvert,
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PROGRAM#2 (cont)

—-

x xDVEZTAL = Y, - Yp = gho + TLLFU 4 SX - HLLFU = gX + So

Solving for the unknown value Xi

DVSZa _ SpybVs3$2.11
X =
fm + 8) - Br
 

Por the downstream condition, a similar value for X would be;

- Sppp¥sZa

(1-8,8pp)

Multiplying these values by the channel slope will give the

change in elevation across the distance X, From this, the inlet

and outlet slavations can be determined,

SSpuDYsZel
(1433p)

303ppD¥33+1Zn

(T(1-803pp)

WL.INLET = EL,.FU -

KL OUTLET = LL.PD +

Frou these two values, the culvart length can be detardinad,

(®L.INLET-EL OUTLET) V83+1

Se

L = 

135



PROGRAM #9

 

TT e———

 
 
 

i

EL. FACK "I —

~ t+ |
a 4 | | | Rl al

 

  

 

  
EL. OUTLET

There are three unknowns to be solved for in this program.

ADJ.L, ADJ.S, and the vertical distance y. Knowing that the

FALL is the differance between the inlet and face elavations,

an expression for y can be obtained,

y = PALL + DVS341 - DYADJ.S241

Using a rise/run relationship, the value of ADJ.S becomes:

ADJ.8  (LSo/¥82+41)-PALL _ 1S,-PALLYSZ41
(LBL, DerplBTT
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PROGRAN (cont)

Due to the complexity of these two equations they are solved

by a trial end error method by the caleulator.

Once the adjusted slope 1s found the ad justed length oan be

obtained by multiplying the difference in elsvation between

the face invert and the outlet invert by the cosecant of the

ad justed slope,

ADJ.L = (259 . parr) (YADJ.S%a1+1) 

PROGRAM #10

 

 
 
 

  

 

 

 
  

ADJ.Y, “ADTma
Dat

I Lo

HW®L.

Hq

So 1 Se

{ L)ADJ.8
mr N3 ADJ.8%41

J.8 __

zm

—X e—__ADJ,L -
3p ADT8231 EL.OUTLEY

ADJ .8°41
Lo ed   
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PROGRAM #10 (cont)

Prom the diagrams the value of Lo can be determined.

-X e202 + _ADJ.Lo TRY) re
ADJ,8%441 ADJ .8%+1

L

Since the value of X is also an unknown, an expression for 1it

is also required, Summing vertical distances produces;

(3D+ADJ,LYADJ.S

vADJ 5241
Los = XSe +

Combining these two equations, an expression for Lo without the

value of X in it, is obtained,

« (8£-ADJ.8)(4D+4ADJ.L)

(8¢-8,) vADJ 82,1

L 

Substituting this value in an expression for Hui

He = Hv ®L. - EL.OUN LET - LoSo

80(8¢-ADJ.8) (4D4ADJ.L)

(8¢-8,)YADT.B8241
 He =» HW BL, - BL .OUTLKT -

The crest width can be calculated using this value of Hg.

The formula relating crest width to the depth of water at the

crest is taken from the references and is not derived here,

CW = fry
(28,) .
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PROGRAM #10 (cont)

TT :
1LLes

Lo
   

From this diagram, the wingwall tapar is datermined,

_ (Lo-L/YaDJ.3241

(CW-BxN)/2

The wingwall angle 1s just 90° - the arctangent of the wing-

wall taper,

PROGRAM #14

 

A Gna, cs, r—p—

——— rm e—— — — —— ca

TADT = -
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PROGRAM #14 (cont)

 

  

DVADJ.SZ4L NY

EL. PACE / la Ly—— \¢L.THROAT S41

 

  
 

EL ,OUTLET

The formulas given here are similar to those given in progran

#9, except a new unknown L, has been introduced. The meaning

of FALL has changed also. It now equals the diffarence between

tre alevation of tha inlet ard the elevation of the throat,

The expressions for yand ADJ.8 now equals

y = PALL + DVS241 - DYADJ.S%41 - LyADJ.S

18 -PALLVSZ41411ADJ.SV8E41
ADJ.S «Lg

Substituting:

