
i 

llydraulle De•ign of Iaproved Inlet• for 
Cul•erta tJaing Pr09r •.1uble Calculators 
Texa■ In•trnenta (TI-59) 

(O.S.) Pederal Highway Mainiatration 
Wahington, DC 

Jan 81 

,. 
I .... 

PBll-11213' 



Techn:col leeport Docu-ntotlon Poi• 
.. 

1. ·•PO" No. 2. Gover"'"•"' Acc•••ion No. :I. R•cip,ent' • Cetalo9 No. 

FHWA-EPD-86-118 
A. Title and ~1,1b11,le !. Repqrt Dote 

Hydraulic Design of Improved Inlets for January 1981 
Culverts Using Progran111able Calculators,(TI-5q) 6. p.,,.,.;,,, o,...,, ... , ... c .... 
Calculator Design Series (CDS) No. 3 

I. Porlor111in1 Or1et1i1oti•" Ro,.,t No. 
7. Author' 1) 

P. Wlaschin and P. L. Thompson 
9. Perform1n9 Or9gr111gt1an Nam• 1111d Addreal 10. Wo,k Un,t No. (TRAIS) 

Office of Engineering, HNG-31 
Federal Highway Administration 11. Cofttr1ct or Grent No. 

400 7th Street, SW. 
Washington, D.C. 20590 13. Type of Report ond Period Covered 

12. S,o"aorino A1•"•Y Nome ond Add,011 

I•. Sponurin9 A91ncy Code 

15. Supplomo"tary No•n 

16. Ab•••••• 

This manual provides progra11111able design procedures for both box and pipe culverts 
with either conventi ona 1 or improved inlets, for the Texas Instruments, TI-59 
calculator. 

The same terminology and algoriti1ms used fo "The Design of Improved Inlets for 
Culverts" (HEC No. 13) are used in these programs. 

Each program listed in the manual is accompanied by an explanation and an 
illustration of its use. 

l1u1\"i!r"r~1 lmproved Inlet, Irlet Control, 11. t•trilouti~ Si••n1111 Th1 s doc1,ment is res r ct ons. 
Outlet Control, Tl 59 available to the public through the 

National Technical Infomation Service, 
Springfield, Virginia 22161 . . 

It. S.C.,,;ty Cleuif, lol th;a ~•I ». S.e,,,ity Cl111il. lel thi1 , ... 1 21. No. •f ...... 22. l"roce 

Unclassified Unclassified 144 
Pena DOT f 1700.7 11-121 1t ....... ctl1M of ..,.letetl , ... 1111therlaetl 



TABLE OF CONTENTS 

PAGE 

Introduction ...• . . . . . . . . . . . . . . . . iii 

Prograi11Limitations .......•........ v 

List of Symbols ..........•....•.. vii 

Program Outlines: Box Culverts 

Program Outline: Pipe Culverts 

. . . . . . . . . . 

. . . . . . . . . . 
Program Index . . . . . . . . . . . . . . . . . . . 
Programs ..•.• 

Storage Registers 

. . . . . . . . . . . . . . . . . 

Worksheets ••• . . . . . . . . . . . . . . . . . . 

X 

xi 

xii 

1 

82 

83 

Example Problems .....••..•.•...... 92 

Appendix . .....••..••.•...•...• 119 

References . . . . . . . . . . . . . . . . . . . . . 133 



INTRODUCTION 

The progrr:1rnatJle calc.ulator dS a culvert designing tool offers ,,,any desirable 
fec1tures. Compared ~,; th the hand method, the calculator is more accurate, 
lc!>s time ccnsuming, and eliminates all the searchin9 through charts and 
na11oyraphs. In on<! quarter of the time it takes to design one culvert by 
hand, the designer could use the calculator to de~ign the culvert, chec~1ng 
four or five different sizes to find the best one, while also evaluating 
c:everal 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 methcd offers a segment by segment design 
approach. This method al lows the culvert design paramete.-s to be changed 
as the design is proceeding along. 

The procedure herein covers both box and cir~ular pipe culverts and follows 
the culvert design methods presented in "llydraul ic Design of Improved 
Inlets for Culverts," Hydraulic Engineering Circular No. 13 (HEC 13), dated 
August 1972. The programs begin with the canputation of tailwatcr, 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 velo~ity. 

Si nee the procedure is subdivided into a series of programs. the designer 
may enter the sequence at any point, provided the necessary input data i~ 
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 ca 1 cul ator he may have ava i 1 ab 1 e. 

Tenninology 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 Mr. Philip L. 
Thompson and typed by Ms. Barbara Driver. 
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PROG~AM LIMITATION 

When computing headwater depths, tlf and tit• the upper and lower limits 
for these values dre 4.5 D and 0.5 o. These limits indicate the range over 
which research was performed on these culverts. Because polynaninal 
best-fit equations are used to produce the chart values frooi IIEC 13, values 
outside these limits can be obtained. Since the programs do not check for 
these conditions. it is left to the designer. 

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

In programs for circular pipes where dn/0 is greater than 0.89, the 
program assumes the pipe to be flowing full in calculating the outlet 
velocity. 

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

ln the design of slop~-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 
and6:1. 

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

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

In addition to th<"! design l imHat ions given previously for box culverts 
with slope-tapere<I 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 ,·,ith 
sides equal to the diameter of the pipe-culvert. 

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

V 



Tt-e design of rnult iple barrels for circular culverts using slore-tapered 
improved inlets can be performed the sc1me as that for box culverts except 
the center wall must be flared in order to provide ,1dequate space between 
the pipes for proper c01npact ion of the back fil 1. The amount of fl arc 
required will depend on the size of the pipes and the construction techniques 
used. An alternative would be to design a series of individu,1; circulc1r 
culverts with slope-tapered inlets. This pennfts the use or an unlimited 
number of barrels and the design programs are applicable. 

The ~in9wal l flare angles used in side-tapered inlets are limited fran 15° 
to 26° with the top edge beveled. and fran 26° t.o 90° with or without 
bevels. 

The socr-et entrance used in these programs refers to the bell and spigot 
type vf pipe. 

A 11 the di mens ions used in these programs are in English units. The programs 
require all of their inputs to be in this type of fonnat. 

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

These programs do not Lheck 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= aivide, 
SRT = square root and PI = the Greek symbol for pi. 

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

A 

a 

AUJ.L 

Alpha 

b 

Hf 

BW 

C 

cw 

D 

d 

d 
C 

DIM n. 
d 

n 

d2,d3,d4 

Ynlli 
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 flow 

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 metal 

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 

r4onna 1 depth of fl ow 

Variable depths of flow 
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Synibols 

[ 

[l,FAC[ 

EL.FD 

EL.FU 

EL. IN 

El,OLJT 

EL.TIIR 

FALL 

g 

II 

"c 
II 

e 

1-M [L. 

Units 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft/scc2 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

LI ST OF SYtt30LS 

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 slcpe at the 
downstream end of tne 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 out1et 

Invert elevation of the culvert throitt sect ion 

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 entranc~ to a culvert 

Entrance energy loss coefficient 

The length of the culvert, measured along the barrel 
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Symbols 

Ll' L2 
L3, L4 

N 

n 

Q 

R 

r 

so 

ST 

TW 

V 

WA 

WP 

WT 

X 

v. y 

z 

~ 

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 SYf130LS 

Description 

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

Number of culvert barrels 

Manning's roughness coefficient 

The volume rate of flow 

llydraul ic radius 

Variable parameter equal to the absolute 
value ?f the difference between the flow 
depth in a pipe culvert and the radiu~ 

Slope of the culvert barrel 

Downstream fill slope 

Upstream fill slope 

Slope of FALL for slope-tapered inlets, 
(ratio of horizontal to verticalj See design sketches 

Slope of the natural channel 

Sidewall taper 

Tailwater depth at the culvert outlet 

Hean velocity of flow 

Wingwall taper angle 

Wetted perimeter 

Wi ngwal l taper 

Variable parameters used to simplify 
calculatior,s 

Variable parameters used to simpl;fy 
calculations 

Parameters used to indicate the equations 
of various slope lines 

Variable parameter used t~ ~implify 
cal cul at ions 

Side slopes of a channel section 
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l'IHIGIH\M Oll l_lJJ~I 

I\. llor. Cu 1 vcrt ~ Prosram I 

l. Tailwater ~alculations 1 

l. Culvert Length 2 

3. Culvert Size 3 

4. Outlet Control: Perfonnance Curve J 

5. Outlet Control: Outlet Velocity J 

6. Inlet Control: Perfonnance Curve 4 

a. Square Edge wtth lleadwalls 
b. Square Edge with Wi ngwal ls 
c. Bevel Edge with Headwalls 
d. Bcve 1 Edge wi tit Wi ngwa 11 s 

1) S1 ope and Length llrljustments ~ 
2) Crest [valuation 6 

e. Tapered Throat Sections 7 

1) Side Tapered: Square Edges 
2) Side Tapered: Bevel Edges 

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 



PROGRAM OUTU N[ 

tt. r;pc Culverts 

1. Tailwater Calculations 

2. Cul vcrt Length 

3. cr;tical Depth 

4. Culvert Size 

5. Outlet Control: Perfonnance Curve 

6. Outlet Control: Outlet Velocity 

7. Inlet Control: Perfomiance Curve 

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

1} Slope and Length Adjustments 
2) Crest £valuation 

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

l) Side Tapered: Projecting 

3
2) 5ide Tapered: Square Edges 

) Side Tapered: Bevel Edges 

a) Slope and Length Adjustments 
b) Crest Evaluation 

4) Slope Tapered: Vertical Face 
S) Slope Tapered: Mitered face 

rr-ogram I 

1 

2 

12 

12 

12 

12 

13 
13 
13 
13 
14 
14 
14 
14 

5 
6 

15 
16 

17, 16 
6 

a) Slope and Length Adjustments 9 
b) Face Diinensions 10 
c) Crest £val1ation 10 

8. Inlet Control: Outlet Velocity 19 



PROGRAM l NDEX 

#1. tlonna l Depth ..... . . . . . . . 
n Culvert Length . 

13. Box Culvert: Outlet Control Perfomance. 

#4. Box Culvert: Inlet Control Perfonnance ... 

#5. Inlet Control: Slope and Length Adjustments. 

#6. Crest Evaluation ..... . 

17. Box Culvert: Throat Control Perfonnance. 

#8. Box Culvert: Side-Tapered [nlet Dimensions 

#9. Slope-Tapered Inlet Dimensions ....... . 

#10. Slope-Tapered Face Dimensions .... . 

111. Box Culvert: Inlet Control. Outlet Velocity 

#12. Pipe Culvert: Outlet Control Perfonnance 

#13. Pipe Culvert: Inlet Control Perfonnance I . 

114. Pipe Culvert: Inlet Control Perfonnance I I 

2 

5 

8 

13 

20 

23 

26 

30 

36 

41 

47 

49 

S!i 

55 

#15. Pipe Culvert: Throat Control Performance I 66 

#16. Pipe Culvert: Throat Control Performance II . 66 

117. Pipe Culvert: Side-Tapered Inlet Dimensions . 71 

118. Pipe Culvert: Side-Tapered Length Adjustments. . . 77 

119. t'ipe Culvert: Inlet Control, Outlet Velocity . . . 79 
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PROGRAM 11 - NORr-lAL DEPTH 

The ta1lwater depth is rcQ~ircd in calculating the perfonnance of a 
culvert. This tailwater vepth fs used fn 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 chanflt!l. 

Progran 11 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 v~rious 
shapes are dimensioned as foll01-1s: 

triangular 

EQUATIONS 

Q • 1.486 AR.• 67 S •5 
0 

n 
dn 

A• on {BW + 2 {Z1 + z2)) 

w 
t--1'W---i 

rectangular 

WP• BW + dn [ (Z~ + 1)" 5 + (Z~ + 1) 05] 

R • -~ 
~~ 

V • Q/A 

2 

trapezoidal 



INSTRUCTIONS 

#1 Load program #1 

#2 Press Label A 

#3 lnter: 1. n - Manning's roughness coefficient for the str'!am 

#4 Read 

CARD FORMAT 

I , I 

NORMAL DEPm 

START 

2. S0 - Slope of natural channel 

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) - Nonnal depth n 

V - Channel velocity 

TEXAS INSTRUMENTS 

3 

[I] 

#1 

U9.59 



LISTING - PROGRAM #1 

LBL rnv RC* 8 OP 28 RTN LBL LNX SBR INV OP 1 SBrt INV OP 

2 seR rnv OP 3 SBR INV OP 4 MV OP 5 RTN LBL A ci xh 
l STO 9 $TO 07 STD l:l SBR LNX ADV 5 1 0 2 STO O RCL 

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

51 R/5 OP 6 STO 6 FIX 4 CLR xh RCL 7 X { RCL 3 + RCL 7 

DIV 2 X ( RCL 4 + RCL 5 = STO 0 DIV RCL 3 ♦ P.Cl 7 X 

( ( RCL 4 x2 + l ) SiiX + ( RCL 5 x2 + l ) SRX x2 X ., = y ., 

1/X X RCL 0 X RCL 2 SRX X l . 4 8 6 DIV RCL l - RCL 6 = EE 

IHV [[ X=T l 84 EXC 10 - RCL 10 .. X=T 84 1/X X RCL 10 X 

RCL 9 " STO 9 INV SUM 7 GTO 0 77 SBR LNX 2 1 3 7 FIX 2 OP 

4 RCL 7 OP 6 SBR 0 13 2 l 6 3 3 6 OP 4 P.CL 6 DIV RCL 0 

OP 6 INV FIX SBR LNX SBR UIX ADV 5 1 0 7 OP 04 1 5 

STO 08 6 GTO 0 72 ( 237 PROGRAM STEPS) 

DATA REGISTERS - PROGRAM #1 

11. 3132353013 20. 2732152437 

12. 2700161733 21. 4500243600 

13. 3723002000 22. 2132350032 

14. 3322300002 23. 3723173500 

15. 1523133131 24. 1624361523 

16. 1727001017 25. 1335221736 

17. 3337230024 26, 1731371735 

18. 3600000000 27. 21273243 

19. 1727004217 28. 3513371700 

29. 15213600 

4 



PROGRAM 12 - 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 bo,: and pipe culverts can be evaluated by this program. 

The necessary input data are indicated in the diagrMI below: 

D 

L 

~ 
E'L.QUTt,;,T 

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 ass\llled to be vertical. 

EQUATIONS 

L • (EL.INLET - EL.OUTLET) 
2 .s 

(S + 1) 
0 
s 

CL. WLET • EL. FU - 0 SO SFU 
0 ? .s 
(S .. -t- 1) 

0 ---.... ,.--so-5F_U ___ _ 

The derivations of these equations are found tn the appendix. 
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INSTRUCTIOUS 

I 1 Load program #2 

12 Press Label A 

13 [nler: 1 . s 
(J 

2. 5FU 

3. 5FD 

- Slope of natural channel 

- Upstream fill slope 

- Downstream fi 11 s1 ope 

4. EL,FU - Upstream fill catch point elevation 

#4 P.ead: 

CARD FORMAT 

I , I 

5. EL.FD - Downstream fill catch point elevation 

b. D - Height of culvert 

L - Culvert length 

El.In - Inlet elevation 

El.Out - Outlet elevation 

HXAS INSTRUMEfffS [I] 

CUL VERT LENGTH #2 

479.59 

START 

6 



LISTING - PROGRAM 12 

Lill INV RC* 8 OP 2H IHtl LIJL LNX SBR INV OP 1 SBR INV OP 2 

Sim JIIV 01' 3 ',l!R INV OP 4 ADV OP 5 RTN LBL CE 2 1 3 7 FIX 

2 01' 4 l<tL 7 or 6 JHV FIX RTN LBl CLR ( RCL 1 x2 + 1 ) 

SRX X RCL 6 X P.Cl l X RTN LBL A 6 xh 1 STO 09 1 1 STD 

8 RCL 14 CXC 15 STO 14 SBR LNX EXC 15 STO 14 1 l STC 8 ADV 

5 l 0 2 STO 0 RCL 0 OP 4 RCL 9 X•T l 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 ( I + 

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

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

X ( RCL 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 1 ADV OP 5 SBR CE SBR LNX SBR LNX ADV 5 1 0 7 OP 04 l 1 

STO 08 6 GTO l 20 ( 237 PROGRAM STEPS) 

DATA REGISTERS - PROGRAM# 2 

11. 1541274217 20. 3241372717 

12. 3537002717 21, 2132350016 

13. 3122372300 22. 2421211735 

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 



PROCRAM #3 - BOX CULVERT: OUTLET CONTROL PERFORMANCC 

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

In determining the best box culvert size, the designer 111.1st 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 des·lgn headwater elevation is then made. The designer then 
adjusts the trial hefght 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 deteniined, various flow rate values, along 
with the corresponding ta11water depths, can be placed into the 
calculator to obtain the perfonnance curve headwater elevations. 

