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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 tailwater, 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 Texas 
Instrument - 59 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, edited by M~ Philip L. 
Thompson and typed by Ms. Barbara Driver. 
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PROGRAM LIMITATION 

When computing headwater depths, Hf and Ht, the upper and lower limits 
for these values are 4.5 D and 0.5 D. These limits indicate the range over 
which research was performed on these culverts. · Because po lynomi na l 
best-fit equations are used to produce the chart values from HEC 13, values 
outside these limits can be obtained. Since the programs do not check for 
these conditions, it is left to the designer. 

When designing either a side-tapered or slope-tapered inlet, the number of 
barrels, N, is limited to two for boxes. For multiple barrel pipe 
installations, each barrel should be designed individually. 

In programs for circular pipes where d /Dis greater than 0.89, the 
n 

program assumes the pipe to be flowing full in calculating the outlet 
velocity. 

In calculating the "H" value in the outlet control performance programs, 
it is assumed that the culvert is flowing full. 

In the design of slope-tapered inlets, the FALL slope, Sf, must range 

between a 2:1 and a 3:1 ratio. 

In the programs which use FALL, this value is limited to a range of 
0.25 D to 1.5 D for slope tapered inlets. 

For side-tapered inlets the value of side taper, ST, must be between 4:1 
and 6: l. 

The value of L3 must be greater than or equal to 0.5 B. This value has 

been set so that control will occur at the throat section rather than at 
the bend section. 

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

The rectangular throat of the inlet must be_ a square section with 
sides equal to the diameter of the pi pe-·cul vert. 

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

V 



The design of multiple barrels for circular culverts using slope-tapered 
improved inlets can be performed the same as that for box culverts except 
the center wall must be flared in order to provide adequate space between 
the pipes for proper compaction of the backfill. The amount of flare 
required will depend on the size of the pipes and the construction techniques 
used. An alternative would be to design a series of individual circular 
culverts with slope-tapered inlets. This permits the use of an unlimited 
number of barrels and the design programs are applicable. 

The wingwall flare angles used in side-tapered inlets are limited from 15° 
to 26° with the top edge beveled, and from 26° to 90° with or without 
bevels. 

The socket entrance used in these programs refers to the bell and spigot 
type of pipe. 

All the dimensions used in these programs are in English units. The programs 
require all of their inputs to be in this type of format. 

The use of slopes equal to a value of zero will produce incorrect results. 

These programs do not check for errors in input values. 

For the most part, these limitations are repeated in the discussion 
segment of each program. 

In typing the program listings, the following notation was used: DIV= divide, 
SRT = square root and PI= the Greek symbol for pi. ( 

To execute one of the prerecorded programs, load the program into the calculator 
and press Label A. The calculator will print the program title and then issue a 
data prompt. Whichever input data corresponds to this prompt should then be 
entered into the calculator. To enter the data press the value and then the 
Run/Stop button. The calculator will either promp,t for another entry or wi 11 
proceed with the calculations. 

vi 



( 
\ 

Symbols 

A 

a 

ADJ.L 

Alpha 

B 

b 

Bf 

BW 

C 

cw 
D 

d 

d 
C 

DHW EL. 

d 
n 

d2,d3,d4 

Units 

sq. ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

LIST OF SYMBOLS 

Description 

Area, generally the cross-sectional 
area of fl ow 

Bevel dimension used for circular pipe culverts 

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

Velocity distribution factor used with 
pipe culverts, 1.04 for concrete, 1.12 
for corrugated meta 1 

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

Bevel dimension used for circular pipe culverts 

Width of the face section of an improved inlet 

Base width of a rectangular or trapezoidal 
channel section 

Bevel dimension used for circular pipe culverts 

Width of the weir crest 

Height of a box culvert or the diameter of a pipe 
culvert 

Bevel dimension used for circular pipe culverts 

Critical depth of flow 

Design headwater elevation at the culvert entrance 

Nonnal depth of flow 

Variable depths of flow 
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Symbols 

E 

EL.FACE 

EL. FD 

EL. FU 

EL.IN 

EL.OUT 

EL. THR 

FALL 

g 

H 

H 
C 

H e 

Hf 

Ht 

H 
V 

HW EL. 

k e 
L 

Units 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft/sec2 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

LIST OF SYMBOLS 

Description 

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

Invert elevation of the face section of a culvert 

Catch point elevation of the fill slope at the 
downstream end of the cross section 

Catch point elevation of the fill slope 
at the upstream end of the cross section 

Inlet invert elevation of the culvert before any 
improved inlet adjustments 

Invert elevation of the culvert outlet 

Invert elevation of the culvert throat section 

Distance between the culvert inlet and the control 
section. Measured in a downward direction 

Acceleration of gravity: 32.2 

Head or energy required to pass a given quantity 
of water through a culvert flowing in outlet control 

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

Head loss at a culvert due to the entrance 
configuration 

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

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

Head due to velocity 

Headwater elevation at the entrance to a culvert 

Entrance energy loss coefficient 

The length of the culvert, measured along the barrel 

viii 



Symbols 

N 

n 

R 

r 

s 

s 
0 

ST 

TW 

V 

WA 

WP 

WT 

X 

Y, y 

z 

Units 

ft. 

cfs. 

ft. 

ft. 

ft. /ft. 

ft. /ft. 

ft./ft. 

ft./ft. 

ft. /ft. 

ft. /ft. 

ft. 

fps. 

degree 

ft. 

ft./ft. 

ft. 

ft. /ft. 

LIST OF SYMBOLS 

Description 

Dimensions relating to the improved inlet 
as shown in sketches of the different inlet 
types 

Number of culvert barrels 

Manning's roughness coefficient 

The volume rate of flow 

Hydraulic radius 

Variable parameter equal to the absolute 
value of the difference between 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-tapered inlets, 
(ratio of horizontal to vertical) See design sketches 

Slope of the natural channel 

Si dewa 11 ta per 

Tailwater depth at the culvert outlet 

Mean velocity of flow 

Wingwa11 taper angle 

Wetted perimeter 

Wi ngwa 11 taper 

Variable parameters used to simplify 
ca lcul at ions 

Variable parameters·used to simplify 
calculations 

Parameters used to indicate the eq~ations 
of various slope lines 

Variable parameter used to simplify 
cal cul at ions 

Side slopes of a channel section 
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PROGRAM OUTLINE 

A. Box Culverts 

1. Tailwater Calculations 

2. Culvert Length 

3. Culvert Size 

4. Outlet Control: Performance Curve 

5. Outlet Control: Outlet Velocity 

6. Inlet Control: Performance Curve 

a. Square Edge with Headwalls 
b. Square Edge with Wingwalls 
c. Bevel Edge with Headwalls 
d. Bevel Edge with Wingwalls 

1) Slope and Length Adjustments 
2) Crest Evaluation 

e. Tapered Throat Sections 

1) Side Tapered: 
2) Side Tapered: 

Square Edges 
Bevel Edges 

Program# 

1 

2 

3 

3 

3 

4 

5 
6 

7 

a) Slope and Length Adjustments 8 
b) Crest Evaluation 6 

3) Slope Tapered: Vertical Face 
4) Slope Tapered: Mitered Face 

a) Slope and Length Adjustments 9 
b) Face Dimensions 10 
c) Crest Evaluation 10 

7. Inlet Control: Outlet Velocity 11 
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PROGRAM OUTLINE 

B. Pipe Culverts 

1. Tailwater Calculations 

2. Culvert Length 

3. Critical Depth 

4. Culvert Size 

5. Outlet Control: Perfonnance Curve 

6. Outlet Control: Outlet Velocity 

7. Inlet Control: Perfonnance Curve 

a. CMP Projecting Inlet 
b. CMP in a Headwall 
c. Type A, Beveled Inlet 
d. Type B, Beveled Inlet 
e. Standard End Section• 
f. Square Edges in Headwall 
g. Projecting Socket Edge 
h. Socket Edge in Headwall 

1) Slope and Length Adjustments 
2) Crest Evaluation 

i. Tapered Inlet: Rough Throat 
j. Tapered Inlet: Smooth Throat 

1) Side Tapered: 
2) Side Tapered: 
3) Side Tapered: 

Projecting 
Square Edges 
Bevel Edges 

a) Slope and Length Adjustments 
b) Crest Evaluation 

4) Slope Tapered: Vertical Face 
5) Slope Tapered: Mitered Face 

Program# 

1 

2 

12 

12 

12 

12 

13 
13 
13 
13 
14 
14 
14 
14 

5 
6 

15 
16 

17, 18 
6 

a) Slope and Length Adjustments 9 
b) Face Dimensions 10 
c) Crest Evaluation 10 

8. Inlet Control: Outlet Velocity 19 

xi 
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PROGRAM #l - NORMAL DEPTH 

The tailwater depth is required in calculating the perfonnance of a 
culvert.' This tailwater depth is used in detennining 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 triangular, 
rectangular, or trapezoidal section may be evaluated. These various 
shapes are dimensioned as fa 11 ows: 

triangular 

EQUATIONS 

Q = 1.486 AR 067 S •5 
0 

n 
d 

A = d n ( BW + ,? ( Z l + Z 2 ) ) 

w 
~BW -, 

rectangular 

WP= BW + d [ (Z2 + 1) 05 + (Z2 + 1) 05] 
n l 2 

R = A 
WP 

V = Q/A 

2 

trapezoidal 

( 
\ 



INSTRUCTIONS 

#1 Load program #1 

#2 Press Label A 

#3 Enter: 1. n - Manning's roughness coefficient for the stream 

2. S - Slope of natural channel 
0 

#4 Read 

CARD FORMAT 

I l I 

NORMAL DEPTH 

START 

3. BW - Width of streambed 

4. z1 ~ Horizontal distance for side slope 

5. z2 - Horizontal distance for side slope 

6. Q - Flow rate 

d - {TW) - Nonna l depth 
n 

V - Channel velocity 

TEXAS INSTRUMENTS I 4 

#1 

479.59 

3 

I 



LISTING - PROGRAM #1 

LBL INV RC* 8 OP 28 RTN LBL LNX SBR INV OP l SBR INV OP 

2 SBR INV OP 3 SBR INV OP 4 ADV OP 5 RTN LBL A 6 xh 
l STO 9 STO 07 l l STO 8 SBR LNX ADV 5 l 0 2 STO 0 RCL 

0 OP 4 RCL 9 X=T 0 72 R/S OP 6 ST* 9 OP 29 OP 20 GTO 0 

51 R/S OP 6 STO 6 FIX 4 CLR xh RCL 7 X ( RCL 3 + RCL 7 

DIV 2 X ( RCL 4 + RCL 5 = STO O DIV ( RCL 3 + RCL 7 X 

( ( RCL 4 x2 + 1 ) SRX + ( RCL 5 x2 + l ) SRX = x2 yx 3 

1/X X RCL O X RCL 2 SRX X l • 4 8 6 DIV RCL l - RCL 6 = EE 

INV EE X=T l 84 EXC 10 - RCL 10 = X=T l 84 1/X X RCL 10 X 

RCL 9 = STO 9 INV SUM 7 GTO O 77 SBR LNX 2 l 3 7 FIX 2 OP 

4 RCL 7 OP 6 SBR O 13 2 l 6 3 3 6 OP 4 RCL 6 DIV RCL 0 

= OP 6 INV FIX SBR LNX SBR LNX ADV 5 , l O 7 OP 04 l 5 

STO 08 6 GTO O 72 

DATA REGISTERS - PROGRAM #1 

11 • 3132353013 20. 2732152437 

12. 2700161733 21. 4500243600 

13. 3723002000 22. 2132350032 

14. 3322300002 23. 3723173500 

15. 1523133,131 24. 1624361523 

16. 1727001617 25. 1335221736 

17. 3337230024 26. 1731371735 

18. 3600000000 27. 21273243 

19. 1727004217 28. 3513371700 

29. 15213600 

4 

( 
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PROGRAM #2 - CULVERT LENGTH 

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

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

The necessary input data are indicated in the di a gram be 1 ow: 

D 

~ /t·-
'E . ~ 

L 
·~ 

., OUTLFT 

Roadway Cross section 

The length of the culvert (L) is measured along the barrel and is not a 
horizontal dimension. 

The ends of the culvert are assumed to be vertical. 

EQUATIONS 

L = (EL.INLET - EL.OUTLET) 
2 .5 

(S + 1) 
0 

EL.INLET= EL.FU - D S0 SFU 
--.-, +..,._.,s----s-.---­

o FU 

2 .5 
EL.OUTLET= EL.FD+ D S0 SFD (S 0 + 1) 

.... ,-_ _,5.,..o-...5-Fo ____ _ 

The derivations of these equations are found in the appendix. 

5 



INSTRUCT! ONS 

#1 Load program #2 

#2 Press Label A 

#3 Enter: 1. so - Slope of natural channel 

2. SFU - Upstream fi 11 slope 

3. SFD - Downstream fill slope 

4. EL. FU - Upstream fill catch point elevation 

5. EL.FD - Downstream fill catch point e~evation 

6. D - Height of culvert 

#4 Read: L - Culvert length 

El • In - Inlet elevation 

El.Out - Outlet elevation 

CARD FORMAT 

I l I TEXAS INSTRUMENTS I 4 I 

CUL VERT LENGTH #2 

479.59 

START 

6 



LISTING - PROGRAM #2 

LBL INV RC* 8 OP 28 RTN LBL LNX SBR INV OP l SBR INV OP 2 

SBR INV OP 3 SBR INV OP 4 ADV OP 5 'IHN LBL CE 2 l 3 7 FIX 

2 OP 4 RCL 7 OP 6 INV FIX RTN LBL CLR ( ( RCL 1 x2 + l } 

SRX X RCL 6 X RCL 1 X RTN LBL A 6 X~T 1 STO 09 1 1 STO 

8 RCL 14 EXC 15 STO 14 SBR LNX EXC 15 STO 14 1 1 STO 8 ADV 

5 1 0 2 STO 0 RCL 0 OP 4 RCL 9 X=T 1 20 R/S OP 6 ST* 9 OP 

29 OP 20 GTO 0 99 R/S OP 6 STO 6 SBR CLR RCL 2 DIV ( 1 + 

RCL 1 X RCL 2 ) +/- + RCL 4 ) STO 9 SBR CLR RCL 3 DIV ( 1 

- RCL 1 X RCL 3 ) + RCL 5 ) STO 0 +/- + RCL 9 = DIV RCL l 

X ( RCL l x2 + 1 ) SRX = STO 7 SBR LNX SBR CE OP 28 RCL 9 

STO 7. SBR. LNX SBR CE RCL 0 STO 7 OP 38 SBR INV OP 4 SBR INV 

OP l ADV OP 5 SBR CE SBR LNX SBR LNX ADV 5 l 0 7 OP 04 1 l 

STO 08 6 GTO 1 20 

- DATA REGISTERS - PROGRAM # 2 

l 1. l 541274217 20. 3241372717 

12. 3537002717 21. 2132350016 

13. 3122372300 22. 242121173'5 

14. 2436000000 23. 1731370036 

15. 3322300003 24. 2446173600 

16. 24312717 25. 1731371735 

17. 3700172717 26. 15412742 

18. 4213372432 27. 1735370023 

19. 3100243600 28. 1724222337 

( 7 
I 

\ 



\ 

PROGRAM #3 - BOX CULVERT: OUTLET CONTROL PERFORMANCE 

This program can be used to select an appropriate box culvert size, 
evaluate the perfonnance of this culvert for.various flow rates and 
determine the velocity of the flow at the outlet. 

In determining the best box culvert size, the designer must first 
select a trial height and width. For these and the other input 
values, the program computes the water surface elevation of the 
headwater pool at the culvert inlet. A visual comparision of this 
value to the design headwater elevation is then made. The designer then 
adjusts the trial height and width accordingly. If the culvert height 
is altered, the length and outlet elevation may also have to be 
adjusted. The program requires all four of these values to be restored 
during the culvert sizing operations. 

Once·the box size has been determined, various flow rate values, along 
with the corresponding tailwater depths, can be placed into the 
calculator to obtain the performance curve headwater elevations. 

The formula used for the outlet control outlet velocity is simply V = 
Q/A. The depth of flow used in the computation of the cross-sectional 
area is 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 
dep_th of fl ow. 

Since the water at the inlet is considered to be a pool, the velocity 
at this point is assumed to be zero. This allows the hydraulic grade 
line to be equated to the energy line. 

The number of barrels to be used in the calculations is limited to two. 

The following diagram indicates the location of the energy losses 
associated with the culverts operation. 