0 = (PALL + DVS3+1 - DYADJ.8%41)SpyADJ.8v8%41 - IS,

+ PALLYSZ41 - LyADJ.SYSZ41 + LADJ.S - LyADJ,.828,,/8241
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PROGRAM #15

The adjusted length computations used in program #15 oan be

derived using the diagrams of program#lli, Once the adjusted

slope is calculated by program #14, it is used by this program

to find tha new culvert length,

As was the case in program #9, the adjusted length is the

product of the cosacant of the adjusted slope and a difference

in elevations. In program #9, the diffsrence was between the

face invert elavation and the outlet invert elevation, For

this program the difference is between the throat invert and

the outlet invert. Although this difference in definition

axists, 1t has little effect on the formula below, This

difference 13 resoiwdd by_the two different definitions of

the PALL, In program #9, the FALL is the aifference in elevation

batwaen the inlet invert and the face invert, In program #15,

it 1s the difference in elevation between tha inlet invert and

and the throat invert, After the culvert length is found,

tha length of the improved inlet is subtracted off,

ADJ.L = (ISo . PALL) (YADJ.8%41) _ r,VADJ.8241
SE+1 ADJ.S nl

Sliding back up the adjusted slope from the throat section:
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PROGRAM #16

 

EL, PU-KL,OUT
0

S
1,1 £L,THRLL , OUT

ADJ,

 

  
/ 

PU

Detail

 

The aquation for the

N
Th em

— ny,——————r
—

—Tee —— r—
—

 
I>.

sv.omen/

£111 slope (line a) is;

 

DYADJ.8%8

Similarly, the aquation for the channel slope (line b) is;

Yo = “Soly + RL. Mm
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PROGRAM #16 (cont)

At the face of the culvert, the difference between theme two

ejuations equals the height of the culvert,

D +1DE = Ya - Yp = = + TL.FU + Sol, - EL.PU
FU

Solving this expression for Lj

Ly SpuDYSH41

Fron the first dlagram, it can be determined that;

By summing measurements in the vertical direction, the folluwine

expression was obtained,

te

¥L.THR = EL.FU + Ly - 22. L3ADJ,S8 - pvADJ,.S%41
FU fr

Combining these last thrae aquations, an expression for the

ad justed slope can be obtained.

0 = ®L.PU 4etprs1 + =] + EL.OYT ~ L3ADJ.S
84(148,3py) r od¢

+ ATA - DVADJ.8241 - LL.THROUT
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PROGRAM #17

LL. PU-LL,OUT -

o

 

 tercreeemerald

 

   

 

_— a—
— S———

%L.FU EE—
———

——.

Detail

pYADJ.SZa1

 

 
The equation for the fill slope (line a) is;

Ya = gk + WLPU

Similarly, the aquation for the fall slope (line b) 1s;

To = gk + ELF

4b



PROGRAM #17? (cont)

At the fese of the culvert, the difference between these two

aguations equals the height of the culvert faces.

DVS$+1 Ly Ly
a ¥Y, - Yh» + EL.FU + — - EL.FUBa Ri Sr

Solving this expression for L,:

Lg = 8puD¥S5+1

Spy+Se

Prom the first dlagram on the previous pagei

Lp wSg me = by =py

By summing the measurements in the vertical direction, the

following exprassion was obtained,

Ly Lp oZ1
PL.THR « EL.FU + oy - 3, - L4ADJ.S = DYADJ.841

Combining these last three equations, an expression for the

ad justed slopes can bs obtained,

 

pV/aZa tL
0 = %L.PU 4+ —L + 52 + EL.OJTOML.FU , BL.7 -AL, OUT

Se Se o fr .

- LaADJ.S - DVADJ.S%+ = KL,THROAT
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PROGRAM #18

For the derivations of the equations for L, and 1; refer to

the derivations for program #16,

The ¥L.PFACE equation oan be taken from the diagrams of progran

#16, The ADJ.L 1s equal to the cosecant of the adjusted slope

times tha change in elevation between the throat section amd

the outlet section.

PROGRAM #19

Refar to the derivation equations for program #17 for an

axplanation of how Ly; and I; were obtained.

The RL,PACE equation can be taken from the diagrams of program

#17. The ADJ.L is equal to the cosacant of the adjusted slope

times the change in elevation between the throat invert and

the outlet invert.
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