The formula used for the outlet control outlet velocity ts si~ply 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 
1s larger. However, if this depth is found to be greater than the 
height of the box culvert. then the box culvert height is used as the 
depth of 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 diagran indicates the location of the energy losses 
associated with the culverts operation. 

8 



EQUATIONS 

"e "' ke v2 /2g 

H a 29n2 L V2/2gR413 
f 

II = V2 /2g 
V 

II = H + Hf + H e V 

= (1 + k + 29n2L ] (_g_)2 

e 80 4/3 DBN 
<2tB+D)) Ty 

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

IW EL. = H + d2 + EL.OUTLET 

2/3 
de = o.315(½-l 

V=i"t 
3 

d3 = de or 1W, whichever is largest, not to exceed D 

IHSTRUCTIONS 

fl Load program 13 (2 cards) 

12 Press Label A 

#3 Enter: 1. Q - Flow rate 

z. N - Number of barrels 

3. ke - Entrance loss coefficient 

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

5. 1\f - Tailwater depth 

6. B - Culvert width 

7. D - Culvert height 

8. EL.OUTLET - Outlet elevation 

9. L - Culvert length 

9 



Read: IW. EL. - Headwater elevation 

#4 Press Labe1 B 

Read: de - Critical depth 

#5 Press Label C 

Read: H - Total head loss 

lb Press Label D 

Read: V - Outlet velJcity 

,i] Press Label E 

Enter: Q - Flowrate 
TW - Tailwater d~pth 

Read: Krl EL. - Headwater elevation 

CARD FORt-'AT 

I , I TEXAS INSTRUMENTS CT] 

BOX: OUTLET CONTROL PERFORMAt,cE 13 

479.59 

START de H VELOCITY PERFORMANCE 

I ~ I TEXAS INSTRUMENTS [D 

DATA - PROGRAM f3 ! 
I 

I 

479.59~ 

I 
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Ll~TING - PIWGkflM 13 

Lill mv RC· U OP 7.0 RTN LBL u:x HIV FIX SBR IN\' OP 1 SBR ltlV 

01' 2 SCR INV OP 3 SBR INV OP 4 ADV or S RTN LBL C[ RCL l 

~IV RCL 2 DIV RCL 6 = yX 2 DIV 3 ) X. 3 l 5 ; RTN LBL 

CLR 2 1 3 7 Fix 2 OP 4 RTH LBL X~T ( + 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 OIV 3 ) ) X ( RCL l 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 1 50 X~T + RCL 7 = DIV 2 = 

xh RCL s X>T 64 X~T STO 10 SBR LNX SBR CLR SB?. 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 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 l l 2 OP 

4 xh oP 6 srn 11 1 6 sro o ssR x2 sBR LHX ssR LNX p.vv 

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

LNX SBR CLR SBR CE OP 6 r.TN LBL C 3 2 STO O SBrt LNX SBR CLR 

SBR Xtr or 6 Rnt L&L D 4 4 STO O SBR LNX RCL 48 OP 4 SBR 

cc xtr RCL s n:v or 3 11 xh RCL 7 INV l~T 3 18 

X~T X RCL 6 X RCL 2 OIY RCL l • 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 { 383 PROGRAM STEPS) 
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DATA REGISTERS - PROGRAM f3 

12. 1541274217 31. 2436000000 

13. 3537003624 32. 3732371327 

14. 4617002000 33. 8023171316 

1 ~- 33l2300004 34. 8027323636 

1 f>. 2317131643 35. 8024360000 

17. 1337173500 36. 3317352132 

H~. 1727174213 37. 3530133115 

19. 3724323100 38. 170015413~ 

20. 2132350030 39. 4217000000 

21. 3235170036 40. 1731371735 

22. 2446173600 41. 0065346500 

23. 1731371735 42. 1331160065 

24. 6514570016 43. 3743650000 

25. 5700172740 44. 3241372717 

26. 3241370013 45. 3700421727 

27. 3116002765 46. 3215243745 

28. 1535243724 47. 0024360000 

29. 1513270016 48. 216336 

30. 1733372300 
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PROGRAM 14 • BOX CULVERT: INLET CONTROL PERFORMANCE 

This program evaluates the hydrau11t performance of four dif1erent 
inlet configurations. A detailed explanation of the geOl!letry of these 
inlets is depicted i~ the diagrams bel~: 

Square Edged Inlet 'llith Headwalls 

90° and 15° W1ngwalls. 
Square Edges 

tteadwal 1s - Nonnal or Skewed to 45°, 
Square Edges 

Square Edged Inlet with 30° - 75° Wingwalls 

Wingwalls 30° - 75° Flare, Square tdges 

13 



1:1 Bevel Edied Inlet with Headwalls 
(Note: varia 1e bevet on acute angle of skewd headwall} 

1:1 Bevel Ed¥ed Inlet with 45° Wingwalls or 
1 l/2:1 Beve Edged Inlet with 186-33.76 W1ngwalls 

For whichever inlet is chosen, the progran calculates the depth of the 
water at the face of the culvert. This vo1ue is then added to the 
culvert inlet invert elevation. If this 51111 1s 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 @levatton ts 
subtracted from the inlet invert elevation. This new elevation is now 
called the elevat1on of the face. For the culvert to operate properly. 

14 



the inlet 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. 

No FALL Required 
Cl.IN+ Hf< AI-MEL. 

• AR'II P.!'L 

FALL Requfred 
El. IN + Hf ~ AI-M EL. 

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, 
before considering the affects of inlet control and FALL, can be taken as 
the •inlet elevation.• 

The progran 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 perfonnance 
of the inlet for other flow rates can be detennined. In perfonning the 
perfonnance evaluation the calculat~r detennines the headwater elevation 
for any given fl ow rate. 

Whenever applicable. a bevel edged inlet ts 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 



EQUATlONS 

A-28 

EL.FACE c Dfll EL. - Hf (with FAI.L) 

= EL. Ir!LET (without FALL} 

~ EL. = EL. FACE + Hf 

FALL ,. EL. FACE - EL. INLET 

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

X = Q/(BND105 } 

Square Edged Inlet with Headwalls 

Hf = D(0.122117 + 0.505435X - 0.108560X2 + 0.02070809X3 - 0.00136757JC4 

+ 0.00003456X5} 

Square Edged Inlet with Wingwalls 

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

+ 0.0000380X5) 

Bevel Edged Inlet with Heddwalls 

llf = D(0.1566086 + 0.3989353X - 0.064039ZX2 + 0.0112013SX3 • 0.0006449X4 

+ 0.000014566X5) 

Bevel Edged Inlet with Wingwalls 

llf = 0(0.089S633 + 0.4412465)( - 0.0743498X2 + 0.01273183X3 - 0.0007S88X4 

+ 0.000017745) 

INSTRUCTIONS 

fl Load program #4 (2 cards) 

12 Press Label A 

13 Enter: 1. B - Culvert width 
2. D - Culvert height 
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3. N - Number of barrels 

4. EL.INLET - Inlet elevat;on 

5. OIW [L. - Oes;gn headwater elevat;on 

6. Q - Flow rate 

C4 Select inlet type 

Label A' - SQ. Edge w/Headwa l ls 

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

Label C' - Bevel Edge w/Headwalls 

Label D' - Bevel Edge w/Wingwalls 

Read: El.FACE - Elevation of face 

FALL 

IS Press Label D 

Read: llf - lleadwater depth 

16 Run Perfonnance Elevation 

Press Label E 

Enter: Q - Flow rate 

Read: •w EL. - Headwater el evat ;on 

17 



CARD FORMAT 

I I I T[XAS INSTRUMENTS CI:] 

BOX: I rlLET CONTffllL PERFORMANC[ #4 

S W/H S W/',1 BW/H B W/W 319.79 

START tM [L. FALL llf PERFORMANCE 

I ~ I TEXAS I NS TRUHE lffS C!:J 

DATA - PROGRAM #4 

319.79 

LISTING - PROGRAM #4 

i BL INV • X RCL 7 + LBL LNX RC* 8 OP 28 RTN LBL CC ltlV FIX 

SBR LNX OP l SBR u~x OP 2 SBR LNX OP 3 SBR u,x OP 4 ADV OP 

5 RTN LBL CLR EXC 8 Xff SBR CE 2 1 3 7 FIX 2 OP 4 X~T 

STO 8 RTN LBL xh RCL 6 DIV RCL 3 DIV RCL 1 DIV ( RCL 

2 yX 1 . 5 = S,O 7 SBR LNX SBR INV SBR INV SBR INV SBR INV 

SBR IKV = X RCL 2 • XST 6 INV SUM 8 X~T STO 9 RTN 

LBL A O STO 8 SBR CE ADV 7 Xtr 1 STO 09 5 l O 2 STO 

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

GTO 1 24 OP O SBR O 26 CLR Rm LBL B 6 4 SBR CLR SBR x~ 

+ RCL 0 • OP 6 RTN LBL A' 1 0 + LBL B' 1 0 + LBL C' 1 0 

+ LBL D' 1 6 • ST0 a SBR CE 6 8 SBR CLR SBR x~ xtr RCL 5 

• RCL 4 • X~T z 08 XU +/- + RCL 5 • STO 0 OP 6 LBL C 7 

SBR CLR RCL 4 - GTO 1 61 LBL 0 7 6 SBR CLR SBR X~ 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 ( 261 PROGRAM STEPS) 

18 
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DATA REGISTERS - PROGRAM #4 

10. 1432446200 45. o.on4927 
11. 2431271737 46. 3634400017 
12. 15323137 47. 1640004363 
13. 3532270000 48. 2317131643 
14. 2431271737 49. 1327273600 
15. 37453317 so. 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. a .000014s66 65. 1337173500 
31. -0.0006449 66. 1727174213 
32. o. 01120135 67. 3724323100 
33. -0.0640392 68. 172717 
34. 0.3989353 69. 4213372432 
35. 0.1566086 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 17. 1316431337 
43. -0.117474 78. 1735001617 
44. 0.507087 79. 3337230000 
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PROGRAM f ~ - WLET CONTROL, SLOPE ANO LENGTH ADJUSTMCNTS 

Once a culvert has been des1gned to operate in inlet control with 
FALL, an adjustment must be made to both the s1 ope and the length of 
the original culvert. The need for a slope adjustment results from 
the lower;ng 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 1~ lowered the culvert must 
be lengthened so the top of the culvert inlet again intersects the 
fi 11 s1 ope. 

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

-----

JtL.1'1.P.T 

JtL.P'ACR 

-----
--

- ----
--

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 111easurements. 

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 perfonnance of this weir construction is evaluated 
in another program. 
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EQUATIONS 
LS - FALL (S2 + 1)•5 

ADJ. S • -----.. .......... 0---~----"o ______ __, _________ __,_ 

L + SFU (S! + 1)"5 (FALL+ O[(S~ + 1)• 5 - (ADJ.s2 + l)"S)) 

ADJ.L • 
LS 

( 2 o 5) - FALL 
(So + 1)" 

(ADJ.S 2 + 1)'5 
AbJ.S 

The derivations of these equations are found in the appendix. 

INSTRUCTION 

#1 Load program #S 

#2 Press Label A 

#3 Enter; 1. D - Culvert height 

2. S0 - Channel slope 

3. FALL 

4. SFU - Upstream fill slope 

S. L - Culvert length 

Read: ADJ.S - Adjusted slope 

ADJ.L - Adjusted length 

CARD FORMAT 

I 1 I TEXAS INSTRUMENTS 

INLET CONTROL: SLOPE & LENGTH ADJUSTP£NTS 

Start 

21 
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LISTl!IG - PROGRAM f5 

LBL INV RC• 8 OP 28 RTN LBL LNX ( x2 + 1 ) SRX RTN LBL CE 

SBP INV OP 1 SDR INV OP 2 SBR INV OP 3 SBR INV OP 4 OP 5 

HTrl LCL A INV FIX 6 X~T 1 STO 09 1 1 STO 8 ADV SBR CE 

SBR CE NJV 5 1 0 2 STO 0 RCL 0 OP 4 RCL 9 X•T 0 83 R/S OP 

ST* 9 OP 29 OP 20 GTO 0 62 1 STO 0 CP FIX 6 RCL s X RCL 

- ( RCL 2 SBR LNX X RCL 3 = DIV ( RCL 2 SBR LNX X RCL 6 

X RCL 4 + RCL 5 STO 7 SBR LNX X RCL l +/- + RCL 3 + ( 

RCL 2 SBR LNX X RCL 1 = - RCL 6 - EE INV EE XsT 1 76 EXC 

- RCL 10 ~ x~r l 76 1/X X RCL 10 X RCL O = STO O INV SUM 6 

CTO O 87 RCL 7 XF NJV SBR CE X~T PRT SRR LUX DIV RCL 7 

X ( RCL 5 X RCL 2 DIV RCL 2 SBR LNX - RCL 3 • FIX 2 X~T 

6 

2 

10 

ADV SBR CE 2 l 3 7 0 0 OP 4 X~T OP 6 RTN ( 222 PROGRAM STEPS) 

DATA REGISTERS - PROGRAM I~ 

11. 2431271737 
12. 15323137 
13. 3532276200 
14. 3627323317 
15. 1331160027 
16. 1731223723 
17. 13162541 
18. 3637400000 
19. 3723170013 
20. 1625413637 
21. 1716003627 
22. 3233170064 
23. 3723170013 
24. 1625413637 
25. 1716002717 
26. 3122372300 
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PROGRAM 16 - CREST EVALUATION 

If not properly designed, the trAAsit1on section between the streambed 
and the culvert entrance could adversely affect the operation of the 
culvert. To insure that the culvP.rt operates in the proper manner, 
this progrilll computes the required inlet dimensions. 

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

The diagrams below indicate the dimensions detem1ned by the program. 

(CV) 
Crest 
V1dth 

t 

Vlngwall An~le 

Taper 

PrN 
t 
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For convent 1onal culverts. the culvert width is in1mt as item ,:~. When ,1 
side tapered inlet is used. the fdcc width value is input for pronpt 13. 

EQUATIONS 

He • tt.t EL. - EL.OUTL£T - S
0

(Sf - I\OJ.S)(D/2 + ADJ.L) 

cw = __ Q...,,....-:
(2H )1.5 

C 

L - L 
WT= o (Adj.S2+l)"5 

(CW - RN)/2 

WA= 90° - ARCTANGENT(WT} 

(Sf-So) (Adj. s2+1)" 5 

The derivations of these equations are found ~n the appendix. 

rnsTRUCTIONS 

fl Load program 16 

II~ Press Label A 

,3 Enter: 1 • Q - Flow rate 

2. D - Culvert height 

3. B or Bf - Culvert width or face width 

4. S
0 

- Channel slope 

5. I-Iii EL. - Headwater clevat ion 

6. sf - FALL s1 ope 

7. ADJ.L - Adjusted length 

8. ADJ.S - Adjusted slope 

9. N - Number of barrels 

10. EL.OUTLET• Outlet elevation 

Read: He - Crest height 

CW - Crest width 

WT - W f ngwa 11 taper 

WA - Wingwall angle 
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CARD FORMAT 

I 1 I TCXAS INSTRUMENTS [!J 

CREST CONTROL EVALUATION 16 

479.!>9 

Start 

LISTIIJG - PROCRAM # 6 

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

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

+ l ) SRX = RTN = X~T SBR LNX RCL 29 FIX 2 OP 4 X~T 

OP 6 RTII LBL A rnv FIX l O STO O SBR ItlV OP 1 SBR LNX 

OP O ADV S l O 2 STO 00 9 X~T 1 STO 9 RCL O OP 4 RCL 

9 X=T 1 01 R/S OP 6 ST* 9 OP 29 OP 20 GTO O 80 R/S X~T 

5 1 l 2 OP 4 X~T OP 6 PRO 03 1 0 ; R/S X~T RCL 26 

OP 4 X~T OP 6 INV SUM 05 1 4 STO O RCL 7 SBR O 27 STO 

9 + ( RCL 2 DIV 2 SBR O 27 X ( RCL 6 • RCL B = DIV ( 

RCL 6 - RCL 4 • rnv s~ 9 X RCL 4 +/- + RCL 5 SBR O 38 

X ' .. yX 1 . 5 • 1/X X RCL 1 SBR 0 38 - RCL 3 = OIV 

2 DIV RCL 9 +/- ,. 1/X CP XlT 2 10 0 X~T SBR LNX RCL 27 

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

0 44 CLR RTN ( 234 PROGRAM STEPS) 

DATA REGISTERS - PROGRAM 16 

10. 1535173637 21. 1327270037 
11. 15323137 zz. 1333173500 
12. 3!132270017 23. 4324312243 
13. 4213274000 24. 1327270013 
14. 1536173637 25. 3122271700 
15. 23172422 26. 510201 
16. 2337000000 27. 620002 
17. 1535173637 28. 161722 
18. 43241637 29. 213700 
19. 2300000000 
20. 4324312243 
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PROGRAM 17 - BOX CULVERT: THROAT CONTROL PERFORMANCE 

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

Like the improved ;nlet programs, throat control programs often can use 
FALL to increase the flow capacity of a culvert. The following diagrams 
describe the throat control inlets. 