ENERGY LINE 
GRADE LINE 

~ 

8 
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EQUATIONS 

H = k v2 /2g e e 
H = 29n2 L V2/2gR413 

f 

Hv = v2 
/2g 

1-1 = H +Hf+ H e V 

= [1 + k + 29n2L ] 
e BO 4/3 

( 2 (B+D)) 

_g_ 2 
(DBN) 
2g 

d2 = {de+ D) or the tailwater depth, whichever is largest 
2 

1-M EL. = H + d
2 

+ EL.OUTLET 

_g_ 2/3 
de= 0.315(BN) 

V=Q_= Q 
A BNd3 

d3 = de or lvJ, whichever is largest, not to exceed D 

INSTRUCTIONS 

# 1 Load program #3 (2 cards) 

#2 Press Label A 

#3 Enter: 1 • Q - Flow rate 

2. N - Number of barrels 

3. k e - Entrance loss coefficient 

4. n - Manning's roughness coefficient for the barrel 

5. TW - Tailwater depth 

6. B - Culvert width 

7. D - Culvert height 

8. EL.OUTLET - Outlet elevation 

9. L - Culvert length 

9 



Read: •w. EL. - Headwater elevation 

#4 Press Label B 

Read: de - Critical depth 

#5 Press Label C 

Read: H - Total head loss 

#6 Press Label D 

Read: V - Outlet velocity 

#7 Press Label E 

Enter: Q - Flowrate 
lW - Tailwater depth 

Read: 1-W EL. - Headwater elevation 

CARD FORMAT 

I 1 I TEXAS INSTRUMENTS 

BOX: OUTLET CONTROL PERFORMANCE 

START d H 
C 

I 3 I TEXAS INSTRUMENTS 

DATA - PROGRAM #3 

10 

I 2 I 

#3 

479.59 

VELOCITY PERFORMANCE 

I 4 I 

\ 479.59 



LISTING - PROGRAM #3 

LBL INV RC* 0 OP 20 RTN LBL LNX INV FIX SBR INV OP 1 SBR INV 

OP 2 SBR INV OP 3 SBR INV OP 4 ADV OP 5 RTN LBL CE RCL T 

DIV RCL 2 DIV RCL 6 = yX ( 2 DIV 3 ) X • 3 1 5 = RTN LBL 

CLR 2 1 3 7 Fix 2 OP 4 RTN LBL X~T ( 1 + RCL 3 + 2 9 . 
1 6 4 X RCL 4 x2 X RCL 11 DIV ( RCL 6 X RCL 7 DIV ( 2 X 

RCL 6 + RCL 7 ) ) ) yX ( 4 DIV 3 ) ) X ( RCL 1 DIV RCL 

7 DIV RCL 6 DIV RCL 2 ) x2 DIV 6 4 . 3 4 8 = RTN LBL x2 

SBR CE X~T RCL 7 INV X>T l 50 X~T + RCL 7 = DIV 2 = 

xh RCL 5 X>T 64 X~T STO 10 SBR LNX SBR CLR SBR X~T 

+ RCL 8 + RCL 10 = OP 6 RTN LBL A 1 2 STO O SBR LNX ADV 9 

X~T 1 STO 09 5 1 0 2 STO O RCL O OP 4 RCL 9 X=T 2 23 

R/S OP 6 ST* 9 OP 29 OP 20 GTO 2 02 R/S X~T 5 1 1 2 OP 

4 xh OP 6 STO 11 l 6 STO 0 SBR x2 SBR LNX SBR LNX ADV 

9 X~T 6 STO 09 5 1 0 7 GTO 2 00 LBL B 2 8 STO 0 SBR 

LNX SBR CLR SBR CE OP 6 RTN LBL C 3 2 STO 0 SBR LNX SBR 

SBR X~T OP 6 RTN LBL D 4 4 STO 0 SBR LNX RCL 48 OP 4 SBR 

CE X~T RCL 5 INV X>T 3 11 X~T RCL 7 INV X>T 3 18 

X~T X RCL 6 X RCL 2 DIV RCL 1 = 1/x Fix 2 OP 6 RTN 

LBL E 3 6 STO O SBR LNX SBR LNX ADV 5 1 0 2 OP 04 1 = 

R/S STO 1 OP 06 5 1 0 6 OP 04 5 = R/S STO 5 OP 06 1 

6 STO O SBR X2 4 0 STO O GTO 3 42 

11 
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DATA REGISTERS - PROGRAM #3 

12. 1541274217 31 • 2436000000 

13. 3'537003624 32. 3732371327 

14. 4617002000 33. 8023171316 

15. 3322300004 34. 8027323636 

16. 2317131643 35. 8024360000 

17. 1337173500 36. 3317352132 

18. 1727174213 37. 3530133115 

19. 3724323100 38. 1700154135 

20. 2132350030 39. 4217000000 

21. 3235170036 40. 1731371735 

22. 2446173600 41. 8065346500 

23. 1731371735 42. 1331160065 

24. 6514570016 43. 3743650000 

25. 5700172740 44. 32413 72717 

26. 32413 70013 45. 3700421727 

27. 3116002765 46. 3215243745 

28. 1535243724 47. 8024360000 

29. 1513270016 48. 216336 

30. 1733372300 

12 
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PROGRAM #4 - BOX CULVERT: INLET CONTROL PERFORMANCE 

This program evaluates the hydraulic perfonnance of four pifferent 
inlet, co~~fig,uration~. A detaned explanation of the geometry of these 
inlet~ is depicted in the dfayram~ below: 

Square Edged Inlet with Headwalls 

90° and 15° Wingwalls, 
Square Edges 

Headwalls - Nonnal or Skewed to 45°, 
Square Edges 

Square Edged Inlet with 30° - 75° Wingwalls 

75~ 

I 

Wingwalls 30° - 75° Flare, Square Edges 

13 



with Headwa 11 s 
eve on acu e ang e of skewed headwall) 

1:1 Bevel EdTed Inlet with 45° Wingwalls or 
1 1/2:1 Beve Edged Inlet with 18 6-33.7° Wingwalls 

For whichever inlet is chosen, the program calculates the depth of the 
water at the face of the culvert. This value is then added to the 
culvert inlet invert elevation. If this sum is less than the design 
headwater elevation, the inlet elevation becomes the elevation of the 
face. If, however, this sum exceeds the design headwater elevation, 
the difference between this sum and the design headwater elevation is 
subtracted from the inlet invert elevation. This new elevation is now 
called the elevation of the face. For the culvert to operate properly, 

14 



the irlet invert must be reset to this face elevation. The drop in elevation 
of the inlet invert is called the FALL. The diagrams below graphically show 
this occurrence. It should be noted that as the inlet invert drops, the 
culvert barrel rotates about the outlet invert. 

EL.IN, 

No FALL Required 
El. IN + Hf < AH;J EL. 

HW EL. & AH\T EL. 

FALL Required 
El.IN+ Hf~ AI-MEL. 

The diagrams clearly indicate that when the calculated headwater elevation 
is above the design headwater elevation, the headwater elevation is set equal 
to the design value and the difference is taken up by the FALL. 

The inlet invert elevation of the culvert can always be thought of as the 
elevation of the face. The original elevation ,of the culvert inlet invert, 
bcfor~ considering the affects of inlet control and FALL, can be taken as 
the "inlet elevation." 

The program does not perform checks on the restrictions to the FALL 
or the headwater depth. Both of these values must be checked by the 
designer. 

Once the culvert has been sized for the design flowrate, the performance 
of the inlet for other flow rates can be determined. In performing the 
performance evaluation the calculator determines the headwater elevation 
for any given flow rate. 

Whenever applicable, a bevel edged inlet is recommended for use in 
lieu of a square edged inlet. The large increase in hydraulic perform­
ance gained by the bevel edged inlet, greatly outweights the small, if any, 
additional construction cost. 

15 



EQUATIONS 

A-28 

EL'. FACE = Df-M EL. - Hf ( with FALL) 

= EL. INLET (without FALL) 

1-M EL. =EL.FACE+ Hf 

FALL= EL.FACE - EL.INLET 

Note: The FALL is measured in a downward 
direction and therefore is always 
a positive value. 

X = Q/(BNDl. 5) 

Square Edged Inlet with Headwalls 

Hf= D(0.122117 + 0.505435X - 0.108560X2 + 0.02070~09X3 - 0.00136757X4 

+ 0.00003456X5} 

Square Edged Inlet with Wingwalls 

Hf= D(0.0724927 + 0.507087X - 0.117474X2 + 0.0221702X3 - 0.00148958X4 

+ 0.0000380X5) 

Bevel Edged Inlet with Headwalls 

Hf= D(O. 1566086 + 0.3989353X - 0.0640392X2 + O.Oll20135X3 - 0.0006449X4 

+ 0.000014566X5) 

Bevel Edged Inlet with Wingwalls 

Hf= D(0.0895633 + 0.4412465X - 0.0743498X2 + 0.01273183X3 - 0.0007588X4 

+ 0.000017745) 

INSTRUCTIONS 

#1 Load program #4 (2 cards) 

#2 Press Label A 

#3 Enter: 1. B - Culvert width 
2. D - Culvert height 

16 



#4 

#5 

3. N - Number of barrels 

4. EL.INLET - Inlet elevation 

5. D~M EL. - Design headwater elevation 

6. Q - Flow rate 

Select inlet type 

Label A' - SQ. Edge w/Headwa 11 s 

Label B' - SQ. Edge w/Wi ngwa 11 s 

Label C' - Bevel Edge w/Headwa 11 s 

Label D' - Bevel Edge w/Wi ngwa 11 s 

Read: EL. FACE - Elevation of face 

FALL 

Press Label D 

Read: H ~ Headwater depth 
f 

#6 Run Performance Elevation 

Press Label E 

Enter: Q - Flow rate 

Read: 1-W EL.- Headwater elevation 

17 



CARD FORMAT 

I 1 I TEXAS INSTRUMENTS I 2 I 

BOX: INLET CONTROL PERFORMANCE #4 

S W/H S W/W B W/H B W/W 319.79 

START HW EL. FALL Hf PERFORMANCE 

I 3 I TEXAS INSTRUMENTS I 4 I 

DATA - PROGRAM #4 

319.79 

LISTING - PROGRAM #4 

LBL INV = X RCL 7 + LBL LNX RC* 8 OP 28 RTN LBL CE INV FIX 

SBR LNX OP 1 SBR LNX OP 2 SBR LNX OP 3 SBR LNX OP 4 ADV OP I 
/ 

I 

5 RTN LBL CLR EXC 8 X§T SBR CE 2 1 3 7 FIX 2 OP 4 xh 
STO 8 RTN LBL xh RCL 6 DIV RCL 3 DIV RCL 1 DIV ( RCL 

2 yX 1 . 5 = STO 7 SBR LNX SBR INV SBR INV SBR INV SBR INV 

SBR INV :::: X RCL 2 :::: X? 6 INV SUM 8 X~T STO 9 RTN 

LBL A 1 0 STO 8 SBR CE ADV 7 xh 1 STO 09 5 1 0 2 STO 

0 RCL 0 OP 4 RCL 9 X=T 1 45 R/S OP 6 ST* 9 OP 20 OP 29 

GTO 1 24 OP 0 SBR 0 26 CLR RTN LBL B 6 4 SBR CLR SBR xh 
+ RCL 0 :::: OP 6 RTN LBL A' 1 0 + LBL B' 1 0 + LBL C' 1 0 

+ LBL D' 1 6 = STO 8 SBR CE 6 8 SBR CLR SBR X~T xh RCL 5 . 
RCL 4 = X>T 2 08 X~T +/- + RCL 5 = STO 0 OP 6 LBL C 7 2 

SBR CLR RCL 4 - GTO 1 61 LBL D 7 6 SBR CLR SBR X~T OP 6 

RTN LBL E 5 6 SBR CLR 6 0 SBR CLR 6 INV FIX R/S PRT STO 6 

SBR B GTO 2 46 ( 
"-, 
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DATA REGISTERS - PROGRAM #4 

10. 1432446200 45. 0.0724927 
11. 2431271737 46. 3634400017 
12. 15323137 47. 1640004363 
13. 3532270000 48. 2317131643 
14. 2431271737 49. 1327273600 
15. 37453317 50. 0.00003456 
16. 1442400017 51. -0.00136757 
17. 1640004363 52. 0.0207809 
18. 4324312243 53. -0. 10856 
19. 1327273600 54. 0.505435 
20. 0.00001744 55. 0.122117 
21. -0. 0007588 56. 3317352132 
22. 0.01273103 57. 3530133115 
23. -0 .0743498 58. 1700154135 
24. 0.4412465 59. 4217000000 
25. 0.0895633 60. 1731371735 
26. 1442400017 61. 21273243 
27. 1640004363 62. 3513371700 
28. 2317131643 63. 15213600 
29. 1327273600 64. 2317131643 
30. 0.000014566 65. 1337173500 
31. -0.0006449 66. 1727174213 
32. 0.01120135 67. 3724323100 
33. ' -0. 0640392 68. 172717 
34. 0.3989353 69. 4213372432 
35. o. 1566086 70. 3100322100 
36. 3634400017 71. 2113151700 
37. 1640004363 72. 372317 
38. 4324312243 73. 35173441 
39. 1327273600 74. 2435171600 
40. 0.000038 75. 2113272700 
41. -0.00148958 76. 2317 
42. 0.0221702 77. 1316431337 
43. -0. 117474 78. 1735001617 
44. 0.507087 79. 3337230000 
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PROGRAM# 5 - INLET CONTROL, SLOPE AND LENGTH ADJUSTMENTS 

Once a culvert has been designed to operate in inlet control with 
FALL, an adjustment must be made to both the slope and the length of 
the original culvert. The need for a slope adjustment results from 
the lowering of the elevation of the culvert inlet while keeping the 
elevation of the outlet a constant. The culvert pivots about the 
outlet invert while the slope decreases. The length of the culvert 
must be adjusted because when the inlet is lowered the culvert must 
be lengthened so the top of the culvert inlet again intersects the 
f i 11 slope. 

This program can be used to evaluate either box or pipe culverts. 
The diagram below indicates the changes in slope and length. 

----~--:...._ ---------------------
EL. It-'ILET 

EL.FACE 

~ 

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

Both, the original culvert length and the adjusted culvert length, are 
measured along the barrel. They are not horizontal measurements. 

In the design of the streambed entrance to the culvert, the adjusted 
slope should be extended a minimum distance of 1/2 Din front of 
the culvert. The transition slope which connects the original 
streambed slope to the adjusted culvert slope should range between a 
3:1 and a 2:1 ratio. This transition slope is referred to as the 
FALL slope. The performance of this weir construction is evaluated 
in another program. 

20 ( 
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EQUATIONS 5 
LS - FALL (S2 + 1)• 

0 0 ADJ. S = --------.-------=-------...-------..--
L + SFU (S2 + 1)• 5 (FALL+ D[(S2 + 1)• 5 (ADJ.S2 + l). 5]) 

ADJ .L = 

0 · 0 

LS 
( o 5 ) - FALL 

(S2 + l)" 
0 

(ADJ. S 2 + l )" 5 
AoJ.s 

The derivations of these equations are found in the appendix. 

INSTRUCTION 

#1 Load program #5 

#2 Press Label A 

#3 Enter: l. D - Culvert height 

2. s - Channel slope 
0 

3. FALL 

4. 5FU - Upstream fi 11 slope 

5. L - Culvert 1 ength 

Read: ADJ.S - Adjusted slope 

ADJ .L - Adjusted length 

CARD FORMAT 

I 1 I TEXAS INSTRUMENTS I 

INLET CONTROL: SLOPE & LENGTH ADJUSTMENTS 

4 

#5 

479.59 

Start 

21 
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LISTING - PROGRAM #5 

LBL INV RC* 8 OP 28 RTN 

SBR INV OP l SBR INV OP 

RTN l..,BL A INV FIX 6 X~T 

SBR CE AfJV 5 1 0 2 STO 0 

ST* 9 OP 29 OP 20 GTO 0 

( RCL 2 SBR LNX X RCL 3 

X RCL 4 + RCL 5 = STO 7 

RCL 2 SBR LNX X RCL 1 = 

- RCL 10 = X=T 1 76 1/X 

CTO 0 87 RCL 7 X~T ADV 

X ( RCL 5 X RCL 2 DIV 

ADV SBR CE· 2 1 3 7 0 

DATA REGISTERS - PROGRAM #5 

11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 • 
22. 
23. 
24. 
25. 
26. 

2431271737 
15323137 

3532276200 
3627323317 
1331160027 
1731223723 

13162541 
3637400000 
3723170013 
1625413637 
1716003627 
3233170064 
3723170013 
1625413637 
1716002717 
3122372300 

X 

SBR 

RCL 

0 

LBL LNX ( x2 + ,1 ) SRX RTN LBL CE 

2 SBR INV OP 3 SBR INV OP 4 OP 5 

1 STO 09 1 1 sro 8 ADV SBR CE 

RCL 0 OP 4 RCL 9 .X=T 0 83 R/S OP 6 

62 1 STO 0 CP FIX 6 RCL 5 X RCL 2 

= DIV ( RCL 2 SBR LNX X RCL 6 

SBR LNX X RCL 1 +/- + RCL 3 + ( 

- RCL 6 = EE INV EE X=T 1 76 EXC 10 

RCL 10 X RCL 0 = STO 0 INV SUM 6 

CE X~T PRT SBR LNX DIV RCL 7 

2 SBR LNX - RCL 3 = FIX 2 X~T 

OP 4 X~T OP 6 RTN 
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PROGRAM #6 - CREST EVALUATION 

If not properly designed, the transition section between the streambed 
and the culvert entrance could adversely affect• the operation of the 
culvert. To insure that the culvert operates in the proper manner, 
this program computes the required inlet dimensions. 

This program is designed to evaluate the crest control dimensions for 
both box and pipe culverts. These culverts can be operating under 
either inlet control or side-tapered throat-control. 

Th.e diagrams below indicate the dimensions determined by the program. 

( C"1) 
Crest 
"11dth 

t 

V1ngwall An@:'le 

(WT) W1ngwall Taper 
1 

PxN 
or f 
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For conventional culverts, the culvert width is input as item #3. When a 
side tapered inlet is used, the face width value is input for prompt #3. 

EQUATIONS 

He= HW EL. - EL.OUTLET - S0 (Sf - ADJ.S}(D/2 + ADJ.L) 

cw= __ Q.....,,.....= 
(2H ) 1. 5 

C 

(Sf-So) (Adj. s2+1)· 5 

L 

(Adj.S2+1)" 5 

(CW - BN)/2 

·wA = 90° - ARCTANGENT(WT) 

The derivations of these equations are found in the appendix. 

INSTRUCTIONS 

#1 Load program #6 

#2 Press Label A 

Enter: 

Read: 

,. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Q - Flow rate 

D - Culvert height 

B or Bf - Culvert width or face width 

S0 - Channel slope 

f-M EL. - Headwater elevation 

Sf - FALL slope 

ADJ.L - Adjusted length 

ADJ.S - Adjusted slope 

N - Number of barrels 

10. EL.OUTLET - Outlet elevation 

He - Crest height 

O.J - Crest width 

WT - Wingwall taper 

WA - Wingwall angle 
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CARD FORMAT 

I l I TEXAS INSTRUMENTS I 4 I 

CREST CONTROL EVALUATION #6 

479.59 

Start 

LISTING - PROGRAM# 6 

LBL INV RC* 0 OP 20 RTN LBL LNX INV FIX SBR INV OP 2 

SBR INV OP 3 SBR INV OP 4 ADV OP 5 RTN DIV ( RCL 8 x2 

+ l ) SRX = RTN ;:;: XzT SBR LNX RCL 29 FIX 2 OP 4 XzT 

OP 6 RTN LBL A INV FIX l 0 STO 0 SBR INV OP l SBR LNX 

OP 0 ADV 5 l 0 2 STO 00 9 X~T 1 $TO 9 RCL 0 OP 4 RCL 

9 X;:;:T l 01 R/S OP 6 ST* 9 OP 29 OP 20 GTO 0 80 R/S XzT 

5 l l ') OP 4 X~T OP 6 PRD 03 l 0 = R/S X~T RCL 26 '-

OP 4 X~T OP 6 INV SUM 05 l 4 STO 0 RCL 7 SBR 0 27 STO 

9 + ( RCL 2 DIV 2 SBR 0 27 X ( RCL 6 - RCL 8 = DIV ( 

RCL 6 - RCL 4 = INV SUM 9 X RCL 4 +/- + RCL 5 SBR O 38 · 

X 2 = yx l • 5 = 1/X X RCL l SBR O 38 - RCL 3 = DIV 

2 DIV RCL 9 +/- = 1/X CP X>T 2 10 0 XzT SBR LNX RCL 27 

SBR O 44 INV TAN - 9 0 = +/- X~T SBR LNX RCL 28 SBR 

0 44 CLR RTN 

DATA REGISTERS - PROGRAM #6 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
1H. 
l <.J. 
20. 

