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INTRODUCTION 

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

In an office where it is not feasible to· use a computer for culvert design, 
the programable calculator becomes a desireable alternative. The accuracy 
remains the same, and the calculator method offers a segment by ~~gment design 
approach. This method allows the culvert design parameters to be changed 
as the design is proceeding along. 

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

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

These box and pipe culvert programs have been written for use on the Hewlett 
Packard - 65 calculator. It is expected that with the equations, examples, 
and program listings, a designer will be able to write similar programs 
for any other calculator he may have available. 

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 and edit~d by Mr. Philip L. 
Thompson. 



PROGRAM LIMlTAT!ONS 

Wh-n eomputtn~ h•adwat•r d-pths, Hr and Ht, th• upp•r and lnw-r 

11m1t1 tor th••• valu•• ar• 4.5 D snd 0.5 ~. Th••• 11mtts 

1ndtcat• th• ran~• oY•r which r•s•arch was P•rtora-d on th•s,. 

culv•rte. B•caue,. polyno111i"l b•st-f1t •q,1at1one ar• us•d to 

produc• th• chart Yalu-s from H•C #lJ. valu•s outstd• th•e• 

11■1ts can b• obta1n•d. S1nc• th• programs do not eh•ck for 

th••• cond1t1one, it 18 l•ft to th• d•s1~•r. 

Wh•n d•e1gn1ng •ith•r a s1d•-tap•l"fld o~ slop~-tap•r•d 1nl•~. 

th~ nu•~~r of barr•l•, N, ts 11m1t•d to two. Por mult1pl• 

barr-11, ~aah barr•l should~ d•s1gn•d 1n41v1duallJ. 

In progrp1 tor circular ptp•s wh-.r• dn/D 1e 81'-•t•r than 0.89, 

th• progro aaeu•~• th• ptp• to b• flowing full tn calculat1n~ 

th• outlet v-.loctty. 

In calculating th- "H• valu• 1n th• outl•t control p•rtormanc• 

prograaa, 1t 11 asaum,-4 that th• culT-rt 1s tlowtnr full. 

In th• d•a1gn ot elop•-tap•r•d inl•ts. th- PALL slop•, St• 

must rang- b•t••-n • 211 and• J•l ratio. 

In any ot thA pro~o• which ua- PALL, thls valu~ is 11m1t•d 

to a rang• ot ¼D to ltD for slope-tapered inlets. 

Por sld•-t•p-r~ 1n1-t1 th• valu~ ot a14- tap~r, ST, aust b• 

o-t•~~n 411 an4 611. 

ThA valu~ ot L3 must 'b-. gr-at~r than or -qual to ,e. This TAlu~ 

has bfit*n ••t •o that ~bntrol wtll occur at th~ throat s-ct1on 
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rat~r than at th• bftnd ••ct1on. 

In a4d1t1on to th• d•s1gn 11a1tat1ona g1v•n prftT1ously for 

box culTArta with alop•-tap .. r•d 1nl-.ta, t~ tollowlng cr1t•r1a 

appl1 to eloi>--t•P•~ and r-ctangular s14•-t•p-rA4 1nl•ta 

~or ptp• oulv•rta, 

Th• r.actan8Ular throat of l~• 1nl•t muat b• a squar• 

••otlon •·1th ald-.a •qual to th• dlaa•t•r of th• plp• 

oulvArt. 

Th• trans1t1on rrom th• squar-. throat ••ct1on to ~h• 

otroular throat •~otlon aust bA no ahort•r than half 

th• oulv•rt d1aa•t•r. It •xc-.ss1Vft l•~the •~• ua•d, 

tM tr1ct1onal lo•••• wlthtn th1a ■Aot1on or th• oulv•rt 

should bit oonald•r~ 1n th• d~atgn. 

Th• 4Aa1gn or aulttpl• barr•l• tor otrcular oulT•rts usln~ 

alop•-tal)f'rfild. 1apro••4 1nl•ts can~ p•rtora~ th- ■&aA· as 

tor box culT•rt• •ro•pt that th- o•nt-.r wall auat bfl tlsr•4 

1n ord-.r to prov14• ad•qu.at• ap&o~ ~tw.•n th• p1p,ita for 

proi,,tr compaction ot ttu. bacttlll. Th• aaount ot tlar• 

r•qu1Ntd wtll 4ApAnd. cm th• alz• ot th• p1p•■ am th• oonetrac

t1oft t~chnlqu•• ua-d. No aor• than two barrAla uy ,~•d frna 

th.-•-- 1nl•t etruotuN uetng th• 4••1P ••tho4■ of th~•• 

progrUI■• 

An altArnat1•A would 1>,t to 4•a1gn a ••rt•• ot 11'141T14ual circular 

oulT~rt• wtth alOJ)ft•t•p•rfltd 1nl~ta. Thie p•ratte th-. us~ of an 

unllatt-4 nuabAr ot barr,tla and. tM 4•a1gn propaaa -a:a-• appl\

abl•. 



Th-. wlnpall tlar• angl•• u1•d ln sld•-tap .. r-d 1nl•ts ar• 

11■1tftd trom 15° to 26° wtth th• top lltdg-. b41!v•l•d• and fr~m 

26° to 90° wlth or without ~v-.ls. 

Th• sock•t .. ntranc• u■•d ln th••• proio-ams r•t•r~ to th• 

b•ll and •Pl~ot typ• or p1p-.. 

All th• dlm•nsl~n• us•d 1n th••• programs sr• 1n W'ngl1~~ 

units, Th• program■ r•qu1r• all or th•tr inputs to b4II 1n 

thls typ-. ot format. 

Th~ use ot slop-.• .. qual to a valu• or ~•ro will produeP 

lncorr~ct r••ults, 

Th,t ■• programs do not oh•ck ror -.rrors 1n input valu••· 

S•v•ral ot th-. •quatlons ~lv•n tn th• •quat1on s•ctlon of 

a pro~a -T not bflt th• •raot fnrmula us•d in th• prograffl, 

Th1s la du• to th• slz• llmltat1ons or th• HP-65 calculRtor. 

It••• d•t•raln•d that t~s• small dlff•r•nc•• dtd not 

•1~1t1cantly charur• th• flnal r-.sulta. 

G•n-rall1 th• ord•r ot prograa •x•out1on ls trom Lab•l A, 

thro'l18h Latu.ls B, C, and D, Th• us•r should r•t!"aln frnm 

p•rtor.lng oaloulatlona b•tWA•n using th••• la~ls. 

Porth-. ■oat pert, thAa• lt■ltatton1 ar• r•p•at•d tn th• 

dteouea1on■ wtth th• programs. 



Spbol 

A 

• 
ADJ.L 

AOJ.S 

Alpha 

AHW u. 

B 

b 

Bt 

BW 

C 

CV 

D 

d 

d.c 

dn 

d2,d3,d.4 

Units 

eq.tt. 

ft . 

tt. 

tt. 

tt. 

tt. 

tt. 

tt. 

tt. 

tt. 

rt. 

rt. 

tt. 

rt. 

ft. 

LIST OF SYM~OLS 

D-,scr1pt1on 

ArAa, ~~n~rally th~ oroe■-sAct1onal 
ar•a or flow 

B11tv .. 1 dtm .. ns1on uaftd for circular ptpfl' 
culv11trts 

Adj~st~d 1-.ngth of a culv~rt, aftftr tta 
or1g1nal 1-.ngth has b~•n alt .. rftd by th• 
add1t1on or an tmprov .. d inlet. 

Adjust~d slopA or a culvftrt, art~r 1ts 
or1g1nal slop~ has bA~n lowered by th .. 
USflt or FALL 

Vftloc1ty d1str1bution factor used w1th 
pip@ culv .. rta, 1.04 for conoret~, 1.12 
for corr1gatAd •~t•l 

Allowable h11tadwatAr el11t•atlon at the 
culvArt Antranoe 

V14th·ot the bor cul•ert barr11tl or th-. 
d1d11tte~ of a pit>f' culvert 

Bev11tl d1n1~nsion used for etrc ... lar pipfl' 
OUlTerts 

Width ot th-. tac .. ••ct1on of an t•prov11td 
lnlAt 

Basft width ot a rectftn~lar or trap-.zo1dal 
chaftftflJl ■eotlon 

Bftvel d1Mna1on used tor circular pip .. 
OUl"YArt■ 

Width ot·th11t w11tir cr~st 

H81ght or• box oulvert or the dta■etftr 
ot a pt~e culv-.rt 

b-v~l d~m•n•t~n us~d fer otroular pip
culv~rts 

Critical d .. pth or flow 

Normal d~pth or flow 

Vart&bl-. d•pths or flo• 



Spbol 

~L.PAC! 

~L.PD 

11'.L.P'U 

~L.IN 

1!:L.OUT 

EL.THR 

PALL 

Et 

ti 

Ht 

a,.. 
HV '-L. 

L 

Units D~scr1pt1on 

ft. HP-1~ht or ~td--t•p-r•d pip- oulv•rt 
rac- ,,.ct1on, •relud\n~ b•v•l d\m-nslnn 

ft. Invert •l•vat1on of th• f•c• ~•ct1on or 
a culv•rt 

ft. C&tch point •l•vat1on nf th• ftll ~lor-
at th• do'Wl"letr•8M •nd or th• ero•~ s•et1~r. 

ft. Catch point ~l•vat1on of th• fill slop• 
at th• upetr~am •"~ of th• cro8s 8•et1on 

rt. Inv~rt •l•vat1on or th• culv•rt 'ofi!for• 
any lmprov•d 1nl•t *djustm•nt8 

ft. Invttrt •l~vatlon or th• cul,r-~•t t!1,-e,"'t 
s•etton 

rt. D1sta~e• b•t--•n th,. culv•rt 1nl•t and 
th• eontrol s•ctton. M_a,uT•d in a dov~
ward d1r•r.tlon 

tt./e•e2 Acc•l•rat\or of .a"8Vtty, )2.2 

rt. H~ad or •~•Tgy r•qu\r•d to pas~ - ~tv•n 
~uantlty ot wAt•r throu~h a culv•rt 
flow1n~ ln outl•t ~ontrol 

rt. Th• d•pth or pool, nr h••d• abov• th• 
w.-tr cr•st 

ft, H•a4 loss at a culv•rt du• to th• •ntrBne• 
oont1,ruratlon 

ft. D~pth ot pool, or h•ad, abov• tha fac_, 
Sfllct1or, tnv,-rt 

tt. D•pth ot pool, or h•ad, stnv~ thfll throat 
s•ct1on tn•-rt 

tt. Hflla4w11t11tr 1tl•Tatton at th_, •ntr11nc• t,n 
a cul••rt 

rt. Th• l111n,r;th or th• cul V•rt, 11•u1ur•d al or,o
th• barr•l 

vlt 



Spbol 

L1,L2, 
L],L~ 

N 

n 

Q 

R 

r 

s 

so 
ST 

TV 

V 

VA 

VP 

VT 

X 

z 

Untt1 

ft. 

eta. 

ft. 

tt. 

tt./tt. 

rt,/rt. 

tt./tt. 

tt./tt. 

tt,/tt. 

ft,/ft. 

rt. 

1'p11. 

tt,/ft. 

tt. 

tt./ft 

0..11or1pt1on 

~1m•ns1ons r•lat1n~ to th• 1■o~o••d 1nl•t 
as shown \n 1k•teh•1 or th• dtrr•r•nt 
1nlf't typ111t11 

Manntn~ rou~hn•s1 co•ff1c1•nt 

Th• volum• rat• or flow 

Hydraulic radius 

Vartabl• param•t•r •qual to thfl abl'lo\ut• 
valu• of th111 d1ff•r•nc• b•t•••n th• flow 
d•pth in a pip• culv111rt and th• radius 

Slop• o~ th• culv~rt barr•l 

Downstr•am flll slop• 

Upetr•a111 f'111 slop• 

Slop• ot FALL tor slop• tap•r•d tnl•t8. 
(ratio of hor1zontal to v111rttcal) S•• 
d.•111gn 1k•tch1111 

Slop• ot th• natural chann•l 

S1dflllfllll·tapfl!r 

Tatlwat•r d•pth at th• culvfllrt outl•t 

M•an v•lootty of flow 

V1ngwall ta~r angl• 

Vflltttlld p•rta•tAr 

V1ngwall tap•r 

Vartabl111 para■•tfllr us•d to atmpltfy 
calculattona 

Var1abl• param•t•r us•d to a1apltty 
caleulat1on1 

Para■•t•r• ualtd to ind.teat• th• fllquat1ons 
ot ~•rloua ■lop• ltn•s 

Vartabl111 para■•tfllr ua•d to sSmpltty 
caloul,attons 

T1U 



PROGRAM vU'l'LtNE 

A. Box Cul••rte 

1. Tatlwat•r Calculations 

2. Cul••rt L•n~th 

). CulT•rt Sh• 

4. OUtl•t Control, P•rror11anc• Curv• 

5c OUtl•t Controls Outl-.t V~loc1ty 

6. Inl•t Control, P•rtora.nc• Curv• 

•• Squar• ~dg• with H•adwall~ 
b. Squar• 9 4g• w1th W1ngwalla 
o. ~•••l .,dg• w1th H•adwalls 
d. b•••l •4g• with W1n!Wa11s 

1) Slop• and L•n~th Adlustm•nts 
2) C!'fllst _.,,aluatton 

•• Tap•r-4 Throat S•ctlons 

1) S1dP- Tap•r•d1 Squar• ~d!~~ 
2) S14• Tap-.r-da B•T•l 1fd.~,~• 

a) Slop• end L•n~th Adjust••nte 
bl Cr•st lfloyaluatlon 

Slop• Tap•r•4• V•rt1oal Pac• 
Slopll! Tap•r-4 1 JU t•l'-4 Fae• 

a) Slop• and L--ne:th AdJn11ta.-nt1 
b) Fao• Dlm•ng1ons 
c) Cr•et lfloyaluatlon 

?. Inl•t Control, Outl•t V•loc1ty 

1,r 

l>rogram t 
1 

? ,. 

5 
f.. 

? 
8 

9 
10 

11 

l? 
1'.3 

14, 15 
10 

16 
17 

18, 19 
?O, 71 
22 

2), 24 



PROGRAM OUTLIN .. 

~. Ptp-. CulT•rts 

1. Ta1lwat•r Calcu1At1on8 

). Critical D•pth 

b. Cul •-rt s b• 

5. Outl.-t Control, P•rformanc• Curv• 

6. Outl•t Control, Outl•t V•loc1ty 

?. Inl-.t Control, P•rformAnc• Curv• 

•• Thln-•dg• Proj•ctln~ Inl•t 
b. Standard Wind S•ct1on 
c, .bflt't1tl .. dg~s 
d, Squar• ".d.g,i.a 1n H.-adwal 1 
"'• Proj•ct1ng Soek•t •dg.-
t, Sook•t 'Mg.- 1n H•adwall 

1) Slop• and L•n~th Adjustm•nts 
2) Cr•et -,.aluat1on 

g. Tap•rllld. Inl•t• Smooth Thro•t 
h. Tap•r.-4 Inl_,t, Rough Throat 

1) S1d• Tap•r•d• Proj•ct1n~ 
2) Sid• Tap•r•d• Squar• W'd.~•s 
)) S14• Tap•r..d, B•v•l YdF•8 

a) Slop• and I.Angth Adjustm•nts 
b) Cr•at W'yaluat1on 

4) Slop"' Tap•r--4, V•rtical F~c• 
5) Slop• Tap•r•d• M1t•r~ Fee• 

a) Slop• and t-ngth Adjuatm•nts 
b) Pio~ Dtm•nalona 
c) Cr11st 11'valuat1on 

8. Inlfllt Control, Outl•t V•loclty 

!'roe:l"al'D • 
, 

?5 

26 

26 

27 

2R 
~9 
)0 
31 
)2 
)3 

9 
10 

)4 
35 

)6 
3? 
'3A 

14, 15 
10 

16 
1? 

18, 19 
20, 21 
,2 

39, 40 



CULV1'RT PROGRAMS 



PROGRAM #1 - NORMAL DEPTH 

In oalculat1ng the performance ot a culvert, the ta11water 

depth 1a requ1red. This ta1lwater depth ls used 1n deter

■1n1ng the water surface elevation at the outlet or the 

culvert. One method or est1aat1n~ this depth ls to set 1t 

equal to the normal depth or the tlow tn the channel. 

Program 11 calculates the normal depth or ,,.ter flowing 1n a 

natural channel. Por the pro~r•• to operate, the channel 

cross•sect1on is assumed to be pr1sut1o tn shape. Depend1"~ 

upon the 1nputs, a tr1angular, recte.ngular, or tra11ez01dal 

section may bP. evaluated. These various shapes are d1■en

s1oned as follows, 

w t--BV---, 

triangular rectangular 

EQUATIONS 

A• 4n(BV+dn(Z1+Z2)/2) 

VP• !V+dn((Z~+l) 05+(Z~1) 0 S) 

R • A/VP 

V • Q/A 

t--l''"--i 
trapezoidal 



RF'MA.RKS 

Por the progru to o~erate properly, the base •1dth (B~) 

and the ■treaa roughnes• nlue (n), must be etored together 

as a awa 1n register #2. To avoid the mi%1ng ot data, the 

baae width (BY), suet be an integer. 

The channel depth (dnl must be c~lculated ua1ng Label A 

before the channel Teloo1ty (V0 ) can be determined. 

STEP INSTRUCTION INPUTS ICF.IS DISPLAY 

1 Load program 

2 Input re~1ster values Q STO 1 Q 

Btf ENTml ~ 

n + STO 2 PW+n 

Bo STO 3 Sc 

Z1 STO 4 Z1 

Z2 STO 5 Z2 

) Calculate normal depth A dn 

4 Calculate channel Teloclty F Vo 

5 Por • change 1n any ot the 

channel propert1ea go to 

step 12 and chance only the 

nece■■a:1"7 data. 