HW EL 

\EL.TBllQAT KL.THROAT 

ELEVATION VIEW 

PLAN VIEW 

SIDE-TAPERED INLET SIDE-TAPERED INLET 
NO FALL. AfW EL. > .... EL. WITH FALL, ~ EL • .i tM .EL. 
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SLOPE-T~P[RED INLET 
VCRTlCAL F ACC 

ELEVATION VIEW 

PLAN VIEW 

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 minillUII of 1/4 D and a 
maximum of 1 1/2 a. If the upper 11m1t 1s exceeded. a larger size should 
be evaluated. If the mfnfml.111 value is not achieved. the presence of FALL 
will not 5i9nificantly increase the capacity of the culvert. 

The designer should be aware that a small error results in the computation 
of the FALL. The progran 1ss1.1nes that the elevation of the inlet and the 
elevation of the throat are equal before determining the value of the 
headwater elevation. This ass1J11ption is false and a small difference equal 
to the channel slope times the vertical distance between the inlet and the 
throat section. is present. Thts vertical distance ts an unknOIIIII value and 
is deten11ined 1n a later program. By understandirlg this error, a correction, 
1 f necessar11 • can be made. 
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EQUATIONS 

LLTIIROAT = DIM EL. - tit (with F/ILL) 

= EL. INLET (without FALL) 

IM [L. = [L. THROAT + lit 

FALL= EL.INLET - EL.THROAT 

1\ = D(0.1295033 + 0.3789445X - 0.0437778X
2 

+ 0.00426329X3 
- C.000106358X4) 

X = Q/{NBD 105
) 

INSTRUCTIONS 

# l Load program 17 

#2 Press Label A 

#3 [nter: 1. 8 - Cul~ert width 

2. D - Culvert height 

3. N - Number of Barrels 

4. EL.INLET - Inlet elevation 

5. DIM EL. - Design headwater elevation 

6. Q - Flow rate 

Read: EL. TIIROAT - Throat elevation 

FALL 

#4 Check FALL limitations for slope-tapered inlet 

1/4 D .i FALL .i 1 1/2 D 

15 Press Label D 

Read: Hf - Headwater depth 

36 Run Perfonnance evaluation 

Press Label E 

Enter: Q - Flow rate 

Read: tw EL. - Headwater elevation 
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CARD FORMAT 

I , I TEXAS 111S TRUME NTS [!] 

BOX: nlROAT CONTROL PERFORMANCE #7 

. 47'1.59 

Start 1M EL. FALL Ht Performance 

LISTING - PROGRAM #7 

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

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

3 7 FIX 2 01' 4 RTN LBL CLR 1 9 STO 8 RCL 6 DIV RCL 

3 DIV RCL DIV ( RCL 2 yX 1 . 5 • STO 7 SER LUX SBR 

mv SBR INV SBR INV SBR INV = X RCL 2 = STO 9 RTN LBL 

0 STO 8 SER CE SBR CE ADV INV FIX 7 XF 1 STO 09 5 1 

0 2 STO 0 RCL 0 OP 4 RCL 9 X•T 1 30 R/S OP 6 ST* 9 OP 

29 OP 20 GTO 1 09 SBR CE SBR CLR X~T RCL 5 - RCL 4 "' 

X>T 1 45 X~T +/- + RCL 5 = STO 0 OP 6 LBL C OP 00 2 1 

1 3 2 7 2 7 OP 2 SBR 0 30 RCL 4 - GTO l 88 LBL B 2 

STO 8 SER CE SBR CLR + RCL 0 "' OP 6 RTN LBL D RCL 24 

OP 2 RCL 25 OP 03 1 6 1 7 3 3 3 7 2 3 SBR 0 28 SBR 

CLR OP 6 RTN LBL E 2 7 STO 8 SBR C[ 6 "' R/S PRT STO 6 

SBR B GTO E ( 239 PROGRAM STEPS) 

DATA RtGISTERS - PROGRAM 11 

10. 3723353213 
11. 3700153231 
12. 3735322700 
13. 3713331735 
14. 1716002431 
15. 2717370000 
16. 1727174240 
17. 32210037 
18. 2335321337 
19. -0.0001063S8 

20. 0.00426329 
21. -0.0437778 
22. 0.3789445 
23. 0.1295033 
24. 2317131643 
25. 1337173500 
26. 1727174240 
27. 1731371735 
28. 21273243 
29. 3513371700 
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f.BQ.GRAH f8 - BOX CULVERT: SIDE-TAPERED INLET Ol~NSIOr•s 

This program continues with the des1gn of a culvert operating in throat control. 
The• 1let dimensions for either a square or bevel edged face can be obtained. 

Inlets wiich fall into the square edged catageory include those with wingwa11 
flare angles from 15° to 26° with only a top beveled edge and those with 
•ingwall flare angles fram 26° to 90° with all edges squared. These inlets 
are shown be 1 ow. 

IN !L 

ELEVATION VIEW 

PLAN VIEW 

15° to 26° W1ngwa11 Flare 
Top Edge Beveled - No FALL 

30 

26° to 90 W1ngwa11 Flare 
All Edges Square - With FA11 



The bevel edged inlets have w1ngwa11 flare angles of 26° to 45° with top 
edges beveled or inlets with w1ngwa11 flare angles of 45° to 90° with both 
top and side edges beveled. For further details, refer to the d1agr•s 
belrw. 

HW!L. RV EL. 

ELEVATION VI Of 

4(o 

!r 

PLAN VIEW 

26° to 45° Wfngwall Flare 
Top Edge Beveled - No FALL 
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45° to 90 Wingwall Flare 
Top and Sides Beveled - FALL 



This protrasn detennines f;ve different inlet dimensions for a side-tapered 
inlet. These are the adjusted culvert slope, the adjusted length. the 
culvert face w;dth, the inlet length, and the elevation of the face. The face 
width and inlet length are a direct result of using the s;de-tapered inlet. 
The chanyc in slope, length and face el£vat1on are a result of using FALL in 
the inlet design. 

The adjusted length co1Y1puted 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 perfonn better 
than the design w;11 indicate. With this larger value the design w;11 be 
conservative. 

The value for the inlet length detennined by this program is a horizontal 
m()asur<!Cl1ent. The values of culvert length and the adjusted culvert length 
are both culvert di stances measured along the culvert barrel. 

EQUATIONS 

(ADJ.S)l • L1ADJ.S (S2+1)" 5 + S l - FALL (S2+1)•
5 - (FALL+ D[(S2+1)" 5 

0 0 0 0 

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

L1 = (Bf - BH)ST/2 

Hf= Ht - L1 (ADJ.S) 

X .. Hf/0 

Square Edges 

Bf= Q/(0105(-1.219 + 4.3X - 0.6153X2 
+ O.OZ73X3 + 0.00274)] 

Bevel Cdges 

Bf= Q/(D1"5(-1.13607 + 0.0256923X4 
+ 0.12128X2 - 0.205339X3 

+ 0.0256923X4)] 

Bf. L1 and ADJ.Sare c0111puted simultaneously by trial and error. 

S L 
ADJ.l • [ z o S - FALL] [(ADJ.s2 

+ 1)"
5
] _ L (ADJ.s2 + 1)"5 

(S
0 

+ l)" ADJ.S 1 

[L.FAC[ •EL.THROAT+ L1ADJ.S 

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

#1 

12 

13 

Load pro9ra.n #8 (2 cards) 

Press Label A 

Enter: 1. Q - Flow rate 

2. D - Culvert height 

3. r: - Number of barrels 

4. I\ - Headwater depth at the throat 

5. ST - Sidewall taper 

6. S - Channel 
0 

slope 

7. FALL 

8. SFU - Upstream fill slope 

9. L - Original culvert length 

10. B - Culvtrt Width 

11. EL.THROAT - Throat elevation 

14 Choose inlet type 

Label B - Square ~dges 

Label C - Bevel edges 

IS Read: ADJ.S - Adjusted slope 

AOJ.L - Adjusted length 

Bf - Face width 

L1 - Inlet length 

EL.FACE - Face elevation 
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CARD FORMAT 

( 1 I TEXAS INSTRUMCNTS [I] 

BOX: SIDE-TAPER£() IHLCT DIMENSIONS #8 -
479.59 

Start SQ.CDGES BV.EOGES 

3 TEXAS INSTRUMENTS [TI 

DATA-PROGRAM I 8 

479.5!) 

LISTING - PROGRAM #8 

LBL INV " X HCL 10 + LBL LNX RC* 0 OP 20 RTN LBL CE mv 

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

ADV OP 05 2 1 3 7 FIX 2 OP 4 RTN LBL CLR ( RCL 6 x2 

+ 1 ) SRX RT!t LBL XfT MOP ( RCL 12 SBR O 51 RTN LEL A 3 

5 STO O SBR CE OP O INV FIX SBR LNX OP 1 SBR LNX OP 2 OP 

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

9 X=T 1 22 R/S OP 6 ST* 9 OP 29 OP 20 GTO l 01 R/S 

XfT 5 1 1 2 OP 4 X~T or 6 STO 09 1 0 • R/S Xf 

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

OP 04 1 1 • R/S OP 6 STO 16 OP 00 4 1 STO O sen O 26 

CLR RTN LBL B 9 + LBL C 1 7 = STO O RCL 6 Sl'O 12 SBR CE 

1 CP +/• + RCL 4 • DIV RCL 2 • STO 10 SBR LHX SBR INV SBR 

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

FIX 3 Et INV [E X•T 2 69 - XST 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 

Xff RCL 3 X>T 2 81 X§T STO 10 GTO 2 88 0 STO 11 RCL 

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

- '.,BP. xsr • ♦ HCL 7 - RCL 12 It RCL 11 = X SBR CLR 

X kCL e X RCL 12 - RCL 6 X RCL 9 + SBR CLR X RCL 7 -
SllP. CLR >: RCL 12 X RCL 11 ♦ RCL 9 X RCL 12 = FIX 6 EE 

li:V EE rnv x .. r 3 78 RCL 15 X~T RCL 12 X:.:T 4 02 STO 15 

HCL l l GTO 2 54 HC 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 Ct RCL 

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

X SBR X§T DIV P.Cl 12 - RCL 11 X SBR Xff = OP 6 SBP 

CC ~CL 10 OP 6 SBR O 22 RCL 11 OP 6 SBR C[ RCL 16 + RCL 

12 X RCL 11 = CP 6 RTN ( 469 PROGRN1 STEPS) 

DATA REGISTERS - PROGRAM #8 

17. 3624161720 
18. 3713331735 
19 . 14424000 
20. 1716221736 
21. 0.0256923 
22. -0.205339 
23. o. 12128 
24. 3.69853 
25. -1.13607 
26. 3624161720 
27. 3713331735 
28. 36344000 
29. 1716221736 
30. 0.0027 
31. 0.0273 
32. -0.6153 
33. 4.3 
34. -1.219 
35. 1432440015 
36. 4127421735 
37. 3700200024 
38. 3127173700 

39. 16243017 31 
40. 3624323136 
41. 24312 71737 
42. 37453317 
43. 3723170013 
44. 1625413637 
45. 1716003637 
46. 3233170064 
47. 1716002717 
48. 3122372300 
49. 1541274217 
50. 3537002113 
51. 1517004324 
52. 1637230000 
53. 3537002431 
54. 2717370027 
55. 1731223723 
56. 1727174213 
~7. 3724323100 
58. 3221002113 
59. 1517000000 
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PROGRAM 19 - SLOPC-TAP£RED INLET Dlti£NSIOr~s 

The slope-tapered inlet 15 the second type of improvement wh1ch uses throat 
control. Th1s program evaluates the change 1n ;;lope and 1e09th to the 
culvert resulting from the use of FALL 1n the hydraulic desigr.. It also 
detennines the elevation of the face and two inlet dimensions. 

The program will calculate these inlet features for either d vertical face 
inlet or a mitered face inlet. The diagr.-ns below show the differences 
between these two configurations. 

---......_ - -- - --r ADJ.L 

SLOPE-TAPERED. VERTICAL FACE INLCT 

7 L4IL2 L3 

IL.PACI =-==t
1
= .. =--:-=-:-=-:_:-~=:=--=_::::..-=_=:~==_=_~_-~~--~~~::-~~::....._ 
,-------ADJ.L 

SLOPE-TAPERED, MIT~RED FACE INLET 



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 

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

[L.FACE • EL.FU - L4 S0 

SFU D(Sf + 1)"5 
L4 = --------------

Sf (S oSFU + 1) "5 

Mitered Face 2 5 
D(Sf + l)" L3 EL OUT EL FU 

L3ADJ .S = EL. FU + . + -- + • - • 
sf sf so sf 

+ EL.THR - EL.OUT· D(AOJ.s2 + 1) 05 
- EL.THROAT 

(AOJ.s)Sf 

EL.FACE= EL.FU - L4/Sf 

L4 = 
SFU D(Sf + 1) "S 

L _ EL.FU - CL.OUT - L4 • L3 - EL.THR - EL.OUT 
2 - s0 AbJ.s 

(EL.THROAT - CL.OUT)(ADJ.2 + 1) 05 

ADJ.L • ADJ.s 

The derivations of these equations can be found 1n the appendix. 
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INSTRUCTIONS 

I 1 Load program #9 (l cards) 

#2 Press Label A 

(13 [nter: 1. D - Cu 1 vert hei 13ht 

2. L3 - One-half the culvert width 

3. s - Channel slope 
0 

4. CL.OUTLET - Outlet elevation 

5. SFU - Upstream fill slope 

6. EL.FU - Upstream fill s1 ope catch 

7. sf - FALL slope 

8. [L.TIROAT - Throat elevation 

#4 Choose inlet type 

Label B - Vertical fa~e 

Label C - Mitered face 

15 Read: ADJ.S - Adjusted slope 

AOJ.L - Adjusted length 

EL.FAC[ - Face elevation 

L4 - Inlet dimension 

L2 - Inlet dimension 
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CARQ FOP.i-'.AT 

I 1 1 T(X/\S IHSTRUME NTS CT=:J 1 
BOX: SLOPE-TAPEREO INLET DIMENSIONS #9 

479.59 

Start VERT.FACE MIT. FACE l 

I l ] TEXAS INSTRUMENTS o::J. 

0.1\TA-PROGHAM #9 

479.59 

____ _J 

LlSTWG - PROGRAM #9 

Ll:L rnv RC* D OP 20 RTN LBL wx INV FIX SBR HIV OP SBH 

HiV OP 2 SRR INV OP 3 S13R INV OP 4 ADV OP 05 2 3 7 

FIX 2 OP 4 RT!l Lill CE X 2 
+ l ) SRX RTN LBL A 1 4 

STO 0 S8R LNX INV FIX OP 0 SBR INV OP SSR INV OP 2 

OP ,-., ADV ~ X§T 1 STO 09 5 0 2 STO () RCL 'I :)p 4 

RGL 9 X=T 1 03 R/S OP 6 ST* 9 OP 29 OP 20 GTO 0 82 OP 

00 2 0 STO 0 58R 0 19 CLR RTll LBL B 2 2 STO 0 S31l LNX 

RCL 1 SIHt cc l RCL l l { RCL 5 + RCL 7 ) OlV RCL 7 .,2 

DIV ( RCL 5 " RCL 3 + 1 • GTO 1 7~ LBL C 2 6 STO () CiHk /1 

LFIX RCL 7 SBR Cl X RCL DlV RCL 7 . STF CP + RCL 6 -
RCL B + P.Ct. 2 1HV RCL 7 + ( RCL 4 - P.CL 6 ) OIV 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 Cf. + RCL 2 X RCL 9 -
RCL 13 DIV RCL 9 - RCL 12 • [[ 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 CTO 2 25 

3 0 STO 0 SBR LNX RCL 9 FIX 6 PP.T SBR 0 19 RCL 9 SBR CE DIV 

RCL 9 X ncL 8 - RCL 4 ::: OP 6 SBR LNX RCL 1 X RCL 7 SBR CE 

lrF 
., 

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

5 OI'I P.CL 5 + RCL 1 = STO 11 IFF 3 59 X RCL 3 GTO 3 65 

INV STF 1 DIV RCL 7 t/- + RCL 6 = OP 6 SBR LNX RCL 11 Of 6 

SBH 0 23 UCL b - RCL 4 .. DIV RCL 3 - RCL 11 - RCL 2 - ( 

RCL 8 - RCL 4 ) UIV RCL 9 .. OP 6 CLR RTN ( 411 PROGRAM STEPS) 

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 110 • SLOPE-TAPERED FACE DIPINSIONS 

This program continues with the design of the slope-tapered inlet. The face 
width and sidewall taper for either I square edged or bevel edged inlet is 
detennined. For a ~itered face condition, the designer should evaluate the 
possibility of crest control. The calculator also perfonns this operation 
within program 110 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 w1ngwa11 flare angles of 15° to 26° with a top 
beveled edge, or a w1ngwa11 flare angle of 26° to 90° with all edges squared. 
See diagra,n below . 