1535173637 
15323137 

3532270017 
4213274000 
l-535173637 

23172422 
2337000000 
1535173637 

43241637 
2300000000 
4324312243 

25 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28~ 
29. 

1327270037 
1333173500 
4324312243 
1327270013 
3122271700 

510201 
620002 
161722 
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PROGRAM #7 - BOX CULVERT: THROAT CONTROL PERFORMANCE 

Another method which can be used to increase a culverts perfonnance is to 
redesign the throat. Two different types of throat improvements can be 
evafoated with this program, side- and slope-tapered inlets. 

Like the improved inlet programs, throat control programs often can use 
FAL~ to increase the flow capacity of a culvert. The following diagrams 
describe the throat control inlets. 

AHW EL. 

--
\EL.THROAT --

EL.THROAT 

ELEVATION VIE.vJ 

PLAN VIE.vJ 

SIDE - TAPE RED I NL ET SIDE-TAPERED INLET 
NO FALL, AIW EL > 1-M .EL. WITH FALL, AI-MEL. < 1-M.EL. 
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FN EL. & A~N EL 

SLOPE-TAPERED INLET 
VERTICAL FACE 

ELEVATION VIEW 

PLAN VIEW 

& ABV EL 

~ 

SLOPE-TAPERED INLET 
MITERED FACE 

The limits placed on the FALL value for the improved inlet programs also 
apply to the throat control design. These are a minimum of 1/4 D and a 
maximum of 1 1/2 D. If the upper limit is exceeded, a larger size should 
be evaluated. If the minimum value is not achieved, the presence of FALL 
will not significantly increase the capacity of the culvert. 

The designer should be aware that 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 elevation. This assumption is false and a small difference equal 
to the channel slope times the vertical distance between the inlet and the 
throat section, is present. This vertical distance is an unknown value and 
is detennined in a later program. By understanding this error, a correction, 
if necessary, can be made. 

27 



EQUATIONS 

EL.THROAT= 01-M EL - Ht. {with FALL) 

= EL. INLET (without FALL) 

1-W EL. = EL THROAT + ~\ 

FALL= EL.INLET - EL.THROAT 

Ht= D{O. 1295033 + 0.3789445X - 0.0437778X2 + 0.00426329X3 - 0.000106358X4) 

X = Q/{NBD 105 ) 

INSTRUCT! ONS 

#1 Load program #7 

#2 Press Label A 

#3 Enter: l. B - Culvert width 

2. D - Culvert height 

3. N ·'." Number of Barrels 

4. EL.INLET - Inlet elevation 

5. 01-M EL. - Design headwater elevation 

6. Q - Flow rate 

Read: EL. THROAT - Throat elevation 

FALL 

#4 Check FALL l imitations for slope-tapered inlet 

1/4 D .5_ FALL .5_ l 1/2 D 

#5 Press Label D 

Read: Hf - Headwater depth 

36 Run Perfonnance evaluation 

Press Label E 

Enter: Q - Flow rate 

Read: 1-W EL. - Headwater elevation 
I 
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CARD FORMAT 

I l I TEXAS INSTRUMENTS I ~ I 
___ .., ____ -

BOX: THROAT CONTROL PERFORMANCE #I 

- 479.59 

Start HW EL. FALL Ht Perfonnance 

LISTING - PROGRAM #7 

LBL INV = X RCL 7 + LBL LNX RC* 8 OP 28 RTN LBL CE INV 

FIX SBR LNX OP 2 SBR LNX OP 3 SBR LNX OP 4 ADV OP 05 2 

1 3 7 FIX 2 OP 4 RTN LBL CLR l 9 STO 8 RCL 6 DIV RCL 

3 DIV RCL l DIV ( RCL 2 yx l • 5 = STO 7 SBR LNX SBR 

INV SBR tNV SBR INV SBR INV = X RCL 2 = STO 9 RTN LBL A l 

0 STO -8 SBR CE SBR CE ADV INV FIX 7 X~T l STO 09 5 l 

0 2 STO 0 RCL 0 OP 4 RCL 9 X=T l 30 R/S OP 6 ST* 9 OP 

29 OP 20 GTO l 09 SBR CE SBR CLR X~T RCL 5 - RCL 4 = 

X>T 45 X~T +/- + RCL 5 = STO 0 OP 6 LBL C OP 00 2 l 

l 3 2 7 2 7 OP 2 SBR 0 30 RCL 4 - GTO l 88 LBL B 2 

STO 8 SBR CE SBR CLR + RCL O = OP 6 RTN LBL D RCL 24 

OP 2 RCL 25 OP 03 l 6 l 7 3 3 3 7 2 3 SBR O 28 SBR 

CLR OP 6 RTN LBL E 2 7 STO 8 SBR CE 6 = R/S PRT STO 6 

SBR B GTO E 

DATA REGISTERS - PROGRAM #7 

10. 3723353213 20. 0.00426329 
11. 3700153231 21. -0.0437778 
L!.. 3735322700 22. 0.3789445 
13. 3/13331735 23. o. 1295033 
14. 1716002431 24. 2317131643 
15. 2717370000 25. 1337173500 
16. 1727174240 26. 1727174240 
17. 3221003 7 27. 1731371735 
18. 2335321337 28. 21273243 
19. -0.000106~58 29. 3513371700 
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PROGRAM #8 - BOX CULVERT: SIDE-TAPERED INLET DIMENSIONS 

This program continues with the design of a culvert operating in throat control. 
The inlet dimensions for either a square or bevel edged face can be obtained. 

Inlets which fall into the square edged catageory include those with wingwall 
flare angles frcxn 15° to 26° with only a top beveled edge and those with 
wingwall flare angles from 26° to 90° with all edges squared. These inlets 
are shown below. 

W'1 EL. lN EL. 

ELEVATION VIEW 

B 

PLAN VIEW 

15° to 26° Wingwall Flare 
Top Edge Beveled - No FALL 

30 

B 

26° to 90 Wingwall Flare 
All Edges Square - With FAll 



.I 

\. 

T~e bevel edged inlets have wingwall flare angles of 26° to 45° with top 
edges beveled or inlets with wingwall flare angles of 45° to 90° with both 
top and side edges beveled. For further details, refer to the diagrams 
below. 

IDT EL. BW EL. 

D 

EL.THROAT 

.ELEVATION VIE\4 

B E 

PLAN VIEW 

26° to 45° Wingwall Flare 45° to 90 Wingwall Flare 
Top Edge Beveled - No FALL Top and Sides Beveled - FALL 
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This program detennines five different inlet dimensions for a side-tapered 
inlet. These are the adjusted culvert slope, the adjusted length, the 
culvert face width, the inlet length, and the elevation of the face. The face 
width and inlet length are a direct result of using the side-tapered inlet. 
The change in slope, length and face elevation are a result of using FALL in 
the inlet design. 

The adjusted length computed by the calculator does not include the length 
of the improved inlet. 

Where prefabricated inlet sections are available, both the face width and 
the inlet length have usually been set by the manufacturing company. These 
values are nonnally set at 1 1/2 times the culvert diameter. 

The sidewall taper chosen for the culvert inlet is limited to a ratio between 
a 4:1 and a 6:1. Ratios less than 4:1 are unacceptable and will not 
operate as side-tapered inlets. Values greater than 6:1 will perform better 
than the design will indicate. With this larger value the design will be 
conservative. 

The value for the inlet length detennined by this program is a horizontal 
measurement. The va 1 ues of culvert 1 ength and the adjusted culvert 1 ength 
are both culvert distances measured along the culvert barrel. 

EQUATIONS 

(AOJ.S)L = L ADJ.S (S2+1) 05 +SL - FALL (S2+1)" 5 - (FALL+ D[(S2+1)" 5 
1 0 0 0 O 

- (AOJ.s2 + 1) 05]) - L1 AOJ.S [Sfu (S~+l)" 5 ADJ.SJ 

L1 = (Bf - BN)ST/2 

Hf= Ht - L1 (AOJ.S) 

X = Hf/0 

Square Edges 

Bf= Q/[01"5(-1.219 + 4.3X - 0.6153X2 + 0.0273X3 + 0.00274)] 

Bevel Edges 

Bf= Q/[01"5(-1.13607 + 0.0256923X4 + 0.12128X2 - 0.205339X3 + 0.0256923X4)J 

Bf, L1 and AOJ.S are computed simultaneously by trial and error. 

S L 
AOJ.L = [ 2 o 5 - FALL] [(ADJ.s2 + 1) 05] ( 2 )"5 

(s 
• ____ ___,____.,._ - L l ADJ • S + l 

0 
+ 1) ADJ.S 

EL.FACE= EL.THROAT+ L1AOJ.S 

The derivations for these equations can be found in the appendix. 
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INSTRUCTIONS 

#l Load program #8 (2 cards) 

#2 Press Label A 

#3 Enter: 1. Q - Flow rate 

2. D - Culvert height 

3. N - Number of barrels 

4. Ht - Headwater depth at the throat 

5. ST - Sidewall taper 

6. S - Channel slope 
0 

7. FALL 

8. SFU - Upstream fill slope 

9. L - Orig,i na 1 culvert 1 ength 

10. B - Culvert Width 

11. EL.THROAT - Throat elevation 

#4 Choose inlet type 

Label B - Square edges 

Label C - Bevel edges 

#5 Read: ADJ.S - Adjusted slope 

ADJ.L - Adjusted length 

Bf - Face width 

L1 ~ Inlet length 

EL.FACE - Face elevation 
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CARD FORMAT 

I 1 I TEXAS INSTRUMENTS I 2 I 

BOX: SIDE-TAPERED INLET DIMENSIONS #8 

479.59 

Start SQ.EDGES BV .EDGES 

I 3 I TEXAS INSTRUMENTS I 4 I 

DATA-PROGRAM# 8 

479.59 

LISTING - PROGRAM #8 

LBL INV = X RCL 10 + LBL LNX RC* 0 OP 20 RTN LBL CE INV 

FIX SBR LNX OP l SBR LNX OP 2 SBR LNX OP 3 SBR LNX OP 4 / 

' 

ADV OP 05 2 l 3 7 FIX 2 OP 4 RTN LBL CLR ( RCL 6 x2 

+ l ) SRX RTN LBL X§T NOP ( RCL 12 SBR 0 51 RTN LBL A 3 

5 STO 0 SBR CE OP 0 INV FIX SBR' LN·X OP l SBR LNX OP 2 OP 

5 ADV 9 X§T l STO 09 5 l 0 2 STO 0 RCL 0 OP 4 RCL 

9 X=T l 22 R/S OP 6 ST* 9 OP 29 OP 20 GTO l 01 R/S 

X§T 5 l l 2 OP 4 X§T OP 6 STO 09 l 0 = R/S X§T 

5 1 0 2 0 1 STO 0 OP 4 X§T OP 6 PRO 3 OP 20 RCL 0 

OP 04 l 1 = R/S OP 6 STO 16 OP 00 4 l STD 0 SBR 0 26 

CLR RTN LBL B 9 + LBL C 1 7 - STO 0 RCL 6 STO 12 SBR CE 

l CP +/- + RCL 4 = DIV RCL 2 = STD 10 SBR LNX SBR INV SBR 

INV SBR INV SBR INV = 1/x X RCL 1 DIV RCL 2 yX 1 5 = • 

FIX 3 EE INV EE X=T 2 69 - xsr RCL 3 = DIV 2 X RCL 5 = 
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STO 11 X RCL 12 = STO 13 5 INV SUM 0 RCL 13 GTO l 99 

X§T RCL 3 X►T 2 81 X§T. STO 10 GTO 2 88 0 STO 11 RCL 

3 STO 10 CP . 1 STO 13 RCL 12 STO 14 RCL 2 X ( SBR CLR 

- SBR X? = + RCL 7 - RCL 12 X RCL 11 = X SBR CLR 

X RCL 8 X RCL 12 - RCL 6 X RCL 9 + SBR CLR X RCL 7 -
SBR CLR X RCL 12 X RCL 11 + RCL 9 X RCL 12 = FIX 6 EE 

INV EE · INV X=T 3 78 RCL 15 X? RCL 12 X=T 4 02 STO 15 

RCL 11 GTO 2 54 EXC 14 - RCL 14 = X=T 3 63 1/x X RCL 14. ,. 

X RCL 13 = STO 13 SUM 12 GTO 2 97 4 3 STO 0 SBR CE RCL 

12 FIX 6 PRT SBR 0 26 RCL 9 X RCL 6 DIV SBR CLR - RCL 7 = 

X SBR X§T DIV RCL 12 - RCL 11 X SBR X§T = OP 6 SBR 

C[ RCL 10 OP 6 SBR 0 22 RCL 11 OP 6 SBR CE RCL 16 + RCL 

12 X RCL 11 = OP 6 RTN 

DATA REGISTERS - PROGRAM #8 

17. 3624161720 39. 1624301731 
18. 3713331735 40. 3624323136 
19 • 14424000 41. 2431271737 
20. 1716221736 42. 37453317 
21. 0.0256923 43. 3723170013 
22. -0.205339 44. 1625413637 
23. o. 12128 45. 1716003637 
24. 3.69853 46. 3233170064 
25. -1. 13607 47. 1716002717 
26. 3624161720 48. 3122372300 
27. 3713331735 49. 1541274217 
28. 36344000 50. 3537002113 
29. 1716221736 51 • 1517004324 
30. 0.0027 52. 1637230000 
31. 0.0273 53. 3537002431 
32. -0. 6153 54. 2717370027 
33. 4.3 55. 1731223723 
34. -1.219 56. l 727174213 
35. 1432440015 57. 3724323100 
36. 4127421735 58. 3221002113 
3 7. 3700200024 59. 1517000000 
38. 3127173700 
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PROGRAM #9 - SLOPE-TAPERED INLET DIMENSIONS 

The slope-tapered inlet is the second type of improvement which uses throat 
control. This program evaluates the change in slope and length to the 
culvert resulting from the use of FALL in the hydraulic design. It also 
detennines the elevation of the face and two inlet dimensions. 

The pr,,ogram will calculate these inlet features for either a vertical face 
inlet or a mitered face inlet. The diagrams below show the differences 
between these two configurations. 

------------- -----~ 
r -----=---

ADJ. L -------..! 

SLOPE-TAPERED, VERTICAL FACE INLET 

SLOPE-TAPERED, MITERED FACE INLET 
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The value of L3, prompt #2, is not calculated by the program but is usually 

set equal to one-half the culvert width. Values larger may be used but smaller 
values cannot. 

The adjusted length value is measured along the culvert barrel and does not 
include the length of the improved inlet. 

This program can be applied to either box or pipe culverts. 

It should be noted that even though the face elevation is calculated for the 
mitered face inlet, there is no break in the culvert slope to mark this 
elevation. 

EQUATIONS 

Vertical Face 

L ADJ S EL Fu D(Sf2 + l)· 5 (SFU + Sf) L3 EL.OUT-EL.FU 
3 • = • + 2 + -s- + S S 

( S FUS O + l ) Sf f o f 

+ EL.THROAT - EL.OUT_ D(ADJ.S2 + l).5 _ EL.THROAT 
Sf ADJ.S 

EL.FACE= EL.FU - L4 S0 

S FU D (Sf + 1) • 5 
L =-------. 