P11Kl the ~or11al 4epth tor a trape101dal channel with a base 

w14th of 6 teet and. ■14e ■lope■ ot 2,1 an4 311. The channel 

■lope 1■ o.Oll-8 and. the roughne■■ Talue t ■ o.04S, Tl'le e1tlmated 

flowrate 1■ 6.50 o.r. ■. 



KF.YSTROKES 

6so STO l . . . . . 

6 ENTER • or.s + STO 2 • • 

.048 STO J •••..... 

2 STO 4 ..• 

J STO 5 .. 

I I I • ■ 

A . . . . . . . . . . . 
B . . . . . . . . . . . . . 

EXAMPLE 12 

DISPLAY 

650.00 

6.05 

0.05 

2.00 

3.00 

3.61 tt. normal d~pth 

11.9? fps. channel velocity 

Evaluate the prev1o~s example tor a tr1an~ular cross-section. 

The l:>a1e width (EW) la set to zero. 

XX!STROKJl:S 

.04S STO 2 . . . . . . . . 
.l 

'B 

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

. . . . . . . . . . . . . 
~ISTING - PROGRAM #1 

DISPLAY 

o.os 
4,64 tt . 

12.0.5 tpa. 

LEL A 1 STO 6 STO 8 LPL 1 RCL 4 RCL 5 + RCL 6 x 2 

+ BCL 2 t INT + RCL 6 x BCL 4 ENTER x 1 + f Ji 
RCL 5 BNTER x 1 + f vii + RCL 6 x RCL 2 f IllT + + 

2 ENTER J + g ..,X x RCL J t .Ji. x 1 . 4 8 6 x 

RCL 2 r-l INT + BCL l - 0 ~ x~7 g X•7 RCL 6 RTN RCl? 

g xq STO? - g x.y BCL 6 RTN RCL? RCL 8 x g ~y + 

STO 8 STO - 6 GTO 1 LPL B F. Rt RCL 1 g ~y + RTN 

(9, STKP8) 

4 



!!_.OGRAPI #2 - CULVDT LF.NGTR, INLF.T AND OUTLF.T !LEVATIONS 

This program uses the e1te characterlstlcs to determine the 

culYert length tor a given barrel he1ght. The inlet and. 

outlet elevations tor the culvert are also calculated by 

th1s program. 

Both box and. pipe culverts can be evaluated bJ this pro~ram. 

The neceaaary input data 8re indicated 1n the d1•~•m belo,,, 

D 

L 

Road .. 7 Cross section 

EQUATIONS 

R'L. INL~ • F.L. PU-( DSos,u( s!+l). 5 /( 1+"3oSFU}) 

n.OUTLFT • F.L.PD+(DS0Spo(S~+l) 05/(1-Sos,o}' 

The der1-rat1ons ot the•e equations •re tound. in th" ~J>J)P.ndtx. 

R!JWl!S 

The length ot the oulvert (L) 1• •t1taaured alon-., th,. ,-,,~rrf!l!l or,; 

11 not• hor11ontal d1•ns1on. 

s 



R!JIIARKS (cont.) 

The end.a of the culvert are as&waed to be vertlcAl. 

~ INSTRUCTIONS IN'PUTS KF.YS DIS'PLA~' 

l Load program 

2 Input register values D STO 2 !) 

so S'T'O :3 so 
5FD STO s 

,. 
JFD 

SFl! STO 6 SFU 

P.'L.FU STO 8 F.L. FU 

EL.FD STO 9 ~.PO 

) Calculate the culvert length A l ,. Calculate inlet elention B F.L.IN 

5 Calculate outlet ele•at1on C FL.Ol''I' 

6 Pora cha~e 1n any or the 

register values ~o to step 

#2 and change only the 

neces■ary data. 

EXAXPLE #1 

Find. the length or a 9%.5 box culvert on a 44' ■lope. ?-0th 

the upatreaa and the dOlffl■tream f111 ■lope■ are on a )11 

ratto. The ele•atton ot the catch point on the upstrea~ fill 

t ■ 100 feet. The catch point ele•atton tor the dnwnstream 

■lope 1■ 90 reet. 

K!YSTllOKJl'.S 

s STO 2, • • e t • I • • • 

6 

DISPLAY 

.5.00 



RYSTBOK~ 

.04 STO) 

) STO S • 

• • 

• • 
STO 6 . . . . 
100 STO 8 • • 

90 STO 9 • . 
A . • . • . . 
B . • • • • . 
C . . • . • • 

aXAMPL!!: 1/2 

• 

. 

. 

. 

. 

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

. . . . . • 

. • . . • • 

. . . . . . 

. • . . • . 

. . . . 

DISPLAY 

0.04 

:,.nn 

),0(' 

l(')0,00 

90.00 

219. ?l 

99.4tS 

90.6A 

rt. LENGTH 

tt. t;L.INl.t.'T 

tt. .1!.I .OU'T'l,"-'!' 

It was later 4~c14e4 to us~ a 66 inch pipe culvert at th19 

location 1n1tead ot the 9T5 box culvert. Find th~ 18n~t.h ~nd 

th8 1nlet and outlet invert ~l~vat1one for this ~1tut1on. 

K-.YSTBOJC!S DISPLAY 

66 DT.iR 12 ♦ STO 2 • • 5.50 

A. • • • • • • . • . • • 216.M·, rt. [,11.NGT~ 

I::! . . . • . . . . . • . 99.41 ft. r.L. INU.'T' 

C • • • • • • • . . . . . . 90.15 rt • .t.L.OUTL.11.1' 

LISTING - "PROGRAM #2 

L~L A b C - RCL :, + ACL J t;N'I't.R 'I: l + f Ji X 

STO 7 RTN U:t. 1:) RCt ' t.NTt.R it ) + f' Ji RCL '2 X 

RCL ' :x RCL 6 7: RCL ' RCI, 6 T 1 + CHS + RCT. F- -4 

RTN I.BL C BCL 3 lilrrJI.B X 1 + r Ji RCL ? :r RCl- '1 

T 'RCL S X RCL ' RCJ, 'S C:h"S X 1 + + RCT. 0 + ~1'(' I! 

RTM ( ~,- S'l'l'.'P~) 

1 



fROGllAM #3 - POX CULVF.RT1 SIZE AND OUTLF.T CONTROL PFRFORMANCF. 

Th11 program has two functions. Piret, tt can be used to 

select the appropriate box culvert slEe. Second, once this 

box e1Ee ha• been ■elected, the program •111 evaluate tts 

performance for various flowrates. The outlet control perfor

unce curve can be made by plotting these tlowrates ver11t1s 

the generated head-ter eleTat1ona (lN EL.). 

In detera1nlng the best box culvert size, the de11~er must 

t1r1t aelect a trial height (D) and width (B). For these two 

value■ the proirram coaputes the water surface elevation or 

the headwater pool at the culvert inlet. A visual comparison 

or thl1 value to the allowable headwater elevation (AHW n..} 

le •de and the designer adjusts the height (D) and •14th (P) 

accordlngl7. 

Once the box a1ze ha• been determined, various flowrate value• 

can be placed into the program to obtain the performance CUM''!. 

The tollowtng dlagra• lnd.1cates the locat1on or the enern 

lo•••• a■soclated w1th culvert flow. 



ltQUATIONS 

B • He+P.r+Hv 

• ( l+ke+29n2L/(Et/2(P+D)) 1. )))( Q/OEN) 2 /2p: 

d2 • (d0 +D)/2 or the Ta1lwatftr depth, ~h1chever is lar~est 

RV !L. • H+d2+EL.OUTLE'I' 

BEMAB!CS 

The critical depth (40 ) cannot be greater than the h8i~ht of 

the box (D). The pro@Tall includes a teat tor this situation. 

Since the water at the inlet 1a considered to be a pool, the 

Yeloc1ty at this point 1s assuaed to be approxiMtely zero. 

Thia allow■ the hydraul1o grade line to be equated to the enerFY 

line. 

Por the program to operate properly, the nuaber or barrels (N} 

an4 the barrel roughness •alue (n), ■uftt be stored to~8ther 

•• a ■a in register #8. The llaitatlons or the assumptions 

made also require that the nuaber or barrel ■ (N) b~ limited 

to a Yalue ot 1 or 2. 

Label A (BW P.:L.) au■t be executed before Label D (d?.). 

9 



STEl> 

1 

2 

3 

4 

5 

6 

? 

8 

!NSTRUCTlONS INPUTS 

Load pro~m 

Input re~iater Talues Q 

D 

B 

EL.OUT 

ke 

TW 

L 

N 

n 

Calculate headwater elevation 

Calculate critical depth 

Calculate total head loss 

Calculate depth ot water at outlet 

To eTaluate another bo~ 

size, reenter another 

height and/or width and 

go to etep #3 .• 

To obtain outlet control 

performance curve coor41natea, 

input various tlowratea and 

oaloulate the oorre1pon41ng 

headwater eleYatlon1. •• 

KF.YS DISPLAY 

STO l Q 

STO 2 D 

STO J p 

STO 4 EL.OUT 

STO 5 ke 

STO 6 TV 

STO ? I, 

P.NTF.R N 

+ STO 8 N+n 

A RV F.L. 

F de 

C 'ff 

D d2 

• It the length an4 the elevation ot the outlet of 

the oulvert ohan'-!• wtth the depth, the1 ■u•t ,.,.~o 

be reentered. 

•• tt the ta11water depth change■, tt au■t 'be reenter~d. 

10 



Pora tlowrate of •oo er,., and an entrance loss coetf1c1ent 

ot 0.S, f1nd an appropriate box culvert s1ze. The tail~ater 

depth tor th1a flm,rate 1s 2 feet. Prom the site condit1ons, 

1t has been determined that for a 5 foot box height, a 255.00 

root barrel 11 required. The outlet elevat1on tor this box 

would be 99. 70 feet. If a 6 foot box height 1s se).ected the 

length would change to 250.00 feet v1th an outlet elevation 

ot 100.00 feet. The culvert is to be constructed of concrete 

with a roughne■s factor of 0.012. The allowable headwater 

elevat1on 1e set at 1)0.00 feet. 

KEYSTROK~ 

400 STO 1. . . . . . . . 

DISPLAY 

. 400.00 

. 5 STO 5 . . . . . . . . . 0.50 

2.00 2 STO 6 .. . . . . . . . . 
l fflffP'Jl .012 + STO 8. . 1.01 

Try a Sx.5 boz. 

STO 2 •• • • • • • • • • 
STO) . . . . . . . . . . . 

.5.00 

.5.00 

2.55 STO ? •. . . . . . . • 2.55.00 

99.? STO 4 • • • • • • • • 99.10 

A • . . • • • • • • • • • • ll'.3.81 ft. 

HV EL. 19 lower than ARV EL. Try 4:i:5 box. 

4 STO '.3 . . • • • • . • . • ).00 

A • • • • • • • • . • • • • 119.76 rt. 

HY P.L. 18 olo■er to the ARV EL. Tr:, ):r5 box. 

11 

'RV F.L. 

HV F.L. 



l<EYSTROKF.S DISPLAY 

. . . . . . . . . ).00 

. . . . . . . . . 1)4.08 t't. RY RL. 

IN P.L. exceed■ the AlN 'P.L. The 4x5 box w1.ll work. 

Try a ":r6 bo:r. 

6 STO 2 • . • . . • . • • . 6.00 

4 STO J • • . • • • . . • . 4,00 

2.S0 STO? . . . . • . • • • 2.50.00 

100 STO 4 • . . • . . . . • 100.00 

A • • . . . . . . • • • • • 116.00 rt. HW R't.. 

IN EL. 1• leas than the AHV EL. Try a Jr6 box. 

. . . 3.00 

A • • I I • e I . . . • • . 125.51 rt. HY F.I. .• 

IN EL. 1• close to the ARV EL. Try 2,:6 box. 

2 STO 3 • • . . . 2.00 

A . . . . . . . . • • • • . 158, Jl tt. RV EL. 

BW m.. e:icoeecla the ABV P.:L. 

EJWIPLE #2 

EYaluate the pertOl'llanoe curYe 1n outl~t control tor the 

,S6 box oulTeJ"t 4eat.gned. aboTe. Plot toui- point■ on thft 

ogrye oorreepondtng to the o.6Q, 0,8Q, ~. and. l.2Q. 

KEYSTROKES DISPLAY 

400 ENTER .6 x STO l .• 240.00 

6 S'l'O 2. • • • • • . . • • 6.oo 
. 

12 



JC!YSTROICBS 

) STO ) •.• . . . . 
100 STO 4 ..... . 

. S STO 5 

2 STO 6. 
• • 

. . 
. . . . 
. . . . 

250 STO 1 . . . . . . 

DISPLAY 

. . . ).00 

. 100.00 

. . . 

. . . 
0.50 

2.00 

, 250.00 

l ENTER .012 + STO 8 • • 1.01 

A • • • • . . . . . . . . . 112 .95 rt. 

400 Enter .8 x STO 1 .. )20.00 

A • . . . . . . . . . . • • 118.48 ft. 

400 RNTF.R 1.2 x STO 1 . 480,00 

A • • • • • • 
. . . . • • . 1)4. 09 f't. 

400 STO l • • 
. • • • • • • 400.00 

A • • • • • • • • • . • • • 125,51 rt. 

! 
• • • • 

. • • • • • • • • 8.22 f'·l .· . 
C • • • • • • • • • • . • • 19. 51 f't. 

D • • • • • • • • • . . . . 6.oo f't. 

LISTING - PROGRAM #J 

HW EL. 0 .6Q 

HW EL. 0 .8Q 

HW IL. • l.2Q 

BV n. 

d.c 

H 

d.2 

I.EL A B RCL 2 g XS, RCL 2 g NOP + 2 + BCL 6 g %~7 

g x~ g IOP STO 9 C RCL 4 + ICL 9 + R'rl L!t P RCL 1 

ICL ) + RCL 8 t INT + 2 D'l'ER :, + g Jx . ) 1 5 x 

B'l'I LBL C 2 9 RCL 8 r-l Ilff INTBB x z RCL? x RCL) 

ICL 2 x RCL l RCL 2 + 2 x + 4 1'1ft'rJI ) + ~ yZ + 

RCL S + 1 + RCL l BCL) + RCL 2 + BCL 8 t INT + 

DTD z 6 4 • 4 + z RTN USL D RCL 9 RTN (99 ST!'PS) 



-

Plot or the pertoraance or• )x6 box cul•ert operat1ng 1n 

outlet oontrol. 

Pl~tt1~ Coord1nates 

Q 240.00 '.320.00 400.00 
--

RV IL. 112.95 118.48 125.51 

4 

1 

80.00 I 
J4.09 

140 ----------------------------, 

: / 
Allowable Headwater Ele•at1on j_ / 

I ,L-

I . 
I 
I 

,1 
ll 
0 

~I 
!I 
c!I 

110 ..... -------""---------:-'------200 :,oo 400 500 

PLOVRATBS (eta.) 



PROGRAM 14 - POX CULVER'l't OUTLET CONTROL OUTL!T VELOCITY 

Thie program detera1nes the outlet •eloc1ty of• bo% eulv~rt 

operating 1n outlet control. 

The formula incorporated in this program 1s s1aply V. Q/A. 

The depth or flow uaed 1n the computation or the cross-sectional 

area ls equal to the critical depth or the tailwater d8pth, 

wh1aheYer is larger. However, if this depth 1s found to be 

greater than the height of the box culvert, then th~ box 

oulvert height is used as the depth of flow. 

P.QUATlONS 

V • Q/A • Q/(BNd3) 

d 3 • 4 0 or TV, wh1che~er 1a larger, not to exoeed D 

d0 • 0,)1S(Q/BN)• 67 

REMARKS 

The outlet velocit7, Label A, must be calculated before the 

depth ot tlow value, Label C, can be d1eplayed. 

STEP INSTRUCTIONS INPUT KEYS DISPLAY 

1 Load program 

2 Input re~11ter Yalue■ Q STO 1 Q 

D STO 2 D 

B STO ) E 

TV STO 6 TW 

N STO 8 N 

15 



STEP INSTRUCTIONS INPUT KF.YS DISPLAY 

) Calculate outlet •eloo1t7 A V 

4 Calculate cr1t1cal depth 'B de 

5 Calcalate depth or flow C d3 

6 Pora change ln an1 of the 

oulTert properties go to 

step #2 and change only the 

necessary data. 

EXAMPLE #1 

What 1s the outlet Teloc1tJ of a 9x5 box eul•ert at a flowrate 

of 600 eta.? The tallwater depth la 4.5 teet. 

KEYSTROKES DISPLAY 

600 STO l • • • • . . . •• 600.00 

5 STO 2 . • . • • . • • • • 5.00 

9 STO J • • • • • • • • • • 9.00 

4.5 STO 6 • • • • • • • . • 4.SO 

l STO 8 • • . . . . . . 1.00 

A • • • . • • • • • . . • • lJ,J) tpa. V 

B I I I • I • I • • • I • • s.1a tt. 40 

C I I • • I • • I • • I • • s.oo tt. dJ 

What Teloelt, •alue■ oould be expected tor the box cu1T8rt 

ln the above e%ample at dl1charge1 or 400, 500, and ~o~ cts.? 

16 



KRYSTROKRS DISPLAY 

With the previous probl@m still stored 1n th~ csleuletcr. 

400 

A 

STO 1 . . . . 
e • • • • e • • I • • • • 

~00 STO 1 •. . . . 
A . . . . . . . . . . . . . 