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

Mitered Face 
Al 1 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 descr;ptfon, see diagram below. 

T 
l_ 

Vertical Face 
45° to 90° Wingwall Flare 

Both Top & Side Edges Beveled 

~PAC! SECTION 

Mitered face 
Top Edge Bevelec: 

As mentioned before and as seen in the diagrans, this program cen be applied 
to either vertical or mitered face inlets. Since the mitered face inlet 
generally has no wingwa11s, the distinction between the use of these two 
selections as they pertain to the mitered inlet is Nttether the top edge is 
to be beveled or squared. 

To use the progrc111 for the vertical face condition, the face elevation and 

the length Lz should come fran the vertical face calculations from the 
previous programs. For the mitered face inlet, these two values should 
correspondingly come fran mftered faced programs. 
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EQUATIONS 

2 

X •.., EL, - EL.FACE 
D 

Square Edges 

Bf• Q/[o1•5 (-1.353 + 5.15X - l.131X2 + 0.1578X3 - 0.0144X4 + o.0011x5)] 

Bevel Cdges 

Bf• Q/[0105(-2.265863 + 7.942441X - 4.0350294X2 + 1.6198lX3 - 0.3458214X4 

+ 0.02846767X5)] 

Crest Evaluation 

He • Ktl EL, - EL.FACE 
cw. ___ g __ 

(2H } 1.5 
C 

2L 
Mi n1mum ST • ol~B 

f 

T 
(cv, 

Crtt•t 
VUth 

J_ 

Tap19r 

Slope-tapered, Mitered-face Inlet 
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INSTRUCTIONS 

#1 Load program #10 (2 cards) 

112 Press Label A 

#3 Enter: 1. Q - Flow rate 

2. D - Culvert height 

3. L3 - One-hat f the culvert width 

4. N - Number of barrels 

5. B - Culvert width 

6. l¼l,EL - Headwater elevations 

7. EL.FACE - Fece elevation 

8. lz - An inlet dimension fran previous programs 

9. L4 - An inlet dimension from previous 

#4 Choose inlet type 

Label B - Square Edges 

Label C - Beveled Edges 

115 Read: Bf - Face width 

ST - Sidco,,all taper 

#6 For Crest Evaluation, H;tered Inlet 

Press Label D 

17 Read: II - Crest height 
C 

01 - Crest width 

ST - Minimum sidl!Wall taper 
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CARD FORMAT 

I 1 I TEXAS INSTRUMrnTs CD . 
SOX: SLOPE-TAPERED FACE Oil'ENSIONS #10 

399.69 

Start• SQ. CDG[S BV.EOGES MIT.CREST 

3 TEXAS INSTRUMENTS 

DATA-PROGRAM I 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 OS 2 1 3 7 FIX 2 OP 4 RTN LBL A 1 2 STO 0 SBR CE SBR 

cc ADV INV FIX 9 Xff l STO 09 s 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 Xff 5 l 1 2 OP 4 Xf OP 6 STO 9 ADV OP 00 2 0 

STO 0 SBR 0 26 CLR RTN LBL 8 1 0 + LBL C 2 2 .. STO 0 ADV 

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

INV SBR INY SBR INY SBR INV SBR lNY • 1/x X RCL 1 DIV RCL 2 

yX , • 5 - STO 11 4 z STO O S8R CE RCL 11 or 6 ADV -
RCL 4 X RCL 5 • DIV 2 • 1/X. X ( RCL 8 ... RCL 3 • xsr OP 

0 INV FIX S8R 0 22 6 2 0 0 0 2 SBR O 40 Xf OP 6 ADV 
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cu~ RTN Lnl D 4 9 !) ro 0 SBR CE SBR CE N)V OP 0 CP INV FIX 

SllR 0 22 RCL 6 - HCL 1 " or 6 NlV X 2 = yX 1 . 5 = 

1/X X RCL 1 C STO 10 INV FIX SBR 0 26 RCL 10 ')P 6 ADV -
RCL 11 :: DIV 2 DIV RCL 9 - 1/X INV X>T 2 92 X§T OP 0 INV 

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

DATA RtGIST£RS - PROGRAM 110 
( 312 PROGRAM STEPS) 

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. 362432313G 44. 43241637 
19. 0 45. 2300000000 
20. 2431271737 46. 36241617 
21. 37453317 47. 4313272700 
22. 3627323317 48. 3713331735 
23. 2037133317 49. 3024 
24. 3500144240 so. 3717351716 
25. 17164000 51. 24312717 
26. 0.02846767 52. 3700000000 
27. -o. 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 CULV[RT: INL(T CONTROL, OUTLET VLLOCITY 

/\s is stated in the title, this proc.Jram coo,putes the velocity of the flow at 
the outlet of a hox culvert which is operating in inlet control. The inlet 
control mentioned here also includes box culverts operating under throat 
control. 

ln perfonning this velocity computation, this program employs two polynanial 
equations which approximate the normal depth curve for a rectangular cross
sectional area. The curve referred to was taken from "Open Channel Hydraul 1cs" 
by Chow. See reference f4. 

EQUATIONS 

X = 
1.486NS" 5a813 

If X < 0.22 

Qn 

d = B (0.036402 + 3.648374X - 15.15223BX2 + 64.991913X3 - l10.3163SX4) n 

If 0.22 < x < 1.1 

d = B (0.084468 + 2.34061X - 1.53643X2 + 1.636594X3 - 0.677621X4) n 

Note: dn is limited to a maximum of 2. 
8 

IfX>l.1 

d "' D 
n 

v-½ 
n 

INSTRUCTIONS 

11 load program #11 

#2 Press Label A 

13 Enter: 1. Q - flow rate 

2. D • Culvert height 

3. N - Number of barrels 

4. n - Manning's roughness coefficient 

~. S - Culvert slope 

6. B - Culvert width 

Read: Y • Outlet velocity 
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CARD rDRM/\T 

I 1 I TEXAS INSTRUMENTS [I] 

COX: INLET CO!HROL. OUTLET VELOCITY ,11 

479.59 

Start 

LISTING - PROGRAM Ill 

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

rIX SBR LNX OP 1 SBR LNX OP 2 SBR LNX OP 3 SBR ua OP 4 OP 

5 RTN LBL A 8 STU 0 SBR CE SBR CE MJV 7 X§T 1 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 O 58 ADV RCL l X RCL 4 DIV 1 . 4 8 6 DIV RCL 5 

SRX DIV RCL 3 DIV RCL 6 Yx ( 8 DIV 3 • STO 7 X§T . l X>T 

1 50 RCL 

SBR CE 2 

DIV RCL 2 DIV RCL 6 DIV RCL 3 • x5r 1 2 STO 0 

6 3 3 6 FIX 2 OP 4 Xff OP 6 ADV RTN . 2 2 

X>T 1 58 S + 1 6 = STO O SBR LNX SBR rnv SBR INV SBR HIV 

SBR HIV " xr 2 INV XlT 1 81 X~T X RCL 6 = XjT 

P.CL 2 HIV X>T 93 XfT X RCL 3 X RCL 6 a; 1/x X RCL 1 = 

GTO 28 ( 207 PROGRAM STEPS) 

DATA REGISTERS - PROGRAM #11 

8. 1432446200 
9. 2431271737 

10. 15323137 
11. 3532270000 
12. 0 
13. 32413 72717 
14. 3700421727 
15. 3215243745 
16. -110. 31635 

17. 64. 991913 
18. -15.152238 
19. 3.6483784 
20. 0.036402 
21. -0. 677621 
zz. 1. 636594 
23. -1. 53643 
24. 2,34061 
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 determining the best pipe size. the designer llllSt 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 1s made and the designer adjusts the 
diameter accordingly. 

Once the pipe size has been detennined. various flow rate values can be used 
with this program to obtain a perfomdnce curve. 

The following diagr511 indicates the location of the energy tosses associated 
with the culvert design. 

EN!RGY 

Hw H 

_! __ c.._=-=--=---=--=--=-----=--==--=-=---=--=-=--~~:J 

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

The depth of flow used in the computation of the cross-sectional area of flow 
through the culvert is equal to the critical depth or the tailwater depth, 
whichever is greater. However. this value cannot exceed the diameter of the 
pipe. 

Since. the water at the inlet ts considered to be a pool, the velocity at this 
point is assumed to be approximately zero. Thts allows the hydraulic grade 
1 i ne to be equated to the energy 1 i ne. 

The computations of the outlet velocity require that the calculator be placed 
in the degree mode. This 1s nonnally the mode the calculator is in when it 1s 
turned on. 

For the sizing and perfonllilnce curve oper~tions to perfonn properly. the 
number of culvert. barrels is limited to tw. 
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CQUATlONS 

z • Q 
N (32.2/alpha)·V 

I,. Log Z 

If Xi Log 0. 7 

Y = {- 0.0051657 + 0.407362X - 0.1830236X2 - 0.091SS6SX3) 

lf X > Log 0. 7 

Y = (- 0.0244603 + 0.20170S7X - 0.6400981SX2 + 0.695619X3) 

d = D lOY 
C 

Note: de has been limited to a max1mum valve of D 

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

llf = 29 n2 L V2 

2g R4/3 

II = y2 
V '2g 

H = H +Hf+ H e V 

d2 =de+ D or the tail-ater depth, whichever is largest 
2 

~w EL. = II + dz + EL.OUTLET 

d4 = de or lW. whichever is larger and does not exceed O 

X "' D/2 

r • {X - d4) 

Using the Radian Mode 

e = Cos-l (r/X) 

A• x2 (e - Sine Cose) 

V • QIAN 
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INSTRUCTION!:> 

:1 load program #12 

i~ Pr~ss Label A 

#:J [nter: 1. Q - Flow rdte 

2. N - Humber of barrels 

3. ke - lntrancc loss coefficient 

4. n - Manning's roughness coefficient 

5. 1\.1 - Tailwater depth 

6. Alpha - ~inetic energy coefficient 

= 1.12 for corrugated metal 

~ 1.04 for concrete 

7. D - Culvert diameter 

8. EL.QUTLET - Outlet invert elevation 

9. L - Cu 1 vert length 

Read: IW [L. - Headwater elevation 

14 Press label B 

Read: de - Critical depth 

#5 Press label C 

Read: H - Total head loss 

16 Press Label D 

Read: V - Outlet control velocity 

f7 Press Label E 

Enter: Q - Flow rate 

1W - Tailwater depth 

Read: 1M EL. - Headwater elevation 
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CARD FORMAT 

1 I ' CD I TEXAS IHSTRUMENTS 
-

PIP[: OUTLET CONTROL PERFORMArlC[ #12 

479.59 

Start d H VELOCITY PERFORMANCE 
C 

CARD FORMAT 

I j I TEXAS INSTRUMENTS CD 

DATA - PROGRAM #12 

479.59 
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U~THIG PROGRAM Ill 

LBL rnv = X RCL 11 + LBL UIX RC* 0 OP 20 RTN LBL Ct INV 

FIX SBk LHX OP 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 CI.R STO O SBR C[ 

RTN LBL X~T RCL 1 DIV RCL 2 DIV ( 3 2 . 2 DIV RCL 6 

sr-x = DIV RCL 7 yX 2 . 5 = LOG STO 11 X~T . 7 LOG 

X>T O 9l 4 + 4 8 = STO O SBR LNX SBR INV SBR INV SBR INV 

INV LCC Y.~T 1 INV X>T 1 15 X~T X RCL 7 = RTN LBL 

x2 2 9. 1 6 4 X RCL 4 x2 X RCL 59 DIV ( RCL 7 DIV 4 

Yx ( 4 DIV 3 + RCL 3 + 1 • X ( 4 X RCL DIV RCL 

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

& SBR CLR SBR x~1 x~1 RCL 7 + xh INV X>T 1 97 

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

X2 
+ RCL 8 + RCL 10 • OP 6 CLR RTN LBL A 2 SBP. CLR INV 

FIX AUV 9 X~T 1 STO 9 RCL 56 STO O RCL O OP 4 RCL 9 XsT 2 

62 R/S OP 6 ST* 9 OP 29 OP 20 GTO 2 41 R/S X~T 5 1 2 

OP 4 X~T OP 6 STO 59 SBR SRX 2 0 SBR CLR SBR C£ AfJV 9 

X~T 7 STO 09 5 1 0 8 CTO 2 39 LBL B 2 8 SB~ CLR SBR 

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

4 SBR CLR RCL 57 FIX 2 OP 4 SBR X~T ~~T RCL 5 Xl.T 3 39 

X~T X~T RCL 7 X>T 3 46 X~T RCL 7 DIV 2 = STO 10 -

X~T = Div xh = RAD INV cos sro 11 - RCL 11 SIN x RCL 

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

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

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

GTO 3 96 ( 429 PROGRAM STEPS) 
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DATA REGISTERS - PROGRAM 112 

12. 3324331762 36. 3317352132 
13. 15412742 37. 3530133115 
14. 1735370036 38. 1700154135 
15. 2446170000 39. 4217000000 
16. 2317131643 40. 1731371735 
17. 1337173500 41. 65346500 
18. 1727174213 42. 1331160065 
19. 3724323 JOO 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 so. 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 



PROGRAMS 113 •nd 114 - PIPE CULVERT: INLET CONTROL PERFORMANCE 

These prograns evaluate the hydraulic perfonnance of e1ght different pipe 
culvert inlet configurations. A detailed explanation of the geometry of 
these inlets is depicted in the diagrams below: 

PROGRAM f13 

Corrugated Metal Pipe with a Projecting Edge 

Corrugated Metal Pipe in a Headwall 

Corrugated Metal or Concrete Pipe with Beveled Edges - Type A and 8 

C~P/Concr~t• - ~IT~lad M,~. 

TJpfl! A •nd a 
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A 

~ 

b 
15 

O,O'f2 

o.oe, 

• 0 d n 1' 1' 

o. 0,.2 0,042 O,OA) 

0.12s o. Olf2 0.125 



PROGRAM #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 



Concrete with a Socket Edge in a Headwall 

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

Corrugated Metal Pipe Mitered to Conform to the Slope 

Concrete with Projecting Square Edges 
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For ~ach 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 th1i sum is less than the design headwater eleva
tion then the inlet elevation beccmes the elevation of the face. If this s1111 
exceeds the design headwater elevation, the difference between this sum and 
the design headwater elevation fs subtracted fran the inlet invert elevation. 
This new elevation is now called the elevation of the face. For the culvert 
to operate properly, th~ inlet invert must be reset to this elevation. The 
drop tn elevation oft.~ inlet invert ts 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. 

No FALL Required 
EL.IN+ Hf< Alt.I EL. 

BW L 

FALL Required 
EL.IN+ Hf l Alli EL. 

The dfagrans clearly indicate that when the calculated headwater elevation is 
above the design headwater elevation, the headwater elevation 1s set equal to 
the design headwater elevation and the difference ts 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 FI\LL, can be tak~n as the •1ntet elevation.• ~fter the design 
infonnation has been entered and the inlet type selected. the calculator 
dctennine~ the face elevation and the required FALL. 

These programs do not perform the checks on restr1ct1ons on tlie FALL anel 
the headwater depth. Both of these values 1111.1st be checked by the designer. 