4 Sf(SoSFU + 1).5 

Mitered Face 
D(S 2 + 1) 05 L3 

Both 

L3ADJ.S =EL.FU+ f + -- + EL.OUT - EL.FU 

Sf Sf 

+ EL.THR - EL.OUT - D(ADJ.s2 + 1) 05 
(ADJ .s )Sf 

EL.FACE= EL.FU - L4Jsf 

SFU D(Sf + 1).5 
L4 = 

so sf 

- EL.THROAT 

L = EL.FU - EL.OUT - L4 - L3 - EL.THR - EL.OUT 
2 S0 ADJ.S 

(EL. THROAT - EL.OUT) {ADJ. 2 + 1 )" 5 
/\DJ. L = ADJ.S 

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

#l Load program #9 {2 cards) 

#2 Press Label A 

#3 Enter: 1. D - Culvert height 

2. L3 - One-half the culvert width 

3. S - Channel slope 
0 

4. EL.OUTLET - Outlet elevation 

5. SFU - Upstream fill slope 

6. EL.FU - Upstream fill slope catch point elevation 

7. sf - FALL slope 

8. EL.THROAT - Throat elevation 

#4 Choose inlet type 

Label B - Vertical face 

Label C - Mitered face 

#5 Read: ADJ.S - Adjusted slope 

ADJ.L - Adjusted length 

EL.FACE - Face elevation 

L4 - Inlet dimension 

L2 - Inlet dimension 
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CARD FORMAT 

I , I TEXAS INSTRUMENTS I 2 I 

BOX: SLOPE-TAPERED INLET DIMENSIONS #9 

479.59 

Start VERT. FACE MIT. FACE 

I 3 I TEXAS INSTRUMENTS I 4 I 

DATA-PROGRAM #9 

479.59 

LISTING - PROGRAM #9 

LBL INV RC* 0 OP 20 RTN LBL LNX INV FIX SBR INV OP 1 SBR 

INV OP 2 SBR INV OP 3 SBR INV OP 4 ADV OP 05 2 1 3 7 

FIX 2 OP 4 RTN LBL CE ( x2 + 1 SRX RTN LBL A 1 4 

STO 0 SBR LNX INV FIX OP 0 SBR INV OP 1 SBR INV OP 2 

OP 5 ADV 9 X§T l STO 09 5 1 0 2 STO 0 RCL 0 OP 4 

RCL 9 X=T l 03 R/S OP 6 ST* 9 OP 29 OP 20 GTO 0 82 OP 

00 2 0 STO 0 SBR 0 19 CLR RTN LBL B 2 2 STO 0 SBR LNX 

RCL 7 SBR CE X RCL l X ( RCL 5 + RCL 7 ) DIV RCL 7 x2 

DIV ( RCL 5 X RCL 3 + l = GTO l 75 LBL C 2 6 STO 0 SBR 

UlX RCL 7 SBR CE X RCL 1 DIV RCL 7 = STF 1 CP + RCL 6 

RCL 8 + RCL 2 DIV RCL 7 + ( RCL 4 - RCL 6 ) DIV RCL 7 DIV 

RCL 3 STO 10 STO 9 STO 11 = STO 12 RCL 8 - RCL 4 = DIV 
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RCL 7 = STO 13 FIX 6 RCL 1 X RCL 9 SBR CE + RCL 2 X RCL 9 -
RCL 13 DIV RCL 9 - RCL 12 = EE INV EE X=T 2 78 EXC 10 - RCL 

10 = X=T 2 78 1/x X RCL 10 X RCL 11 = STO 11 SUM 9 GTO 2 25 

3 0 STO 0 SBR LNX RCL 9 FIX 6 PRT SBR 0 19 RCL 9 SBR CE DIV 

RCL 9 X ( RCL 8 - RCL 4 = OP 6 SBR LNX RCL 1 X RCL 7 SBR . CE 

IFF 1 3 36 DIV RCL 7 DIV ( RCL 3 + RCL 5 1/x GTO 3 46 X RCL 

5 DIV ( RCL 5 + RCL 7 = STO 11 IFF 1 3 59 X RCL 3 GTO 3 65 

INV STF l DIV RCL 7 +/- + RCL 6 = OP 6 SBR LNX RCL 11 OP 6 

SBR 0 23 RCL 6 RCL 4 = DIV RCL 3 - RCL 11 - RCL 2 ( 

RCL 8 - RCL 4 ) DIV RCL 9 = OP 6 CLR RTN 

DATA REGISTERS - PROGRAM #9 

14. 3627323317 30. 3723170013 
15. 2037133317 31. 1625413637 
16. 3517160024 32. 1716003627 
17. 3127173700 33. 3233170064 
18. 1624301731 34. 1716002717 
19. 3624323136 35. 3122372300 
20. 2431271737 36. 172717 
21. 37453317 37. 4213372432 
22. 4217353724 38. 3100322100 
23. 1513270021 39. 2113151700 
24. 1315170024 40. 24312717 
25. 3127173700 41. 3700271731 
26. 30243717 42. 2237236200 
27. 3517160021 43. 2705006400 
28. 1315170024 44. 2703006400 
29. 3127173700 
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PROGRAM #10 - SLOPE-TAPERED FACE DIMENSIONS 

This program continues with the design ·of the slope-tapered inlet. The face 
width and sidewall taper for either a square edged or bevel edged inlet is 
detennined. For a mitered face condition, the designer should evaluate the 
possibility of crest control. The calculator also perfonns this operation 
within program #10 and produces the crest height, the crest width and the 
minimum sidewall taper which ensures crest control. As long as this last 
value is exceeded, the culvert will operate properly in throat control. 

Inlets with square edges have wingwall f1are angles of 15° to 26° with a top 
beveled edge, or a wingwall flare angle of 26° to 90° with all edges squared. 
See diagram below 

~ 

pf 

Vertical Face 
15° to 26° Wingwall Flare 
Top Edge Beveled 

~FAC~ SECTIOf 

Mitered Face 
All edges Square 
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The bevel edged segment of this program pertains to inlets with wingwall 
flare angles of 26° to 45° with their top edges beveled and to inlets with 
wingwall flare angles of 45° to 90° with both top and side beveled edges. 
For a more detailed description, see diagram below. 

T 
l 

SECTION 

Vertical Face 
45° to 90° Wingwal1 Flare 

Both Top & Side Edges Beveled 

""FACE SECTION 

Mitered face 
Top Edge Beveled 

As mentioned before and as seen in the diagrams, this program can be applied 
to either vertical or mitered face inlets. Since the mitered face inlet 
generally has no wingwalls, the distinction between the use of these two 
selections as they pertain to the mitered inlet is whether the top edge is 
to be beveled or squared. 

To use the program for the vertical face condition, the face elevation and 

the length L2 should come from the vertical face calcwlations from the 
previous programs. For the mitered face inlet, these two values should 
correspondingly come from mitered faced programs. 
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EQUATIONS 

2 

X = HW EL. - EL.FACE 
D 

Square Edges 

Bf= Q/[o1•5 (-1.353 + 5.15X - l.131X2 + 0.1578X3 - 0.0144X4 + 0.0011X5)] 

Bevel Edges 

Bf= Q/[D1•5(-2.265863 + 7.942441X ~ 4.0350294X2 + 1.61981X3 - 0.3458214X4 

+ 0.02846767X5)] 

Crest Evaluation 

H = HW EL. - EL.FACE 
C 

cw = Q 
(2H ) l . 5 

C 

2L 
l.•' ' ST 4 
1'11 n,mum = -cw..-_,....g -

f 

T 
( CW) 

Cr~st 
Width 

J_ 

Taper 

Slope-tapered, Mitered-face Inlet 

43 



INSTRUCTIONS 

#1 Load program #10 (2 cards) 

#2 Press Label A 

#3 Enter: 1. Q - Flow rate 

2. D - Culvert height 

3. L3 - One-half the culvert width 

4. N - Number of barrels 

5. B Culvert width 

6. 1-M.EL - Headwater elevations 

7. EL.FACE - Face elevation 

8. L2 ~ An inlet dimension from previous programs 

9. L4 - An inlet dimension from previous programs 

#4 Choose inlet type 

Label B - Square Edges 

Label C - Beveled Edges 

#5 Read: Bf - Face width 

ST - Sidewall taper 

#6 For Crest Evaluation, Mitered Inlet 

Press Label D 

#7 Read: H - Crest height 
C 

cw - Crest width 

ST - Minimum sidewall taper 
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CARD FORMAT 

I 1 I TEXAS INSTRUMENTS I 2 I 

BOX: SLOPE-TAPERED FACE DIMENSIONS #10 

399.69 

St art• SQ. EDGES BV .EDGES MIT. CREST 

I 3 I TEXAS INSTRUMENTS I 4 I 

DATA-PROGRAM# 10 

399.69 

LISTING - PROGRAM #10 

LBL INV = X RCL 10 + LBL LNX RC* 0 OP 20 RTN LBL CE INV 

FIX SBR LNX OP 1 SBR LNX OP 2 SBR LNX OP 3 SBR LNX OP 4 

OP 05 2 l 3 7 FIX 2 OP 4 RTN LBL A l 2 STO 0 SBR CE SBR 

CE ADV INV FIX 9 X§T 1 STO 09 5 1 0 2 STO 0 RCL 0 OP 

4 RCL 9 X=T 0 90 R/S OP 6 ST* 9 OP 29 OP 20 GTO 0 69 

R/S X§T 5 1 1 2 OP 4 X§T OP 6 STO 9 ADV OP 00 2 0 

STO O SBR O 26 CLR RTN LBL B 1 0 + LBL C 2 2 = STO O ADV 

SBR CE ADV RCL 6 - RCL 7 = DIV RCL 2 = STO 10 SBR LNX SBR 

INV SBR INV SBR INV SBR INV SBR INV = 1/x X RCL 1 DIV RCL 2 

yx 1 • 5 = STO 11 4 2 STO O SBR CE RCL 11 OP 6 ADV -

RCL 4 X RCL 5 = DIV 2 = 1/X X ( RCL 8 + RCL 3 = x5r OP 

0 INV FIX SBR O 22 6 2 0 0 0 2 SBR O 40 X§T OP 6 ADV 
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CLR RTN LBL D 4 g ·sTo a SBR CE SBR CE ADV OP 0 CP INV FIX 

SBR 0 22 RCL 6 - RCL 7 = OP 6 ADV X 2 = yX l . 5 = 

1/X X RCL 1 STO 10 · INV FIX SBR 0 26 RCL 10 OP 6 ADV 
I = - ' \ 
\ 

RCL 11 = DIV 2 DIV RCL 9 = 1/X INV X>l 2 92 X§T OP 0 INV 

FIX SBR LNX OP 2 SBR LNX OP 3 OP 05 4 6 STO 0 GTO 2 03 

PATA REGISTERS - PROGRAM #10 

12. 3627323317 38. 0.1578 
13. 2037133317 39. -1.131 . 
14. 3517160024 40. 5.15 
15. 3127173700 41. -1.353 
16. 2113151700 42. 2431271737 
17. 1624301731 43. 21131517 
18. 3624323136 44. 43241637 
19. 0 45. 2300000000 
20. 2431271737 46. 36241617 
21. 37453317 47. 4313272700 
22. 3627323317 48. 3713331735 
23. 2037133317 49. 3024 
24. -3500144240 50. 3717351716 
25. 17164000 51. 24312717 
26. 0.02846767 52. 3700000000 
27. -0. 3458214 53. 153517 
28. 1.619481 54. 3637001742 ( 
29. -4.0350294 55. 1327411337 ·,. 

30. 7.942441 56. 2432310000 
31. -2.265863 57. 1535173637 
32. 3627323317 58. 23172422 
33. 2037133317 59. 2337000000 
34. 3500363440 60. 43241637 
35. 17164000 61. 2300000000 
36. 0.0011 62. 30243124 
37. -0.0144 63. 3041300000 
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PROGRAM #11 - BOX CULVERT: INLET CONTROL, OUTLET VELOCITY 

As is stated in the title, this program computes the velocity of the flow at 
the outlet of a box culvert which is operating in inlet control. The inlet 
control mentioned here also includes box culverts operating under throat 
,control. 

In performing this velocity computation, this program ernp 1 oys two polynomial 
equations which approximate the normal depth curve for a rectangular cross­
sectional area. The curve referred to was taken from 11 0pen Channel Hydraulics 11 

by Chow. See reference #4. 

EQUATIONS 

X = 

If X < O. 22 

d = B (0.036402 + 3.648374X - 15.152238X2 + 64.991913X3 - 110.31635X4) 
n 

If 0.22 < X < 1.1 - -
ctn= B (0.084468 + 2.34061X - l.53643X2 + l.636594X3 - 0.677621X4) 

Note: ctn is limited to a maximum of 2. 
-B-

If X > 1. l 

d = D 
n 

V - Q 
- BNd 

n 

INSTRUCTIONS 

#1 Load program #11 

#2 Press Label A 

#3 Enter: ,. Q - Flow rate 

2. D - Culvert height 

3. N - Number of barrels 

4. n - Manning's roughness 

5. s - Culvert slope 

6. B -Culvert width 

Read: V - Outlet velocity 
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CARD FORMAT 

I 

I l I TEXAS INSTRUMENTS I if I ( 

BOX: INLET CONTROL, OUTLET VELOCITY #11 

479.59 

Start 

LISTING - PROGRAM #11 

LBL INV = X RCL 7 + LBL LNX RC* 0 OP 20 RTN LBL CE INV 

FIX SBR LNX OP l SBR LNX OP 2 SBR LNX OP 3 SBR LNX OP 4 OP 

5 RTN LBL A 8 STO 0 SBR CE SBR CE ADV 7 X§T l STO 07 5 

0 2 STO 0 RCL 0 OP 4 RCL 7 X=T 0 79 R/S OP 6 ST* 7 OP 

27 OP 20 GTO 0 58 ADV RCL l X RCL 4 DIV l . 4 8 6 DIV RCL 5 

SRX DIV RCL 3 DIV RCL 6 yX ( 8 DIV 3 = STO 7 X§T l . l X>T 

l 50 RCL l DIV RCL 2 DIV RCL 6 DIV RCL 3 = X§T l 2 STO 0 

SBR CE 2 l 6 3 3 6 FIX 2 OP 4 X§T OP 6 ADV RTN . 2 2 

X>T l 58 5 + 1 6 = STO 0 SBR LNX SBR INV SBR INV SBR INV 

SBR INV = X§T 2 INV X>T l 81 X§T X RCL 6 = X§T 

RCL 2 INV X>T l 93 X§T X RCL 3 X RCL 6 = 1/x X RCL l = 

GTO 1 28 

DATA REGISTERS - PROGRAM #11 

8. 1432446200 17. 64.991913 
9. 2431271737 18. -15.152238 

10. 15323137 19. 3.6483784 
11. 3532270000 20. 0.036402 
12. 0 21 • -0. 677621 
13. 3241372717 22. 1.636594 
14. 3700421727 23. -1.53643 
15. 3215243745 24. 2.34061 
16. -110.31635 25. 0.084468 
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PROGRAM #12 - PIPE CULVERT: OUTLET CONTROL PERFORMANCE 

This program can be used to select an appropriate pipe culvert size, evaluate 
the perfonnance of this culvert for various flow rates and determine the 
velocity of the flow at the outlet. 

In detennining the best pipe size, the designer must first select a trial 
diameter. For this value, the program computes the water surface elevation 
of the headwater pool at the culvert inlet. A visual comparison of this 
value to the design headwater elevation is made and the designer adjusts the 
diameter accordingly. 

Once the pipe size has been detennined, various flow rate values can be used 
~ith this program to obtain a perfonnance curve. 

The following diagram indicates the location of the energy losses associated 
with the culvert design. 

ENERGY 
HYDRAULIC GRADE LI~E 

He 

HW ·-·- Hr 

__.___! -L-=-=--_ -_ -_ -_ -_ -_ -_ -_ ~-=::._--=-=-=-·3---~-=--Hv ..--

H 

~ 

This program also calculates the outlet velocity of a pipe culvert operating 
in outlet control. 

The depth of flow used 
through the culvert is 
whichever is greater. 
pipe. 

in the computation of the cross-sectional area of flow 
equal to the critical depth or the tailwater depth, 
However, this value cannot exceed the diameter of the 

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. 

The computations of the outlet velocity require that the calculator be placed 
in the degree mode. This is nonnally the mode the calculator is in when it is 
turned on. 

For the sizing and performance curve operations to perform properly, the 
number of culvert barrels is limited to two. 

I . ' 
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EQUATIONS 

z = ---~--.,,.......,-
N {32.2/alpha)" 5o25 

X = Log Z 

If Xi Log 0.7 

Y = (- 0.0051657 + 0.407362X - ·O. 1830236X2 - 0.0915565X3) 

If X > Log 0.7 

Y = {- 0.0244603 + 0.2017057X - 0.64009815X2 + 0.695619X3) 

d = D lOY 
C 

Note: de has been limited to a maximum valve of D 

H = k v2 
e e -~2-g--

Hf = 29 n2 L v2 

2g R4/3 

H = v2 
V "2g 

H = H +Hf+ H e . V 

d2 =de+ D or the tailwater depth, whichever is largest 
2 

HW EL. = H + d
2 

+ EL. OUTLET 

d4 = de or 11-J, whichever is larger and does not exceed D 

X = 0/2 

r = (X - d4 ) 

Usi~g the Radian Mode 

e = Cos- l (r/X) 

A= x2 (e - Sine Cose) 

V = Q/AN 
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INSTRUCTIONS 

# l Load program # 12 

#2 Press Label A 

2. N - Number of barrels 

3. k - Entrance loss coefficient e 

4. n - Manning's roughness coefficient 

5. Thi - Tailwater depth 

6. Alpha - Kinetic energy coefficient 

= 1.12 for corrugated metal 

= 1.04 for concrete 

7. D - Culvert diameter 

8. EL.OUTLET - Outlet invert elevation 

9. L - Culvert length 

Read: 1-M EL. - Headwater elevation 

#4 Press Label B 

Read: d - Critical depth 
C 

#5 Press Label C 

Read: H - Total head loss 

#6 Press Label D 

Read: V - Outlet control velocity 

#7 Press Label E 

Enter: Q - Flow rate 

Thi - Tailwater depth 

Read: HW EL. - Headwater elevation 
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CARD FORMAT 

I l I TEXAS INSTRUMENTS I 2 I 

PIPE: OUTLET CONTROL PERFORMANCE #12 

479.59 

Start d 
C 

H VELOCITY PERFORMANCE 

CARD FORMAT 

I j 

' 
TEXAS INSTRUMENTS 

\ 

I 4 I 

DATA - PROGRAM #12 

479.59 
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LISTING PROGRAM #12 

LBL INV = X RCL 

FIX SBR UiX OP 1 

ADV OP 05 2 1 3 

RTN LBL X~T RCL 

SRX = DIV RCL 7 

X>T 0 92 4 + 4 -

= I NV LOG xh l 

x2 2 9 • l 6 4 

l 

11 + LBL LNX RC* 0 OP 20 RTN LBL CE INV 

SBR LNX OP 2 SBR LNX OP 3 SBR LNX OP 4 

7 FIX 2 OP 4 RTN LBL CLR STO O SBR CE 

DIV RCL 2 DIV { 3 2 • 2 DIV RCL 6 

Yx 2 • 5 = LOG STO 11 X~T • 7 LOG 

8 = STO 0 SBR LNX SBR INV SBR INV SBR INV 

INV X>T l 15 X~T X RCL 7 = RTN LBL 

X RCL 4 x2 X RCL 59 DIV ( RCL 7 DIV 4 

) yX ( 4 DIV 3 = + RCL 3 + l = X ( 4 X RCL l DIV RCL 

2 DIV RCL 7 x2 DIV PI ) x2 DIV 6 4 4 = RTN LBL SRX 

l 6 SBR CLR SBR xh xh RCL 7 + xh INV X>T 1 97 

RCL 7 = DIV 2 = X~T RCL 5 X>T 2 08 xh STO 10 SBR 

x2 + RCL 8 + RCL 10 = OP 6 CLR RTN LBL A l 2 SBR CLR INV 

FIX ADV 9 xh l STO 9 RCL 56 STO 0 RCL 0 OP 4 RCL 9 X=T 

62 R/S OP 6 ST* 9 OP 29 OP 20 GTO 2 41 R/S X~T 5 l l 2 

OP 4 X~T OP 6 STO 59 SBR SRX 2 0 SBR CLR SBR CE ADV 9 

X~T 7 STO 09 5 l 0 8 GTO 2 39 LBL B 2 8 SBR CLR SBR 

X~T OP 6 RTN LBL C 3 2 SBR CLR SBR x2 OP 6 RTN LBL D 4 

4 SBR CLR RCL 57 FIX 2 OP 4 SBR X~T xh RCL 5 X>T 3 39 

X~T XZT' RCL 7 X>T 3 46 X~T RCL 7 DIV 2 = STO 10 --
X~T = Div X~T = RAD INV cos STO 11 - RCL 11 SIN X RCL 

11 cos = DEG X RCL 10 x2 = 1/x DIV RCL 2 X RCL l = OP 6 

RTN LBL E 3 6 SBR CLR SBR CE ADV RCL 56 OP 04 l = R/S STO 

or 6 RCL 58 OP 04 5 = R/S STO 5 OP 6 SBR SRX 4 0 STO 0 

GTO 3 96 
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DATA REGISTERS - PROGRAM #12 