400.00 

9.88 fps. V 

500.00 

12.11 fps. V 

800 STO 1 • • . . . . . 800. 00 

A . . . . . . . . . . . . . 
LISTING - ~BOGRAM f4 

LfL A P BCL 6 ~ x»y GTO 1 ~ x~y RCL 2 ~ ~>y ~ x~ 

~ NOP GTO 2 LBL 1 RCL 2 g x>y g x~y g NOP L'Pt. 2 

STO 9 RCL 3 x RCL 8 f INT x RCL l g xb + RTN 

UL B RCL l RCt) + RCL 8 t INT + 2 F.~'TF.R 3 + 

g yx . ) 1 5 x RTN LPL C RCL 9 RTN (60 ST~PS) 

17 



PROGRAMS #5-8 EOX CULVF.BT1 INLET CONTROL PF.RPORJUNCE 

Program #51 Square P'..dged Inlet with Headwall a 

Program #6, Square Edged Inlet with )0°-15° Vi~,:wslla 

Program II? I 1,1 PeYel F..dged 1,,1.t with Headwalls 

Program #81 1,1 BeYel 0 
P'd~ed Inlet •1th 45 "1n~ll1!1 or 

1t,1 Be•el F.d.ged Inlet with 18°-)J.7° '"1ng,ralls 

These programs eYaluate the hydraulic pertonance tor th8 

aboYe 1nlet contlguratlona. Although the shape ot the inlet 

faces differ dramatically, the analysis formulas are very 

similar. Por this reason, these programs are irrouped to~ether. 

A further detailed explanation ot the ~eometry of these inlets 

1s depleted in the diagrams ~elow, 

Program #5 

90° and 15° v1ngwalla 

Square Fdges 

Program #6 

Headwalls - Normal or Skewed to 

45° Square F.d@:es 

Vlngwall1 J0°-?S° Flare Square FdfM!t 



Progra■ fZ 

Read'lffllls - Normal to 45° Sk6w, ltl P.evel F.dged, 

Variable BeTel on Acute An,le of Skewed H~a4•all 

Proga■ #8 

45o W1n,,,all Plare 

111 PeTeled Top 1..d.ge 

18° to 3),?0 ~1~11 Flare 

li,l Peveled Top F~ge 

Por each part1oular 1nlet, the program calculates the he1~ht 

ot the water at the tace or the culvert (Hr), This vglue 1• 

then a4de4 to the oulYert lnlet 1nTert elevation (Br• F.L.INl. 

It tbt• 9\UI la 1••• than the allowable headwater elevation 

(ARV m.,), then the 1nlet eleYat1on beco■e• the elentton of 

the ~ace (1!:L.PACF.). HoweTer, 1t the swa ot the hei!ht or the 

water at the race or the culvert an4 the elevation or the 

inlet exceeds th~ allowable headwater elevation, th~ dttrere~c~ 

between thl• •u• al'l4 the allo.,able headwater eleTatton 1s sut

traoted ~rom the inlet 1twert elevation. Th1s n~• elev~t1o~ 

19 



h now called the eleYat1on or the race ( FL. FACF.). For the 

oulvert to op~rate properly, th~ inlet 1nvert must be reset 

to thte elevation. The drop in elevation or the 1nlet in•ert 

is called the FALL. The diagrams below graphically ~how th1~ 

oocurrence. It should be noted that as the inlet invert 

eleYatton drope, the culYert barrel rotat~s about the outl~t 

invert. 

No PALL Required 

F.t.IN +Hr< Amr 'P:L. 

FALL Required 

FL.I~+ Hr~ A'RV v.t, 

Ae indicated tn the dia"ams, •hen the c-lculated headwater 

ele•ation te above the allowable head.ater el8vat1on, th~ 

headwater ele•ation ts set equal to the allowable ~nd the 

dttterence ta taken up by the PALL. 

Generall7 speaking, the invert elevation ot the culvert can 

alwa1s be thought of a• the elentton or the race (EL.PACF). 

The ortglnal elevation ot the culnrt 1nlet invert before 

cona1dertng the ettecte of' inlet oontrol and PALI,, can be 

taken a• the elevat1on of the inlet (F.L.INLF.T). 

Once the culvert has been sized tor the design tlowr~t~ 

con41 t1ons, the sue program can be used to eYalu:,te th .. 

20 



performance or the cul~ert for other flowrate Taluea. In this 

manner a performance cune for the culvert operat1n~ 1n inlet 

control can be drawn. 

!QUATIOIVS 

KL. P.ACP. • AHW F.L. -Hr (\11th P'ALt,) 

• EL.INLF.T (V1thout FALL) 

HW EL. • F.L.PAC!+Hr 

PALL• RL.PACF.-RL.INLF.T 

Note, The PALL 1s mea■ured 1n a downward direction 

and therefore 1s alwa7e a poe1t1ve Talue. 

X • Q/(PND)1 •5 

Progry 1, 

Hr. D(o.122111+O.soS4J5X-o.10856ox2+0.0207eo9xJ 

-O.OO1J6?S7X4+o.ooooJ456XS) 

Hr• D(0.0?24927+0.S0708?X-0.1174?4X2+0.0221702X) 

-o.001489SBx4+0.00003eox5> 

Progra■ 11 

fft • D(O.lS66086+0.)989JSJX-0.0640)92X2+0.0ll201J5XJ 

-o.ooo6449x"'+o.000014s66x5, 

21 



Program ,a 

Hr• D(0.089S6JJ+0.441246~X-0.0?41498X2+0,012?1181XJ 

-0.000?588X4+o.00001??4X5) 

REMARKS 

In evaluat1nF these 1nlete, the cox s1ze must be determined 

before the culvert performance values can be ~enerated. One~ 

the box culvert has been sized and the elevation of the face 

(EL.PACE) established us1n• the desi~ flowrAte, the pro,rram 

can then be used for perforlll8nce evaluations. In ealculatin~ 

the perfo1·unce curve values, the elevation or the f.ace (F.L.PACF) 

■ust remain• constant. To insure that th1e value does remain 

a constant, Lab~l A on the calculator should !22! be used dur1n~ 

the performance curve ev•luation. 

These pronams have been written •1th the input values stored 

1n th,~ same re,t1stere for each pro~••• This allows the des1,rner 

to store the input data once and evaluate all tour tnlet 

cont1gurat1ons by just loading the 1nd1v1dual program eardg, 

Vhenever applicable,• bevel ed~ed inlet 1• recommended tor 

use 1n lieu ot a square ed~ed inlet. The lar~e increase 1n 

hydraulic performance ~•ined by using the ~evel edQd inlet, 

greatly outweighs the small additional cost. 

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

1s limited to a a1n1mu■ Talue of ¼D and• ma%1■um •~lu~ ot 

ltD. If the ■1n1mua Talue le exceeded, ie., PALL. 0.20, 

?.2 



one of three alternat1Tes say be considered. First. since 

the PALL is so saall, the culYert wtll operate•~ thou~h 

no PALL 1• present. Therefore. in this case, the culYert 

•hould be designed •1th no PALL present. Second, th~ box 

elze oou14 be reduced tor the ■aae 1nlet cont1guret1on. This 

would lnoreaee the amount or PALL produced. And third, th~ 

•••• box size can be used onl1 wlth another inlet des1~. 

It the •x1mum value tor PALL, ltD, 1s exceeded, either a 

lar~r boz al£• or a more errtctent inlet is required. 

Polynoa1al beat-tit equations are used to deteNine th~ hesd

water depth■ tor these inlets. Slnce these equations are 

an approz111atton tor the curves 1n HF.C #lJ, they are subject 

to the•••• 11•ttat1ons. Therefore, the headwater depth (Hr} 

1 ■ 11a1ted to a uxt■um ot 4tD and. a a1n1aum or 1D. To aTold 

the por■1b111ty ot aulTert tallure due to buo7ancy rorcea. it 

1s reoo-n4ed that H~ be ll■lte4 to a Yalue around 2D. 

Por the prograa1 to operate properly. the w1dth of the box 

culTert (B) and the nuaber ot berNls (N), au1t be ■tored 

to~ether •• a proc!uot 1n r-e~i ■ter 13. 

STEP IIIS'l'BUCTIOR'S INPUT KF.YS DISPLAY 

1 toa4 prograa 

2 Input re~t•ter Talues Q STO 1 Q 

D STO 2 D 

B F.NTF.R p 

N x STO) P.xN 

2) 



_S~T~EP~-----I-NS-T;;;..;R_U-C_T.._I...,O,._NS _____ IN-P_U;;,..T ______ KF.Y_._S ______ D......a-IS~ 

2 

) 

4 

5 

6 

1 

Input re~lster Talue■ 

AHW FL. 

Calculate the F.L.PACP. 

Calculate the headwater ele•. 

Caloulate the FALL 

Caloulate the headwater depth 

To eTaluate the same inlet 

with different design criteria, 

go to step /12. 

8 To eTaluate another inlet, 

load the desired program card 

and go to step #3, 

9 To obtain the performance 

cur•e coo:rdinates, input 

the selected tlowrates in 

register #1 and press Label P 

to obtain the headwater eleT. 

STO 5 

STO 6 

A 

E 

C 

D 

FL, IN 

AFV F.1,, 

F.I..FACF' 

HV FL. 

PALI, 

Hf 

Note, Label A aust not be used during the performance 

oVYe eTaluation, 

EXAMPLE #1 

For a l0-7ear discharge or 600 eta., an allowable headwater 

eleTat1on ot 113.00 feet, and an inlet eleTat1on or 9A.OO feet. 

detera1ne an appropriate box oulTert size, The site eharae

terlstioa indicate a box height of S feet should be u■ed. A 

headwall oonf1l'\11"&t1on with a 30° skew should ~e eaployed. 



Load prograa #5 

KEYSTBOKF.S 

600 STO 1. 

S S'l'O 2 • • 

• • . . 
• • 

98 S'l'O .5 . • . • • 

11) STO 6 ••• • • 

DISPLAY 

.... 600.00 

. . 
. . . . 

5.00 

98.00 

. . . . llJ.00 

Tr7 a .5 toot w14th. And a single barrel . 

.5 STO ) • • • . • • • . • • s.oo 
A • . • • • . • • . . . . • 85.45 

C • • • • . . • • • . . . • 12.55 

rt. F.t.FACJI'. 

ft . l'Att 

The allowable PALL la ltD or ? • .5 ft. Try larger w14th. 

6 STO) • • • • • . . • • • 

A . . . . . . . . . . . . . 
C • • • • . . . . . . . . . 

6.oo 
92.?) ft. EL.PACF. 

5. 27 tt. PAt.t, 

The PALL nlue 1s between ¼D and ltD. Check the Ht• 

D ..•..•....... 20.27 tt. Hr 

Br 1• below the IIU1■Ull Yalu• ot 4tD. 

Thl• 6x.5 •quare edged box oul•ert uy be us~ tt anchored 

••ourel7. 

Por the •aa• ■1te, 4e11gn a beYeled 1nlet. 

Loe4 prosraa 17 

unnons DISPLAY 

• • • • • • • • • s.oo 

A • • • • • • • • • • • • • 90.86 tt. EL.PAC~ 

2.5 



KF.YSTROKF.S 

C • • 4 • • • • • • • • • • 7.14 rt. FALL 

The FALL ts ln the acceptable ran~e. 

D . . . . . . . . . . . . . 22.14 rt. Hr 

The headwater depth 1s tn the aoeeptablft ran~e. 

A 5x5 be•el e4ged box culvert lllA7 be ueed. 

Other alternat1•~s 

6 STO J • . . . . . . • • • 6.00 

A • . . . . . . . . . . • . 96.38 rt. F.L.PACF. 

C . • . . • . . . . . • • . 1.62 rt. FALL • .J2D 

D . . • . . . . . . . . • • 16.62 rt. Rr • J.J2D 

? STO J • • • . . . . . . • 1.00 

A . . . • . . • . • . . . • 98.00 rt. F.L.l"ACF • 12'.L,U: 

C • . . . . • . • e . . • • o.oo rt . PALL 

B • • . . . • . • • . . . . 111.28 t't. aw F.I .. 

D • • . . . • • . • . . . . l).2A ft. Hf • 2.?D 

A 6x.5 beTel edged. inlet w1th 1.62 tt. or PALL, or a ?r5 

beTel edged 1nlet box culTert with no FALL. 

laAMPLF #2 

Por the condltlona ln F.2:••?le fl. US1ft4r the 5x5 be•el ed~ed 

box culTert, calculate the performance cur•• coordinates. 

Load pro~•• 11 



KEISTROKP.:S DISPLAY 

600 STO 1 . . . • . . . • . 600.00 

5 STO 2 . . . . . . • . . . 5.00 

5 STO ' . . . . . . . . 5.00 N • 1 

98 STO 5 . . . . . . . . . 98.00 

113 STO 6 . • • . • . . . . 11).00 

A • . . . . . • . . . . 90.86 ft. F.L. FACF 

p . • . . . . . . . . . . • 11).00 ft. HV EL . 

400 STO 1 . . . . . . . 400.00 

p . . . . . . . . . . . .• 102.96 ft. H\J EL.~ Qr 400cfft. 

SOO STO l . . . 
p 

700 

e 

. . . . . . . 
STO 1 . 

. . . . . . 500. 00 

. . . ... 107.48 rt. RV F.L. 

. ?00,00 

. . . . . HV EL. 

Note, In the aboYe calculat1ona, Label A was only pNtssed 

while the des1gn rlowrate (600 cfs.) was in register 

#1. Vh1le other tlovratee are being used tor J>@rform~nee 

curTe eYaluat1ons. Label A 1hould !!2! be pressed. 

!PJWIPLE #J 
Pora 4eatgn tlowrate ot 1000 eta., an inlet eleYat1on of 

43?.SO feet and an allowable headwater ele•atton of 44e.20 

feet, deetgn an appropriate bo% culTert. The stream requ1res 

4S0 w1n~lls. The bottom width or the etrea■ ■easures 1~ 

feet aero•• and therefore• twin 7-foot w1de box culvert 1~ 



chosen. Site conditions require that the culYert be placed 

on the stream bed. No PALL can be employed. 

Ncte, When no PALL 11 speottied tor• de1tgn, a ■hort-cut 

■ethod. of analJeie is poa11ble. The inlet eleYat1on 

1s stored in register #8 instead or re~lster 15. Aleo 

instead or the allowable headwater eleftt1on, A Tery 

large nuaber 11 stored in register #6. BJ vieually 

ooapart~ the calculated headwater eleTat1ons with 

the allowable Yalue, a box oul•ert design can be 

quickly obtained. 

Load program #6 

DYSTROJCF.S DISPLAY 

1000 STO l • . . . . 1000.00 

5 STO 2 . . • . • • . • • s.oo Trial height 

1 Jl:NTF.H 2 r STO J . . 14.00 

4)?.5 STO 8 . . . . . . . b.'.3?.50 

10000 STO 6. • • • . 10000.00 Any nu■ber>> AV'-' F.I. • 

B • • • • • • • • • • • • 448.61 ft. HY RL. 

This BV P'l.. exceeds the AHV F.L. Try a 6 toot height. 

6 STO 2 • • • • . . . 6.oo 
B • e e I I I • a e ■ t I 446,98 tt, RV !L. 

Thie RV P.:L, ts w1th1n the allowable. A twin ?T6 square top 

e4~ box oulYert would work. 

Tr,. beYel edged lnlet. 

Load pro,n-u #8. 

28 



KlYSTROKF.S DISPLAY 

Not@', The w1dth sttll equals 6 feet from the preTiOU8 prob1effl, 

p • • . . . . • • • • • . 446.P9 f't. HV FI .. 

Th1 ■ HV Et. 11 satisfactory. Tr:, a saaller height. 

s STO 2 • • . • . . . . . 5.00 

B . . . . . . . • . . 448.09 rt. 'AV F.L. 

This HV F.L. 18 wtthtn the allo-able. Therero~e. a twin 7x5 

box cul•ert with a be•eled top edge could be u■ed. 

LISTING - PROGRAM #5 

I.BL A D BCL 6 RCL S - g x~ ~ x~y g NOP RCL 6 ~ ~y 

• STO 8 RTN LPL B D RCL 8 + RT~: LBL C RCL 5 RCL 8 

• RTN L!L D RCL 1 RCL) + RCL 2 F.NTER t .Ji x + 

P.:NT'!R ENTER EN'l'JPB 3 4 . 5 6 x l ) 6 ? • 5 ? 

• X 2 0 7 8 0 • 9 + X 1 0 e 5 6 0 - X 5 

0 5 4 ) 5 + X 1 2 2 1 l 7 + 6 r-l LOG ~ 

BCL 2 x RTN (94 STEPS) 

LISTING - PROGRAM #6 

LPL A D BCL 6 RCL 5 - g xSy ~ ~1 fl NOP RCL 6 ,r x~y 

- STO 8 !'rN LPL 13 D RCL 8 + RTN LPL C BCL 5 RCL 8 

- ll1'Jl L!L D BCL 1 RCL 3 + RCL 2 ENTER t Ji l[ + 

ENTER DT~ ENTER ) a 0 X l 4 8 9 s • 8 - 'X 

2 2 1 1 0 2 + X 1 l ? 4 7 4 0 - ~ 5 0 7 0 

8 1 0 + 'I: 1 2 4 9 2 7 + 7 f'-1 LOO + RCI. 2 X 

RTN (9) STEPS) 



LISTING - PROGRAM#? 

LPL A D RCL 6 RCL 5 - g %SJ ~ ~J' g NOP RCL 6 ~ ~y 

- STO 8 RTN I.EL B D RCL 8 + BTN LBL C RCL 5 RCt ~ 

- RTN LBL O RCL 1 RCL) + BCL 2 !NTFR r Ji x + 

ENTER ENTF.R ENTFJl l 4 5 • 6 6 x 6 4 4 9 - x J 

1 2 0 l ) . 5 + x 6 4 0 3 9 2 - r ) 9 8 9 

) 5 ) + x 1 5 6 6 0 8 6 + ? r-l LOG + RCL? 

x RTN (95 STEPS) 

LISTIRG - PROGRAM #8 

LPL A D RCL 6 RCL 5 - g xSJ g Xff g NOP RCL 6 g x~ 

- STO 8 RTN LEL B D RCL 8 + RTN LPL C RCL 5 RCL 8 

RTJf LBL D RCL l RCL) + RCL 2 RNTF.ll t .ji x + 

F.t.'TKR ENTJm P'JITtm 1 ? ? • 4 x 7 5 8 8 - x 1 

2 ? ) l 8 . 3 + x 1 4 ) 4 9 8 - x ~ 4 1 

2 4 6 S + x 8 9 5 6 ) ) + ? r-l LOG + RCL 2 

z RTN (9) STP,PS) 



Plot of the performance ors ~x5 bevel edged box culvert 

operat1n, 1n lnlet control. 