Once ti-•e culvert has been sized for the design flow rate, the perfonnance of 
the inlet for othet flow rates can be deteniined. In doing the perfonn-
ance evaluation, the calculator deter,nines the headwater elevation for any 
given fl ow rate. 

Whenever applicable, a bevel edged inlet is reca111ended for use in lieu of a 
square edged inlet. The large increase in hydraulic perfon1ar1te gained by 
the bevel edged inlet. greatly outwights the 5111111. ff any. 1ddttion1l cost. 
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EQUATIONS 

EL.FACE • DIM LL. - l!f (with FALL) 

= EL.11:LET (without FALL) 

IW EL. ., EL. FACE + Hf 

FALL = EL.FACE - EL.INLET 

NOT[: The FALL ;s measurC!d in a downward direction and 
therefore is always a positive value. 

X = (ND~"S) 

PROGRAM #13 

CMP with a Projecting Edge 

Hf • 0{0.187321 + 0.!>67710X - 0.156544X2 + 0.0447052X3 - 0.00343602X4 

+ 0.000089661X5) 

CPof> f n a Ueadwa 11 

llf • 0(0.167433 + 0.538595X - 0.149374X2 + 0.0391543X3 - 0.00343974X4 

+ 0.000115882X5) 

CW/CONC. with Bevel Type A 

Hf= 0(0.063343 + 0.766512X - 0.316097X2 
+ 0.0876701X3 - 0.00983695X4 

+ 0.000416760X5) 

CW/CONC. with Bevel Type B 

Hf= D(0.081730 + 0.698353X - 0.253683X2 
+ 0.0651250X3 - 0.00719750X4 

+ 0.000312451X5) 
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PIWuRI\M # 14 

Clf> /CONC with a Standard End Section 

llf = 0(0.120b~9 + 0.630768X - 0.218423X2 + 0.0591815Xl - 0.00599169X4 

+ o.00022s2e1x5) 

Cottc. with Square Edges in a lieadwal 1 

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

+ 0.000250619X5) 

CONC. with a Projecting Socket [dge 

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

-t 0.000205052X5) 

CGNC. ~~; th Socket [dge in ffeadwa 11 

Hf= D(O. 114099 + 0.653562X - 0.233615X2 + 0.0597723X3 - O.OC616338X4 

+ 0.000242832X5) 

Optional Inlets 

CMP Mitered to Confonn to Slope 

llf = D(0.107137 + 0.757789X - 0.361462X2 + 0.1233932X3 - O.Ol606422X4 

+ 0.000767390X5) 

CONG with a Projecting Square Edge 

llf = 0{0.167287 + 0.558766X - 0.159813X2 + 0.0420069X3 - 0.00369252r.4 

+ 0.000125169X
5

) 

With a small amount of progratiming experience, an operator can insert these 
last two optional fonnulas into either progrMII #13 or 114. 
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INSTRUCTIONS 

#1 Load program #13 
or program #14 

(2 cards) 
(2 cards) 

12. Press Label A 

13 [nter: 2. D - Culvert diameter 
3. N - Number of Barrels 
4. EL.INLET - Inlet elevation 
5. DK-J EL •· Design headwater elevation 
6. Q - Flow rate 

14 Select inlet type 

Program #13 

Label A' - CMP w/Projecting End 
Label 8 1 

- CMP w/lleadwa 11 s 
Label C' - CMP/CONC; Bevel A 
Label D' - COM/CONC; Bevel B 

Proyram 114 

label A' - CMP/CONC Standard [nd Section 
Label B' - CONC w/SQ ED in Headwa 11 
Label C' - CMP/CONC W/Projecting Socket 
label D1 

- CONC Socket in headwall 

Read EL.FACE - [levation of face 
FALL 

#5 Chcd FALL 

#6 Press Label 0 

Read: Hf - Headwater depth 

17 Run Perfonnancc Evaluation 

Press Label E 

[nter Q - Flow rate 

Read: Iii EL. - lleadwater elevation 
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CAH:> FO!lMAT 

1-·-c] TEXAS JNSTRUMENTS O..J 

PIP[ : INLET CONTROL PERFORMANCL #13 and 114 -- -----. - ---·--
319.79 

I_.L.J TEXAS INSTRUMENTS IT] 
,___ ______ -·-------- -·-•-

OATA PROGRAM 113 

Cr-t> PROJ Cft' W/H C/C Bevel A C/C Bevel .!L 319.79 

Start .., EL. FALL lff P[RFORMA.~CE 

---- --- --

I 3 I TDAS UISTRUMENTS CD 

DA TA PROGRAM #14 #14 

_g_D. END SO. W/tM PROJ. SOCKET socr.cr w11tw 319.79 

Start H-J EL. FALL Hf PERFORMANCE 
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LISTING PROGRAM Ill & 14 

LBL INV - X RCL 7 + LBL LNX RC* 8 OP 28 RTN LBL CE [NV 

FIX SER u~x OP 1 SBR LNX OP 2 SBR LNX OP 3 SBR LNX Of' 4 

ADV OP 5 RTN LHL CLR EXC 8 xh SBR cc 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 • xh 6 INV SUM 8 xh 
STO 9 RTN LBL A 1 0 STO 8 SBR CE ADV 7 xh 2 STO 09 

!j 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 SER xtr + RCL 0 • OP 6 RTN LBL A' 1 0 + LBL B' 0 + 

LBL C' l 0 + LBL D' 1 6 - STO 8 SBR CE 6 8 SBR CLR SBR 

X~T X~T RCL 5 - RC.I 4 = X>T 2 os xh +/- + RCL 5 .. 
STO 0 OP 6 LBL C 7 2 SBR CLR RCL 4 - GTO l 58 LBL D 7 

6 SBR CLR SHR xh OP 6 RTN LBL [ 5 6 SBR CLR 6 0 SBR 

CLR 6 INV FIX R/S PRT STO 6 SBR B GTO 2 43 ( 258 PROGRAM STEPS) 
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DATA REGISTERS - PROGRAM 113 -- • 

10. 3324331762 42. 0.0391543 
11. 24312717 43. -0. 149374 
12. 37001'i3231 44. 0.!;,38595 
13. 37353227()0 45. o. 167433 
14. 2431271737 46. 1530336200 
15. 31453317 47. 3335322517 
16. 3745331700 48, 1537243122 
17. 1400141742 49. 17162217 
1 r;. 1727171600 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. 0.698353 56. 3317352132 
25. 0.08173 57. 3530133115 
~6. 3745331700 58. 17001 ':>4 l 35 ,,.., 
I.. I • 1300141742 59. 4217000000 
28. 1727171600 60. 1731371735 
29. 1716221736 Gl. 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 GS. 172717 
37. 3100130023 69. 4213372432 
38. l 713164313 70. 3100322100 
39. 2727000000 71. 2113151700 
40. 0.000115882 72. 372317 
41. -0.00343974 73. 35173441 

74. 2435171600 
75. 2113272700 
7(J. 2317 
77. 1316431337 
78. 1735001617 
79. 3337230000 
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PATA RtGlSTERS - PROGRAM 114 

10. 3324331762 42, 0.0&&7001 
11. 24312717 43. -0.25329!> 
12. 3700153231 44, o. 706578 
13. 3735322700 45. 0.087483 
14. 2431271737 46. 3637133116 
15. 37453317 47. 1335160017 
16. 36J2152617 48. 3116003617 
17. 3700243100 49. 1S37243231 
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. :335322517 58. 171)0154135 
27. 1537243122 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. 0.662318 66. 1727174213 
35. o. 108786 67. 3724323100 
36. 3634400017 68. 172717 
37. l 640002431 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. 173&001617 
79. 3317230000 
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PROGRAMS #15 and #16 - PIPE CULVERT: THROAT CONTROL PERFORMANCE 

These progr1111s evalu&te the performance of a pipe culvert operating in throat 
control. The fonnulas incorporated in these progr..-s apply only to side-tapered 
inlets for pipe culverts. Progran 115 evaluates the performance of corrugated 
metal inlets Nhereas program 116 evaluates concrete inlets. Like the improved 
inlet progr1111s, these throat control programs often can use FALL to increase the 
flow capacity of a culvert. The following d11gr1111s describe the throat control 
inlets. 

ROUGH THROAT 

SIDE-TAPERED INLCT 
ROUGH THROAT 

NO FALL, tMEL. < AtMEL. 

ELEVATION Vl6' 

PLAN VIEW 

SJllfOOTH THROAT 

SIDE-TAPERED INLET 
SMOOTH THROAT 

WITH FALL ANO WIN<MALLS 

To evaluate the perfonnance of• pipe culvert with a sloPe-tapered inlet, 
program 17 should be used. Progr• 17 evaluates the performance of box 
culverts with either I side- or slope-tapered 1nlet. The slope-tapered inlet 
for a pipe culvert is designed •s 1f 1t wre gotng to be used with a box 
culvert. A transition sectton is then fabricated to connect the box shaped 
inlet to the pipe culvert. barrel. The following di1gras w111 further explain 
this situation. 
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SLOPE-TAPERED INLETS 

TRANSITION SirCTX • 

MITERCD FAC[ 

Due to the limitations of this calculator, a small error results in the c001-
putation of the FALL. 1he programs assume that the elevation of the inlet and 
the elevation of the throat are equal before detennining the value of the 
headwater elevation. This equality is false and a small difference. equal to 
the channel slope ttines the vertical distance between the inlet and the throat 
section, exists. Thts vertical distance ts an unknown value and is detenntned 
by the next program. By understanding the error condition; a Lorrectfon, tf 
necessary, can be made. 

EQUATIONS 

EL.THROAT• DHil EL. - Ht (with FALL) 

• EL.INL[T (without FALL) 

ttf [L. •CL.THROAT+ Ht 

FALL • EL.INLET - EL.THROAT 

X • LOG(Q/Nc2•5) 

PROGRAM #15 
H • O 10(- 0.233392 + 0.489125X + 1.068638X2 - 3.074435X3 + 3.71116SX4 
t 

- 1.32836X5) 

PROGRAM 116 
2 3 4 H • O 10(- 0.237139 + 0.146792X + 2.189321X - 4,354114X + 4.210539X 

t • 1.347032X5J 
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INSTRUCTIONS 

61 Load program #15 
or program #16 

12. Press Label A 

#3 Enter: 2. 0 - Culvert diameter 
3. N - Number of Barrels 
4. EL.INLET - Inlet elevation 
5. DIM CL - Design Headwater elevation 
6. Q - Flow rate 

14 Read EL.THROAT - Throat elevation 
FALL 

15 Check FALL 

#6 Press Label D 

Read: llt - Headwater depth 

#7 Run Perfonnance Elevation 

Press Label E 

Enter Q - Flow rate 

Rcld: .., EL. - Headwater elevation 
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CARD FORMAT 

PROGRAM 115 

I , I T[XAS INSTRUM[NTS 

CMP: TIIROAT P(RFORHANCE 

Start 1M CL. FALL 

PROGRAM 116 

I 1 I TEXAS INSTRUMENTS 

CONCRETE PIPE: THROAT PERFORMNCE 

Start Hif EL. FALL 
l 

LISTING PROGRAM 115 & 116 

-
IT] 

flS 

479.59 

.,f PERFORMNIC[ 

[D 

#16 

479.S9 

Hf PERFORMANCE 

LBL INV = X RCL 7 + LBL LtlX RC* 8 OP 28 RTN l6l CC INV FIX 

SBR UlX 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 Rf.L 6 DIV RCL 3 DIV. RCL 

2 yx 2 . S ~ LOC STO 7 SBR LNX SBR lNV SBR INV SBR INV S8R 

INV SBR INV • INV LOG X RCL 2 • RTN LBL A OP 00 9 STO 8 SBP. 

cE ssR CE ADV mv F 1x 7 xh 2 sro 01 s 1 o 3 sro o RCL o 

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

CE SBR Q.R X~T Rel 5 • RCL 4 • Xl_T 1 45 X~ +/- + RCL 5 • 

STC O OP 6 LBL C OP 00 2 1 1 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 I 6 1 7 3 3 3 7 2 3 

SBR O 28 SBR CLR OP 6 RTtl LIil E 2 7 STO 8 SBR CE 6 • R/S 

PRT STO 6 SBR 8 OTO E ( 239 PROO\#! STEPS) 
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DATA R[GISTERS - 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. 3221003 7 27. 1731371735 
17. D35321337 28. 21273243 
18. -1.32836 29. 3513371700 
19. 3.7il165 

DATA REGISTERS - PROGRAM #16 

9. 1532311535 20. -4.354114 
10. l 737170033 21. 2. 189321 
11. 2433176200 22. 0.146792 
12. 3723353213 23. -0.237139 
P. 3700153231 24. 2317131643 
14. 3735322700 25. 1337173500 
15. 1727174240 26. 1727174240 
16. 32210037 27. 1731371735 
17. 2335321337 28. 21273243 
lR. -1.347032 29. 3513371/00 
19. 4.210539 
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PROGRAM #17 - PIPE CULVERT: SIDE TAPERED INLET DIP£NSIONS 

This program continues with the design of a culvert operating in throat 
control. For the side-tapered entrance, this program compute~ the adjusted 
slope (if required by the use of FALL 1n 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 1n a headwall. A graphical 
description of these inlets 1s as follows. 

r 
L 
SIOC-TAPCRED, PROJECTING EOG( 

(NO FALL) 

SIDE-TAPERED, SQUARE l::DGES 
(IN A hEAlMALL, CMP OR CONCRETE 
WITH OR WITHOUT FALL) 
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SIOC•TAPCRED, PROJECTING EDGE 
(WITH FALL) 

SIDE-TAPERED, BEVELED EDGE 
(IN A HEABIALL, CMP OR CONTRETE 
WITH OR WITHOUT FALL) 



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

T 
_l 

The limitations on the value of E are as a minimum the culvert diameter and 
l.l 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 111anufacturfng COlllpany. These values are 
nonnally set at l 1/2 times the culvert d1a11eter. 

The value for the inlet length determined by this program ts a horizontal 
measurement. Thfs fs in contrast to the culvert length and the adjusted 
culvert length values llllhich are measured along the culvert barrel. 
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I:QUATIDrl 

(AOJ.S)l = L1 ADJ.S (S~+1)" 5 + S
0
L - FALL (S~+l) 05 

- [FALL+ D[(S~+l} 05 - (AOJ.S2 + 1) 05 ] - /\DJ.S L1] [SFU(/S~+l) 05 AOJ.S)] 

Ll :(Bf - ON) ST 
2 

flf = Ht - L l ADJ. S 

X = 11/E 

CMP Projecting Edges 

Bf= 4Q/[(Pl E105 )(0,0144 + 1.1505X + 1.8167X2 - 0.9642X3 
+ 0.1974X4 

- 0.014BX5)] 

Square Edges in a Headwall 

Bf= 4Q/[PI c1•5)(-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 

fl Load progran 117 (2 Cards) 

12 Press Label A 

f3 Enter: 1. Q - Flow rate 

2. 0 - Culvert diameter 

3. N - Number of Barrels 

4. Ht - Headwater depth~ throat 

5. ST - Sidewall taper 

6. S
0 

- Channel slope 
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INSTIWCTIONS 

7. FAL I. 

n. SFU - Upstream fill slope 

9. L • Culvert len!:jth 

10. [ - Face height of inlet 

#4 Choose Inlet Type 

Labels - CMP Projecting 

Label C - Square Edges in a Headwall 

Label D - Bevel Edges in a Headwall 

#5 Redd; PDJ.S - Adjusted slope 

CARD FORMAT 

I 1 I 

Bf - Inlet face width 

L1 - Inlet length 

TEXAS INSTRUMENTS 

PIPE: SIDE-TAPERED INLET DIMENSIONS 

Start PROJ.EOGE SQ.EDGE 

I 3 I TEXAS INSTRUMENTS 

DATA - PROGRAM Ill 
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BY.EDGE 

[TI 

#17 

4'9.59 

CD ! 

479.59 



LISTING PROGRAM #17 

LCL INV = X RCL lS + LBL L"X RC* 0 OP 20 RTN LBL C£ 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 + ) SRX RTN LBL xh 
2 l 3 7 rIX 2 OP 4 RTH LBL A 4 7 STO 0 SBR C£ or 00 1 b 

2 4 3 0 7 3 1 OP 01 3 6 2 4 3 2 3 l 3 6 or 2 OP !> 

ADV 9 X~T STO 00 5 l 0 2 STO 11 RCL 11 OP 4 RCL 0 X•T 

1 30 R/S OP 6 ST* 00 SUM 11 OP 20 GTO 1 08 R/S xh 
5 l l 2 Of' 4 xh OP 6 STO 09 1 0 = R/S xh s 1 0 2 

0 1 OP 4 xh OP 6 STO 10 OP 00 2 4 3 1 2 7 1 7 3 7 

OP 01 3 7 4 5 
., 

3 1 7 OP 2 ADV OP 5 CLR RTN LBL B 1 ..J 

+ LBL C 1 0 + LBL O 1 7 • STO O RCL 6 STO 11 SBR CE 1 

CP +/- + RCL 4 • DIV RCL 10 • STO lS SBR LNX SBR INV SBP. 