12. 3324331762 36. 3317352132 
13. 15412742 37. 3530133115 
14. 1735370036 38. l 700154135 
15. 2446170000 39. 4217000000 
16. 2317131643 40. 1731371735 
17. 1337173500 41. 65346500 
18. 1727174213 42. 1331160065 
19. 3724323100 43. 3743650000 
20. 2132350013 44. 3241372717 
21. 3132372317 45. 3700153231 
22. 3500362446 46. 3735322700 
23. 1700000000 47. 4217274000 
24. 1731371735 48. -0.0915565 
25. 65165700 49. -0. 1830236 
26. 1727403241 50. 0.407362 
27. 3757002765 51. -0.0051657 
28. 1535243724 52. 0.695619 
29. 1513270016 53. -0.64009815 
30. 1733372300 54. 0.2017057 
31. 2436000000 55. -0.0244603 
32. 3732371327 56. 5102 
33. 23171316 57. 216336 
34. 27323636 58. 5106 
35. 24360000 
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PROGRAMS #13 and #14 - PIPE CULVERT: INLET CONTROL PERFORMANCE 

These programs evaluate the hydraulic perfonnance of eight different pipe 
culvert inlet configurations. A detailed explanation of the geometry of 
these inlets is depicted in the diagrams below: 

PROGRAM #13 

Corrugated Metal Pipe with a Projecting Edge 

Corr~gated Metal Pipe in a Headwall 

Corrugated Metal or Concrete Pipe with Beveled Edges - Type A and B 

CMP/ConcrP.te - ~evP.led F.dgP.s 

TypP. A end 3 
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0,042 

0.083 

... 
4 .... .... 

a4 D 

8 C d 
i5 D fi 

0.042 0.042 o.0A3 

0.125 0,042 0.125 



PROGR~M #14 

Corrugated Metal or Concrete Pipe with a Standard End Section 

Concrete Pipe with Square Edges in a Headwall 

Concrete with a Projecting Socket Edge 
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Concrete with a Socket Edge in a Headwall 

Equations for two other inlets are provided here in the documentation. The 
two inlets are as follows: 

Corrugated Metal Pipe Mitered to Conform to the Slope 

Concrete with Projecting Square Edges 
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For each particular inlet the program calculates the depth of the water 
surface at the face of the culvert. This value is then added to the culvert 
inlet invert elevation. If this sum is less than the design headwater eleva­
tion then the inlet elevation becomes the elevation of the face. If this sum 
exceeds the design headwater elevation, the difference betwee?n this sum and 
the design headwater elevation is subtracted from the in 1 et 1 nvert cl evl'tion. 
This new elevation is now called the elevation of the face. 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 FALL. The diagrams below 
graphically show the occurrence. It should be noted that as the inlet 
invert elevation drops, the culvert barrel rotates about the outlet invert. 

HW 

No FALL Required 
EL.IN+ Hf< AI-W EL. 

HW EL. & AHW EL 

FALL Required 
EL.IN+ Hf~ AI-W EL. 

The diagrams clearly indicate that when the calculat.ed headwater elevation is 
above the design headwater elevation, the headwater elevation is set equal to 
the design headwater elevation and the difference is taken up by the FALL. 

The inlet invert elevation of the culvert can always be thought of as the 
elevation of the face. The original inlet invert elevation, before considering 
the affects of FALL, can be taken as the 11 inlet elevation. 11 After the design 
information has been entered and the inlet type selected, the calculator 
determines the face elevation and the required FALL 

These progra~s do not perform the checks on restrictions on the FALL and 
the headwater depth. Both of these values must be checked by the designer. 

Once the culvert has been sized for the design flow rate, the performance of 
the inlet for other flow rates can be determined. In doing the perform­
ance evaluation, the calculator determines the headwater elevation for any 
given fl ow rate. 

Whenever applicable, a bevel edged inlet is recommended for use in lieu of a 
square edged inlet. The large increase in hydraulic performance gained by 
the bevel edged inlet·, greatly outweights the small, if any, additional cost. 
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EQUATIONS 

CL.FACE = DIIW LL. - llf (with FALL) 

" [L. INLET (without FALL) 

fM EL. = EL. FACE + Hf 

FALL = EL.FACE - EL.INLET 

NOTE: The FALL is measured in a downward direction and 
therefore is always a positive value. 

X = Q 
(ND2.5) 

PROGRAM #13 

CMP with a Projecting Edge 

Hf= D(O.187321 + O.56771OX - 0.156544Xl + 0.O447O52X3 - O.OO3436O2X4 

+ O.OOOO89661X5) 

CMP in a Headwall 

Hf= D(O.167433 + O.538595X - O.149374X2 + 0.O391543X3 - O.OO343974X4 

+ O.OOO115882X5) 

CMP/CONC. with Bevel Type A 

Hf= D(O.O63343 + O.766512X - O.316O97X2 + O.0876701X3 - O.OO983695X4 

+ O.OOO41676OX5) 

CMP/CONC. with Bevel Type B 

Hf= D(O.O8173O + O.698353X - O.253683X2 + O.O65125OX3 - O.OO71975OX4 

+ O.OOO312451X 5) 
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PROGRAM #14 

CMP /CONC with a Standard End Section 

If == D(O.lt:'.0659 + 0.630768X - 0.218423X2 + 0.0591815X3 - 0.00599169X4 
f ' 

+ 0.000229287X5) 

CONC. with Square Edges in a Headwall 

Hf= D(0.087483 + 0.706578X - 0.253295X2 
+ 0.0667001X3 - 0.00661651X4 

+ 0.000250619X5) 

CONC. with a Projecting Socket Edge 

Hf= D(0.108786 + 0.662381X - 0.233801X2 + 0.0579585X3 - 0.00557890X4 

+ 0.000205052X5) 

CONC. with Socket Edge in Headwall 

Hf= D(0.114099 + 0.653562X - 0.233615X2 + 0.0597723X3 - 0.00616338X4 

+ 0.000242832X5) 

Optional Inlets 

CMP Mitered to Conform to Slope 

Hf= D(0.107137 + 0.757789X - 0.361462X2 + O.l233932X3 - 0.01606422X4 

+ 0.000767390X5) 

CONG with a Projecting Square Edge 

Hf= 0(0.167287 + 0.558766X - 0.159813X2 
+ 0.0420069X3 - 0.00369252X4 

+ 0.000125169X5) 

With a small amount of programming experience, an operator can insert these 
last two optional formulas into.either program #13 or #14. 
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INSTRUCTIONS 

#l Load program #13 
or program #14 

(2 cards) 
(2 cards) 

#2. Press Label A 

#3 Enter: 2. D - Culvert diameter 
3. N - Number of Barrels 
4. EL.INLET - Inlet elevation 
5. DHW EL - Design headwater elevation 
6. Q - Flow rate 

#4 Select inlet type 

Program #13 

Label A' - CMP w/Projecting End 
Label B' - CMP w/Headwalls 
Label C' - CMP/CONC; Bevel A 
Label D'. - COM/CONC; Bevel B 

Program #14 

Label A' - CMP/CONC Standard End Section 
Label B' - CONC w/SQ ED in Headwall 
Label C' - CMP/CONC W/Projecting Socket 
Label D' - CONC Socket in headwall 

Read EL.FACE - Elevation of face 
FALL 

#5 Check FALL 

#6 Press Label D 

Read: Hf - Headwater depth 

#7 Run Performance Evaluation 

Press Label E 

Enter Q - Flow rate 

Read: l¼J EL. - Headwater elevation 
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CARD FORMAT 

I 1 I TEXAS INSTRUMENTS 

PIPE . INLET CONTROL PERFORMANCE . 

I ~ I TEXAS INSTRUMENTS 

DATA PROGRAM #13 

CMP PROJ CMP W/H C/C Bevel A 

Start HW EL. FALL 

I . 3 I TEXAS INSTRUMENTS 

DATA PROGRAM #14 

STD. END SQ. W/HW PROJ. SOCKET 

Start HW EL. FALL 
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C/C Bevel B 

Hf 

SOCKET W/HW 

Hf 

I 2 I 

#13 and #14 

319.79 

I 4 I 

319.79 

PERFORMANCE 

I 4 I 

#14 

319.79 

PERFORMANCE 

( 
I 
\ 



LISTING PROGRAM #13 & 14 

LBL INV = X RCL 7 + LBL LNX RC* 8 OP 28 RTN LBL CE INV 

FIX SBR LNX OP 1 SBR LNX OP 2 SBR LNX OP 3 SBR LNX OP 4 

XZT 
: 

ADV OP 5 RTN LBL CLR EXC 8 SBR CE 2 1 3 7 FIX 

2 OP 4 xh STO 8 RTN LBL xh RCL 6 DIV RCL 3 DIV 

( RCL 2 yX 2 . 5 = STO 7 SBR LNX SBR INV SBR INV SBR 

INV SBR INV SBR INV = X RCL 2 = XZT 6 INV SUM 8 X~T 

STO 9 RTN LBL A 1 0 STO 8 SBR CE ADV 7 xh 2 STO 09 

5 1 0 3 STO 0 RCL 0 OP 4 RCL 9 X=T 1 42 R/S OP 6 ST* 9 

OP 29 OP 20 GTO 1 21 OP 0 SBR 0 26 CLR RTN LBL B 6 4 SBR 

CLR SBR X~T + RCL 0 = OP 6 RTN LBL A' 1 0 + LBL B' l 0 + 

LBL C' l 0 + LBL D' l 6 = STO 8 SBR CE 6 8 SBR CLR SBR 

X~T XZT RCL 5 - RCL 4 = X>T 2 05 XZT +/- + RCL 5 = 

STO 0 OP 6 LBL C 7 2 SBR CLR RCL 4 - GTO 1 58 LBL D 7 

6 SBR CLR SBR xh OP 6 RTN LBL E 5 6 SBR CLR 6 0 SBR 

CLR 6 INV FIX R/S PRT STO 6 SBR B GTO 2 43 
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DATA REGISTERS - PROGRAM #13 

1.0. 3324331762 42. 0.0391543 
11. 24312717 43. -0. 1493 74 
12. 3700153231 44. 0.538595 
13. 3735322700 45. o. 167433 
14. 2431271737 46. 1530336200 
15. 37453317 47. 3335322517 
16. 3745331700 48. 1537243122 
17. 1400141742 49. 17162217 
18. l 727171600 50. 0.000089661 
19. 1716221736 51. -0.00343602 
20. 0.000312451 52. 0.0447052 
21. -0.0071975 53. -0. 156544 
22. 0.065125 54. o. 56771 
23. -0. 253683 55. o. 187321 
24. o. 698353 56. 3317352132 
25. 0.08173 57. 3530133115 
26. 3745331700 58. 1700154135 
27. 1300141742 59. 4217000000 
28. 1727171600 60. 1731371735 
29. 1716221736 61. 21273243 
30. 0.00041676 62. 3513371700 
31. -0. 00983695 63. 15213600 
32. 0.0876701 64. 2317131643 
33. -0.316097 65. 1337173500 
34. 0.766512 66. 1727174213 
35. 0.063343 67. 3724323100 
36. 1530330024 68. 172717 
37. 3100130023 69. 4213372432 
38. l 713164313 70. 3100322100 
39. 2727000000 71. 2113151700 
40. 0.00015882 72. 372317 
41. -0.00343974 73. 35173441 

74. 2435171600 
75. 2113272700 
76. 2317 
77. 1316431337 
78. 1735001617 
79. 3337230000 
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DATA REGISTERS - PROGRAM #14 

10. 3324331762 42. 0.0667001 
11. 24312717 43. -0. 253295 
12. 37001G3231 44. 0.706578 
13. 3735322700 45. 0.087483 
14. 2431271737 46. 3637133116 
15. 37453317 47. 1335160017 
16. 3632152617 48. 3116003617 
17. 3700243100 49. 1537243231 
18. 1300231713 50. 0.000229287 
19. 1643132727 51. -0.00599169 
20. 0.000242832 52. 0.0591815 
21. -0.00616338 53. -0.218423 
22. 0.0597723 54. 0.630768 
23. -0.233615 55. o. 120659 
24. 0.653762 56. 3317352132 
25. o. 114099 57. 3530133115 
26. 3335322517 58. 1700154135 
27. 1527243122 59. 4217000000 
28. 36321526 60. 1731371735 
29. 1737000000 61. 21273243 
30. 0.000205052 62. 3513371700 
31. -0.0055789 63. 15213600 
32. 0.0579585 64. 2317131643 
33. -0.233801 65. 1337173500 
34. 0.6623.18 66. 1727174213 
35. o. 108786 67. 3724323100 
36. 3634400017 68. 172717 
37. 1640002431 69. 4213372432 
38. 23171316 70. 3100322100 
39. 4313272700 71. 2113151700 
40. 0.000250619 72. 372317 
41. -0.00661651 73. 35173441 

74. 2435171600 
75. 2113272700 
76. 2317 
77. 1316431337 
78. 1735001617 
79. 3337230000 

' 
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PROGRAMS #15 and #16 - PIPE CULVERT: THROAT CONTROL PERFORMANCE 

These programs evaluate the perfonnance of a pipe culvert operating in throat 
control. The formulas incorporated in these programs apply only to side-tapered 
inlets for pipe culverts. Program #15 evaluates the performance of corrugated 
metal inlets whereas program #16 evaluates concrete inlets. Like the improved 
inlet programs, these throat control programs often can use FALL to increase the 
flow capacity of a culvert. The following diagrams describe the throat control 
inlets. 

AHW EL 

ROUGH THROAT 

SIDE-TAPERED INLET 
ROUGH THROAT 

NO FALL, I-MEL. < Al-MEL. 

ELEVATION VIEW 

PLAN VIEW 

& AHW EL 

-----
'".el SHROAT 

SMOOTH THROAT 

SIDE-TAPERED INLET 
SMOOTH THROAT 

WITH FALL AND WINGJALLS 

To evaluate the performance of a pipe culvert with a slope-tapered inlet, 
program #7 should be ,used. Program #7 evaluates the performance of box 
culverts with either a side- or slope-tapered inlet. The slope-tapered inlet 
for a pipe culvert is designed as if it were going to be used with a box 
culvert. A transition section is then fabricated to connect the box shaped 
inlet to the pipe culvert barrel. The following diagrams will further explain 
this situation. 
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SLOPE-TAPERED INLETS 
HW FI , & AHW EL. HW EL. & AHW b.L 

TRANSITION S~CTIOK 

VERTICAL FACE, WITH WINGJALLS MITERED FACE 

Due to the limitations of this calculator, a small error results in the com­
putation of the FALL. The programs assume that the elevation of the inlet and 
the elevation of the throat are equal before determining the value of the 
headwater elevation. This equality is false and a small difference, equal to 
the channel slope times the vertical distance between the inlet and the throat 
section, exists. This vertical distance is an unknown value and is determined 
by the next program. By understanding the error condition; a correction, if 
necessary, can be made. 

EQUATIONS 

EL.THROAT= Dl-M EL. - Ht (with FALL) 

= EL.INLET (without FALL) 

1-M EL. =CL.THROAT+ Ht 

FALL = EL.INLET - EL.THROAT 

X = LOG(Q/ND2' 5) 

PROGRAM #15 
· 2 3 · 4 

H = D 10 (- 0.233392 + 0.489125X + l.068638X - 3.074435X + 3.711165X 
t 

- 1.32836X5) 

PROGRAM #16 

Ht= D 10(- 0.237139 + 0.146792X + 2.189321X2 - 4.354114X3 + 4.210539X4 

- l.347032X5) 
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INSTRUCTIONS 

#1 Load program #15 
or program #16 

#2. Press Label A 

#3 Enter: 2. D - Culvert diameter 
3. N - Number of Barrels 
4. EL.INLET - Inlet elevation 
5. 01-W EL - Design Headwater elevation 
6.·Q - Flow rate 

#4. Read EL.THROAT - Throat'elevation 
FALL 

#5 Ch eek FALL 

#6 Press Label D 

Read: Ht - Headwater depth 

#7 Run Performance Elevation 

Press Label E 

Enter Q - Flow rate 

Read: 1-W EL. - Headwater elevation 
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CARD FORMAT 

PROGRAM #15 

I l I TEXAS INSTRUMENTS 

CMP: THROAT PERFORMANCE 

Start HW EL. FALL 

PROGRAM #16 

I l I TEXAS INSTRUMENTS 

CONCRETE PIPE: THROAT PERFORMANCE 

Start HvJ EL. FALL 

LISTING PROGRAM #15 & #16 

I 4 I . 
#15 

479.59 

Hf PERFORMANCE 

1· 4 I 

#16 

479.59 

Hf PERFORMANCE 

LBL INV = X RCL 7 + LBL LNX RC* 8 OP 28 RTN LBL CE INV FIX 

SBR LNX OP 2 SBR LNX OP 3 SBR LNX OP 4 ADV OP 05 2 l 3 7 

FIX 2 OP 4 RTN LBL CLR l 8 STO 8 RCL 6 DIV RCL 3 DIV. RCL 

2 yx 2 • 5 = LOG STO 7 SBR LNX SBR INV SBR INV SBR INV SBR 

INV SBR INV = INV LOG X RCL 2 = RTN LBL A OP 00 9 STO 8 SBR 

CE SBR CE ADV INV FIX 7 X~T 2 STO 01 5 l O 3 STO O RCL 0 

OP 4 RCL l X=T l 30 R/S OP 6 ST* l OP 21 OP 20 GTO 1 09 SBR 

CE SBR CLR X~T RCL 5 - RCL 4 = X>T l 45 X~T +/- + RCL 5 = 

STO O OP 6 LBL C OP 00 2 l l 3 2 7 2 7 OP 2 SBR O 30 RCL 

4 - GTO 1 88 LBL B 2 4 STO 8 SBR CE SBR CLR + RCL O = OP 

6 'RTN LBL D RCL 24 OP 2 RCL 25 OP 03 l 6 l 7 3 3 3 7 2 3 

SBR O 28 SBR CLR OP 6 RTN LBL E 2 7 STO 8 SBR CE 6 = R/S 

PRT STO 6 SBR B GTO E 
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DATA REGISTERS - PROGRAM #15 

9. 3017371327 20. -3.074435 
10. 33243317 21. 1.068638 
11. 6200000000 22. 0.489125 
12. 3723353213 23. -0. 233392 
13. 3700153231 24. 2317131643 
14. 3735322700 25. 1337173500 
15. 1727174240 26. 1727174240 
16. 32210037 27. l 731371735 
17. 2335321337 28. 21273243 
18. -1.32836 29. 3513371700 
19. 3.711165 

DATA REGISTERS - PROGRAM #16 

9. 1532311535 20. -4.354114 
10. 1737170033 21. 2.189321 
11. 2433176200 22. 0.146792 
12. 3723353213 23. -0 .237139 
13. 3700153231 24. 2317131643 
14. 3735322700 25. 1337173500 
15. 1727174240 26. 1727174240 
16. 32210037 27. 1731371735 
17. 2335321337 28. 21273243 
18. -1.347032 29. 3513371700 
19. 4. 210539 

I/ 
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PROGRAM #17 - PIPE CULVERT: SIDE TAPERED INLET DIMENSIONS 

This program continues with the design of a culvert operating in throat 
control. ·For the side-tapered entrance, this program computes the adjusted 
slope (if required by the use of FALL in the inlet design) the inlet face 
width and the inlet length. 