Data taken rroa h-ple /12. 

Plotting Coordinates 

400.00 soo.oo 600.00 700.00 

11V EL. 102.96 10?.48 11).00 119.5) 

120 

- I 
• I ~ 
~ -
R 

llS 

I Allowable Headwater F.lttT • .... -- ----------IE-

I E 
~ 110 I ~ 

J'I r' g 
~ 

lOS !I II: 

!I 
RI 

100 
:, 500 00 700 Aoo 

PLOVRATF. (ore.) 

)1 



PROGRAM 19 - INLF.T CONTROL1 SLOPF. AND LF.NGTH ADJUSTPl~TS 

Once a culTert has been designed tor inlet control •1th 

FALL. an adjustaent must be made to the slope and the len~th 

or the culvert. The need for an adjustment 1n the slope of 

the cul•ert results from the lower1n~ or the eleTat1on of 

the culvert 1nlet while keeping the elevation or the outlet 

a constant. Since the culvert pivots about the outlet 

invert, the culvert slope decrease■ • Since the he1~ht of 

the culvert (D) re .. lne constant, the lowering of the inlet 

force, the culvert to be lengthened to again intersect the 

f'1ll slope. 

Both box and pipe culTerts can be evaluated b7 this progra~. 

The exiat1n~ streambed and original culv~rt are altered to 

allow f'or inlet control with FALL. The diagram below dep1Ct8 

the changes. 

lsUATIONS 

------

F.L • I ~F.T 

F.L FACR 

------ ------
------

ADJ ,S • (L9 0 -FALI,(S~+l) • 5)/(L+J'Spty(S~+l) • 5) 



EQUATIONS 

y • PALL+D((S~+l) 0 5-(ADJ.s2+1)·s, 

The 8quat1ons for ADJ.Sandy ~re solTed by tr1s1 snd ~rror. 

The der1T11t1ons of these equations are found 1n the 11ppendlx. 

REMARKS 

S1r.ce this program does not use the width of the culvert 1n 

any of its equations, the pro,n-am can ~e 11pplied to multiple 

barrel applications. 

Both the or1g1nal culvert len~th (L) and the adjusted culvert 

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

hor12ontal measurements. 

In the des1,rn of the streaTtbed 1n front or the entrance to 

the culvert, the adjusted slope (ADJ.S) should be extended 

a m1n1aum distance of tD. The trans1t1on slope •h1ch connects 

the stream slope (S0 ) to the adjusted culTert slope (ADJ.S) 

should be eatabl1ehed between a 211 and a )11 ratio. This 

tran■ lt1on ■lope 1a referred to as the FALL slope (Sr). The 

performance of th1a weir construction ls evaluated tn another 

pro~••· 

The adjusted slope value (ADJ .s), Label A, must bf' determined 

before the adjusted len~th (ADJ.L), Label!, c~n be ealeulat~d. 

No 1nteraedlate calculations should be performed betwt'!en the~e 

calcul•tlons. 



STEP INSTRUCTIONS INPUT KEYS DISPLAY 

l Load pro@:ra■ 

2 Input reP:1■ter values D STO 2 D 

So STO 4 so 

PALL STO 5 PALL 

SFU STO 6 Sl't! 

L STO ? L 

' Calculate ad.lusted slope A A.DJ.S 

4 Calculate ad3usted. length B ADJ.L 

s Pora change 1n any or the 

oul-.ert properties, go to 

■tep #2 and. ohanp:e only the 

neoes■ary data. 

EXAMPLP: #1 

A 6-toot p1-pe cu1-.ert hae been dealgned ror 1nlet control 

•1th a PALL ot 6.S2 feet. The normal channel slope la S~, 

am the up■trea• till slope 1s • )11 ratlo. P..arl7 tnves

ttgatton• 1howed that a )49.61 toot oulYert ahou14 have 

•orked. u· laid in the etrea•bed.. Find the adjuated slope 

and. length or the culvert tor the new des1,rn oond.1t1on■• 

IJP.!'S'l'ROK"9 DTS'PtAY 

6 S'l'O 2 • . • • • • • • I • 6.oo 
,05 STO 4 • • I • I • • • • o.os 
6.52 STO s • • • • • • • • 6.52 

' S'l'O 6 . • • I • • • • • • ,.oo 

'.)4 



KP:YSTROKF,S DISPLAY 

STO ? . . . . 
A 

B 

. . . . . . . . . . . . . 0.029664 

. . . )68.91 ft. 

F..XAMPL E # 2 

ADJ.S 

ADJ.l 

Por a )x.5 box culvert on a 4( slope with 1½ root or FA.LI., 

ttnd the adjusted elope and length. The r111 slopft 1s )11 

and the inlet elevation 1s 250.00 f'eet. 

KEYSTROKES DISPLAY 

5 STO 2 . . . . . . . . . . 5.00 

.04 STO 4 . • . . . • • . . 0.04 

l.S STO 5 . . . . . . . . . 1.50 

J STO 6 • . • • . . . . • • 3.00 

250 STO?. • • . . 250. 00 

A . . . . . . . . . . O.OJJJ93 ADJ,S 

t • t t • I t • • • • • ADJ.l 

LISTING - PROGRAM #9 

LEL A l STO 8 LPL 1 RCL? RCL 4 x RCL 4 F. RCL 5 

x • RCL 4 ~ RCL 1 x RCL 6 x RCL 7 + + F.NTJl:R ~ RCl?. 

CHS x RCL 5 + RCL 4 'fl! RCL 2 x + RCL 1 • 0 I' "f~J 

g X•r GTO 2 RCL) r ~1 STO) - ~ X•7 GTO ~ RCt) 

RCL 8 :ii: g ~J' + STO 8 STO - 1 GTO 1 LP r, F ir t:t 'J'~ V 

+ RCL ? RCL 4 x RCL 4 1P. + RCL 5 - x DSP . 2 ~T?>' 

L!L ! IP.NTP.:R x l + r Ji RT~' UL 2 g R .. ~ n, ~!:l'P . 

6 RTN ( 9 5 STP.'PS ) 

3.5 



PROGRAM flO - CRi:rsT CON'!'R0I F.VAl t'A't'JOt' 

thP. stream~~d •n~ the culvert entrence could adver~el~ affpct 

thP operation of thP. culvert. To insure that thP culvert 

operates 1n the proper manner, thls pro,rram co•putes the 

required 1nl~t d1men~1ons. 

Th1s program 1s des1p-ned to evaluate the ereAt control d1~en

s1ons for both hor and pipe culverts operat1n~ under 1~1-t 

control and side-tapered throAt control. 

The d1an-ams 'telo- 1nd1cate the d1mens1one determined 't'y the 

program. 

(CV) 
Crest 
'"idth 

t 

FxN 



!QUATIONS 

CW• Q/(2H )1•5 
C 

WA. 90-arctan(WT) 

R'!!MA.RKS 

As ment10Md btitfor~, this proliU"am ••Yb~ us~d with P.1t~•r 

con~~ntionAl or s\d~-tepAred inlet design~. For conv-.nt1on~1 

lnl8ts, the culvert width (b) and th8 numt>-r or barr~l• (N) 

ar@ stored t01,Ptther •• a product tn re~lst~r f). Wh~n tht~ 

pro~A• 1• us~d tor sid8-tal)8red lnl8ts, the rea• width (Br' 

ts stor8d ln r~g1ster #) inst~8d or thP. product B~W. 

Thia progra• ls written ln RUCh a unn-.r that thP. lab~l• 

must bf! pre1s~d in an aac8ndin~ ol"d~r. 

ST~P INSTRUCTIONS INPUT KEY~ DISPt."· 

l Load pro~• 

?. Input reglat,-r ftlUAS Q !3TO 1 (,I 

n ~TO 2 1) 

b ll!fT!'R b 

N X STO " b,r~I . 

so STO ';. So 



STEP INSTRUCTIONS 

2 

3 Calculate crest he1ght 

4 Calculate oreat w1dth 

5 Calculate wtngwall taper 

6 Calculate w1ngwall angle 

INPU'T' 

e,.r F.L. 

F.L.OUT 

s,. 

ADJ.L 

ADJ,S 

? Pora change in any or these 

culvert propertles, ~o to 

step #2 and reenter ADJ.S 

am the dea1red item. 

EXAMPLE #1 

KF,YS DISPLAY 

ENTER Hl•' FI. 

- STO 5 f{1.r F.L. - F.L. Ot!'T' 

STO 6 Sf 

STO ? ADJ.I 

STO 8 ADJ .s 

A He 

B c,, 

C VT 

D WA 

~hat ls the recommended wlnp:wall taper to insure lnlet control 

for a tlowrate ot 8SO eta. throu~t. a twin 9x5 box culvert? The 

channel •lope 1s 0.042 •1th an ad3uated elope ot 0.01. The 

culvert wae or1~1nally 19? feet long but due to the applied 

FALL, lt has been lengthened to 223 teet. The till elopes 

of the roadwa7 oroaa-eeotton are 2,1 rat1oa. The outlet 

elentton ta 473,00 feet and the headwater elevation at the 

tao• 11 488.00 teet, The PALL slope 1 ■ set at• 211 ratio. 

8SO STO l t e f I I t • I 

)8 

DISPLA? 

. eso.oo 



KEYSTROKF.S DISPLAY 

5 STO 2 . . . . . . . . 5.00 

9 ENTER 2 X STO J • . • 18.00 

. 042 STO 4 . . . • . . . . 0.04 

488 F.NT~ 4?3 - STO 5 :;.~.oo 

2 STO 6 • . • . . . . . . • 2.00 

22) STO ? . . . • • . • . . 22'.),00 

.01 STO 8 . . . . . . . . . 0.01 

A • . • . • • . . . . . 5.)7 ft. Fe 
p . . . . . . . . . . . . • 24.12 ft. c,.J 

C . . . . . . . . . . . 2.02 WT 

D . . . . . • • . . . • • . 26.32° VA 

Note, Labels A thru D must be used ascend1ngly for proper 

crest evaluation. 

F.XAMPLE #2 

A )-toot diameter pipe culvert w1th a side-tapered inlet 1s 

to be used un4er a city street. ThA outlet invert elevAt1on 

1• 115.32 feet and the headwater elevation 1s 121.e5 feet. 

The eide-tapered 1nlet section has a 4t toot open1n~. The 

culvert 1s to be la1d on a 1~ elope where•• the stream slopP. 

11 )iC. The total len~th of the culvert 11 64 reet, The 

PALL ■lope has been chosen at a )11 ratio. A des1,rn flovrate 

ot 210 ors. 1• expected. !valuate th1• culvert and detenin~ 

tbe nece■■arr 41menatons to tn■ure inlet control. 

:,9 



Kr.tSTROKES DISPLAY 

210 STO 1 . . . . . . . . . 210.00 

3 STO 2 • . . . . . . . 3.00 

Lr.. 5 STO 3 . . . • • • . . • 4.50 

.o,s STO 4 • . . • . . . . o.OIJ. 

121. 85 !m'l!:R 115.:,2 - STO 5 6.5; 

) STC f., . . . . . . 3.00 

64 STC ? 6h.OO • . . . . . . • . . 
. 01 STO 8 . . . 0.01 

A . . • • . . . • . . . • . 4.22 rt. He 

d • • . . • . • • • • • 8.5? rt. cw 
C . . . . . . . . . . . 1.01 W'l' 

D • . . . . • . • . . . . • 44.?6° WA 

• Note, WhAn th• stde-tap_r_d 1nl~t 1~ ~valuatAd w1th this 

progrAm, th- valu~ 8tored 1n r~~1st~r #? 1B th~ tote1 

l~n~h or th~ culv8rt. Th- total 1-ngth 1s comprt~-d 

of th~ •d~ust8d lAn,th (ADJ.L) an~ th8 len~h or th

s1de-t~p~r~4 s~ctton (L1 ). 

LISTING- ~ROORAM flO 

~r, A O STO 9 RCL ? '-' + STO 9 RCL ?. i + 'I! + • + 

RCL 6 RCL ~ - x RCL 6 RCL 4 - + STO - 9 RCL ~ CHS 

x RCL 5 + RTN LdL ~ RCI, 1 g %f1 2 7! l!.NT&s'R f .ji "!f 

+ RTlf UtL C RCL '.3 - 2 + RCL 9 CHS + I 1/x C\ ~ x~:v 

I ,r~ ~ NOP RTN IJ,L D r•l 'l'AN 9 0 ~ :rt, - R't'~ l.dL 

• RCL 8 &!JlTl!JI x 1 + t Ji RTN ( ~1 ST&'PS) 

40 



PROGIWt #11 - BOX CULVEBT1 THROAT CONTfiOL 8 TAPERED UfLRT 

!esldes 1■proTln~ the face conf'lgurat:1on of an inlet, dea1gn1n~ 

a ne- throat section will also increase a culYerts performance. 

Thi■ program evaluates the perror11ance or a culYftrt operatln@' 

ln throat control. The for■ulss trom this program can be 

ap~lled to two difterftnt 1nl~t shapes, slde tapered and slope 

tapered. Like the l■proved inlet protrrams, thi'oat inlet pren-ams 

otten oanuae PALL to increase the flo,, capacity or the oul•ert. 

The tollowin,r diatrraa• describe the throat contr&l inlets, 

HVm. 

\EL.THROAT 

ELEVATION VIEW 

PLAI VIIW 

SIDE-Tl,DRD INLBT SIDR-TAPJl'.JIJP.J> IML"-T 
NO PALL, AlN IL. > IN EL. VITR PALL, AlN ia:t. S lN r., .. 



ELEVATION VIlN 

SLOPE-TAPERED INLET 

VERTICAL PACE 

F.:,UATIONS 

PLAN VIJ!:'.P 

SLOPE-TAPERED INLRT 

MITERED PAC! 

EL.TRROAT • ABW EI..-Ht (Vith PALL) 

• EL.IIILRT (Without PALL) 

HW EL.• EL.'l'HROAT+Ht 

PALL• EL.INLl!!T-!L.TRROAT 

Ht• D(0.1~9503J+0.)7894Ja.SX-0.04~777BX2+o.oo426329x3 

-o.000106)S8x4) 

X : Q/(tmol. 5) 

Rt1;MARKS 

Label A 1s used durln~ the culYert a1Ee determlnatlon part or 



the progrd. Once f!I. cul Yert • i ze has been se lee ted, it 11!1 

put into the calculator and Label A evaluates the appropriate 

throat eleTatlon for the dea1gn rlovrate. Vhen usin~ other 

tlowrates durinF- the perronance curTe evaluation, Label A 

must !l2! be used. 

Since the input re@'isters have the same 1dentt-tr as the one!:' 

used for the inlet control programs (5-8), the■e pro~rams can 

be run 1n succession. It all the inlet control proirrams exce~d 

their U%imum 11m1t or PALL (liD), the dea1gner can i~mediately 

load thi ■ progra• and proceed •1th the culvert design •ithout 

restoring any ot the design values. 

Due to the size lim1tations of this calculator, a ■mall error 

results in the computation of the FALL. The pro~am assumes 

that the elevation or the inlet and the elevation of the throat 

Are equal before determining the value of the headwater elev

ation. Thia equality is false and a small difference, equal 

to the channel slope times the vertical distance between the 

inlet and the throst ■ection (S 0 %L1), exists. This L1 dis

tance le an unknown 1n this program. It 1a dete?'llined by 

program #12. By understanding th1s error.a correetlon, 1f 

necessary, can be llad.e. 

The 11m1ts placed on the PALL Talue earlier, ■till apply. A 

a1n1aua Talue of iD and a maximum value of ltD. Ir the upper 

11■lt is exceeded, a larger culvert size should ~Y tried. If 

the ■1n1aua Talue 1 ■ exceeded, ,be pr8e~n•e ot PALL will not 

increase the oap~ctty of the culTert. 



A pol1'ftoalal best-tit equation 1• u1ed to deteralne the head

water depths tor theee inlets. Since the equation 1 ■ an approx-

1•tton tor the cunes ln REC #1), it t ■ subject to the same 

restr1ct1on■• The head-ter depth (Ht) la limited to 4tD •nd 

not le•• than tD. It 111 reo01111en4ed that the value ot Ht be 

kept around a value or 2D. 

Por the prograa to operate properl1, the culvert width (P} 

and the number ot barrels (N) are stored together a• a product 

1n reg1■ter /l'j. 

The nuaber ot barrels (N) ls 11■1te4 to a value or 1 or 2. 

STP:P INSTRUCTIONS INPUT KRYS DISPLAY 

1 Load program 

2 Input re@'lllter values Q STO 1 Q 

D STO 2 D 

B Enter p 

N % STO :3 BxN 

EL.IN STO 5 !L,IN 

AIN IL. STO 6 .UN Jl!L. 

:3 Calculate throat elevation A BL.TB! 

4 Calculate headwater eleTat1on P- Jrv EL. 

5 Calculate the PALL C PALL 

6 Calculate headwatn depth D Ht 

? Pora chan,re in an1 of thcu1e 

culvert properties, 9t1 to 

■tep f2 and obange only 

the nttces11ar1 1te■1. 

"' 



STEP INSTRUCTIONS INPUT 

8 To o~ta1n the performance 

curve coord.1nstea. 1nput 

the selected tlowrates 1n 

re~1eter 11 and press Label P 

to obtain the headwater elevations. 