0 

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

• 5 = FIX 2 EE INV EE X=T 2 94 - X~T P.CL 2 X 

RCL 3 = DIV 2 X RCL 5 • STO 16 X RCL 11 .. STO 15 6 rnv S1.11 

0 RCL 15 GTO 2 15 xh RCL 3 X RCL 2 ,.. X>T 3 10 xh 
STO 15 GTO 3 21 0 STO 16 ~CL 3 X RCL 2 - STO 15 CP . 1 STO 

12 RCL 2 X ( SBR CLR - ( RCL 11 SBR 0 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 xh RCL 11 Xs: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 • STD 12 S1.14 11 GTO 3 26 5 l HO 0 S~R 

Ct P.CL 11 FIX 6 PR T or O SBR LNX CW 2 SBR LNX OP 3 ADV OP 

5 FIX 2 SBR x~r RCL 1s OP 6 INV FIX SBR o 22 SBR xlr 
RCL 16 011 6 RTN ( 4 78 PROGRAM STEPS) 
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OATA REGISTERS - PROGRAM #17 

17. 14424000 39. 1537243122 
18. 1716400024 40. 17162217 
1~. 3100231713 41. -0.0148 
20. 1643132727 42. o. 1974 
21. -0.0287 43. -0.9642 
22. 0.3744 44. 1.8167 
23. -1.746 4S. 1 .1505 
24. 3.2994 46. 0.0144 
25. 0.73932 47. 3324331700 
Zb. 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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PHOGRAH #18 - PIPE CULVERT: SIDE - TAPCRED LENGTH I\OJUSTlt:NlS 

When a culvert is improved with a side-tapered inlet. as 1n the previous 
programs. the length of the cu,vert 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 progra111 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 deten11ined by the program is measured along 
the culvert barrel. 

EQUATIONS 
S L 

ADJ.L • [ 2 o S - FALL] [(ADJ.S2 + 1)"5] - L1 {ADJ.$ 2 
+ 1)• 5 

(S
0 

+ 1). AbJ.s 

EL. FACE: EL. THROAT+ L1 ADJ.S 

rnsTRUCTIONS 

11 Load progrcrn #18 

ll Press Label A 

13 [ntet': 1. EL.THROAT - Throat Elevation 

2. ADJ.S - Adjusted Slope 

3. s 
0 

- Channel :-lope 

4. FALL 

5. L - Or1g1nal culvert length 

6. L1 - Improved inlet length 

Read: AOJ.L • Adjusted length 

EL.FACE - Face elevation 
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CARD FO~MAT 

l I I TEXAS JNSTRUMElffS CD 

PIP[: SIDE-TAPERED LEHGT\I ADJUSTr-ENT 118 

479.59 

START 

LISTJNG PROGRAM 118 

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

INV OP 2 SBR rnv OP 3 SBR INV OP 4 OP 05 2 1 3 7 FI Y. 2 OP 4 

RTN LBL CE x2 + 1 ) SRX RTN LBL A 9 STO 0 SRR LNX SER LNX 

AUV INV FIX 7 xh 1 STO 07 5 1 0 2 STO 8 RCL 8 OP 4 RCL 7 

X=T 0 90 R/S OP 6 ST* 7 OP 27 OP 28 GTO 0 69 J\OV SER UIX PCL 

3 X RCL 5 DIV { RCL 3 S8R CE - RCL 4 ~ X RCL 2 SBR Ct 

DIV RCL 2 • - RCL 6 X ( RCL 2 SBR Ct .. OP 6 ADV SBR LUX RCL 

1 + RCL 6 X ~CL 2 - OP 6 CLR RTN ( 145 PROGRAM STEPS) 

DATA REGISTERS - PROGRAM #18 

9. 3324331700 17. 3723170013 
10. 1!:41274217 18. 1625413637 
11. 3537620027 19. 1716002717 
12. 1731223723 20. 3122372300 
13. 13 21. 1727174213 
14. 1&25413637 22. 3724323100 
15. 3017313736 Z3. 3221002113 
16. 0 24. 1517000000 
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!.'._kQ_G_RAM #19 - PIP~ CULVERT: INLET CONTROL, OUTLLT VELOCITY 

This program detennines the outlet velocity for a circular pipe culvert by 
first calculating the nonnal depth of the flow in the barrel. Once the depth 
has been detennined, the waterway area is calculated. The outlet velocity is 
found by dividing the discharge by this area. 

Nonnally as the depth of flow within a pipe culvert increases, the discharge 
correspondingly increases. However, after the depth of flow reaches a little 
over 90 percent of the culvert height, the discharge begins to decrease as the 
depth increases. This decrease in flow is a result in the l~rge increase in 
wetted perimeter (barrel roughness) with only a small increase in the waterway 
area. This decrease in discharge continues until the barrel flows full. 

A yiven discharge which requires the barrel to be flowing greater than 82 
pt:rcent full wi 11 have two flow depths. One value wi 11 be between 82 percent 
and 93 percent of the diameter and the other depth wi 11 be between 93 percent 
and 100 percent full. Likewise. there will exist two values for the waterway 
area and two velocities. This calculator program is written so that it will 
detennine the smaller of the two depths. This value will produce the smaller 
waterway area and the higher out 1 et velocity. 

The equations used in this p;oyran are polynoo1ial expressions for the nonnal 
depth curve found in figure b-1 of reference 14. 

EQUATIONS 

X = [~n/(l.486NS05 ).1/DB/3 

2 = LOG (X) 

If X < O.Ob 

d = O[l0(0.13b25 + 0.57114Z + 0.0236222
)] 

n 

If O.Ub .i X < 0,24 

2 
d = O[l0(0.3063639 + 0.9078842 + 0.1926152 )] 
n 

If 0.24 i X < 0.34 

lfX>0.34 

d = 0 
n 
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In the radian 111odc 

it " arc cos (1 - 2d /U) n 

~ - (U/2)2 (e - sine cos e) 

V = Q/AN 

Ir1STnUCT IONS 

# l Load progrillll *19 

#2 Press Label A 

#3 Enter: 1. Q - Flow rate 

2. D - Culvert diameter 

3. N - Nu,,ber of barrels 

4. n - Manning's roughness coefficient 

5. S - Culvert slope 

Head: V - Outlet velocity 

CARD FORMAT 

------------------------------. 
TEXAS INSTRUMENTS 

PIPL: INLET CONTROL - OUTLET VlLOClTY 

[I] 
•··-,rg-

-----------------------·----
497,59 

START 



LlSTll-lG PHOGRAM #19 

L~L lNV = X RCL 6 + LBL LUX RC* 0 OI' ;!U l{TN UR Cl \NV 

FIX SHH LNX OP 1 SBR LNX OP 2 SUH LNX o,· J s,a, Lt>. l!I' 4 or 

5 RTN LBL A PJJV . 9 srn o SBR CL SBR CL AUV b xh 1 srn 
Ob 5 1 0 2 STO 8 RCL 8 OP 4 RCL 6 X=T O 80 R/S OP 6 ST* 

6 OP 26 OP 2B GTO O 59 ADV SBk CE 2 1 6 3 3 6 FIX, OP 4 

RCL X RCL 4 DIV . 4 8 6 DIV RCL 5 SRX DIV RCL 3 DIV 

RCL 2 Yx ( 8 DIV 3 = LOG STO 6 INV LOG X~T . 3 4 X>T 

1 36 rlOP GTO 1 63 • 2 4 X>l l 45 3 SUM O . 0 6 X>T 1 54 

3 ~UM O SdR LllY. SBR INV SBR INV ,. INV LOG X 2 - 1 = +/-

RNJ INV co~ STO 8 - RCL 8 SIN X RCL 8 cos = DEG X RCL 2 

xi:'. DIV 4 = 1/x DIV RCL 3 X RCL l = or 6 RTN (201 Steps) 

.Q.ATA R~GISTERS - PROGRAM 119 

9. 3324331700 20. 4500243600 
10. 1541274217 21. o. 02363 
11. 3537002000 u. 0.57114 
12. 2431271737 23. 0.13625 
13. 1532313735 24. 0.192615 
14. 3227002000 25. U.907884 
15. 4217273215 26. 0.3063639 
lu. 2437450000 27. 1.125836 
l 7. 32413727 28. 2.097532 
rn. 1737004217 29. 0.685734 
lY. 2732152437 
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STORAGE REGISTERS USED FOR VARIABLES 

-PR(Jljl(M I ;»IUKAi...L Ktbl~(LK NUtti[K 

NUMBCR I l 2 J 4 !:I 6 7 H 9 liTiTCR - - -
l n so 1M zl Zz Q 

2 so 5FU 5FD EL.FU CL.F0 0 

3 Q N ke n 1\1 8 D L.OUT L in 11 

4 8 D N EL. IN Al-W.El Q 

5 D s FALL 5FU L I I 0 

6 Q D ' Btl I so Ill. EL~ sf NJJ.L ADJ.S 
Bf'~ EL.OUT 

7 B D N EL.IN AtM.WL Q 

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

9 D L3 so EL.OUT 5FU :L.FIJ s, .L. THR 

10 Q D I 
L3 N B ftl .EL EL.FAC L2 L4 I 11 Q D N n s 8 

12 Q H ke n lW "'-.PHA D .L.OUT Lin 59 

13 D N EL.IN NM.El Q 

14 D N EL.IN AIM .EL Q 

15 D N EL.IN AIM.EL Q 

16 D N EL.IN AIM.EL Q 

17 Q D N Ht ST so FALL 5FU L E in 10 

18 EL. H« ADJ.S so FALL L Ll i 

19 Q D H n s I 
; 
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WORK SHEETS 
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Disc #2 A-29 

Use Progran 11 

Enter: 1 • n = 

2. s = 
0 

3. 8W ::; 

4. z = l 
5. z = 2 

Enter 
6. Q 

STEP 11 
CALCULATE TAILWATER 

______ (channel} 

1W , Based on d0 

. 

STEP 12 

1W 

1.,nannel 
Velocity 

DETERMINE CULVERT LEtlCTH 
Use Progran 12 

Enter: 1 • so • 

2. 5FU "' 

3. s • 
Fl) -

4. EL.FU• 

s. (L.FO • 

Ente'r 
6. D L EL.INLET EL.OUTLET 
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STEP 13 
DETERMINE AN ACCEPTABLE CULVERT SIZE 

Use Progr-11 f3 for Box Culverts 
Use Progr• 112 for Pipe Culverts 

Enter: 1. Q • _____ _ 

2. N "' _____ _ 

3. k • 
e -----

4. n• _____ _ 

5. 1\1 • -----

6. Enter 
8 - 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 

1 • Enter :,. t.nter Reaa 
Q 1W Ill EL. 
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Read. 
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STEP 14 
INLET CONTROL: DESIGN AND PERFORMANCC 

Box Culverts 
Pr()(Jram #4 - Square Edged Inlet with Headwalls 

- Square Edged Inlet with Wtngwalls 
- Bevel Edged Inlet with Headwalls 
- Bevel Edged Inlet with Wingwalls 

Program 17 - Tapered Throat Inlet 

Pipe Culverts 
Progr~1 I 13 - CMP with Projecting Edges 

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

Pr~gram 114 - CMP or Cone. with Standard End Section 
- Cone. with Square Edges in a Headwall 
- Cone. wtth a Projecting Socket End 
- Cone. with a Socket End in a Headwall 

l'rogram #15 - CMP ~,ith a Tapered Throat Inlet 
Program #16 - Cone. with a Tapered Throat Inlet 

Enter: 1. 8 • 
2. D • ------
3. N • 
4. EL. INLET .. 
5. DtM EL. ,. 

nter 
Q 

Rea 
EL.FACE. 
EL.THROAT 

(For Boxes Only) 

Rea 
Ill rL. 

Inlet type ______________ _ 

I I 

Inlet type _____________ _ 

I I 
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Enter 
(,. Q 

-

STEP 14 
INLET CONTROL: DESIGN AND PERFORMANCE 

(coNT1NOED) 

Read Read Read Read 
EL FACE, FALL llf • Ht ttil EL. 
EL.THROAT 

Inlet type ____________ _ 

I I 

I11let type--------·------

I I 

Inlet type ____________ _ 

I I 

Inlet type _____________ _ 

I I 

S7 

CCl1f£NTS 

-
I 

-

--



STEP f5 
CONVENTIONAL INLETS 

Use Progrilll 15 

tntcr: l • D • 4. C' -"'FU -

2. s = !>. l '" 
0 

3. FALL= 

Read: ADJ.S .. 
ADJ.L-= 

STEP #6 
CREST EVALUATION 

Use Program #6 

Enter: 1. Q • 6. sf • 

2. D = 7. ADJ.L .. 

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

4. s = 
0 

9. N • 

5. Hil EL• 10. EL.OUtLCT : 

Read: H 
C 

• WT• 

cw • WA • 

STEP #7 
INLET CONTROL, OUTLET VELOCITY 

Box Culverts - program Ill 
Pipe Culverts - program 119 

Enter: l. Q • ___ _ 4. n • ---
2. D •----- s. s ·---
3. N • ----- 6. 8 ·--- (Boxes Only) 

Read: V • ----
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STEP IS 
SIDE-TAPERED INLCTS 

Box Culverts - Use Program #8 

p;pe Culverts - Use program 117 

Enter: ' . Q = 

2. D "' 

3. N " 

4. H "' t 
5. ST" 

10. B = __ 

11. EL.illROAT = __ _ 

Read: Boxes 
INLrf1VPE: SQ.ED., BY.CD. 

ADJ.S .. ___ _ 

ADJ.L = ___ _ 

Bf=-----

Ll •-----
CL.FACE= ___ _ 

Piµe Culverts - use progrc1111 #18 

Enter: l. EL.THRO/\T = 

2. ADJ .S = 

3. S ,. 
0 

Read: ADJ.L • 

6. s .. 
0 

7. FALL= 

8. 5FU 
:: 

9. L = 

Pipes 

10. E = ---

~ 
snECT INUT TYPr 
PROJ., SQ.ED., BV.[O. 

ADJ.S "' ___ _ 

4. FALL = 

~- L '" 

6. Lt • 

EL.FACE• 

CREST CVALUATIOH MD OUTLET VELOCITY 

Co to Step 6 previous page 
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STEP 15 
SLOPE-TAPERED INLETS 

Program 19 
[ntcr: ' 1. D = 5. 5FU'" 

2. l3 = 6. CL.FU• 

3. s = 
0 

7. sf • 

4. LL.OUTLET = 8. Cl.THROAT= 

~elect Inlet Type: Vertical Face, Mitered Face 

ADJ.L = 

CL.FACE " 

Program dlO 
tntcr: 1. Q= 

2. 0 = 

L4 •-----

L2 s ____ _ 

5. 8 • (for pipe use D} ------
6. tW ,EL, • 

7. EL.FACE• __ _ 

8. t 2 = 

9. L4 •----

Scl~ct Inlet Tyµe: Square Edges. Oeveled Edges 

ST " 

STEP f6 
!'.fitered Face Crest Evaluation 

Read: H .. cw • 
C ----- ST.-----

STEP 17 
INLET CONTROL OUTLET VELOCITY 

6ox Culverts - Pr·ogr• 111 
Pipe Culverts - Progr1111119 

Enter: 1. Q • 
2. D .. 
3. H • 

Read: V • 

4. n • 
5. S • 
6. B • ___ (Boxes only) 
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EXAMPLE PROBLEMS 
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BOX CULVERT EXAft>LE NO. 1 

G;vcn: 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 

Cu 1 vert Length • 350 ft. 

Downstream channel approximates an 8' wide 
trapezoidal channel with 2:1 side slopes and 
a Manning's •n" of 0.03. 