The program evaluates either a projecting corrugated metal pipe, a square 
edged culvert in a headwall or a bevel edged inlet in a headwall. A graphical 
description of these inlets is as follows. 

SIDE-TAPERED, PROJECTING EDGE 
(NO FALL) 

SIDE-TAPERED, SQUARE EDGES 
(IN A HEADWALL, CMP OR CONCRETE 
WITH OR WITHOUT FALL) 

71 

SIDE-TAPERED, PROJECTING EDGE 
(WITH FALL) 

' Bf 

SIDE-TAPERED, BEVELED EDGE 
{IN A HEAllilALL, CMP OR CONTRETE 
WITH OR WITHOUT FALL) 



One of the values which must be entered into the calculator is the height of 
the side-tapered inlet face. It is referred to as the value E in the diagram 
below. 

---E 

T 
l_ 

ST 

The limitations on the value of E are as a minimum the culvert diameter and 
1.1 times the diameter as a maximum. 

The sidewall taper should be kept between a value of 4:1 and 6:1 for the 
program to operate properly. 

Where prefabricated inlet sections are available, both the face width and the 
inlet length have been set by the manufacturing company. These values are 
normally set at 1 1/2 times the culvert diameter. 

The value for the inlet length determined by this program is a horizontal 
measurement. This is in contrast to the culvert length and the adjusted 
culvert length values which are measured along the culvert barrel. 



EQUATION 

(ADJ.S)L = L1 ADJ.S (S2+1)" 5 +SL - FALL (S 2+1) 05 
0 0 0 

- [FALL+ D[(S~+1)" 5 - (AOJ.s2 + 1)
05] - AOJ.S L1] [SFU(/S~+l)" 5 ADJ.S)] 

Ll =(Bf - ON) ST 
2 

Hf= Ht - L1 ADJ.S 

X = H/E 

CMP Projecting Edges 

Bf= 4Q/[(PI E1"5)(0.0144 + l.1505X + l.8167X2 - 0.9642X3 + 0.1974X4 

- 0.0148X5)] , 

Square Edges in a Headwall 
I 

Bf= 4Q/[PI E105 )(-0.0048 + 0.9426X + 2.9784X2 - 1.792X3 + 0.4228X4 

- 0.0357X5)] 

Bevel Edges in a Headwall 

Bf= 4Q/[(PI E1"5)(0.73932X + 3.2994X2 - 1.746X3 + 0.3744X4 
- 0.0287X5)] 

INSTRUCTIONS 

#1 Load program #17 {2 Cards) 

#2 Press Label A 

#3 Enter: 1 • Q - Flow rate 

2. D - Culvert diameter 

3. N - Number of Barrels 

4. Ht - Headwater depth@ throat 

5. ST - Sidewall taper 

6. S - Channel 
0 

slope 
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INSTRUCTIONS 

7. FALL 

8. SFU - Upstream fill slope 

9. L - Culvert length 

10. E - Face height of inlet 

#4 Choose Inlet Type 

Label B - CMP Projecting 

Label C - Square Edges in a Headwall 

Label O - Bevel Edges in a Headwall 

#5 Read: ADJ.S - Adjusted slope 

Bf - Inlet face width 

L1 - Inlet length 

CARO FORMAT 

I 1 I TEXAS INSTRUMENTS 

PIPE: SIDE-TAPERED INLET DIMENSIONS 

Start PROJ .EDGE SQ.EDGE 

I 3 I TEXAS INSTRUMENTS 

DATA - PROGRAM #17 
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BV.EDGE 

I 2 l 

#17 

479.59 

I tl I 

479.59 



LISTING PROGRAM #17 

LBL INV = X RCL 15 + LBL LNX RC* 0 OP 20 RTN LBL CE INV 

FIX SBR LNX OP l SBR LNX OP 2 SBR LNX OP 3 SBR LNX OP 4 

ADV OP 5 RTN LBL CLR ( RCL 6 x2 + l ) SRX RTN LBL xh 

2 l 3 7 FIX 2 OP 4 RTN LBL A 4 7 STO 0 SBR CE OP 00 6 

2 4 3 0 l 7 3 OP 01 3 6 2 4 3 2 3 1 3 6 OP 2 OP 5 

ADV 9 xh l STO 00 5 l 0 2 STO 11 RCL 11 OP 4 RCL 0 X=T 

l 30 R/S OP 6 ST* 00 l SUM 11 OP 20 GTO l 08 R/S xh 

5 l l 2 OP 4 xh OP 6 STO 09 l 0 = R/S xh 5 l 0 2 

0 l OP 4 XZT OP 6 STO 10 OP 00 2 4 3 l 2 7 l 7 3 7 

OP 01 3 7 4 5 3 3 l 7 OP 2 ADV OP 5 CLR RTN LBL B l 0 

+ LBL C l 0 + LBL D l 7 = STO 0 RCL 6 STO 11 SBR CE 

CP +/- + RCL 4 = DIV RCL 10 = STO 15 SBR LNX SBR INV SBR 

INV SBR INV SBR INV SBR INV = 1/x X RCL l X 4 DIV PI DIV RCL 

10 yX l . 5 = FIX 2 EE INV EE X=T 2 94 - xh RCL 2 X 

RCL 3 = DIV 2 X RCL 5 = STO 16 X RCL 11 = STO 15 6 INV SUM 

0 RCL 15 GTO 2 15 X~T RCL 3 X RCL 2 = X>T 3 10 xh 
STO 15 GTO 3 21 0 STO 16 RCL 3 X RCL 2 = STO 15 CP . l STO 

12 RCL 2 X ( SBR CLR ( RCL 11 SBR O 43 = + RCL 7 - RCL 

11 X RCL 16 = X SBR CLR X RCL 8 X RCL 11 - RCL 6 X RCL 

9 + SBR CLR X RCL 7 - SBR CLR X RCL 11 X RCL 16 + RCL 9 X 

RCL 11 = FIX 6 EE INV EE INV X=T 4 11 RCL 14 XZT RCl 11 X=T 

4 35 STO 14 RCL 16 GTO 2 79 EXC 13 - RCL 13 = X=T 3 96 1/X 

X RCL 13 X RCL 12 = STO 12 SUM 11 GTO 3 26 5 l STO O SBR 

CE RCL 11 .FIX 6 PRT OP O SBR LNX OP 2 SBR LNX OP J ADV OP 

5 FIX 2 SBR X~T RCL 15 OP 6 INV FIX SBR O 22 SBR X~T 

RCL 16 OP 6 RTN 
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DATA REGISTERS - PROGRAM #17 

17. 14424000 39. 1537243122 
18. 1716400024 40. 17162217 
19. 3100231713 41. -0.0148 
20. 1643132727 42. o. 1974 
21. -0 .0287 43. -0.9642 
22. 0.3744 44. 1.8167 
23. -1.746 45. 1. 1505 
24. 3.2994 46. 0.0144 
25. 0.73932 47. 3324331700 
26. 0 48. 1541274217 
27. 36344000 49. 3537002000 
28. 1716400024 50. 2431271737 
29. 3100231713 51. 3723170013 
30. 1643132727 52. 1625413637 
31. -0.0357 53. 1716003627 
32. 0.4228 54. 3233170064 
33. -1.792 55. 2113151700 
34. 2.9784 56. 4324163723 · 
35. 0.9426 57. 2431271737 
36. -0.0048 58. 27173122 
37. 1530336200 59. 3723000000 
38~ 3335322517 

( 
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PROGRAM #18 - PIPE CULVERT: SIDE - TAPERED LENGTH ADJUSTMENTS 

When a culvert is improved with a side-tapered inlet, as in the previous 
programs, the length of the culvert barrel will be affected. If the new 
inlet is designed with FALL, the barrel length will increase due to the 
rotation of the culvert. It will also be shortened by the addition of the 
inlet section. If no FALL is applied, the original culvert length will be 
shortened by the length of the improved inlet. This program computes these 
changes and adjusts the pipe culvert length accordingly. 

With the changes in the culvert length, the elevation of the face of the 
improved inlet may also be affected. This calculation is also handled by the 
program. 

The adjusted length measurement determined by the program is measured along 
the culvert barrel. 

EQUATIONS 

ADJ .L 

EL~ FACE= EL. THROAT+ L1 ADJ.S 

INSTRUCTIONS 

#1 Load program #l& 

#2 Press Label A 

#3 Enter: 1 • EL. THROAT. - Throat Elevation 

2. ADJ.S - Adjusted Slope 

3. s - Channel slope 
0 

4. FALL 

5. L - Original culvert 1 ength 

6. L1 - Improved inlet length 

f~ead: ADJ.L - Adjusted length 

EL.FACE - Face elevation 
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CARD FORMAT 

[-~-=-] T[X/\S I NS TRUME NTS 
l 

PIPE: SIDE-TAPERED LENGTH ADJUSTMENT 

START 

LISTING PROGRAM #18 

LBL INV RC* 0 OP 20 RTN LBL LNX INV FIX 

INV OP 2 SBR INV OP 3 SBR INV OP 4 OP 05 

RTN LBL CE x2 + l ) SRX RTN LBL A 9 STO 

ADV INV FIX 7 xh 1 STO 07 5 1 0 2 STO 

X=T 0 90 R/S OP 6 ST* 7 OP 27 OP 28 GTO 

3 X RCL 5 DIV ( RCL 3 SBR CE - RCL 4 = 

DIV RCL 2 = - RCL 6 

1 + RCL 6 X RCL 2 = 

DATA REGISTERS - PROGRAM #18 

9. 3324331700 
10. 1541274217 
11. 3537620027 
12. 1731223723 
13. 13 
14. 1625413637 
15. 3017313736 
16. 0 

X ( RCL 2 SBR CE = 

OP 6 CLR RTN 

17 •. 3723170013 
18. 1625413637 
19. 1716002717 
20. 3122372300 
21. 1727174213 
22. 3724323100 
23. 3221002113 
24. 1517000000 
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[_4-] 

#18 

479.59 

SBR INV OP l SBR 

2 l 3 7 FIX 2 OP 4 

0 SBR LNX SBR LNX 

8 RCL 8 OP 4 RCL 7 

0 69 ADV SBR LNX RCL 

X ( RCL 2 SBR CE 

OP 6 ADV SBR LNX RCL 
( 
I 



PROGRAM #19 - PIPE CULVERT: INLET CONTROL, OUTLET VELOCITY 

This program computes the outlet velocity of a pipe culvert which is operating 
in inlet control. The program first determines the'depth of flow in the 
culvert and then uses this depth to find the cross-sectional area. The outlet 
velocity is then calculated using this area. 

EQUATIONS 

X = [Qn/(l.486NS" 5)J/08/3 

Z = LOG (X) 

If x < 0. 24 
. 2 . 

d = D[l0(0.3063639 + 0.907884Z + 0.192615Z )] 
n 

If 0.24 < x < 0.34 

(0.6857349 + 2.097532Z + l.125836Z2)J dn = D[lO 

If X) 0.34 

d = D 
n 

X = D/2 

r = (X - dn) 

Using the radian mode 
-1 e = cos ( r/X) 

A= x2 (e - sine cos e) 

V = Q/AN 
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INSTRUCTIONS 

# l Load program # 19 

#2 Press Label A 

#3 [nter: 1. Q - Flow rate 

2. D - Culvert diameter 

3. N - Number of barrels 

4. n - Manning's roughness coefficient 

5. S - Culvert slope 

Read: V - Outlet velocity 

CARD FORMAT 

I 1 I TEXAS INSTRUMENTS 

PIPE: INLET CONTROL - OUTLET VELOCITY 

START 

LISTING PROGRAM #19 

LBL INV = X RCL 6 + LBL LNX RC* 

SBR LNX OP l SBR LNX OP 2 SBR LNX 

RTN LBL A ADV 9 STO 0 SBR CE SBR 

l 0 2 STO 8 RCL 8 OP 4 RCL 6 X=T 

OP 28 GTO 0 59 ADV SBR CE RCL 28 

DIV 1 . 4 8 6 DIV RCL 5 SRX DIV 

3 = LOG STO 6 INV LOG X~T • 3 4 

X>T 1 41 3 SUM 0 SBR LNX SBR INV 

X~T RCL 2 DIV 2 = STO 7 - xh = 
cos STO 27 - RCL 27 SIN' X RCL 27 

DIV RCL 3 X RCL 1 = OP 6 RTN 
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I 4 I 
' #19 

497.59 

0 OP 20 RTN LBL CE 

OP 3 SBR LNX OP 4 

CE ADV 6 x~r 1 STO 

0 80 R/S OP 6 ST* 

FIX 2 OP 4 RCL 1 X 

RCL 3 DIV RCL 2 yX 

X>T l 32 1 GTO 1 50 

SBR INV = INV LOG X 

DIV X~T = RAD INV 

cos = DEG X RCL 7 

INV FIX 

OP 5 

06 5 

6 OP 26 

RCL 4 

( 8 DIV 

. 2 4 

RCL 2 = 

x2 = 1/x 

( 



I 
I 

\ 

DATA REGISTERS - PROGRAM #19 

8. 5107 
9. 3324331700 

10. 1541274217 
11. 3537002000 
12. 2431271737 
13. 1532313735 
14. 3227002000 
15. 4217273215 
16. 2437450000 
17. 32413727 
18. 17 3 7 004217 

19. 2732152437 
20. 4500243600 
21. o. 192615 
22. 0.907884 
23. o. 3063639 
24. 1.125836 
25. 2. 097532 
26. o. 685734 
27. 0 
28. 216336 
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STORAGE REGISTERS USED FOR VARIABLES 

-.,.,._,_ ~ . , .... ......... --- .. - ·- - . ·- -···- ·-·--·· ~ .. -- - -··-- ~---... -.... _ . ..,._. ________ ---
1 n s BW Zl z2 Q 

0 

2 so SFU SFD EL. FU EL. FC D 

3 Q N k n e 
Thi B D ::L.OUT L in 11 

4 B D N EL. IN AHW .EL Q 

5 D so FALL SFU L 

6 Q D BN s HW. EL- sf ADJ.L AOJ.S 
BfN 0 EL.OU1 

7 B D N EL. IN AHW .WL Q 

8 Q D BN Ht ST so FALL 5FU L EL.THR i n 16 

9 D L3 so EL.OUT SFU ~L. FU sf ::L. THR 

10 Q D L3 N B 1-fvJ • EL EL. FAC L2 L4 

11 Q D N n s B 

12 Q N k n 1W 1\LPHA D :L.OUT L in 59 e 
( 
\ 

13 D N EL.IN AHW .EL Q 

14 D N EL.IN AHW .EL Q 

15 0 N EL. IN AHW .EL Q 

16 D N EL.IN AHW .EL Q 

17 Q D N Ht ST so FALL SFU L E in 10 

18 EL.THR ADJ.S s FALL L Ll 0 

19 Q D N n s 
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WORK SHEETS 
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Disc #2 A-29 

Use Program #1 

Enter: 1. n = 

2. s = 
0 

3. BW = 

4. z, = 

5. z = 2 

Enter 
6. Q 

Use Program #2 

Enter: 1 • 5. 
0 = 

STEP #1 
CALCULATE TAILWATER 

-~---- (channel) 

TuJ, Based on d n 

STEP #2 

1W 

Channel 
Velocity 

DETERMINE CULVERT LENGTH 

2. 5FU = 

3. 5FD = 
4. EL. FU = 

5. EL.FD = 

Enter 
6. D L EL. INLET EL.OUTLET 

84 

n and S 
0 

BW 

COMMENTS 

COMMENTS 



STEP #3 
DETERMINE AN ACCEPTABLE CULVERT SIZE 

Use Program #3 for Box Culverts 
Use Program #12 for Pipe Culverts 

Enter: l. Q = 

2. N = 

3. k = e 
4. n = 

5. TuJ = 

6. Enter 
B - for Box or 
alpha for Pipe 

Read 

d = 
C 

H = 

------

7. Enter 8. Enter 
D EL.OUTLET 

9. Enter 
L 

V = for Outlet Control -----

OUTLET CONTROL PERFORMANCE 

l • Enter 5. Enter Read 
Q ThJ HW EL. 
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Read. 
f-W .EL. COMMENTS 

COMMENTS 



STEP #4 
INLET CONTROL: DESIGN /\ND PERFORMANCE 

Box Culverts 
15ro~Jran1 #4 :..- Sq1i.1rc Cd~J<'d Inlet with lleadwalls 

- Sqthll'(' I dqed I fl l t't. with W f n\JW,111 s 
- Bevel Ldged In 1 et with lleadwa 11 s 
- Bevel [dged Inlet with Wingwalls 

Program #7 - Tapered Throat Inlet 

Pipe Culverts 
Program #13 - CMP with Projecting Edges 

- CMP in a Headwall 
- CMP or Cone. with type A Bevel 
- CMP or Cone. with type B Bevel 

Program #14 - CMP or Cone. with Standard End Section 
- Cone. with Square Edges in a Headwall 
- Cone. with a Projecting Socket End 

Cone. with a Socket End in a Headwall 
Program #15 - CMP with a Tapered Throat Inlet 
Program #16 - Cone. with a Tapered Throat Inlet 

Enter: l. B = (For Boxes Only) ------

6. 