KF.YS DISPLAY 

Note, Label A must not be used during the performance 

curve evaluation. 

9 To evaluate another inlet, 

load the required pro~am card 

and ~o to step#). 

EXAMPLF. #1 

baluate the throat control perrorm~nce of a )x) box culvert 

v1th • flowrate or 150 ers. The inlet eleTat1on ls 120 feet 

and the all01r11ble headwater elevation 1s 124 teet. 

KEYSTROK'P'.S DISPLAY 

1.50 STO 1 . . . . . . • . • 150.00 

) STO 2 . • • . . • . • • • ).00 

STO ' . • . . • • • . . • . ).00 

120 STO s • • • • • • • • • 120.00 

124 STO 6 • • • • • • • . • 124.00 

A • • • • • • • • • • • • • 116.17 ft . EL.THROAT 

I! • • • • • • • • • • • • • 124,00 rt • aw F.L. 

C • • • • • • . • • • • • • :3,A3 rt. PALL 

D • • I • I I I • • • • • I ?.A'.3 rt. Ht 

4,5 



The aulYert stze ts satisfactory ■1ncft both th~ PALL and th~ 

headwater depth arft w1th1n thftlr allowabla range8. 

A range ot tlowrates around th~ deslgn Talue, ar~ u"ed to 

obtain the perror-noe curYe coordinates. 

K!YSTR0KIS DISPLAY 

90 ST0 1 . . . . . . . . . 90.00 

B • . . . . . • • . . . . . 120.A5 rt. HW JU. 11t o.6Q 

120 STO 1 . . . . . . . 120.00 

B . . . . . . . . . . . 122.24 t't. HW .1!.L. @ O.AQ 

180 STO 1 . . . . . . . 180.00 

b • • • • . • • • . . • . . 126.20 tt. HW hL. @ 1. 2Q 

LISTING - PROGRAM #11 

LBt ,. D HCL 6 RCL 5 - ~ xSy gxb ft NOP RCL 6 gxb 

- S'l'O 8 RTN LBt B D RCT, R + RTN !BI. C RCL .s ftCl. ~ 

- RTN LBL D RCL 1 RCL 3 + RCt. 2 ~NTJi.R t Ji ,r + 

aNTD l!Jf'rJ!.H ~N't'.1:1.R 1 0 6 3 • 5 A Cfr.11 1r 4 ?. 6 3 

2 . 9 + % b. :, 7 ? ? R - X ~ 
., 8 9 b. b ( ·I 

X 1 2 9 5 0 3 3 + 7 ,-1 LOG + RCL 2 X RTN 

(90 STJsPS) 
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~lot or the perror11ance cur•e or a '.,3x) box culTert cpere.tlr.,r 

1n throat control. 

Data taken from F.xample #1, 

Plotting Coord.1natee 

Q 90.00 120.00 150.00 180.00 

HII F.L. 120.A5 122.24 124.00 126.20 

l'H 

-. ., 
"'" - 1:;r, 
~ 
0 .... 
e,. • t; 
JJ 12~ 
I:! Allowable Beadw,ater F.leT. 

I I 
Cl 

120 ti; 
.ti#, ID 0 

,!,~ 

llS 
~0 9n 120 l ~'> lEIO 2i_{' 

l"LOYRATF. (eta.) 



PROGRAMS #12 & flJ - POX CULVERTS1 PACE DIMENSIONS 

SIDE-TAPEBP.D INLR"I' VITR SQUABE EDGES 

S IDF-TA'PP:R!D INLET VITH PEVELP.D EDGES 

The■e protr.rams continue •1th the design or• culTert operatin~ 

1n throat control. :'or a side-tapered. entrance, theee profr?'ams 

compute the face w1d.th (Er) and the horizontal distance ~etween 

the entrance and the throat control section (L1 ). 

Prograa 112 d.eale •1th square edged inlets. Inlets with 

•1n!'f&ll flare an~les from 15° to 26° •1th a top beveled. edge, 

or tnlets with w1ngwall flare angles rrom 26° to 90° with all 

ed~a squared. These 1nlets can be seen graphically below. 

1N EL 

D 

~L1~~!L.T11BOAT 

ELEVATION VIEW 

p 

1~0 to 26° v1n-...11 ~lare 

Top Mge PeTele4 - No PALL 

4{o 

PLAN VIP.:W 

26° to 90° ~1n,r,i,8ll Flare 

All Fd~ee Square - v1 th FAU 
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The bevel edged program, #13, pertains to tnlets •1th wtn~

wall flare an~les of 26° to 45° with top edges ~Teled, and 

to inlet• with wtn,r:,,&11 flare angles ot 4~0 to 90° with ~oth 

top and ■ 1de ed~es beveled. For further details, refer to 

the diagrams below. 

P.V EL. IN EL. 

EI...THROAT PL.THROAT 

EI..FVATION VIEV 

B 

26° to 45° Ving,,all Plare 

Top M~ Peveled - No PALL 

B 

PLAN VIEW 

4S0 to 90° ~1ngwall Flare 

Top and Slde• PeTeled - PALL 

Tlle deten1nat1on or !f and L1 1■ a length1 computation which 

exceed■ the oapactt, ot the HP-6S calculator. An extra pro~A~ 

o■rd 1■ needed to ooaplate these calculations. Programs 112 

and #1) 0011pute Pr and L1 but one ot the inputs tor the■e 
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calculations, the adjusted slope, ls not deter•ined until 

pro~m 114. Correspond1n~ly, prosra• #14 needs the L1 value 

of progr~•• #12 and #lJ, to complete its evaluation or ADJ.s. 

The uthod. u■ed to solve this dilemma ie to alternately use 

either programs #12 and #14 or programs #1) and #14, several 

tiaee untll the values ot Pf' L1 , and ADJ.S stabilize. Thie 

stab111zAt1on of •alues usually only takes two or three cycles. 

Por the initial calculation o~ Br and L1 , the adjusted slope 

value 1s approximated by U!1ng the channel ■lope or a number 

slightly saaller. 

Where pretabrloated lnlet eectlons are available, Pr and L1 have 

usually been set by the manutacturlng company. Theae values 

are nol'11ally r1xed at lt times the culvert depth. Ir thl• type 

of design le desired, the ~1ven Talue ■ or Pr and L1 can be used 

1n lieu or progra•• #12 and #1). The value of½ can be dir

ectly used in program #1~. 

EQUATIONS 

Progra■ #12 

et• Q/(D

1

•
5

(-l.219+4.)X-0.61S)X
2

+0.0213x3+o.oo?.?X

4

)) 
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AQUATIONS (cont) 

Progra■ #1) 

Br• Q/(D1 •5c.1.13607+3.6985)X+0.12128X2-o.205))9X3 

~o.025692Jx4l) 

~he product or th~ eulv~rt width (B) and ~h• nW1b@r or barr@l8 

(N) ls stoT~d 1n r~~ister 13. 

Th- number or oulT8rt barr~ls (N), should b8 11m1tftd to a va1u~ 

or one or two. 

As ■entloned b9tore, tor th8 tn1t1al Yalue of the adjust'"1 

slope (ADJ.S), th~ ortgiMl channel slop~ (S0 ) should b~ us~d 

•• an appro~taation. Thle YAlue ls stor~d tn reglet~r f4. 

ThA sidewall tap~r (ST) chos~n ror th~ culvftrt inlet 1~ lt■1t-~ 

to• nlue bAtwe8n • 4,1 and a 611 ratio. Value• le•• than -•l 

arft unaocAptable and will not op~rate •• aidA-taper8d 1nl8ts. 

Valu~a ~8•t~r than 611 will p8rtor11 ~tt~r than th~ d~~l~n 

will 11'l41oat~. Thttr8tor~ with this lar~~r ••lue, the d~■tgrt 

will be oonserYsttYe. 

The Yalue tO'I" L1 dwtera1ned bJ th•■• proe:ra■• 11 a horizontal 

■eaaareaent. As compared with Lor ADJ.L whloh ar~ uaaur~4 

along the oul•~rt barrel. 

t1'8TRUCTIOMS INPUT k!YS OtSPLAY 

Sl 



STtP INSTRUCTIO~"S INPUT KLYS DISPLAY 

2 Input regt1ter Talues Q STO l Q 

D S'l'O 2 0 

6 IIWT'!R B 

N X STO J BxN 

Initially use 50 ADJ.S STO 4 ADJ.S 

Ht STO .s Ht 

ST STO 6 ST 

:, Calculet~ thft face width A Br 

4 Calculat~ the inlet len~th I, L1 

5 Run program #14 

6 Repeat steps 12, *'· (14, 

and #5 until the -values ot 

.br and L1 atab111H. 

lllJIIPLI fl 

ln de11gn1~ a 7x6 box culTert tor a Q50 ot 1000 eta .• the 

throet eleTat1on was d8ten1ne4 to 'bft 161.?5 fe8t. ~h~ h~Ad

watAr ele•atton ••a 205 f8et. It a 4,1 ~1d8 taper ts cho~~n, 

what 1s th8 race w1dth and the length or the ■148-tapen~ 1nl•t1 

The natural channel slop8 ts .SC, and the 1nlet ts to haTe squar

ed~••• The hAadwater depth at the throat 1eot1on la 23.25 re~t. 

Loa4 prom■ #12 

Kffl'l'IOICIS 

1000 STO l • • • • • • • 
6 S'l'O 2 • • • • • • • • • 

S2 

DISPLAY 

1000.00 

6.oo 



UYSTROK.l!.S DISPLAY 

? STO J • • • . • • . . • • ?.00 

.os STO 4 . . • • . . . o.os 
2).2.S STO 5 . . • . • • 2).25 ,. STO 6 • . • . • • . . • • 4.oo 

A • . . • • • • . • . . . • 8.12 ft. Bt 

B . • . • . . . . . . . • . 2.25 ft. L1 

U■ 1ng ½_ 1n progra■ 114, ADJ.S 18 oalculated to be 0.029816 

1000 STO 1 . • . . . . • 1000.00 

6 ~TO 2 . • . • • • . . . • 6.oo 

? STO ) • . • • • . . . • . ?.00 

• 029816 STO 4 . • . . • • • 0.0) 

2:,.25 STO 5 • • . • • . • • 2).25 

4 STO 6 • • • . • • . • • • 4.00 

A • • . • . • • . • . . . • 8.11 rt. Br 

B • • • • • • . • . • • . • 2.2) tt. L1 

Proa pro~• llb.t thft ADJ,S • 0.029814 

1000 STO l • • . • • • • 1000.00 

6 STO 2 • • • • • • • • • . 6.oo 

7 S'l'O ' • • • . • . • • • . 1.00 

• 0298111 STO 4 • • • • • • • 0,0) 

2,.2, STO S • • • • • • • • 2),2.S 

.. STO 6 • • • • • • • • • • 4,00 

A • • • • • • • • • • • • • 8,11 tt. or 
a • • • • • • • • • • • • • 2.2) tt . Li 
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Dt and L1 stab1l\~~d after two tr1al8. 

~XAMPL! f2 

Lo•d pro~am #13 

K•YS'!'ROKES DISPLAY 

1000 S'!'O 1 . . . . . . . 1000.on 

6 STO 2 . . . . 6.00 

? STO 3 . . . . . . . . 7.00 

. 029814 STO 4 . . . . . . . o.o:, 

2).25 STO 5 . . • . • 23.25 

4 STO 6 . . . . . . 4.00 

A . . . • . • . . . • . • . 7.6~ ft. a, 

B . . . . . . . . . . . . • l.'.36 rt. L1 

Fro• pr0,rra111 1141 the AD.T.S ... 0.029?'.}4 

1000 STO 1 . . . . . . . 1000.00 

6 S'!'O 2 . . . . . 6.oo 

? STO 3 . . . . . . . . 1.00 

.029134 STO 4 . . . . . • • o.o:, 

2).2.5 STO 5 . . . . . 23.25 

4 STO 6 • . . . . . . . . . 4.0(' 

A . • • . . • . • . • • . . 7,68 tt. a, 
.b . . . . . . • . . . . . . 1.)6 rt. L1 

As 1n the pNTloue ftXampllt, thft valUftll or i:lr and I,1 ~t,abll \,:~d 

rapidly. 



LISTING - 'gROGRA!il fl2 

L?l A 1 lFL 1 CHS RCl 5 + RCL 2 + ~l\'T'FR Ft,:TVR ;-KTF~ 

. 0 0 2 ? X . 0 2 ? ) + X . 6 1 5 '3 - ::,r 4 

3 + X 1 2 1 9 - RCL 1 Jr. x~y + RCL 2 n'1'FR f 

Ji ::,r + ) r-1 LOG 'X f INT 3 r-1 LOG + RCI 9 ,:r x~y 

g X•Y GTO 2 RCL ) - 2 + RCL I, ::,r STOP RCL 4 X GTO l 

LP.L P. RCL ~ RTN l~L 2 DS"P 2 RCl 3 ~ xSy "'~y 

RTN 0 STO ~ RCL :, RTN (9? STF.PS) 

LISTING - PROGRAM .flJ 

LPL A l LPL l CHS RCL 5 + RCL 2 ~ F.Fl'F.R ~NTfl'R FNTfi'R 

0 2 5 6 9 ,:' . 2 0 5 3 - X . l 2 1 ) + "T. 

3 . 6 9 9 + X 1 . 1 :3 6 - RCl 1 "':r~y + RCL 2 

,a:NTF,R r Ji ::,r + :, r-1 LOG :r t' INT 3 r-1 LOG + RSr 

9 ~ x~y tr x.y GTO 2 RCL) - 2 + RCL 6 X S'J'O ~ RCL 4 

X GTO 1 Lltr, R RCL A R'J'N t.PL 2 DS"D . 2 RCL ~ '7 XSY 

~ ~y RTN 0 STO 8 RCL J RTN (100 STKPS) 
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?ROGRA~ #14 - SLOPF. ADJUST~F.NT FOR SIOF.-TAPF.RF.D INLJi'IJ'~ 

'rh1s program calculRtePt the Adjusted slope of e culvflrt ~i--1c-t-, 

has been des1Ptled •1th A sidP.-tAper~d 1nlet ~1th FALL. A 

compleY ~quat1on rnsults rrom solv1n~ the Feo~etry of the 

culv~rt rot8t1on. ThP. calculator solve8 this ~quat1~n ~YA 

trial and error method. 

As mentioned 1n other programs, the computation of the ~djus

ted slope (ADJ.S) requires the length of the s1de-tftpered 

inlet. The small s1ie or the HP-65•s pro~am stor8~e, requ1~P~ 

that th1s len~th ~e determined 1n other program~. For ~ox 

culverts the side-tapered inlet length (L1 ) 1~ dP.termined ~Y 

programs #12 or #13. For pipe culv~rts, this lenF.th 1~ ee~cu

l•ted ty pro-,rams #:,6, 11)1, or f38. Py 11tltern111.tfl!ly U!IJ11'1~ t.l"I~ 

•eluee or ADJ.Sand L1 , the correct valuP.s can be round, 

The valu~·or t 1 to ~e used in th1s pro~8m, must be A hor1%0n~~1 

measurement. If a prefahr1eated inlet section 1e us~d, e~~P. 

must be taken to not u8e the Mnufactures inlet 1en~th. ~h1q 

len~h must be sdjusted by setting the inlet on the ch"~n~) 

slope and fii:rurint the inplscP. horizontal lftn~th. 

EQUATIONS 

0 • ( PALL+D( ~~+l) • 5-D(ADJ .~2+1) • 5-,-DJ. SL1) (Spu( Cl~-tl) •SAD:. c: l 

-S0 L+FALI,( S~+l) • 5-L1ADJ' .S ( S~+l) • 5+LADJ .s 

ADJ.Sis solved by A trial ~nd error method. 

The der1v~tton of th1s equation 1s rou~d 1~ the 8pp~r.11%. 



INSTRVC'J'IONS 

2 

3 Calculate adjusted slope 

INPtT'T' 

D 

s 
0 

FALI, 

4 Pora change 1n any of these 

properties arter the program 

has been, the culTert height 

co, must be re,~ored alon~ •1th 

the desired value to be chAn~ed. 

5 If necessery, reuse prop-ram #12, 

#lJ, f36, #)?, or fj8. 

6 Repeet steps #2, HJ and #5 until 

Br, L1 , and ADJ .s sta'b111ze. 

FXAMPLF fl 

l<FYS 

S'J'O 2 :, 

S'1'0 4 ~o 

STO 5 FATT 

STO f-, S'lo'TT 

S'T'O ? I, 

S'T'O ~ Il 

A AD~1. S 

F1nd the adjusted slope tor a side-tapered, ?x6 box culv~rt 

with 6.25 feet or FALL. The culvert 1s )25 feet lon~ with an 

upstream till slope of 2,1. The channel slope 1s 5( and thr 

1n1t1al value or the horizontal inlet len('th 1s 2.25 fp~~. 

!<FYSTROKF'S DISPLAY 

6 STO 2. . . . . . . . . . 6.oo 

5? 



KF.YSTROK'F'S DISPLAY 

,05 STO 4 . 

6. 25 STO 5 . . . . . . . . 
o.os 

6.2'S 

2.00 2 STO 6, 

325 STO ? , . 

2,25 S'T'O Fl 

. . . . 
. )25.00 

. . . . 2.?S 

A . . . . . . . . . . . . . 0,029~1-' AOJ,S 

l:s1ng thh valu,. of ADJ.S 1n proF:rsra n2, L1 IS 2.23 

6 STO 2 . . . . • . . • . . c,oo 

.os STO lJ. . . . . . . o. 05 

6.25 STO 5 . . . . . . . . 6,25 

2 STO 6 . . . . . . • • • . 2.00 

:,25 STO ? . • . . . . . . . 325.00 

2.2) STO p. 2 .21 

A . . . . . . . . . . . . . 0.029PllJ. AD._,. ,S 

LISTING - PROGRA~ #14 

ft. 