Requ;rernents: This box culvert will be located in a rural 
area where the allowable headwater elevation 
fs not too critical; t.hat 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 AHi EL. Use a reinforced 
concrete box with n - 0.012. 
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Disc 12 A-29 
STEP 11 

CALCULATE TAILWATER 
Use Program fl 

Enter: 1. n • _0_._0_3 __ (chlnnel) 

2. S • o.os 
0 

3. 8W • 8 
4. z, • __ 2. __ _ 

S. z2 • __ 2. __ _ 

- t.nter 
6. Q 1W • Based on dn 

lOOO 3 . .52-
600 2-72 
800 3.15 

12cc 3.85 

STEP 12 

1W 

.,;nannel 
Yeloc;ty 

lft~c, 
t(,.45 

l7.80 
l'J, 84 

DETERMINE CULVERT LENGTH 
UH Progran 12 

Enter: 1. S • o.os 
0 --------

3 : I 
2. SFU • -----

3 \ \ 
3. SFD • -----

4. CL.FU • I q 0,78 
S. EL,FD • 11\-44 

~nter 

' 6. D L EL. INLET EL.OUTLET 

5 ~c;".s \ <10, I L1z,·3 

~ 350:4 l90.0 112.s 

-r ~.2. ,eq.q \12,7 
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STCP 13 
DETERMINE AN ACCEPTABLE CULVERT SlZC 

Use Prc-gr,111!1 13 for Box Culvert, 
Use Progr1111112 for Pipe Culverts 

Enter: l. Q • _\ O __ C_)Q _____ _ 

2. N • ( 

3. k1 .-0-.2--(beve\ecleJse) 
4. n • _o_. 0_\_2_ 
s. iw • __ .3 __ . 5_2. __ 

6. Enter 
6 - for Box or 7. Enter 8. Enter 
~fe19~ D El.OUTLET 

-
~ 5 172.3 
~ ~ l 72.,5 

9. Enter 
L 

3Sb.~ 
350.4 

Read. 
.... EL. 

2. \5.1 
203.l. 

COMl£NTS 

t:¥<..eeds 
\I I 

7 " 11'2,S 350.4 ,qs,q OK <2! CO++. 
1 

Read 

d "' 
C 

H • 

7 1,2.1 344.2 lCf 1,9 
(Re\ooc\ 7)('=> OQta. \tJ"t-c Ca\c.u\a.--\-ov-) 
8.~l 
\1.4( 

V • '2...3. S for Outlet Control 

OUTL[T CONTP.OL PERFORMAr:CE 

1. Enter ~. Enter KIIO 
0 1W ltl EL. C0t-f£NTS 

eoco 2.12 l84.1i 
000 3.15 tS<t."4 
lexx::> 3.52 l9.5.9 I 
1200 3.85 2.03.57 



SlEP 14 
INLET CONTROL: IICSIGN AND f'ERFORHMC£ 

B<>x Culverts 
Progr- 14 - 5clu111e E~td IRh• w4• 1111,welli 

- -S41u111e ,,,e, IRht .rt• 141111111111 
- le,el ,~,.~ IR11, •••~ lll~w.111, 
- Bevel Cdged Inlet with lftngwa I ls 

Progr• f7 • Tapered Thr01t Inlet 

MP with ProJectin 
n I Head 

Bevel 
Bevel 

Program I rd End Section 
in a Headwall 

ltet End 
with a eadwall 

CMP w1th a Tape t 
- Cone. with a Tapered ~ 

Enter: 1. B • i (For loxes Only) 
2. D • -......i'l!!ll---
3. ti • • \ 
4. EL. 1-N[-r-1-.~v-qo----
). 0.., EL. • ~O 

nter ea 
6. Q EL.FACE, fM.l Hf•~ COHfltlTS 

&k,:;ltAQM' 

lOOQ 111.3 I I 2.-r I 22.1 2.00 

Fa I\ t-oo \o:re. 
+vytqpev-e \~k--r 

\OCO s,Sb \S-8~ zoo F\'Ortt <.u ,ve., 
oCO \q3.Cc, \.\-cci,-..loe~t-> 

00 ,q,-4 tho.+ 2.~ 'of'> 
\Z.00 ~-'I> FM.LOIN~~\( 
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6. 

STEP 14 
INLET CONTROL: DESIGN AND PERFORMANCE 

(cONTINOto) 

nter ea ea 
Hil EL. Q Ek,FliGE1 

EL. THROAT 

\000 lS\. Co I -r,4 I 2..2., 191,5 
foOC1 t5~i"2,S) \Cf I.\ 
8CO lCl3.Cf 

l '2..00 2.0l.O 

Inlet type __________ _ 

I I 

Inlet type __________ _ 

I I 

Inlet type __________ _ 

I I 
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STEP f5 . 
SIDE-TAPERED INLETS 

Box Culverts - Use Progr1111 18 

Ripe tuheru YH fllllllll• IU 

Enter: 1. Q. ,ooo 
2. D • ~ 
3. N • 

4. Ht• 21...., 

5. ST • 4',' 
~ 

10. B • 1 
11. EL.THROAT• \8\.b 

Read: Boxes ~ 
INL IT"ff PE : •e, i:lh , V • [D 

ADJ.S • .0'2. 

ADJ. L • 3~8.'1 
8 .. '1.8 
f -----

l • l.<o 
1 -----

tl.FAC( • 181.~4 

2. ACJ.S • 

Raad: EL.FACE• 

CREST [VALUATION AND OUTLET VELOCITY 

Go to Step 6 previous page 
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Enter: 1. 

2. 

3. 

P.fad: 

s • 
0 

FALL• 

STEP 15 
CONVENTIOIAL INLETS 

STEP 16 
CREST £VALUATION 

Use Progr~ #6 

Enter: 1. Q • 1000 

2. 0 .. ~ 

3. ~Bf• ,.s 
4. s • 0.05 

0 

5. JM fl• l9r.S 

Read: H II <o.28 WT • 
C 

22.45 cw • WA • 

STEP 17 

6. 

7. 

8. 

9. 

10. 

8..1 
51,2 

INLET CONTROL, OUTLET VELOCITY 

Box Culverts - program 111 
P~,1 ,w~~IA& ,~89PMI 119 

Enter: 1. Q • ,ooo 4. ". 0.012. 

2. D • b 5. S • O,OZT 

3. N • \ 6. B • 7 
Read: V • 3\.C, +f5. 
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sf • 3~ I 
ADJ.L • 3b8 .. ~ 

ADJ.S • o.oz-r 
N • \ 
EL.OUtLET • \12.~ 

(Boxes Only) 



0 
--4 ·--·-· 
tJ 
' 

.. . I 
• J ·- t - -- --+ 

- i 
I 
I 

• ·-· . - --------
1 

I 
-----•-•·-- --~ 

! 

. i 

l 

' ' 
-.-.- j -

• I 

-J 
I 

I 

0 -0 ... -

1 • : :.. • • • .; : 
------~------11---·-' ... , --+--+--1>-....,..---1---·-· ....... i -· --~-----hll--·- · 

J ..• • . . i 
I .... : 

. . 1: .... 
.. , ........ -~- -

·•." .. 
~ ! ·t) -
• 'T ~-' 

l I• 

·····--•-·---·· ... . ' 
I 

l I ' - : .. i : : ·i : 

•·--·1-······~• 'J' ·j 
• .I.- ... + .... ;. -~ . . .,1. ~ • • ' • • 

T1'7 .. : -i-·•_:..:L_~ : : 
-- - T • • ~ • • • I 

........ 
I O • • ~ • ~• ;., 

• . • : ~- ·• • . ~ J.. " . . . I . 

• I ... 
. --· -.--·-

.......... -··• • ..J 

. J -. +-+-.;.. p.f· ·~-- ___ ,,,. • LI 
I I ' I I ' ' I ..... • ........... .._ __ .__ __ ..__ 
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CONCLUSIONS 

Since the requirements called for the smallest 
possible reinforced concrete box culvert, the 
barrel should be a single 7' by 6'. 

Selection oif the inlet would be based on cost. 
The additional 2.5' of FALL gains 110 cfs at the 
AtW EL. of 200 ft. It appears that a side- o~ 
slope-tapered inlet which would meet the design 
requirements -«:>uld be adequate and the least 
expensive. 

[xaminatfon of the outlet shows that ft will not 
be the governing flow regime above the AHE EL. up 
to about EL. 205 unless the additional 2.5' of FALL 
is applied. 
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PIP[ CULV[RT CXAMPLE HO. 2 

Given: Oesign Discharge (Q) ~ 150 cfs. for a ~O-year 
recurrence interval 

Slope of stream bed (S
0

) • 0.05 ft./ft. 

Allowable Headwater Elevation• 100 

£levation 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. 

Requirencnts: This pipe culvert w;11 be located in a suburban 
area where the allowable headwater elevation 
may be exceeded by 2 to 3 ft. without extreme 
dclllage. However, headwater elevations greater 
than 103.0 ft. should be avoided for flows 
significantly higher than the design Q of 150 cfs. 
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Disc: fZ A-29 
STEP fl 

CALCULAiE TAILWATER 
Use Progran 11 

Enter: 1. n - 0.03 (ch1nnel) 

2. s • 
0 

0.05 

3. 1M • 5 1W 

4. z • 2. 
1 

s. z2. 2 

Enter "nanne1 
6. Q 1W. Based on dn Velocity 

90 I. 2. l 10.03 

\20 l ,4 I tO.ffl 
\50 \ .58 \I ,.5q 
\80 \.74 12., \<"f 

STEP fZ 
DETERMINE CULVERT LENGTH 

Use Program 12 

Enter: 1. S ■ o.os 
0 -----

3 ':.' z. sru • ---· --
3: l 

3. SFO • -----
q3.02 4. EL.FU • ____ _ 

5. EL.FD • _r_~_.'l_~--

Enter 
6. D L EL.INLET EL.OUTLET 

3,5 353,53 C,Z.Sb 74.91 
4.c 350,45 C'fZ.50 i5.00 

4.5 347,38 Cf2,43 7S.C1=f 
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STtP fl 
DETERMINE AN ACCEPTABLE CULVERT SIZE 

~,. a,egr• 13 tor aox twl~1r1ic 
Use Progrilll 112 for Pipe Culverts 

Enter: 1 • Q • \50 

2. N • l 

3. k • e 
0.2.5 

4. n • 0.024 

5. 1\1 • \.58 

6. Enter 
9 fel" SIM ... 7. Enter 8. Enter 9. Enter 
alpha for Pipe 0 EL.OUTLET L 

\. \2. 3.5 14,9\ 353.53 
4.0 75.0 350.45 

Read 

d " 3.(o4, 
C 

H • \5.'79 

v • \2.45 for Outlet Control 

OUTLCT CONTROL PERfORMAriCE 

. nter • n er 
1W 

90 \.2\ 84.I~ 
\20 \A-l 89.£0 
\50 \.Se c,4.,z 
\'BO l-74 tol,b5 

103 

Read. 
lM.EL. ~":i~a~ e. 

\O<J.Sl 6'e~A.~W. fl. 
q4,bz Ok 

COttt:NTS 

84.:¼ ~w.E:l. . .ro~ 
S<J, \ 5 59 \)G re Eds e 
qs.,1 
lOZ.44 



STEP 14 
INLET CONTROL: DESIGN AND PERFORMANCE 

Pipe Culverts 
Progran ll3 GNP w4"- P•ldee"4"9 Edtes 

- CMP 1n a Headwall 
- CMP or Cone. with type A Beve 1 
- CMP or Cone. with type 8 Beve 1 

P ... , ...... 114 GM! 11' GIRi• w1 \I, ililAtllN ER~ iH,,eA 
GeR5. 111U.h S11w1r:a Ect91r in I W11dual l 
GIAlw wtih I Pi,9J11,tA9 ,e1k1, EA4 
G1111, wOh 1 &1ettet [11.t 411 a llealfwail 

Program #15 - Cl'V' with a Tapered Throat Inlet 
PP191'1111 ,1, GIRi, w4ih I lapeNd lhPlli IA~•-

Enter: 

nter ea ea ea 
6. Q EL.FACE, Hf• Ht tw EL. 

tt.,11R9Af 

Inlet type C..MP •"-l G\.. Head wa\l 

\50. q \.82. I o.~ I a,a \00 

t="ALL \S r-eqL>\v-ed 
-h)c b~ve\ed td.9e 

Inlet type C-MPy~uth Type ff Al\ Beve\ 

\SO qz, ·z.to I 0.24 I ,.74 \00 

M,wo_.,Fl\ll \S ~u,ved. 
-rr)l T yPC- er B '' B~vel 
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STEP 14 
INLET CONTROL: DESIGN ANO PERFORMANCE 

(cONT!NOtb) 

nter ea 
6. Q EL.FACE, 

tt.,ttftOM 

l50 92.50 I 0 l ~.es 'R.346 
qo R..,..., ~.--fcwW\atJc.e. c..uv-ve. Cf'-,.87 
\"20 c:1.,ctl ys i:, ~ pvo~Jo 98.00 
lBO c \, eek t-h"°°+ \Nkh lO\.0I 

\50 92.50 I 0 I ~-~2 9<1.12. 
90 -r;i a.. 35 'DlCl~ey Cf6.C,C, 
\2.0 C,S.CO 

\eo \00.42.. 

COMf'CNTS 

OK-Use. 

Ok 

(~ l.lN -s qi,5") 
150 ql.71 I 0.1c, I a.23 \00 

CfO ~o+e: C.-.,\vevT1s 1N ovtlet-" qb.'15 

\20 CoJTvo\ w ,~ Dl~ c ~.5' 98.20 
\80 \02.2.I 

Inlet type _________ _ 

I I 
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STEP 15 
CONVENTIONAL INLETS 

Enter: 1. 

2. 

3. FALL "' 

Read: ADJ. S • 
ADJ.L • 

Use Progran 16 

Enter: 1 • Q : 

2. D " 

3. B or Bf• 

4. S a 
0 

5. 

Read: WT• 

WA• 

STEP t7 

4. 

~-

8. 

9. 

10. 

----
----

Ill.ET CONTROL, OUTLET VELOCITY 

8etM 6t1l ,el't9 p12eg1"• ,n 
Pipe Culverts - progr• 119 

Enter: 1. Q • l SO 4. n • 0.024 

2. D • _4~-- 5. s • 0.05 

3. N • _ __;.\ __ _ 6, B • 

Read: v • \S.5 '1 
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CONCLUSIONS 

Fran the perfonnance curves, beveled edges meet 
the AKI EL. of 100 ft. and Q • 150 cfs. While 
the use of a side-tapered inlet would increase 
Q to 173 cfs at the AfM EL.• 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 cu1vert perfonnance 
curve does not exceed 103.0 ft. until Q 1s 183 cfs. 
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P:J>[ CULVtRT EXAMPL£ NO. 3 

Given: Ocsi~n Discharge (Q); 150 cfs, for a SO-year 
recurrence interval 

Requirements: 

Slope of stream bed (S
0

) = 0.05 ft./ft. 

Allowable •teadwater Elevatiori " 96 

Elevation Outlet Invert• 75.0 

Culvert Length• 350 ft. 

Downstream channel approximates a 5' wide 
trapezoidal channel with 2:1 s1de slopes and 
a Mann1ng's •n• of 0.03. 

l~drologic estimates are accurate and exceeding 
the AIW CL. 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 this situation. The 48" C.M.P. is 
the smallest barrel which will meet the AtW 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 Attil EL. Try a side-tapered inlet, with FALL, 
and a slope-tapered inlet. 

109 



o;sc #2 A-29 

Use Progr1111 11 

Enter: 1. n • 
2. s . 