2. 
3. 
4. 
5. 

D = ------N = EL.I-NL~E-T_= ___ _ 
D1-M EL. = ----

Enter Read 
Q EL.FACE, 

EL.THROAT 

Read Read 
FALL Hf' Ht 

Read 
1-W EL. 

Inlet type ----------------
I I 

Inlet type_· ______________ _ 

I I 
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Enter 
6. Q 

····-~--

STEP #4 
INLET CONTROL: DESIGN AND PERFORMANCE 

(CONTINUED) 

Read Read Read Read 
EL. FACE, FALL •1r,, Ht HW EL. 
EL.THROAT 

Inlet type _______________ _ 

I I 

Inlet type ______________ _ 

I I 

Inlet type ---------------
I I 

Inlet type ---------------
I I ' 

87 

COMMENTS 



STEP #5 
CONVENTIONAL INLETS 

Use Program #5 

Enter: l. D = 4. SFU = 

2. s = 5. L = 
0 

3. FALL = 

Read: ADJ.S = 
ADJ.L = 

STEP #6 
CREST EVALUATION 

Use Program #6 

Enter: l. Q = 6. sf = 

2. D = 7. ADJ .L = 

3. B or Bf = 8. ADJ.S = 

4. s = 9. N = 
0 

5. Kw EL = 10. EL.OUtLET = 

Read: H = WT= 
C 

cw = WA = 

STEP #7 
INLET CONTROL, OUTLET VELOCITY 

Box Culverts - program # 11 
Pipe Culverts - program #19 

Enter: 1. Q = 4. n = 

2. D = 5. s = 

3. N = 6. B = (Boxes Only) 

. Read: V = 
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STEP #5 
SIDE-TAPERED INLETS 

nox C11l verts - Use Pro~ram #8 

Enter: ,. Q = 

2. D = 

3. N = 

4. Ht = 

5. ST = 

Boxes 

10. B = ---
11. EL. THROAT = ---

Read: Boxes 
INLET TYPE: SQ.ED., BV~ED. 

ADJ.S = -----
ADJ. L = -----
Bf=-----­

Ll = -----­

EL. FACE = ----

Pipe Culverts - use program #18 

Enter: ,. EL. THRO/i.T = 

2. ADJ.S = 

3. s = 
0 

Read: ADJ.L = 

6. s = 
a 

7. FALL = 

8. 5FU = 

9. L = 

Pipes 

10. E = __ _ 

Pipes 
SELECT INLET TYPE 
PROJ., SQ.ED., BV.ED. 

ADJ .s = 

B = 
f 

L = l 

4. 

5. 

6. 

EL.FACE= 

----

FALL = 

L = 

Ll = 

CREST EVALUATION AND OUTLET VELOCITY 

Go to Step 6 previous page 
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STEP #5 
SLOPE- TAPERED INLETS 

Program #1J 
Enter: 1. D = 5. 5FU = 

2. L3 = 6. EL.FU = 

3. s = 7. s = 
0 f 

4. EL.OUTLET = 8. EL.THROAT= 

Select Inlet Type: Vertical Face, Mitered Face 

Read: A0J.S = 

A0J.L = 

EL.FACE = 

Program #10 
Enter: 1 • Q = 

2. D = 

3. L3 = 

4. N = 

Select Inlet Type: 

Read: Bf= 

Read: H = 
C 

L4 = ____ _ 

L2 = ____ _ 

5. B = 

6. 1-M.EL. ::± 

7. EL. FACE = 

8. L = 2 

9. L4 = 

Square Edges, Beveled Edges 

ST= 

STEP #6 
Mitered Face Crest Evaluation 

cw = 
ST= 

STEP #7 
INLET CONTROL OUTLET VELOCITY 

Box Culverts - Program #11 
Pipe Culverts - Program #19 

Enter: l. Q= 4. n = 
2. D = 5. S = 

(for pipe 

3. N = 6. B = ___ (Boxes only) 

Read: V = 
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EXAMPLE PROBLEMS 
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BOX CULVERT EXAMPLE NO. 1 

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

Slope of stream bed (S ) = 0.05 ft./ft. 
0 

Allowable Headwater Elevation= 200 

Elevation Outlet Invert= 172.5 

Culvert Length = 350 ft. 

Downstream channel approximates an 81 wide 
trapezoidal channel with 2:1 side slopes and 
a Manning's 11 n11 of 0.03. 

Requirements: This box culvert will be located in a rural 
area where the allowable headwater elevation 
is not too critical; that is. the damages are 
low due to exceeding that elevation at infrequent 
times. Thus, the culvert should have the smallest 
possible barrel to pass the design Q without 
exceeding the Af-M EL. Use a reinforced 
concrete box with n - 0.012. 
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Disc #2 A-29 
STEP #1 

CALCULATE TAILWATER 
Use Program #1 

Enter: l • n = 0.03 (channel) 

o.os 2. s = 
0 n and S l 

3. BW = 8 TW 0 

4. z = 2 
l BW 

5. z = 2 
2 

Enter Channel 
6. Q TW, Based on dn Velocity COMMENTS 

tooe 3~52- [8.~0 Pe.s t9N F{ol0 

600 2-72 t <:,,45 
800 3~15 ~7.80 

l2CO :3~85 l'?, 84 

STEP #2 
DETERMINE CULVERT LENGTH 

Use Program #2 

· Enter: 1. S = 0.05 
0 -----

2. SFU = __ 3_: _I --

.3 .. , I 3. SFD = ____ _ 

4. EL.FU = l C/ 0,78 
5. EL. FD = I l \ . 44 

Enter 
6. D L EL. INLET EL.OUTLET COMMENTS 

5 35~.s \ 90. \ tlZ,3 · 
~ 350.4 l90.0 172.s 
7 344.2 tSC/.9 \12,7 
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STEP #3 
DETERMINE AN ACCEPTABLE CULVERT SIZE 

Use Program #3 for Box Culverts 
Use Program #12 for Pipe Culverts 

Enter: l. Q = \ 000 -----
2. N = l -----
3. ke = 0.2 (beve\eded3e) 
4. n = o.Ol2 -----
5. TW = 3.52. ----

6. Enter 
B - for Box or 7. Enter 8. Enter 9. Enter 
~ ~ Ra fo-r-~ D EL.OUTLET L 

Read. 
1-W .EL. COMMENTS 

" 5 \72.3 35b .S 2.. l5. l &')(c..eeds De 
~ 

7 
1 

Read 

6 l 72-5 350.4 2-03.2. \{ l 

' 

~ ll2-5 350A- \Cf5,CI OK < 2J CO++. 

d = 
C 

H = 

7 i--r2.-r 344.2. l9 l ,9 
(Relood 7Ylo Oo.tQ hs-t-o Ca.\c0\0,+0Y) 
8.bl 
\1.4i 

V = 2.3. 8 for Outlet Control 

OUTLET CONTROL PERFORMANCE 

l. Enter 5. Enter Read 
0 TW HW EL. COMMENTS 

Cc,00 2.72.. lt:fl-.17 

800 3. lS , 8<1,'=,4 
\000 3.52. l9.5,9 l 
(200 .3.85 2..03~57 

(P\o-t: q vs. t\W, El.) 
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STEP #4 
INLET CONTROL: DESIGN AND PERFORMANCE 

Box Culverts 
Program #4 - Sq1:1al"e Edged IF11et with Head~~alls 

- Sq1:1are Ee§ed lRlet with Wingwalls 
- Bevel EElged IRlet 1t~itR HeaE:1\t~alls 
- Bevel Edged Inlet with lfingwalls 

Program #7 - Tapered Throat Inlet 

rts 
- CMP with Projectin 

in a Head 
· A Bevel 
B Bevel 

Program,,# 14 ndard End Sect ion 
es in a Headwall 

ocket End 
c. with a S eadwall 

- CMP with a Tapered 
- Cone. with a Tapered 

Enter: l. B = 7 (For Roxes Only) 
2. D = __ ..,..G'-----
3. N = ' \ 
4. EL I.,..,..NL-E"""T-=-'-----l q--o--
5. DHvJ EL. = 200 

Enter Read Read Read 
6. Q EL.FACE, FALL Mf, X 

El: .~IHHMf 

\000 \'T7.3 I \ 2.:7 I 2.2., 

Fa I I t-oo \ct;pe 
+r/ +q·peve \r-.)e.,-f-

I YOO. r-+-

\000 \ &4, I I 5 .S{, I \5-8~ 
eoao 
BOO 

\Z.00 

95 

Read 
H.-J EL. 

200 

2.00 

t 93." 
\C1f,.4 
204.5 

COMMENTS 

l="vc rv1 c.u rve 
\-,t C ct t-J b_e -

+ha.+2.'5 10-f 
~LLcct...ibe 



Enter 
6. Q 

\000 
'=>OO 

8CO 
l200 

STEP #4 
INLET CONTROL: DESIGN AND PERFORMANCE 

(CONTINUED) 

Read Read Read Read 
Ela FACE, FALL ~, Ht HW EL. 
EL.THROAT 

l 8\. Co I 7,4 I '2_2., 197,5 
(5,q+-2,5) \91. \ 

l <l3.Cf 
2-02,0 

Inlet type ___________ _ 

r I 

Inlet type ___________ _ 

I I 

Inlet type ___________ _ 

I I 

96 

COMMENTS 



c-

STEP #5 
SIDE-TAPERED INLETS 

Box Culverts - Use Program #8 

Pi PQ Cul \l&rts Us0 J'lrO§rafR #17 

Enter: l • Q = (000 

2. D = ~ 
3. N = 

4. H = 22.t 
t 

5. ST= 4~ \ 
Boxes 

10. B = 1 
11. EL. THROAT = \ 8 Lb 

Read: Boxes 
INLET TYPE: -SQ.ED •• ~ 

ADJ .s = 0.02.,z. 

Enter: 

Read: 

ADJ .L = 3~8.~ 
,.8 Bf= ____ _ 

Ll = __ \_, (o __ 

EL.FACE = t81.f>4 

2. ADJ.S = 

3. S = 
0 

----

6. 

7. 

8. 

9. 

EL. FACE = 

CREST EVALUATION AND OUTLET VELOCITY 

Go to Step 6 previous page 
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s = 0.05 
0 

FALL= -r,.4 

5FU = 3 

L = 350 

V. ED. 



Enter: 1 • 

2. 

3. 

Read: 

D = 

s = 
0 

FALL = 

STEP 115 
CONVENTIONAL INLETS 

SUP #6 
CREST EVALUATION 

Use Program #6 

Enter: l. Q = 1000 

2. D =- (o 

3. ~B = f 
1.S 

4. s = 0.05 
0 

5. 1-W EL = l9r.5 

Read: H = <o.2.8 WT= 
C 

22..45 cw = WA= 

STEP #7 

6. 

7. 

8. 

9. 

10. 

8J 
Sle2.. 

INLET CONTROL~ OUTLET VELOCITY 

Box Culverts - program #11 
Pi pc Gbll ¥er:ts pro§ra1,, #19 

Enter: 1. Q = \000 4. n = 0,0(2.. 

2. D = f> 5. s = O,OZl 

3. N = \ 6. B = 7 
Read: V = 3l.C, tps. 
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sf = 3~ l 

ADJ.L = 3f>8 .. ~ 

AOJ.S = 0,02.7 

N = t 

EL.OUtLET = l7Z.S 

(Boxes Only) 

/ 
( 

/ 
i. 
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CONCLUSIONS 

Since the requirements called for the smallest 
possible reinforced concrete box culvert, the 
barrel should be a single 71 by 61

• 

Selection oif the inlet would be based on cost. 
The additional 2.5 1 of FALL gains 110 cfs at the 
A~M EL. of 200 ft. It appears that a side- or 
slope-tapered in1et which would meet the design 
requirements would be adequate and the least 
expensive. 

Examination of the outlet shows that it will not 
be the governing flow regime above the AHE EL. up 
to about EL. 205 unless the additional 2.5 1 of FALL 
is applied. 

100 
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Given: Design Discharge (Q) = 150 cfs, for a 50-year 
recurrence interval 

Slope of stream bed (S ) = 0.05 ft./ft. 
0 

Allowable Headwater Elevation= 100 

Elevation Outlet Invert= 75.0 

Culvert Length= 350 ft. 

Downstream channel approximates a 51 wide 
trapezoidal channel with 2:1 side slopes and 
a Manning• s 11 n11 of 0.03. 

Requirements: This pipe culvert will be located in a suburban 
area where the allowable headwater elevation 
may be exceeded by 2 to 3 ft. ·without extreme 
damage. However, headwater elevations greater 
than 103.0 ft. should be avoided for flows 
significantly higher than the design Q of 150 cfs. 



Disc #2 A-29 
STEP #1 

CALCULATE TAILWATER 
Use Program # 1 

Enter: 1 • n = C>.03 ( c~annel) 

2. s = 0~05 
0 n and S l 

3. BW = 5 0 

4. z = 2, 
l BW 

5. z = 2 
2 

Enter Channel 
6. Q 1W, Based on dn Velocity COMMENTS 

90 I. 2.1 \0.03 

l20 t,4\ l'O.SC, 

\50 \ .58 \ l .. 5C, 

\80 l~-74 1 z.. \ 9 

STEP #2 
DETERMINE CULVERT LENGTH 

Use Program #2 

Enter: l. s = o.os 
0 

2. 5FU = 3:' 
3. SFD = 3 ! l 

4. EL.FU= 93.02 

5. EL. FD = 74.29 

Enter 
6. D L EL.INLET EL.OUTLET COMMENTS 

3,5 353,53 'tZ,Sb 74.91 
4,0 350.45 c,2.so 75.00 

4.5 347.38 </2,43 75.0C/ 
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ST[P #3 
DETERMINE AN ACCEPTABLE CULVERT SIZE 

Use Pro9raA:1 #'3. for aox ,wl vert, 
Use Program #12 for Pipe Culverts 

Enter: l • Q = 

2. N = 

3. k = 
e 

4. n = 

5. TW = 

6. Enter 
B ifel" Be~E el" 
alpha for Pipe 

\ I \2 

Read 

H = 

V = 

\50 

l 

0.25 

0.02.4 

\.58 

7. Enter 8. Enter 9. Enter 
D EL.OUTLET L 

3,5 74,9\ 353.53 
4.0 75.0 350.45 

\5.79 

\2.45 for Outlet Control 

OUTLET CONTROL PERFORMANCE 

Bevee IGe ,. Enter 5. Enter Read ~ 
0 TW ~ EL. 

C/0 \ .·2\ 84--tl~ 
\20 \.41 82,.8() 

\So \ .St) 94,(:,2 
\90 l-74 10!.bS 
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Read. 
H..J .EL. 

COM~rHa ~ 8ev 1e_ 

\09.81 ~eds A.H~ 
'14.f>Z Ok 

COMMENTS 

84.3~ HW.EL. 
89, \5 S9vc 

95,\1 

tozA4 

• 



STEP #4 
INLET CONTROL: DESIGN AND PERFORMANCE 

Pipe Culverts 
Program #13 GMP ~~it~ Projectili§ EEl§es 

- CMP in a Headwall 
- CMP or Cone. with type A Bevel 
- CMP or Cone. with type B Bevel 

Program #14 GMP er CoRc ■ with Standard [nd iection 
Cone. with ~qyare [dges in a Headwill 
Gone. with a Projecting Socket [nd 
CeRC ■ with a Socket Ena iii a Headwall 

Program #15 - CMP with a Tapered Throat Inlet 
Program #16 Gene. wi tt:1 a Tapered Tl:iroat Inlet' 

Enter: l. B • (For Boxes Only) 2. D = __ 4 ___ _ 
3. N = I 
4 •. EL.I.,..,,NL~E=-T--=-q...,,..2_,.5..,,_o,=-. 
5. DKw EL. = __._i_0_O_ 

Enter Read Read Read 
6. Q EL.FACE, FALL Hf, Ht 

Et. Tl IRSA=i= 

In 1 et type CM P 11'-J Q.... H-ecl d Wd \l 

\50. 91.43 I \.07 I 8.s, 
\:='ALL \S \requ\V·-ed 
~ beve\ed ~c½Je 

Read 
1-W EL 

\00 

Inlet type CMPw\-th \ype"A." Beve) 

\50 . 9Z. ·z(o I 0.2.4 I -r.74 -too 
tv11t--.lov- FA.LL \S r-e-9u\ved 
-tY)/Type.. crB'' Bevel 
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COMMENTS 

t=='~LL Req . . 

~/\LL Req . 



Enter 
6. Q 

lSO 

qo 

\'2-0 
tE2;0 

\50 

9D 
vzo 
\60 

ISO 

90 
\20 

l80 

-

STEP #4 
INLET CONTROL: OE~IGN /\NP PERFORMANCC - ----t?\11\rTullfT\) ---- -·-· --- . 

Read Read React Read 
EL.FACE, FALL Hf. Ht tt,.J EL. 
Et.fH~elfrif 

92.50 I 0 I ~-88 9C/. 3'8 

R '-' tJ f=)e~-f'ovW\a tJ c.._e c..u vv e Cfb.87 
cLt-Jdlys\5 ,$ proce_ecl t-o 1 98.00 
c~eck +hvoai-+~ \t-JI~ lO\.0 I 

c,2.so I 0 I (o -~2 9q. l 2. 

lri a__ 3.S 1 Dtcrn.efev <t6.9q 
98.00 
~00.42... 

9 l.7"7 I 0.1c, I a.2-3, \00 

t-Jo+e: Lu \vey"r l:5 IN ou+lef-- cuo.75 
COJTm\ w \-th D\~ ~ 3 .. 5' C/8.20 

l02.LI 

Inlet type -----------
I I 
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COMMENTS 
. 

OK-Use 

Ok 

. 



STEP #5 
CONVENTIONAL INLETS 

Enter: 1. 4. SFU = ------

2. s = 
0 

3. FALL = 

Read: ADJ. S = 
ADJ.L = 

Use Program #6 

Enter: 1. Q = 

2. D = 

3. B or Bf= 

4. s = 
0 

5. 

Read: H = 
C 

WT= 

WA = 

STEP #7 

5. L = 

8. 

9. 

10. 