L'P.t A RCL 2 1 STO l STO 3 DS-P , 6 LFL l g R' RC! 4 

E RCL J F, - x BCL 5 + RCL) RCL 8 x - RCt 4 F 

RCL 6 ~ % RC!,) x RCL 4 RCL? x - RCL 4 ~ RC! 5 

x + RCL 4 F. RCL ) x RCL A x - RCL ? RCl, :3 % + 

0 gx~ ~ X•J RCL) RTN RCL 1 ~xb STO l - « Xaf 

RCL ) RTN 11 Rt gx~ RCL l RCL 2 gx~ + 
, ,-1 11: ['\ 

LOCi X r INT ,s r-1 LOG + STO 2 ~TO + 3 ~T(l 1 l,llL 

F ENTER X 1 + f Ji RTl\ ( 9 .5 S'l'F.PS) 



PROGRA~ fl5 - LFNGTH ADJUSTMF.NT 1 SIDF.-TAPFBF.D INLF.TS 

Yhen e culYert 1s improved w1th a side-tapered lnlPt, the 

len~th of' the cul•ert t~rrel 1s affected. If then~• 1n1At \~ 

des1gned •1th PALL, the ~arrel len~th w111 1ncre~Ae du~ to thP. 

rotation ot the culvert. It vill also be shorten~d ~Y tkp 

11d.d1t1on ot the 1nlet seetlon, If no P'ALI. ls appl1P.d, the 

or1g1nal culvert length will be shortennd by the len~th of the 

inlet. Program #15 computes these chan~es and corrects the 

culvert len~th aoeord1n~ly. 

W1th the chan~e 1n culvert len~th, the elevet1on or the fAce 

of the improved lnlet Mf also be affttcted. Thia cRlcu1at1on 

ls also handled ~Y pro~am •is. 

EQUATIO"S 

ADJ.L • (SOL/(S~+1)•5-FALL}((AOJ.s2+1)· 5/AOJ.S)-t1(ADJ.s2+1)•5 

The der1vat1one for these equations can ~e found 1n the appendix. 

REJII.ABKS 

The len~h of the inlet (L1 ) to be used by this 9ro~ram must 

be a horizontal dtatance. 

The adjusted len~h, on the other hand, ls measured alon• the 

culYert barrel. As aent1oned ln the para~r•ph a~ove, the•~

justed len~th doee not include the le~th of th~ tnrprovftd 1nl~t. 

Thie ~ro~• csn ~e used with either bo% or ptpe culvP-rt~. 
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STF.P I tJSTRUCTI ONS INPUT KFYS DISPLAY 

1 Load pro,rllll 

2 Input re,r1ster values F.L.THR STO 1 PL. ·rFROA'f 

ADJ.S STO ) ADJ.S 

So STO 4 so 

FALL STO 5 PALI 

L STO ? l 

l,1 STO 8 L1 

3 Calculate adjusted lP-n@'th A AD,T. t 

4 Calculate face elevation B J<'.I,. FACF' 

5 For a cha~e in any or these 

channel var1ables, go to step 

112 and change the necessary 

data. 

P!XAMPLF fl 

Oetenalne the adjusted len~th and the r-ce invert el~Yllt1on 

tor a box culvert with the follow1ng cond1t1ons. The ~ulv~rt 

slope has been adju•ted from ).2( to l.?9(. The r~quired 

channel PALL 1• 4.2) teet and th~ horizontal lerurth or thft inlet 

le 9.8 reet. The eleTatlon or the throat ls )46.?8 r~et and 

the original culvert length ls JS2 feet. 

KXYS'l'ROKF.S DISPLAY 

STO 1 

.01?9 STO). 

• • • • • • . )46.?A 

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

0.02 

0.0) 



KFY,TROP''li'S 

4.2) STO 5 . . . . . 
::,.52 STO ? . . . . . . 
9.8 STO 8 . . . • • . 

. . . . . . . . . . 

. . . . . . . . . . 
FXAMPLF. #2 

. . 

. . 

. . 

. . 

DISPLAY 

. 4.21 

. ::,52. 00 

. 9.80 

. :382.90 rt. 

, ::,46.96 t't. 

ADJ.L 

Jll.,. P'ACF 

A larger s1dA-tap~red culvert 1s to be used 1n the prev1ou! 

exaaple. This nAw a1ze el1m1nates the FALL. Dfttera1ne the 

adjusted lenirth and the face ele•at1on. Since there 1~ no PALt, 

the adjusted slope Talue should ~e set ftqual to the or1r1nal 

channel slope. 

KnSTROKlm DISPLAY 

0 STO .S . . . . . . . . o.oo 
0.0) BCL 4 STO ~ 

A 

B . . . . . . . . . . . . 
LISTING - PROGRAM #15 

. )42.19 t't. 

• ::,47.09 rt. 

ADJ.L 

1'!L.PACF. 

LBL A RCL? RCl 4 x RCL 4 ~ + RCL .S - BCL J F. x 

RCL) + RCL J F RCl ~ ~ - DSP . 2 RTN LBL P RCL 1 

BCL 3 RCL ~ x + RTN LBL F. 'lmTER x l + f .Ji R'l'N 

( 41 STln'S) 
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nP.OGRAMS 116 & #1? - SLOPF ADJUSTMF.NTS 

SLOP!-TAP~RED INtl?T WITH VERTICAL PACE 

!LOP!-TAPERED INL!T WITH MITERED PAC! 

When an 1aproved inlet incorporates FALL 1n the d~s1gri, th~ 

culTert slope is altftred and must bft r~calculat9d, ~rolrt'am #16 

anal7zfts the 1nl~t geomP.try and d~t~rm1nP.s the adjusted slopP. 

tor a alope-taper~d, v~rt1cal face inlet. Pro~sm #1? solves 

for the adjusted !lope ot a slope-tapered, m1t~red rac~ 1nlftt, 

The dla«rama below shO"J the difference bet•e~n these two 1nlP.t 

conf'1gurat1ons. 

---
IL.PU -----------

-----
11. THROAT '-!L. OUTLW't' 

SLOPE-TAPERED, VERTICAL FACg INLET 

BL.THROAT IL.OUTLET 

SLOPS-TAPERED, MITUED PACI INL!T 

Th••· prORJ"a•1 can be UIAd vlth either bo% or pipA CUlTert~. 
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!QUATIONS 

PROGliPl.#16 

o • !t. P'U+( D( sJ+1) • Sc sPU+Sr l) / ( < sPt,s 0 +1 l { s~)) +L-lSr 

+(!L.OUT-EL.PU)/(Sos,)+(EL.Tmt-!t.OU'l')/(SrADJ.S) 

•L3ADJ.S-D(ADJ.s2+1)• 5.@L.TRROAT 

PBOGRAM #11 

O • !L.PU+(D(S~+1)· 51sr)+L3/Sf+(EL.OUT-EL.PU)/(S~rl 

+(EL.THB-EL.OUT)/(SrADJ.S)-L)ADJ.S-D(ADJ.S2+1}'5 

-!L,THBOAT 

Theaft two equations are solTed by a trial and ~rror mRthod. 

Th81r d~rtTat1ons can be tound in the appendix. 

The •alue of L) 1s not calcul~ted but is usually sP.t ~qual 

to one-halt the culvert •1dth (B/2). Values slightly lar~er 

than B/2 -Yb~ used, but smaller values ar~ not reoo-•nd~d. 

In operat111@: theae program■, the values stored 1n registers 

I~. 16, #?, f8, and f9 are r8■oved daring the calculat1on■ 

ot the adjusted slope. It the particular pro,rraa 1s to be 

1m■84late11 reused, the1e reg1■ter valu88 IIU■t ttr•t be restorAd. 

S'l''-'P INSTRUCTIONS 

1 Loa4 pro,rraa 

2 

IBPU'l' 

STO 2 

STO) 

DISPLAY 



INSTRUCTIONS 

2 

Calculat-. adjusted slope 

INPUT 

STO 4 

STO 5 

SPU STO 6 

n..PU STO ? 

St STO 8 

EL.TRR STO 9 

A 

4 To change any or the channel 

Tar1ablea ~o to stftp f2, 

reent~r that value plus s0 • 

SPCJ, IP.L,PU, Sr, and FL.THR. 

trXAJl!l>L'IP #1 

DISPLAY 

So 

1Pl,,OUT 

sPl, 

1!:L. P'U 

St 

~L.THR 

ADJ.S 

D8t~na1n~ th~ ad~u~t8d elope tor a slop8-t■pftred, verttcsl 

tac~ inlet ~1th th~ tollo..1n~ site cond1t1ons. The culvert 

is a 5x4 box, •1th an outlet el~vat1on ot 102.00 feftt, a throst 

elevation ot 118.50 r~et, and a channftl slop~ or 5(. Th~ 

upstrea■ till elope 11 on• J1l ratio and 1ntereects the 

etreaabed at el~Tation 125,00 fAet. The face slope has be~n 

■at at a 311 ratio. 

Load Prop-a■ 116 

Xll'YSTRO!<'ll'.S 

4 

5 

STO 2 

~lfflt.R 

. . . . . . . . . . 
2 + S'TO 3 • • • 

64 

DISPLAY 

4.00 

2.50 



K~YSTROK~ DISPLAY 

.05 STO 4. . . . . 0.05 

102 ,To 5, .......• 102.00 

) STO 6. . . . . . . . . . ).00 

125 STO? ••••••••• 125.00 

) STO A • • • 

1 Hl , 5 S'l'O 9 . 

. . . . 3.00 

118.50 

A . . . . . . . 0.0)8524 ADJ.S 

!valuate the sa■A site oond1t1ons for a mitAr~d rac~. 60-1nch 

p1pfll oulvArt, 

Load Program 11? 

!{'leySTBOKP.S 

60 EN'T'"R 12 

2 + STO) 

• 05 STO 4 , 

102 STC 5 . 

3 STO 6 .. 

+ STO 2 

. . . . 
STO 8 ..... , .. 

125 STO?. 

118.5 STO 9 •.•.. 

A . . . . . . . . . 

. . 
DISPLAY 

5,00 

2,50 

0.05 

, .. 102.00 

. . . 
),00 

),00 

. 125.00 

. . . 118. 50 

. . 0.0)7716 ADJ.S 



tISTING - PROGRAM f16 

l..Et A RCL 2 RC! R P:NT!R x 1 + r Ji x RCL R 'RCI 6 

RCl 4 r l + x + RCI. 6 RCL 8 + RCI, 8 + x RCI, ? + 

RCL 9 - RCL 3 RCL A + + RCl- 5 RCt 7 - RCL ~ + RCl. 4 

s~o 7 STO l STO 6 + + STO 4 RCL 9 RCL 5 - RCl ~ + 

STO 8 OSP . 6 LEL 1 RCL 2 RCL l ~NT!R x 1 + f Ji 
x RCL) RCL 1 x + RCL 8 RCL 1 + - RCL 4 - 0 ~ ~y 

~ x.y RCL 1 RTN RCL? g xfy $TO? - ~ x.y RCL 1 RTf 

RCL 1 RCL 6 x ~ ~J + STO 6 STO + l GTO 1 (100 STt~S) 

LISTING - PROGRAM #17 

L'BL A RCL 2 BCL 8 ENTl!R x 1 + r Ji. x RCL 8 + RCt '; 

+ RCt 9 - RCI.) RCL 8 + + RCL 5 RCL 7 - RCL P + 

RCL 4 STO 7 STO l STO 6 + + STO 4 RCL 9 RCL 5 - RCt A 

+ STO ~ OSi» . 6 LBL 1 RCL 2 RCL 1 ENT!R x 1 + f ./i 
x RCL 3 RCL 1 x + RCL A RCL 1 + - RCL 4 - 0 ~ ~y 

~ %•1 RCL l RTN RCL? ~ x~y STO? - g x.y RCl 1 R~N 

RCL 7 RCL 6 x ~ xty + STO 6 STO + 1 GTO l (88 S~E~S) 
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PROGRAMS #18 ~ #19 - INL'P.T DIMll!NSIONS 

SIOPJP-TAP"R~D U.1l'-T VITH V!RTICAL PACf!: 

SlOPE-TAPM~D INLET WITH MITERED FACI!. 

In order to co■pl~te the design or th~ slope-taper~d tnlet, 

eeTeral inlet dlaensiona are required. Pro~ams #18 and #19 

calculate these values for the vertical f•ce inlet and thA 

mitered face inlet respectively. 

Since the slope ot the or1~1nal culvert has been lc,r.,ered, th~ 

or1g1nal culTert length •111 be affected. ~he pro"ams d~ter

mine a new adjusted culvert length. The invert elevation of 

the face of the culvert 11 alao determined by these pro~rams. 

Two cr1t1cal inlet len~ths are also solved by these programs. 

The !o•at1on of these values can be seen 1n the d1•~••• belo-,r. 

I 

--------------r 
SLOPP:-TAPJtRlm, V!RTICAL FACF. INLF.T 

-----------
l~-------AOJ.L 

SLOP!-TAP!RID, MIT~R!D PACF INL~~ 



These pro@'l'aas oan bA applied to either box or pipe culv~rt 

situations. 

It should be noted that eTen thou~h the race elevation 1s 

calculated by program #19, for the mitered face 1n1At, thAr~ 

1s no break 1n the oulTert slope to mark th1• eleTat1on. 

!QUATIORS 

PROGRAM #18 

gt.PACE• !L.PU-L4S0 

L4 • SruD(S:+1)• 5/(Sf(SoS,u+l)) 

PROGRAM #19 

EL.PAC~ - n.FU- Lq/Sf 

t 4 • SFUD(S~+l)• 5/(SP'U+Sf) 

L2 • (!L.PU-ltl..OUT)/S0 -L4-L3-:EL.THK-v.L.OUT)/lDJ,S 

ADJ.L • (!L.THR-EL.OUT)(ADJ.s 2+1) 05/ADJ.S 

The der1Tat1ons of theee equations can be found 1n the appendix. 

Rff!JIIABt(S 

The adjusted len~th ••lue (ADJ.I.) 1s •~aaure4 alon~ the culvert 

and does not 1nc1u,e the len~h or the 1■proTed inlet. 

INS't'RUCTIORS INPUT DISPLAY 

1 Load pro~• 
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ST!P INSTRUCTIONS INPUT KP.IS DISPLAY 

2 Input re~leter values ADJ.B S'Y'O 1 ADJ.S 

D STO 2 D 

L3 STO 3 1 1 
so STO 4 C' 

'"o 

~L.OUT STO 5 fn,,OUT 

Spu STO 6 Spu 

11:L, FU STO ? EL.PU 

st" STO 8 Sr 

EL.THR STO 9 !1.-.TRR 

Calculate raoe eleTat1an A F.L.PAC! 

Calcula.tfl! I.,i p L4 

Calcult1te L2 C L2 

Calcula.te adjusted len~h D ADJ.L 

4 Pora cha~,. 1n any of' thfltl!le 

Yalues ~o to step #2 and reenter 

only the necessary value. 

1'XAMPL! #1 

Detei-a1ne the inlet d1aena1ona tor a vertical face. slope

tapered culTe:rt •1th the tollow1~ charaoteristlca. Or1gtnal 

channel slope 1a 6.2• and atter the improved inlet evaluation, 

the elope has been adjusted to 4.42i. 'Y'he culvert ls~ s~ii 

box. vlth an upstrea• 1"111 slope or 3•1 and. an inlet r~ce slope 

ot 2,1. Th~ throat elevMtlon 1s 117.00 feet, the outlet elev~

tlon 1~ 105.40 t"eet. and the upatrea■ 1"111 catch-point el~vatlon 

1• 124.10 teet. 



Load 

K!YSTROK~ 

.0442 STO 1 , 

4 STO 2 • 

. . . . . . . 
. . . . 

2 + STO '.3 . . . 
. 062 STO 4 . . . . . . . . 

DISPt,AY 

0.04 

ti. ~o 

2.50 

0.06 

105.4 STO 5 . . 105.40 

J STO 6 . . . . . • . . . • '.3.00 

124.l STO ? • • • • . . . • 124.10 

2 S'l'O 8 . . . . . . . . 2.00 

11? STO 9 . • . . • . . . . 11?.00 

Pro~-• 118 

A . . . . . . . . • . . . . 12J.40 

~ • • . . . . • . . . . 11.)1 

C • • • • • . • • • • • . . 2S,J6 

D . . . . . • . . . . 262.10 

tt. !L.P'ACF. 

tt. L4 

rt. L2 

tt . ADJ.L 

Evalu•t• thft sa■e ette conditions fo- ~e mitered fa~e inlet. 

A • . . . . • . . . . 121.42 ft. ~.PACl' 

:e . . • • • . . • • • . • • 5.3? rt. L4 

e • • • • . . • • • . . • . )1.)0 tt. r.2 

D . • . . . . • . . . , . . 262.10 tt. ADJ.L 
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LISTING - PROGRAM f18 

LBL A DSP . 2 B RCL 4 x !CL 7 ~ x~J - RTN lBL P 

RCL 2 RCL 8 ll!NT '-R ,r 1 + t Ji x RCL 8 + RCI. 4 RCL 6 

g 1/:r + + RTN LBL C RCL 7 RCL 5 - RCL 4 + ~ -

RCL) • RCL 9 RCL S - RCL l + - R'I'N LBL D ~CL, 9 

RCL 5 - RCL l !'NTER x l + f Ji x BCL l + RTN 

( 69 STEPS) 

LISTING - PROGHAfll #19 

LBL .A DBP . 2 B RCL 8 + ~CL? g xt1 - RTN LBL E 

RCL 2 RCL 6 X RCL 8 !ff'l'!R X 1 + r .Ji X RCL 6 RCt. 