0 

3. aw • 

4. z, • 
5. z2 • 

Enter 
6. Q 

qo 
120 

lSO 
l80 

Use Program 12 

Enter: ,. 
so • 

2. 5FU • 

3. 5FD • 

STEP #1 
CALCULATE T~JLWATEI 

0.03 (channel) 

o.os 
5 1W 

2 
2 

l;nannel 
1W , Based on dn Velocity 

t.2 \ l0.03 

\A\ l0.8<t 
l.58 '' .C;)CJ 
t.,4 l 2. \9 

STEP #2 
DETERMINE CULYEIT LENGTH 

o.os 
3'. l 

3: I 

4. CL. FU • '13.02 
5. EL. FD • 74,2.q 

Enter 
6. D L EL.INLET EL.OUTLET 

3.5 353.~3 ~2.~" 74,q, 
4.0 350.45 Cf2.50 75.00 
4.5 34'1.38 q2,43 15.oq 
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STEP 13 
DETERMINE AN ACCEPTABLE CULVERT SIZE 

·YH Prap• fi flP ••• lillhert:1 
Use Progr• 112 for Pipe Culverts 

Enter: 1. Q • \ SO 

2. N • I -----
3. ke. 0.25 (Beve\ed ~e.) > 0.5 (Squave bcl_se.) 
4. n • 0,02.4 

5. iw • 1. sa 

6. Enter I e = fier 89111.., 7. Enter 8. Enter 9. Enter Read. 
alpha for Pipe D EL.OUTLET L K,I .EL. FE::~ai:.c1 C.MP 

\.\'2. 35 ,4.9\ 353.53 \Ol81 b""-c.L~S fl.. 
4.0 -rs.o 350.45 q4_~z OK 

Read 

d • 3-~' 
C 

H • \5.19 
V • 12.45 for C~tlet Control 

OUTLCT CONTROL PERFORMAHC£ HYJ.E:Lb:}. 
UQ.~ e . nter 

C0"1·£NTS 

C,O \ .2.1 84. \Co 84.3"' 
\20 t-4\ 88.80 sq,1s 
iso \.5S Cf4.b2. q5,.11 
\~O \.74 l0(.b5 ,02.44 
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STEP 14 
JNLET CONTROL: DESIGN ANO P£RFORt-lANCt 

Pipe Culverts 
ProgriWll j l3 ,MP w1'h PPl►.iHliAg "691& 

,NP in I We1dw1ll 
SMP e" Seneu wt lih ~i,e ,i 8e11el 

- CMP or Cone. with type B Bevel 
PFi!jFll'1 114 ,.'.P l!P G8A6u wHt:t HIA~IN , .. d ieciien 

C&A6u wi,h S~WIPe ti9es iA a Me1.,1ll 
,,ne, w:iih I P~•de&,tng Se&kei EAd 
''"' ,,ilh I '81kel tAII 1A I M11llw11l 

Program #15 - CMP with a Tapered Throat Inlet 
PP~F• lli ,ene, wilh I T1peNd ih1111l lnlel 

Enter: h 8 • fFer Be,in 8R1:Y, 

2.D•~ 

(,. 

-

3. N • 
4. EL.I • . 
5. OK-: EL. • . 

nter 
Q 

\SO. 

CfO 

\20 
\SC, 

lSO 
qc 
\20 

\80 

ea 
EL.FACE, 
EL.THROAT 

ea 
FALL 

Inlet type C..M P Type "B '' 

!>q,,2 I 3 .. 38 I <o.SS 

T v-,t· -t"qpe.,~d -\-h~OQ.-t 

eq,3g I 3,12 I eo .~1. 

Plot P~v- tt'\CleJC...C 

112 

9b,0 

<13.49 
14,bZ 
q7,~~ 

qE,.O 

<J3.S7 
q4,es 
q7_50 

COHKNTS 

-

-

Use 

-



6. 

\:C 
90 

\'20 

\80 

-

STEP 14 
INLET CONTROL: DESIGN AND PERFORMANCE 

(coRTtROtb) 

sq.~3 I 2.s? I G>.31 9~.00 

<!:>. 25 less. t=ALL) us1t,..11 Q.. 93.85 
c..oi-Jc<ete sJe-~e <14.SS 
\tJ\eT C/7. 2" 

Inlet type _________ _ 

I I 

Inlet type __________ _ 

I I 

Inlet type __________ _ 

I I 
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STEP 15 
SJDE•TAPERED INLETS 

Pipe Culverts - Use progra111 fl7 

Enter: 1 • Q • l50 

2. D "' 4 
3. N "' I 

4. H = t 
~.b2 

5. ST = 4: i 

Pipe Culverts - use progran 118 

Enter: 1. EL. THROl'.T • '69 · 38 

2. PJJJ.S • 0.0402 
3. s • o.os 

0 

Read: ACJ.L • ~5E,. 84 

6. so • 0.05 

7. FALL• "3. \2. 

8. SFU • 3: \ 

9. L = 3~-45 

Pipes 

10. [ • 4A-

~ 
SELET INL[T TYPE 
PR8d •• s«JaEBs, BV.tD. 

ADJ.S • 0.0402 

Bf • 4.5<} 1 M,t-.>1"'10M 
L1 • l .l't) vo.\v~S 

4. FALL • 3.\2 

S. L • 350.45 
6. L, • \. \S 

EL.FACE • 8(1.43_ 

CREST [VALUATION AND OUTLET VELOCITY 

Go to Step 6 prev1..s page 
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Enter: 1. 

STEP IS 
CONVENTIONAL INLETS 

z. s • 
0 -----~-

3. FALL • 

Read: 

STEP 16 
CREST EVALUATION 

Use Program #6 

Enter: 1 . Q • \ 50 

2. D • 4 
3. B or Bf • 4,5q 

4. s • 
0 

0.05 

s. H,I EL • 96.0 

6. 

7. 

8. 

9. 

10. 

Read: H • 3.01 WT• 1.\5: l 
C 

°' • 10.14 WA • 41° 

STEP #7 
INLET CONTROL, OUTLET VELOCITY 

Beie Eul.uu p, 091 em 111 
Pipe C1Jl verts - program #19 

Enter: 1. Q • l50 4. n • 0.024 

st • 3; \ 

ADJ.L • 3Sb,S4 

ADJ.S • 0.0402. 

N • l 

EL.OiJtLET • -zs.oo 

2. D • 4 _........, __ 5. s. 0,0402.. 

3. N • ----- 6. B •--- EBoxes 8111:,) 

Read: V • 14. \"3 
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STEP 15 
SLOPE-TAPERED INLETS 

Program 19 
Enter: 1. D • 4 5. SFU • 3 

2. L3 • 2 6. EL.FU• q3_02 

3. s • o.os 7. s • 3~ I 
0 f 

4. EL.OUTLET • 75.0 B. CL.THROAT• 9q,38 
Select Inlet Type: ¥1•ie1~ F111, Mitered Face 

Read: ADJ.S • 0.04-l4 

ADJ.L • 347.'3q 
EL.FACE• qo,q1 

Pro9ram 110 
Enter: 1 • Q = 150 5. B • 4 

2. D = 4 6. tW .EL. • 

3. L3., 2 7. EL.FACE• 

4. N • 8. L2 • 

9. L4 • 

Select Inlet Type: S..•a,e Ee911 1 Beveled Edges 

ST • \5:1: \ 

STEP #6 
Mitered Face Crest Evaluation 

Read: H • 5.0C, 
C 

STEP 17 
INLET CONTROL OUTLET VELOCITY 

Box Culverts - Progr• 111 
Pipe Culverts - Progr• 119 

Enter: 1. Q • \50 
2. D • 

4. n • 0.024 
s. s • 

q{,,0 

'tO.'=tl 
4.~ 
6.32 

(for pipe use D) 

3. N • + 61 8 • EIHH ... ~:Yi 

Read: V • l4.31+ps 
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CONCLUSIONS 

Selection of a side- or slope-tapered inlet must 
be based on economics, as either will perfonn the 
required function. Additional FAll is not warranted 
at this site. Face design was selected to pess 150 cfs 
at the A~ EL. • 96.0. 

The culvert perfonnance 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 ~ifference between the throat 
control curves represents the difference in friction 
losses between the face and throat sections of the inlet. 
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APPEND[X A 

DERIVATIONS OF EQUATIONS 

USED IN PROGRAMS 
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PROGRlM !12 

X Ya• Sp,u _. 1'!.,.'l'U 

At ttae tao• of thA ou1~ert, the 4lttereno• lMtt••-n th~•-- two 

ecautton• ttqul• the l'Mt1gl\t or the o\ll•ert. 

120 



PROGRAMl2 (cont) 

soiTtn• rar the unknown TaluA x, 

X • 
oJsr♦i 
1 <sFt, + Sol 

Porth@ downstr-•• oon41t1on, • 11■11ar •alu~. tor X would b.!1 

Multtpl~tn~ th-.1~ Taluee b1 the ohann~l slop~ w111 gtT- th~ 

chanr.~ tn eleTatton across th8 d1atanc~ x. Pro■ thte,th~ tnl~t 

and outlet AlATatlone oan b@ d8teralnAd • 

.. T.PD ♦ SrJJ~ IP;l. • OtM'l,b.1' • _, 
(1-Sc,S,oJ 

(lff..IJILIT-IL.OU'rU,-)Jir+i 
L ■-------------s,, 
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PROGRAM #5 

f 

.&t PAC.II. 

Ther8 are three unknowns to be ■olTed tor ln thl■ prc-.raa. 

ADJ.L, ADJ.S, an4 tlut ••rtioal 41•tanee y. Knovtn~ th•t thfrt 

FALt- t■ thft 4ltteNnoe laetnen the inlet and tao8 8l~••t1ona, 

an 8QHl■1on tor 1 •an be o~talnll4, 

Ull'ftl a J'l ■A/1"UII Ntlat1on■h1p, tbll .. ,.,.. or ADJ.a 'No ..... , 

122 



PROGRAM fi (cont) 

Du8 to th• coaplAxtty ot thft■e two equations tn9y arA aolTttd 

by a trial and •M"Or ■ethoc! bJ the calculator. 

One-. th~ -13ust-.d ■ lope 1• found the adjuatftd l~ngth oan be 

ott•1n•d by mu1t1plytng th9 difference ln e18Yat1on 'bfttween 

th-. tac• 1n•~rt and th-. oatlAt lnTert by the ooaAoant of th• 

•d justed flllop-.. 

PROGRAM ;'10 

- - _____ so -...... 
ADJ .J., 

...._ _________ Lo----------~ 

HW 1P.L 

.s -

x_...,. __ ..,........,._ ADJ.t 
JADJ,SZ+t 

Lo 
123 

(♦D+ADJ,t)ADJ,S 

JADJ .si+l 



PROGRAM #6 (cont) 

Pro■ the dtagaa■ the Yalu@ or L
0 

oan btlt det~ratnfld. 

Sine~ th-. T■lu~ o~ X ls also an unknown, an ~TPr~seton for it 

1~ ~l~o r~qutr~d. su .. tng •ert1oal 41atanc~~ produc~s, 

Coab1n1n~ th~•~ two equat1on1, an expression for L0 wtt~out tba 

•alu~ of X 1n it, 1• obtained. 

Substttuttn~ this Talue tn an expn■•ton tor H0 , 

He. HV .a.. - C..OUTL&'l' - lo(Sr-ADJ.S)(iD+ADJ.L) 
<s,-s0 > ./AD.J .sz+1 

The creat wlclth oa11 be ea1o•1ated •■l~ tht• Talttfl ot B0 • 

Thft toraula relattng oN■t "11th to tha 4epth ot water at ti,-, 

ON■t t■ taken t'rOll the Ntenno•• am ll not cle1'1YH MN. 
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PROGRAM 16 (cont) 

__ ___,_l 

WT• (L0-L/JADJ,S2+1 
( C~-h:rN) /2 

BrN 

r 

Th~ wtngwall an~l• 1• ju■t 90° - the arctangent ot thA wtn~

••11 tap,itl". 

PROGRAM #81 
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f.ROGRAM 18 (cont) 

J$L • OU'l'Lltl' 

Th• tonulas ~1•~n Mr~ are sl■llaJ' to tho■11 --1•en in pro~aM 

f5, A-roept a new unknown t 1 has been lntroclueftd. 'l'htt Manin~ 

or FALL has ohan,..-ed al■o. It now equals thfl 41trttrttne11 betwP~n 

th~ ,.l4Yat1on ot the inlet and tM elttYatlon ot thA throat. 

Th~ A-rpresslon■ tor 1 and ADJ.Snow ftel11alt 

Sub~tttuttn,1 

0 •(PALL+ t>./il+i • D-IADJ.s1+1)SPUADJ.s.Ji)+i • tso 

+ ,w..Ji~+t - LiADJ .sJs£+1 + tmr .s • t,_ADJ .sls,u-Ar♦f 
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PIWGRI\M 18 

The a4~uet@d len@'th ooaputatlons u•ed 1n pro,rram 18 can 'be 

d111r1T1td ustn, tht1t dtagra■s of progra■ 18 • One~ th.- adjust84 
. 

slopA 1e oalculat .. d by proirram #8, lt is uefltd by this progra■ 

to t1nd th- nAw culv8rt length. 

As was th,. cas .. 1n program #5 , th- ad justed len~h h th .. 

product or th~ cosflcant or thft adjuatftd. alopw and a dittArenc~ 

1n AleTattcn1. In progra■ #5, th~ 41tter~nc~ ••• bet•~-n th,. 

tac~ 1n•ert el-.nt1on am the outlet 1n•Art elevation. Por 

thls program th1t d1tterence 1• between the th~oet lnv1trt and 

th .. outl~t invert. Althou~h th1e 41tterenoe tn dettnttton 

~x1ats, 1t"ha• little effect on the tor■ula 'below. Thts 

dttf .. rftDOft ta i-e■olna t,J:· the two dU't,.rAnt 4wt1nlttons or 

th .. PAL],. In prop-aa ,s , the Pil.t. h th-. 41ffflNDOft tn elewatton 

b.tw1t1tn th-. tnl1tt invert and the tace 11rf'ert. In pro"•• #8 , 

1t h tlwt 41.tt .. r .. nc-. tn AlefttlOl'l bfttwe1tn th-. tnl1tt lnTert and 

and thfl! throat 1n"f'fllrt. At't11r thf! oul-.w,rt l1tngth 18 found, 

th• l~~h or th~ lapro,,w4 lnl~t 1• eubtraotftd orr. 

Sl1dt~ back up the adjusted ■lope t'1'oll the threat ••ettcma 

'IIL.PACI • SL.THROAT + Li,ADJ .I 
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f.ROGRAM 19 

.,__ _______ &L.P'U-4.0U'r' ______ __ 
lo 

----- &L,TBR-AL,OU'l' _____ .....,. 
ADJ.s 

---At Jl'U ---

ADJ.s __ 

Th• ~quat1Dn for th• t111 •lope (lln~ al ts, 

llallar1J, the equation tor the obanNll 1lop1t (1tnA bl t ■, 
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PROGRAM 19 (cont) 

At the tac~ or th~ culTRrt, thw dlttwnnc- bci!tw--n th-•- two 

~quationa ~quals th~ h~1ght of thP. oulv~rt . 

. 
D..Js'r♦i y Yb • ~ + 9T P'U S L !L PU sr • a - .,PU ~-~. + o 4 - • 

Solvtn, this expr~sR1on for L41 

PJ-om th- fir~t dia~m, 1t can bf'! d@t~ra1n8d that1 

by euuin~ measur~•~nts 1~ the nrt1oal dirwot1on, th- tollow1n• 

RXpr~sslon was obtatnAd. 

Coabinln~ th••~ laet thN8 8quatione, an R%J>T8■eion tor thR 

adju■t~d ■lopw can btl obta1Md. 
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rROGR"M 12, 

S:l.FU 
--- -- ---~ ------

Det11.l 

s -

J.s--

The eqMtlon tor thft ttll ■lOJMI (line a) 1•1 

ll■tlart,. the ,tquat1cm tor th4t tall ■lOPft (llM b) ta, 
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PROGRAM #9 (cont) 

At tbe tao~ ot th-. culTert, thft 41tt~Nncft bfttwHn t"-•• two 

-.quationa •qual• thft h~1ght of thft oulT--rt tac•. 

t .
2 

• ~ •• PU-!L,OU'I' L• L .st.'l'HR-ISL.OUT · s
0 

- - ~. ) - ibJ.s 

», ~u••tn, the 1Maeur•1111nte 1n the Terttoal 41Nctton, t~ 

to11owln• RQN881on •• obtalne4. 

Coabtntng the•ft laet three equation■, an 8XPNt■■ton for that 

adJuatect •lopa oan be obtained. 

- L:,ADJ.S • D-IADJ.s2+1 • &.TIIIIOAT 
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RHFERUC!S 

l. •Hy4raultc Charts tor the Seleotlon or Rl«htr•J CulTerte.• 

H~C lo. S, u.s. Depart■ent or 'l'raneportatlon, Ped~r•l 

Bi~•Y Adm1n1atrat1on, Dece■ber 1965. 

2. •H1draulto ~stgr, or I■proved Inlet ■ tor Cul•~rts,• 

H~ No. 13, o.s. Depart■f!nt ot 'l'ransportat1on, Fedflr&l 

Highway Ad■1nlstratton. Auguat 19?2. 

). •t1ectrontc Coaputer Progra■ tor RJdraultc AMl1•1• 

or Culvert■,• HY-6, U.S. Depart■ent of Transportation, 

Pedaral Hi~hwaJ Ada1n1etnt1on, June 191S. 

4. •0pen Chann81 Hrdraultoa.• V. T. ChOII', NoGra•-H111 ~ook 

C011pa117, tnc., Ne- York, 1959. 

5. •0pen Channel Plow,• P.R. Rend.eraon, The NaoMtllan 

C011pa~, 11.,. Yorlr, 1966. 
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