----
----

--+----

= 

INLET CONTROL, OUTLET VELOCITY 

Box Culverts pro~raffl fll 
Pipe Culverts - program #19 

Enter: 1. Q = l 50 
2. D = 4 -----
3. N = -----

Read: V = \S.5'=, 

4. n = 0.024 

s. s = 0.0S 

6. B • ___ (Boxes Only) 
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CONCLUSIONS 

From the performance curves, beveled edges meet 
the Af-M EL. of 100 ft. and Q = 150 cfs. While 
the use of a side-tapered inlet would increase 
Q to 173 cfs at the AI-MEL. = 100 ft., in both 
cases the FALL= 0, it appears that the beveled 
edge inlet would be sufficient and the least 
costly in this case, since the culvert performance 
curve does not exceed 103.0 ft. until Q is 183 cfs. 
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PIPE CULVERT EXAMPLE NO. 3 

Given: Design Discharge (Q) = 150 cfs, for a 50-year 
recurrence interval 

Slope of stream bed (S ) = 0.05 ft./ft. 
0 

Allowable Headwater Elevation= 96 

Elevation Outlet Invert= 75 •. 0 

Culvert Length= 350 ft. 

Downstream channel approximates a 5' wide 
trapezoidal channel with 2:1 side slopes and 
a Manning's "n" of 0.03. 

Requirements: Hydrologic estimates are accurate and exceeding 
the M-M EL. at higher discharges is not important 
at this site. Therefore, use the smallest barrel 
possible. 

The outlet control curves of problem 2 are 
applicable in t~is situation. The 48 11 C.M.P. is 
the smallest barrel which will meet the AHW EL. 
of 96.0 and Q = 150 cfs. 

From the inlet control curves, it is clear that 
a FALL must be used on the tapered inlet to meet 
the AHW EL. Try a side-tapered inlet, with FALL, 
and a slope-tapered inlet. 
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Disc #2 A-29 
STEP #1 

CALCULATE TAILWATER 
Use Program # 1 

Enter: 1. n = 0.03 (channel) 

2. s = 0.05 
0 

3. BW = s 1W 

4. z = ·2 
1 

5. z = 2 
2 

Enter Channel 
6. Q 1vJ, Based on dn Velocity 

90 L2. \ l0.03 

l 2.0 \ ,4 1 l 0.8'i 
--

lSO l ,-58 l \ .59 

l80 l.74 l 2. l9 

STEP #2 
DETERMINE CULVERT LENGTH 

Use Program #2 

Enter: ·1. S0 = _0_.0_5 __ 

2~ SFU = __ 3_'_. _\ __ 
3 ·. \ 3. SFD = ____ _ 

4. EL.FU = 93.02 -----
5. EL.FD = 74._2.9 -----
Enter 

6. D L EL.INLET 

3.5 353.53 ct2.. 5" 
4.0 350.45 92,50 -
4.5 34,.38 q2,43 
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EL.OUTLET 

74,91 · 

75.00 
"15.09 

n and S 
0 

BW 

COMMENTS 

( 

COMMENTS 



STEP #3 
DETERMINE AN AC1CEPTABLE CULVERT SIZE 

Use Pro§raffi #6 for Box Gul¥ef'ts 
Use Program #12 for Pipe Culverts 

Enter: 1. Q = \SO -----
2. N = ' -----
3. ke = 0 .. 2.5 ( Beve\ed ~¾e) ) O~ 5 (~ua ve b.4Jc-) 
4. n = 0-024 -----
5. 1W = LS8 -----

6. Enter 
B = for Box or 7. Enter 8. Enter 9. Enter 
alpha for Pipe D EL.OUTLET L 

CMP 

\. \ 2. 

Read 

d = 
C 

H = 

V = 

3.5 
4.0 

3 -~Cc, 

l5.19 
[2.45 

74.9 \ 353.53 
75.0 350.45 

for Outlet Control ----

OUTLET CONTROL PERFORMANCE 

Beve.\e 1q.e ,. Enter 5. Enter Read -

0 1W HH EL. 

C/0 \ .2.1 84. \ Co 
\ZO l ,4\ 88.80 
l50 \ .58 94rb2-
\SO \.74 ~O( .~5 

111 

Read. 
f-W .EL. COMME{ff~ d 

~ve e 6 
lOC,. 87 ~-,<.~eds ~ 
q4_bz <nk 

Sq VC\)1e.. 6 ,q e 
-

COMMENTS 

S4.3~ 
'oq r l 5 
<t5..\1 
~OZ-44 



STEP #4 
INLET CONTROL: DESIGN AND PERFORMANCE 

hroat I 

Pipe Culverts 
Program #·13 GMP witl:i ProjectiR§ E:d§es 

GMP in a ~eadwill 
GMP or Gone. h'ith type A Bevel 

- CMP or Cone. with type B Bevel 
Program #14 GMP or Gone. with Standard End Sectign 

-Cone, wiH1 Square Edges in a Head\,'all 
Cone. with a -.0 rojectir:1-9 Sockit End 

- tenc, with a Socket E:nd in a Meadwall 
Program #15 - CMP with a Tapered Throat Inlet 
Progra1:il #16 Gone. -with \Y +ai,eFed n1roat 1n·1et 

Er.t~r: 4. B .. ______ (For Boxes 9fl-l-;+ 
2. D - ~ 
3. N = ---,---

4. EL.INLET= 92,5 
5. Df-M EL. = q7S .O 

Enter Read Read Read 
6. Q EL.FACE, FALL Hf, Ht 

', EL.THROAT 

rM P -r {(B'' Inlet type '- 1 ype 

lSO. <o9, i2 I 3 .. 38 I ~.ss 
90 Tri -t-'qf)ev-ed +hv0ctT 
l20 

\~O 

LSO 89.38 I 3tl2 I G:,.~2 

90 Plot Perlbvf"f\arJ<-e. 
\20 

\80 

112 

Read 
H.-J EL. 

G/f>,0 

q3,49 
cr4,bZ 
C/7.~3 

q (o.0 

93.'B7 
q4t88 
C/7.30 

COMMENTS 

Use 

' i 
\ 



Enter 
6. Q 

J ' 150 I 

90 
\·20 

\80 

\ 

STEP #4 
INLET CONTROL: DESIGN AND PERFORMANCE 

(CONTINUED) 

Read Read Read Read 
EL.FACE, FALL Hf, Ht l¼J EL. 
EL.THROAT 

'8.Fi, rc,3 I 2-81 I <o.37 9~,00 

<::>. 25 \e-5S \=ALL I us1j Q 93,85 
cot-Jccete .Slc\e-t~ 94.88 
tr.Jle-t 97.2'=> 

Inlet type ___________ _ 

r I 

Inlet type ___________ _ 

l I 

Inlet type ------------
1 I 
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STEP #5 
SIDE-TAPERED INLETS 

Pipe Culverts - Use program #17 

Enter: l. Q = lSO 

2. D = 4 
3. N = I 

4. H = (,,f,2 
t 

5. ST= 4; \ 

Read: Boxes 
INL TYPE: SQ.ED., 

AD .S = ------

Pipe Culverts - use program #18 

Enter: l • EL.THRO/l.T = B9.38 

2. ADJ.S = o.0402 

3o s = 
0 

0.05 

Read: ADJ. L = "356. 84 

6. s = 0.0.5 
0 

7. FALL= 3, \2. 

8. SFU = 3: \ 
9. L = 350.45 

Pipes 

10. E = 4.4 

Pipes 
SELECT INLET TYPE 
PROd., SQ.ED., BV.ED. 

ADJ .s = o. 04oz 
B = 

f 

L = 
1 

4. 

5. 

6. 

EL. FACE = 

FALL= 3. \2 

L = 350.45 

Ll = \. \8 

eq.43 

CREST EVALUATION AND OUTLET VELOCITY 

Go to Step 6 previous page 
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Enter: l. 

2. s = 
0 

3. FALL 

Read: 

Use Program #6 

Enter: 1. Q = 

2. D = 

= 

STEP #5 
CONVENTIONAL INLETS 

STEP #6 
CREST EVALUATION 

\ 50 
4 

. 3. B or Bf = 4.59 
4. s = 0.05 

0 

5. 1-W EL = 96.0 

4. 

6. 

7. 

8. 

9. 

10. 

Read: H = 3.01 WT= \.i5: l 
C 

Cw = t 0.14 WA = 4\0 

STEP #7 
INLET CONTROL, OUTLET VELOCITY 

Box Cul ve1·ts • p1 og1 "m #11 
. Pipe Culverts - program #19 

Enter: 1. Q = lSO ----- 4. n = 0.024 

sf = 3: \ 

ADJ.L = 3Sf,. 84 

ADJ. S = 0.0402. 

N = I 

EL.OUtLET = -zs.oo 

2. D = 4 5. s = 0 ,0402... -----
(j 

3. N = ----- 6. B - --- (Boxes 0n1J') 

Read: V = l4, \j 

I 5 \ 11 



STEP #5 
SLOPE-TAPERED INLETS 

Program #9 
Enter: 1 • D = 4 5. SFU = 3 

2. L = 3 
2 6. EL. FU = 93.02 

3. s = 0.05 7. s = 3:. l 
0 f 

4. EL.OUTLET = 75.0 8. EL. THROAT = 89.38 

Select Inlet Type: Vertical face, Mitered Face 

Read: ADJ. S = 0.04l4 

ADJ. L = 347.3'1 
EL. FACE = qo,q1 

Program /!10 
\50 Enter: l. Q = 5. B = 4 

2. D = 4 6. f-M .EL. ;: 96.0 

3. L3 = z 7. EL.FACE= 'iO, '11 
4. N = 8. L2 = 4,'19 

9. L4:: 6.32 

Select Inlet Type: ·Sqt:1are [d!jes, .Beveled Edges 

ST= \5:f: \ 

STEP #6 
Mitered Face Crest Evaluation 

Read: H = 5.09 
C 

cw = 4. <oz. 
ST= O 

STEP #7 
INLET CONTROL OUTLET VELOCITY 

Box Culverts - Program #11 
Pipe Culverts - Program #19 

Enter: 1 • Q = 150 
2. D = 4 

4. n = 0.02..4 
5. s = 

(for pipe use D) 

3. N = I 6. B • (BeMes 6Rly) 

Read: V = 14.31fps 
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CONCLUSIONS 

Selection of a side- or slope-tapered inlet must 
be based on economics, as either will perform the 
required function. Additional FAls is not warranted 
at this site. Face design was selected to pass 150 cfs 
at the AI-M EL. = 96.0. 

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

DERIVATIONS OF EQUATIONS 

USED IN PROGRAMS 
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PROGRAM #2 

EL.EU-~L.FD 
So 

I 

/ o✓s~+l 

/_j_ 

The ~quat1on for thP. fill slope (11n0 a) 1sr 

1 
D 

Similarly, the ~quat1on for the chann~l slop~ (11nP- b) is, 

At the race of thP. culvert, the difference b~tweP.n thP.s~ two 

equations ~quals the height of the culvert. 
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( 

PROGRAM#2 (cont) 

So1v1ng for the unknown valuP. X1 

For the downstrP-am condition, a s1m1lar valu~ for X would b~; 

Multiplying th~se values by the channP-1 slopP- will give the 

chan~~ 1n elevation across the distance x. From this,the inlet 

and outlet e1P-vat1ons can be determined. 

l<;L. INLF:T 

~L • OUTLE'I' 

From these two valuP-s, the culvert length can be determined. 

(l!:L.INLET-EL.OUTL.l!:T) ✓s~+l 
L • 
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PROGRAM #9 

---' ~nJsg+1 ) 

L ll 
. -- _ _jj t 

There are three unknowns to be solved for 1n this program. 

ADJ.L, ADJ.S, and the vertical distance y. Knowing that thP. 

FALL 1s the difference between the inlet and face elevations, 

an expression for y can be obtained. 

Using a r1s~/run re1at1onsh1p, the value of ADJ,S becomes, 

ADJ.S - (LSo/~)-FA~~ • LSo-FALL~ 
(L/.Js~+l) +ySFu ·t+ysFUJsr➔t 

122 

( 

( 

t 



PROGRAM #9 (cont) 

Due to thP. complexity of these two equations they are solved 

by a trial and ~rror method by the calculator. 

OncP. the adjustP.d slope is found the adjusted length can be 

obt~1nP.d by multiplying the difference 1n elevation between 

thP. face inv~rt and the outlet invert by the coseeant of thP. 

adjusted slope. 

ADJ.L 

PROGRAM #10 

- FALL)(JADJ.S2+1) 
ADJ.S 

- - ____ So ----- -ADJ.L ADJ.S --- -

i----------- Lo----------~•! 

HW ~L. 

t 
XSf f f-D ~ -2 

ADJ .s --.. 

ADJ.L 
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PROGRAM #10 (cont) 

From the diagrams the value of L0 oan be detP.rm1ned. 

+ --;:::A::::::D:::::J:::::.::;L;:=::: 
JADJ .s2+1 

Sine~ thP. valuP. of X 1s also an unknown, an P.Xpression for it 

is also rP.qu1rP.d. Summing vertical d1stancP.s producP.s; 

(½D+ADJ.L)ADJ.S 
= XSf + ---;==::;;::=-­

./ADJ.S2+1 

Combining thP.se two equations, an expression for L0 without thP. 

value of X in it, is obtained. 

Lo= 
(Sr-ADJ.S)(½D+ADJ.L) 

Substituting this value in an expression for H0 i 

He= HW EL. - EL.OUTL~T - So(Sr-ADJ.S)(½D+ADJ.L) 
(Sr-So) ✓ADJ.s2+1 

The crest width can be calculated using this value of H0 • 

The formula relating crest width to the depth of water at the 

crest is taken from the references and is not derived here. 
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PROGRAM #10 {cont) 

I __ ___,_l 
CW 

L 
BxN 

·f 

From th1s diap:ram, thP. wingwall taper 1s detP.rm1ned. 

WT= (Lo-L/✓ADJ.S2+1 
(CW-BxN}/2 

ThP- wingwall angle is just 90° - the arctangent of the wing­

wall taper. 

PROGRAM #14 

---

in..tNLET 
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PROGRAM #14 (cont} 

...,_ ____ ySFU -----;-

--

/1 

I 

v 

\ 

EL • OUTLB."T' 

Th~ formulas given here are similar to those given in program 

#9, P-xcept a new unknown L1 has been introduced, The meaning 

of FALL has changed also. It now equals thP. difference between 

thP P.l~vation of the inlet and the elevation of the throat. 

The expressions for y and ADJ.Snow equal, 

ADJ.S = LS 0-FALL~+L1ADJ.S.rsg:;::i 

L+YSpu.Js~+l 

Sub~t1.tutin@-'s 

0 • ( FALL + o✓sg+1 - D../ADJ .s2+1 )SpuADJ .s.Js~+l ·- LSO 

+ FALL✓S~+l - L1ADJ ,s✓s~+l + LADJ .s - L1,ADJ .s2spu.Js~+l 
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PROGRAM #15 

The ad~usted length computations used in pro~ram #15 can be 

derived usin~ the diagrams of prQgram#14. Once the adjusted 
-

slope is calculated by program #14, it is used by this program 

to find thP nP.w culvert length. 

As was thP case in program #9, thP adjusted length is the 

product of the cosecant of the adjusted slope and a difference 
·, 

in elevations. In program #9, the difference was between the 

face invert elevation and the outlet invert elevation. For 

this program the difference is between the throat invert and 

the outlet invert. Although this difference in definition 

exists~ it has little effect on the formula below. This 

di ff Prence is :resolv~a by:· the two different definitions of 

thP FALL. In program #9, the FALL is the difference in elevation 

between the inlet invert and the face invert. In program #15, 

it is the difference in elevation between the inlet invert and 

and the throat invert. After the culvert length is found, 

the length of the improved inlet is subtracted off. 

ADJ.L = ( LSo 
✓sg+1 

Sliding back up the adjusted slope from the throat section, 

~L.FACE =EL.THROAT+ ½_ADJ.S 
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PROGRAM #V, 

----------EL.FU-EL.OUT _______ _ 

L3 
so 

EL.THR-EL.OUT 
L2 ------ -----~ ADJ.S 

-------
EL.FU --------

EL.THROAT 
Detail EL.OUTLE'!'/ 

/ 
I 

ADJ.S_ 

ThP. P-quation for thP fill slope (line a) is, 

Similarly, the equation for the channel slope (line b) iss 
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PROGRAM #16 (cont) 

At the face of the culvP,rt, the difference between the~e two 

equations equals the he1ght of the culvert. 

Solvin~ this exprPssion for L4r 

From the first diagram, it can be determined that, 

L,2 EL.FU-EL.OUT L L EL.THR-E;L,OUT 
: S0 - 4 - 3 - ADJ.S 

By summing measurements in the vertical direction, the following 

expression was obtained. 

l!:L. THR 

Combining these last three equations, an expression for the 

adjusted slope can be obtained. 

+ EL.THR-EL.OUT _ oJADJ.s2+1 _ EL.THROUT 
SrADJ,S 
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PROGRAM Hl? 

~L.FU 

Detai 

a.L.FU-.t!.L.OUT 1-4-------- so 

---
---

J.;;L THROAT 

ADJ .s-

---
---

The equation for th~ f111 slope (line a) iss 

Similarly, the equation for the tall slope (line b) is, 
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PROGRAM #17 (cont) 

At the facP. of the culvert, the difference between th.-.sfr! two 

~quat1ons P,quals the hP-1ght of the culvert face. 

Solving this expression for L41 

Prom th~ first diagram on the previous page; 

IJ 2 
-a:L.FU-EL.OUT L

4 
L EL.THR-EL.OUT 

= s O - - 3 - . ADJ • s 

By summing the measurements 1n the vertical direction, the 

following expression was obtained. 

~.THR 

Combining these last three equations, an expression for the 

adjusted slope can be obtained. 
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PROGRAM #18 

For the dP,r1vations of the equation~ for L2 and L4 refer to 

the derivations for program #16. 

ThP n.FACE equation can b~ tak@n th~ d1.agrams of p:r-ogrs:m 

#16. ThP- ADJ.Lis Aqua.1 to th@ cosecant of the adjust~d slop~ 

timPs thP, changP. in el~vation b~tween th~ throat s~ction and 

th~ outl~t sP.ct1on. 

PROGRAM #12, 

Ref.,r to the derivation equations for program #17 for an 

explanation of how L2 and L4 w~re obtt;1.ined. 

ThP, ~.FACE equation can be taken from th~ diagrams of program 

#17. ThP ADJ.Lis equal to the cos~cant of th@ adjusted slopfll! 

timP.s the ehange 1n elevation b@tw@@n th~ throat invert &nd 

th~ outl~t invert. 
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