+ + RTN Lf.\t. C HCL? BCI, 5 - RCL 4 + B - RCL ) -
HCL 9 RCL 5 - RCL l + - RTN LllL D RCL 9 RCL 5 -
RC! 1 !N'l'F.R X 1 + r .fi X RCL 1 + RTN (66 STEPS) 

?1 
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PROGRAMS 120 & #21 - PAC~ DIMP.NSIONS 

SLOPE-TAP!R~D IN[!T VITH SQUARE EDG~S 

SLOPl-TAP!RED INLIT WITR P!VBL!D !DGl!.S 

These pro~ams continue Mith th~ dP.s1gn of a culv~rt opP.r~t1n~ 

1n throat control. For a slope-tapP.r8d 1nlet. thes~ pro~rAme 

computft thA face v1dth of the i~prov~d inlet (Br)• and th~ 

taper of the inlet's sidewall (ST). 

Prouam #20 deals •1th square ed~ed inlets. InletA 1n this 

cata~ory have •1n~all flare ~n~les from 15° to 26° ¥1th a top 

~eveled edge. or inlets •1th v1ntr-all fl~re an~les from 26° to 

90° ¥1th all squared ed~es. These 1nl~tA can be seen -.raph1cal1y 

VERTICAL PAC~ 

15° to 26° v1n.-all Flare 

Top 1'd.~e Bwveled 

MIT~!D ?ACF. 



The bev~l ed~ed program, #21, pertain• to inlets w,th v\ng-

wall tlare an~l8B or 26° to 45° •1th their top edg81 b~Tel~1, 

and to tnlets Yith wtng,,all flare an~lea rroa 45° to 90° with 

both top and s1d8 ed~•• bevel8d. For rurther inlet deser1pt1ons 

rerer to the ~1agra■s below. 

T 
J_ 

"'-PAC". SECTION 

I 

VERTICAL PACE 

45° to 90° Vln(l;""all Plare 

Both Top and Side~~~• Beveled 

~PACE SECTION 

MIT&Bl!J) FAC.! 

As can b8 noted from the diagrams, these programs oan be 

applied to e1th8r vertical or mitered fAoe inlets. Since 

the mitered race inlet g8nerally hAa no •tngwalls. the d1s

t1nrt1on bet•e8n the use of' thes8 two progra■s 11H t:h~y pf!rt-.1n 

to th~ altered inlet ta ~hether the top ed~e 1~ t~ hflt b~vel~d 

or equare4. 

?3 



The b8Yel to b8 applied to the tacft section oa~ be e1th~r a 

111 bftvel or• ltal be•el. 

These programs can be applied to e1ther box or plpe culverts. 

"QUATIONS 

Program #20 

Br• Q/(o1 •5(-1.J:3+5.15X-1.1)1X2+0.1578x3-o.0144X4 

+o.0011x5)) 

Progl'•• 4'21 

Both 

Br• Q/(o1• 5c-2.265A6J+?.942441X- 4.0350294X2+1.619481xJ 

-o.345e214x4+0.02e46?6?x5)) 

REMARKS 

The value ot L3 le not calculated but 1s usUl!llly set equal 

to one-half the cul•ert width (B/2). V&luea ellghtly larger 

than B/2 MY be used, but s1111ller -values are not recommended. 

Th~ cul•ert •14th (B) and. the nuaber of culvert barr~l• (N), 

are etore4 to~ther as• product ln re~1ster f4. 

Since the oeloulatton of the sidewall taper (ST) us~s the 

face •14th dimen•lon (Er), the Br ~slculatlon should be per

toraed tlret. Label 'A' b~fore Lt•~~! 'F'. 



The headwater elevation (RV n..) used 1n the pro~8• c•n be 

obta1nAd from pro~~ffl Ill for box culvP.rts Mnd rrom pro~r•m~ 

#)4 and IJ5 for pipe oulTerts. 

To use the pro.Q'ams for thP. Vftrt1eMl facP. condition, th~ f~c~ 

eleTat1on ("L.PACF.) and th~ lAn~th L2 should CO■ft from v~rtlcAl 

face caloulat1ons fro■ previous programs. For the mtt~red r~o~d 

inlet, these t•o values should oorrespond1n~ly come from mit

ered faced programs. 

ST~'P INSTRUCTIONS INPUT KEYS DISPLAY 

l Load program 

2 Input re~1ster Talues Q STO 1 Q 

D STO 2 D 

LJ STO ) L3 
p ia:NT~R ~ 

N X STO 4 'f\Xl',l 

HW EL. STO 5 H1tl EL. 

EL.PACI! STO 6 EL.FACi;; 

L2 S'I'O ? I. 2 

) Calculate face •idth A Br 

4 Calculate s1d9Wall taper 'E ST 

5 To change any or these 

var1atles go to step 112 

and alter only the necessary 

d.ata. 

6 To ohantre fro■ aquare ed~ed. to bevel edged 1fflet., or 

Tice versa, load the appropriate pro"1"am ,and go to !llt~p ~}. 
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Pora 6~6 bor culYftrt •1th a de■lgn tlowrate ot 800 cfs., 

detel'll1ne the f~ee •14th And sidewall taper. The headwater 

eleYat1on 1• lRO.OO feet and for• mitered raced inlet, thP

taoe eleftt1on 1a 1?6.40 teet and a length or 2).?0 feet 1s 

g1Yen to the d1■en■ 1on t 2 . All edges are to be aquared. 

Load program #20. 

KUSTROtc&S DI'3PLAY 

800 STO l . . . . . . . . . 800.00 

6 STO 2 . . . . . • . . 6.oo 
6 lfflTl!.R 2 ... STO J . . . ).00 

6 !NT!ll 1 X STO 4 . . . 6.oo 

180 STO 5 . . • • . • . . . 1eo.oo 
116.4 S'l'O 6 . . . • . . . . 1?6.40 

2).? S'I'O 1 . . . 2J.?O 

A • • . . . • . . • • . . . '.39.96 ft. Br 

B • . • . . . . . . • . . • 1.51 SI' 

&XAMPt& #2 

A 60-1noh plpe culYert with a de~ii'TI flowrate or 480 ore. ts 

to be used •1th a slope-tapered inlet. The head..,.ter el~vatlon 

1e eet at 214.60 feet and the taoe AleTatlon ot 209.~0 feet 

extat■ tor the v~rtlcal raced situation. An t 2 len«th or 14.96 

feet hae been detel'llined. Plnd the •14th ot the tac~ section 

and the ■1dewall t•per. The pipe 1 ■ to have a 90° w1n,rwall 

flare. All edges are to be beTeled. 



Load program #21 

KffSTBOK~ DISPLAY 

480 STO 1 • • • . . . . . . 480.00 

60 BN'l'lffl 12 + STO 2 • • 

2 + STO' 

5 STO 4. 

• • • • • • e I 

. . . . . 
214.6 STO 5 . . . 
209.4 STO 6 ... . . . 
14.96 STC 1. . . . . . . . 
A 

.b 

. . . . . . . . . . . . . 
• • I I I I I I I I • • I 

LISTING - PROGRAJ'I l20 

5.00 

2.50 

5.00 

209.40 

14.96 

13.93 rt. 

).91 

LBt A RCL 5 RCL 6 - RCl 2 + t;NT~ J!.NT.e;R 

1 % l - • 4 - ][ 1 5 1 • 8 + 'I'.' 1 

5 1 5 0 + % 1 :, 5 :, - :, ,-1 LOG + 

f' Ji X 1[ RCL 1 g%~ + STO 8 R'l'N LBL 

&NTl!.R 

1 :, 1 

RCt 2 

B RCL 8 

- 2 + g 1/x RCL? RCL 3 + X HTN (?) STt:l>S) 

LISTING - PROGRAM #21 

UL A BCL S RCL 6 - RCL 2 + ANTKB .iNTU Jnrr.t.R 

4 6 1 • 6 l' J 4 ' 8 2 1 • 4 - :I: l 6 1 

8 1 + :I: 4 0 J 5 0 2 9 • 4 - X 1 9 4 2 

1 + ~ 2 2 6 s 8 6 J - 6 r•l LOG + RCL 2 

t Ji X X RCL 1 gx~ + STO 8 RTN I.BL a RCL A 

- 2 + g 1/,r RCL 7 RCL l + X RTN (94 ST&PS) 

11 

1 . 
- X 

c.NTe.R 

RCL 4 

2 8 

9 4 

4 4 

ti.NT&! 

RCt 4 



PROGRAM #22 - CR~T C~ECK !!VALllATION 

SLOP!-TAP!R!D MIT~R!D INLl!T 

In order tor this inlet d~s1~n to opftrate ~ff1ctently, th~ 

Y~1r conf1~1"8t1on at th~ inlet must be operat1n~ properly. 

This program establishes th~ "'1dth or the eic!..,.&11 open1l'lir 

and the •1fe,,,,all tap~r n~oee~ary to insure the appropr1~t~ 

hydraulic oondit1ons. 

This pro,aoa■ can be used for ~1ther box or pipe culvert~ anrl 

ror e1thftr square or b~Vftl ed~ed 1nletR. 

determ1n~d by th1e pro~am. 
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PQUATIONS 

B0 • HV U,-EL.FACE 

CV• Q/(2H )1 • 5 
C 

REMAR~ 

For the pro~•• to operate properly, th~ areet •1dth (CW) 

suet bflJ oalculatM before th~ s14eva11 taper (STl can b~ 

determ1nttd. 

STJ'P INSTRUCTIONS INPUT m?S DIS~LAY 

1 Load pro@Ttl• 

2 Input re~1ster •ulue■ Q STO 1 Q 

L4 S'l'O fl I,4 

(Throa·:) HV ~L. STO 5 fN trr .. 

OUtere~) EL.PACE STO 1 EL. l"ACI!. 

(Squar" or BeYeled.) Br STO 8 Bf 

3 Caleulat" crest be1~ht A RC 

4 Calculate crest .,1dth 1! CV 

5 Calculate s14e-all tapttr C S'I' 

6 Pora ehan~e 1n •~Y of' t~e11e 

culVfl!Tt J)!"Opftrt1fl9, ~o to 

et.-ip ,2 and reent el' the d.ettired 

1tell plus th1t -value ot Br. 
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IPJCAMPL~ #1 

VhAt 1s thft ~ecoaaftnded 81dft"'s11 t~per for• •tt~red r~ee 

slope-taper~d tnlftt to 1n8ur~ throst snd not crest control 

or the hJdraultc perroraance. The culTert is to handl~ )000 

ore. and ha• a predetermtnRd L4 Taluft or 10.0 feftt. Thft 

headwater eleYat1on 1• 98.4 r~~t an4 the eleTatton of the fac~ 

section or the culYert 1s 8).2 feet. For a bftTeled ed~ftd 

inlet the tace •14th 1s 8.12 feet. 

K~STftO'!Ot.S DIS~LAY 

)000 STO l . . . . . . . .J000.00 

10 STO 4 . . . . . . • 10.00 

98.4 ST(> 5 . . . . . . . . 98.40 

8).2 STO ? • • . . • . . • 8).20 

8.12 STO A . . I I . • . . 8.12 

A . . . . . . 15.20 ft. He 

~ • . • . I . • • . . . . • l?.90 ft. CV 

C . . . . . . • . . . . . . 2,05 ST 

It the e1de..,.alls are butlt on a 2,1 or lar~er taper, the 

culTert •111 operate 1n throat control. 

LISTING - ~ROGRAM #22 

L!L A RCt 5 RCL? - RTN LBL B RCL 1 A 2 1t' l s 
,, ,.x + STO 6 RTN Lf'L C RCL ,a. 2 X RCL 6 Rcr. 8 - + 

0 ,r ~ 8X'1 ·I NOP R'l'N ( :,4 STVS) 
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PROGRAMS f23 & #24 - BOX CULV&RT1 INW."T CONTROL OUTL~T VSI.OCI~Y 

Due to the compler1ty or thflt oalculat1one 1nTolTAd 1n comput.\nw 

thie outlet velocity, the pro,rraa h&e be~n 41Yided 1nto tvo 

parta, program #2) and program #24. 

Togt11ther these programs contain polynomial e<tuat1ons vh1ch 

approx111&te the nor11al depth curvP. for a rect&nRular croa8-

aeattonal area. The eet or curTes 1nvo1Ted were taken from 

"Open Channel Rydraultca" by Chow. See reference #4. 

Program 12) deteratnes the absotesa tor the oUrTes (callfl!d •~· 

in the Aquatton section), as well as one of the polynomiMl 

equations required. Pro~a• f2t~ compares tht1t Yaluflte produced 

by pro~ra• 12) end complflttee the second polynomial exprfltsston 

it neceeaar:,. 

To run these pro@rl"aas, the d~81r8d inputs are stored 1n th~1r 

ap·propr1at~ rfl~t•ters and thfln Lllbt1Jtl •A• 1s pre1sed for prop:-e111"' 

~2). The Talue of (X) is displayed.. Prota"•• #2'• 111 then losd,-d 

and Label A is 1■M41atA1y pressed agatn. Tlfe vAlue ·or th~ 

outlet •eloc1tT ~or the cul•ert operat1~ 1n inlet control 1.~ 

then !t1sp1Ayftd. 

~QUATIOMS 

Prc.1(a'&l!I #2) 

x • (Qn/(1.486Ns· 5))/p~/J 

It X < 0.22 

dn • B(0.0)6402+3.6~~)?~~X-15.152218X2+64.99l9l)X3 

-110.)l~Jsx4) 



!QUATIONS 

Progra■ #24 

It 0.22 S X <: 1.1 

dn • B(0.084468+2.)4061X-l.5)64)X2+1.6)6594xJ 

-0.61?621x4} dn is limited to 28 

Ir X ~ 1.1 

R!MARKS 

Once the re~ister ftlU88 ~,.Te been stored for ~ro~m #2J, 

they 4o nnt hAve to be reetored tor the running of pro,rr&• 12~. 

The calculator■ re~1ater Talues ahould not be tamper~d with 

bAtveen th~ 1unntne: ot the tvo prograaa. 

ST~ INSTRUCTIONS INPUT KP.YS DISPLAY 

1 Load progra■ #2) 

2 Input register •aluee Q STO 1 Q 

D S'l'O 2 D 

'B S'l'O ) B 

N STO 4 N 

n STO 5 n 

(AD"J.S or S) s STO 6 s 
) Calculate •x• A X 

4 Load pro~• 12~ 

s ~alculattt outlet Yeloo1t1' A V 

6 Pora change ln any d.ata, ~oto ■t8p #1. 
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P1nd the outlet Yeloclty tor A 6x5 b0% culTert operat1~ ln 

lnlet oontrol. Th~ del1'311 d1schar" ls 100 or■• and the 

channel ■lope has been adjusted to 0.015. The box la to be 

oonstructed out of concrete uktng the Talue tor Mann1ng•s 

n. 0.012. 

Load 

Kln'frROK!S 

100 STO 1. 

5 STO 2 • • 

6 STO 3 . . 
1 STO 4 . • 

.012 STO ~ 

·.OlS STO 6 

program #23 

. . . . . . 

. • . . . . . . 

. . . . 

. • . • • . • • 

• • . • • . . 
. . . . . . . . 

A . . . . . . . . . . . . . 

DISPLAY 

100.00 

5.00 

6.00 

1.00 

0.01 

0.02 

0.06 

A • • • • • • • • . . • . . l). ?4 tp1. V 
0 

KTaluate the •••8 oul•ert tor• flcwrate ot 500 ore. 

KltYSTROKfl'.S DISPLAY 

500 STO 1. . . . . . . . . 500.00 

Load prosr•• 12) 

A . . . . . . . . . . . . . 0.28 

A . . . . . . . . . . . . . 
8:3 



LISTING - PROGRAM #23 

LBL A. BCL 1 RCL 5 ][ 1 . 4 a 6 + RCL 6 r Ji + 

BCL 4 + BCL) 8 DTER J + fr; .,x + STO 1 . 2 

g ~T RCL? RTII fcCL? ENTetft mrT!R !NTl!:R 1 1 0 

1 6 4 CHS X 6 .i.. 9 9 1 9 + X 1 5 1 5 2 

- ][ :3 6 4 8 4 + X 3 6 4 • 0 2 + 4 r-1 

+ 2 ~ S'> '1 ~ %~ g NOP RCL ) x RCL 2 g x~y ~ x ~ 

g x- g NOP RCL 4 RCL) r % RCL 1 g xb + STO 8 

RCL? RTN (100 STKPS) 

LISTING - PBOORAM #24 

2 

3 

2 

!,OG 

LBL A. .. 2 2 RCL 7 g rS7 GTO 1 l • l g z>y GTO 

RCI., 1 RCL 2 RCL) RCL 4 :r :I + RTN LBL 1 RCL 8 R/~ 

I.BL 2 RCL 7 ENTER filff.&R KNTER 6 ? 1 6 2 1 CHS X 

1 6 ) 6 ~ 9 4 + X 1 5 :, 6 4 ' 0 - X 2 3 

0 6 1 0 + X 8 4 4 6 8 + 6 f'-1 LOG + 2 ~ x>y 

g ~,. g NOP RCL) X llCL 2 g ~y ~ PJ ~ ~,. g NOP 

RCL 4 RCL:, X X RCL l g ~1 + R/S (9? STu>S) 

84 
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Th~ spproach by th18 progr9m to dAter■tn~ thP. cr1t1ca1 dApth 

tor pip@ culv8rt is to usA polynomial bAst-ftt ~quatton~ or 

th~ cr1t1eal depth cun8 ~1v~n 1n, "Opftn Channel Hydraullcs". 

by Chov. Thft proe:ra• compute• a •z• valu~ •~tch cor1~aponds 

to the absc1sea or the curT~. This vslu~ 1s then appl18d to 

on~ or two equations wh1eh ar~ u8ed to approximate d1ffAr~nt 

r8ache! ot the ourTA. Cont1nu1ng through the calculat1on8, 

the cr1t1oal 4epth ts determined. 

9'QUATIONS 

STff 

1 

2 

Z • (Q/(N()2,2/~l•5))/D2•5 

If' ~ ~ L6-.: . ? 

40 • n(lO)Y 

Y • (-O.OOS165?+0.40?,62X-0.18)02)6X2-o.091ss6sx'> 

If X >to~.? 

Y • (-.024460)+0.201705?X-0.64009815X2+0.69.5619xl) 

INSTRUCT I ORS INPUT KftS ~SPl-AY 

Load pro,rraa 

Input re,rhter valuflts Q STO 1 Q 

D STO 2 D 

N STO :, N 

Cl( STO 4 I( 
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S~FP INSTRCCTIONS -------- INPUT 

'.3 Calaulat8 cr1t1~al d~pth 

4 To cha~., any or th~ 1nput 

data, go to step #2 and c.han~~ 

only the n~cft■■~r, item. 

~MPL! #1 

KUS DISPLAY 

A 

Ptn4 the cr1t1Ml depth tor• corr1gated met~l p1p8 (CMP} of 

s J6-1nch diametftr. Th8 flow throu~~ th8 pipe ls 100 cfs. 

Pora CMP the valu~ for alpha 1a 1.12. 

!(IPYSTROKP.S DISPLAY 

100 STO 1 . . . • . . . . . 100.00 

36 ENTER 12 + STO 2 . . J.OO 

1 STO J . . . . • . • . . • 1.00 

1.12 STO 4 . . . • . . . . 1.12 

A . . . . . . • • . . 2.92 ft. ac 

How would the crtttcal depth chan~e 1t bnn~rete ••• used instead 

or the corr1gated. aetal. The Yalu1t ot alpha f'or ooncr~te 1fl 

1.04. 

Kll'YSTROK!S DISPLAY 

• • • • • • • • 

. . . . . . . . . . . . . 
Not auch ot • t1p1t1oant ohan~e r~ault ■. 
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LISTING - PROGRAM #25 

LBL A HCL 1 RCL 3 + 3 2 . 2 RCL 4 + RCL 2 ~ r ~~ 

+ RCL 2 RCL 2 X + t LOG ENT!R e.NT.t;R &NT~ . ? r 

LOG g X$)' ~ R• B g Ri 9 1 5 6 CHS '][ l 8 ) 0 2 

- X 4 0 ? J 6 + X 5 1 ? - C LBL B 6 9 5 ~ 

2 X 6 4 0 1 0 - X 2 0 1 7 1 + X 2 4 4 6 -
LEI C 5 r-1 LOG + ,-1 LOG RCt 2 X RCL 2 I! x>y 

/( xb fl NOP R/S (100 STOPS) 

8? 



t>ROGRAJIII f26 - PI"Pi CULV!RTJ SIZt. AND OU'I'L~'r CONTROL Pt.RFORMANCI!. 

This pro,n-aa has two tunctlone. Ptrst, 1t can be u~~d to 

selftct the appropriate pipe culYert 11z~. Second, ono~ this 

pipe e1ze has bean selected, the pro~•• will eYaluate the 

partoraance ot the oulYert tor varloue tlowrates. Th~ outl~t 

control performance oa"e oan be made by plotttn~ th~ae flow

rates Yereua the ~•nerated headwater elevations (HW ~L.). 

In detera1n1ng the beet pipe culvert ■ l~e, the dftsl~er muet 

tiret select• tr1al diameter (0). For this value, the pro"~m 

computes the water surface ~leYatio~ or th~ headwater pool at 

the culvert lnlet. A visual coapartson or thte value to the 

allowable headwater eleYatlon (IJIW 'fl!L.) ls •d~ and. the destni~r 

adjusts thft diameter (D) aooordtngly. 

Once the p1pft alze has been 4etenatned, various flowrate valu~8 

can b& used with the pro~•• to obtain a performance curYe, 

The tollow1n~ 41•-.:raa 1nd.1cates the location or the en~r,:ry 

losses aawocist•d •1th the culvert d~stgn. 

HW 

__.....l _c-=~ -_ -_ -_ -_ -_ -_ -_ =::._ -..::..:._-===3 
~ 
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11:QUAT!ONS 

~h@ er1tic•l dP.pth (d
0

) c*nnot be ,tTftat-.r than th .. d1amet .. ~ or 

th• pipe (0), The program 1nolu48& a t .. st for this s1tu~t1o~. 

Sine~ th~ water at the 1nlftt 1s cona1der-.d to be• pool, th• 

•eloetty at this point 1s ssaumed to be approximately 7 .. ro. 

Th18 allowg thP. hydraullc ,rrade 11ne to be equat~d to th~ -~ .. r~y 

l1n~. 

For the pro~• to operate properly. thP. nuaber or ba!"l'e1s (~) 

•nd the barrel rou~hneas v•lue (n), must be stored to~eth~r *~ 

a sua 1n rea1ster #). The 11•1tat1ons on the ~UAttons aboTe, 

require that the number ot carrels (N), be limited to~ ••lu .. 

of either 1 or 2. 

R9 



STlo'? 

l 

2 

j 

4 

5 

6 

? 

INSTRUCTIONS IN-P1''!' 

Lo11td pro,rr,un 

Input r8P-11!1tfllr VA1Utt8 Q 

D 

N 

n 

EL.OUT 

ke 

'Y'W 

L 

de 

C11lcul11,tfl! h"adwatfllr elevation 

C11lcul111.tfl! total h-.ad ln88 

C11lcul11tfl! depth or w11t1tr at outl"'t 

To fl'Valuatfll another p1p.- .. t 1:fl!. 

reel'lter thfll new valufll 11nd go to 

Stfl!p #1. * 

To obtain outlfllt control 

performance curvfll coord1Mtes, 

input vcr1ous flowrates 11nd 

celculat" thfll corresponding 

hftadwat4r Alevat1ons. •• 

r,rrs _DI~Pur. 

~'T'O l ,, 
'\ 

STO 2 D 

"-'NTgR r,: 

+ ~TO A N+n 

STO 4 gr_ . Ot'TU;T 

STO 5 kfl 

S'!'O 6 'T'W 

S'T'O ? r. 

S'I'O 8 de 

A HW 'Ii{. 

b H 

C d? 

• If th,. length, ortt1oal: depth, and: outlet el,.?1111ttor, of 

thcit culvert changfll with thft d1em4tcitr, th~y 111.u~t !lllRn 

be r•utntfltrfltd. 

•• Tr thP t111lwater depth, and the critical dftpth chAn~fl! 

with the new tlowrates, th~y must slso be refltntArP.d. 



Por • nowrate or 420 ots., and. an entranoe loa• ooerttcient 

ot O.S, tlnll the appropriate pipe culTert ■1••• !be t•11water 

4eptb tor thl• tlowrat• 1• J.61 teet. ho■ tile atte oondltlone, 

it•• bee~ 4eten1ned that tor a twln 48-tnoh CNP,• 25).?0 

toot bel'Nl 1■ required. The outlet ale•atlon ~r tlll• size 

ot p1pe wou14 be 119.43 feet. Tha oorreepond1ng or1ttoal depth 

le ).90 reet. Ir a twln S--tnch CJIIP 1e eeleoted tor the site, 

the length would obange to 248.56 feet, the o•tlet ele~at1on 

woal4 rt•e to 119.?, teat, and the cr1t1oal depth wcnild raise 

to 4.16 reet. Por ool"l'lgated aetal, Manntng•a n 1• 0.02•. 

Th• alloaable hea4nter eleTatlon 1■ ■et at 1,0.• feet. 

KUIITHODS 

420 STO 1 

2 Bll'l'D 

.s 8TO s 

. . • • 
.02, + 

• • . • 
'l'rJ tu '8-tnol'I. 0111-..rt 

•s .,. 12 + 

11,.,, 
ft() - • • 

).61 ft() 6 • • • 

DISPLAY 

• • • .. 420.00 

STO :, . • 2.02 

• • • . • 0.50 

S'l'O 2 • • 4.oo 
. • • • • 119.4) 

I • • • • :,.61 

2,,.1 Ito ? •..•••.• 25).70 

3.9 S'l'O 8 . . . • . . . . . ),90 

A • • • • • • • • • • • . . 148.26 tt. RV BL. 

Till■ Blf m.. 1• la!'PZ" t)Jan the allowable, tr,. .,...1noh p1pe■• 

S' llft'D 12 + STO 2 . . 4.SO 

119.1, lt'O ~ ••••••• 119.?S 
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K!YSTROKIS DIS'PLA.Y 

248. 56 S't'O ? . . . . ... 248.56 

. . . . . . . . 4.16 

A • . . • . . . . . . . . . 137.?5 ft. HW BL, 

Thla Hill a'L. 18 below the allow~ble. Use 1t. 

B . • • • . . • • . • . . . lJ.6? tt. H 

C . . • • . • • • • • . . • 4.:n ft. d2 

Use the tw1.n 54-1nch p1.p-. culT@rte. 

tlYaluate the outl8t pertol"lhnc~ curve tor the pipe deelgried. 

800TA. Plot th8 tour po1nte on the curTft which oorreepond 

to th~ o.6Q, o.8Q, Q, -nd. the l.2Q. Th~ tallwat~r d@pths 

•r~ J.42 f8et, J.SS teet, ).61 feet, and J.?2 teet respect1•ely. 

s1■1lar11 the cr1t1cal depths are ).)9, ).8?, 4.16 •nd. 4.)2 feet. 

DISPLAY 

420 !lfl'!R .6 x STO l .. 252.00 

54 DT&R 12 , + S1'0 2 

2 i.N'l'U .024 + STO J 

. . 
• • 

4. 50 

2.02 

119.?5 STO 4 . . . . ... 119.75 

.5 STO .5 . . . . . . . . . 0.50 

),42 STO 6 • • . • • . • . J.42 

248 . S6 STO 1 • . • . . • . 248. 56 

J,J9 STO 8 . . . . . . . . 
A • • • • • • • • • • • • , 128.62 tt. HW EL,• 0.6Q 

420 BlfT!R .8 x STO l J)6.oo 
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K~YSTROK88 

'.).,5,5 STO 6 

).87 STOA 

DISPLAY 

. . . . . . . . 

. . . . . . . . 
A . . . . . . . . .. 1)2.68 rt. H~ tL.@ 0.08Q 

1.2 x STO 1 . 504.00 

. . . . . . . . 

. . . . . . 
).?2 

4.)2 

420 &NT&R 

).72 STO 6 

4.)2 STO 8 

A. . . . . . . 14).84 ft. HW aL. • l.2Q 

LISTIRG - PROGRAM f26 

LDL A RCL 8 RCL 2 ~ x,sy RCL 2 @ NOP + 2 + RCL 6 ~ xSy 

~ x~ ~ NOP STO 9 B RCL 4 + RCL 9 + RTN t.BL B 2 

9 RCL) r-l INT Jilfft:!..ll x x RCL? T RCL 2 4 + 4 b.N'l'~R 

3 + ~ r + RCL 5 + 1 + 4 RCL 1 x RC! J f INT + 

BCL 2 .b.lCTKB x + ~ w + ~NT~R x 6 4 

LBL C RCL 9 RTM (?7 STbPS) 

9) 

4 +xRTN 



-..., 
(,.. -
Ii 
0 
M 
~ 
C 
> 
.al 
~ 
!d 

t5 
E-o 
C 
:a 
t:I 
-c a· 
:z: 

Plot of the perroraanoe or a twin 54-inoh pipe culvert operat1n~ 

ln outlet control. 

Plotting Coord1nAtee 

Q 2.52.00 ))6.00 420.00 soi..oo 
HW lll.. 12e.62 1)2.6A l'.3?.?5 14J.84 

150--------------,~------------

I 
lJ0 

I 
fl 

12u-______ ,_ _____ ....1, ______ __ 

:1 
fl ., I 

200 JOO 400 500 600 

P'lOWRAT!S (cfft) 



'?ROGRAM #2? - 'PJP11' CULV!RT I OUTU,'r CONTROL OUTLl!.1' VELOCITY 

Th1~ pron~• det~rm1nes th~ outl8t Vftloc1ty or a p1pe oulvftrt 

op~ratlnR ln outlftt control. 

Th~ d~pth or flow us~d 1n th~ computation or th~ cro••-•ect1orutl 

srP-a or th~ flow throu~h th~ culYftrt 18 ~qual to th~ 4rtt!cal 

d~pth or the ts1lwet~r dftpth, wh1chftv~r 1s greatftr. Howev~r, 

lf th1s depth ls found to b8 lar~~r thAfl thA dla■ftter or th~ 

p1p~ culvert, th~ depth or flow 1s set equal to the diameter 

or th- p1p1t, 

Ra D/2 

r • 4BS(R-d4) 

It-d4 < B 

A • ("'r;2Cos-1(r/R)/180,-r(R2-r2) • 5 

If d4 it ~ 

AM wR 2-(wR2cos-1(r/R)/180)+r(R2-r2)· 5 

Th- calculAtor should be s-t 1n th- ~-~r-~ •od~ for th1e pro~m 

to op~rate prop~rly. 

9.5 



ST11'P INSTRUCTIONS INPUT K!YS DISn!! 

1 Lo,ad pro~•m 

2 Input rflll'\f'tflr VllllUfl!lll Q STO l Q 

D STO 2 D 

N STO ) N 

TH S'l'O 6 TW 

de STO 8 de 

) Calculatft outlflt ,rp,loc1ty A V 

4 Pora chan,rfl! in Any or th~ 

culv1trt properti"" tro to 

step 12 11nd chan,rfl! or,ly thfl! 

nec~ss11r, 1tftTA. 

Wh~t ts the outl4t Yelo~tty or 11 4e t~ch pipe culvert w1th a 

d1schar~fl of 200 eta.? Th~ tBtlwater depth 1s ).28 feet and 

thfl! critical depth 1s ).88 fflfl!t. 

Kw.?STROK8S DIS'PLJ.Y 

200 STO 1 . . . . . . 200.00 

48 IMTEB 12 + S'l'O 2 • • 4.00 

l STO '.3 I • I • I I I I • • 1.00 

).28 S'l'O 6 I • • • • • . • '.3.28 

).8~ STO A • • . • • • • • ).AA 

A. • . . • . • • I . • I • • 16. 06 tp11 V 



LISTING - PROGRAM ~2? 

Lal A HCt ~ RCL 6 ~ xSJ It 'X~ Ill NO'P RCL 2 ~ r'>ly it xt, 

~ WO'? RCL 2 2 + STO 4 Ill %9' t ·sp·1 ~ ABS ~TO S 

RCL 4 + r-1 cos RCL 4 RCL 4 X X Ill tr X 1 8 0 + 

RCL 4 RCL 4 X RCL 5 RCL 5 ,r - r .Ji RC!, 5 X - r-1 

TF l GTO 1 RCL 4 RCL 4 X g " X tr xb - r-1 SF 1 

L8L l BCL) X RCL 1 gx~ + RTN ( ?l STJ!iPS) 
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PROGRAMS t28-JJ PIP~ CULV!RTS1 INLET CONTROL PDPORIDNCE 

Program #281 C!IW •1th ProJect1n~ ~dge 

Program #29• CMP or Concrete w1th Standard "12d Section 

Pro~ram #)01 CMP or Concrete with Beveled 'fl'A!ges (Type A} 

Progra■ 1,1, Conoret~ w1th Square 'Rd.gee 1n a Headwall 

Program #)21 Concrete with Projecting Socket ~dge 

Program #))1 Concrete with Socket 'Mge in a Headwall 

Information is also proT1ded for the 4es1gn or the follow1n~ 

lnleta. 

CMP Mitered to Conform to Slope 

CMP in & Headwall 

C~P or Concrete w1th Beveled !d~P.8 (Type 8) 

Concret~ with Project1n~ Square P.dges 

The pro@r2"ams nam~d ~bove ev~luate the hydraulic performance 

for th~ 4••cr1bed inlet oont1guration8 operating 1n inlet con

trol. Although the shape of th~ inlet faces differ dramat-

1call7, th~ anal7s1• formulas ,re very similar. For th18 

reaeon, these pro@ra■1 are ,a-ouped together. A more det•11~1 

AXplan•tton of th~ gAoaAtr7 or theae 1~1~t• 1a provldAd b~low1 

Progra• f29 



C~P - M1tered to eontorm to SlopA 

Typfl! A end 8 

Concrfl!t~ - Squar~ •d~A 

1fl H111adwall 

99 

TY'PR 

A 

.d 

CMP - In a Headwall 

b • C d 
15 ~ n fj 

0.042 0.042 0.042 o.oa:, 

0.083 0.125 0.042 0.125 

conor8t~ - Projeotin~ 

Square 11'4~• 



Concrftte - Projecting 

Socket 'A'd,r11t 

Concr~t• - Socket ~d~• 

tn Hfl!&dw11.l1 

Por ftsch p~rticul11.r inl~t, thP pro"Am c~leul~t•s thP hP1~h~ 

or the water at the race of the culvert (Hr)• This v&lu• is 

th•n added to the culvert inl•t invert ~l•vstion (Hr+ 'A'l,IK). 

rr tht~ sum 1s l•ss then the allowsble heAdwater •levation 

(AHW wr..). th•n th• 1nl•t elevAtion becomfl!~ th• ~levat1on of 

th@ face ( P'l. FACF). However, 1r the su11 nf th• h•ill'ht or the 

w~te~ at th-. r~ce or th• culv•rt plus th11t el~Tat1on of th• 

inl~~ exceeds th• allowabl• h•~dwater el~vation, the difrer•nc• 

b•tween this sum and the allowable h8adwAter elevat1on 1s sub

tr8Ctf!d from the 1nlet 1nvP.rt elfl!vstion. This new •l•vA~1or. 

1~ now called th• •levat1on or th• face (li1.FACE). For the 

culvert to operste properly, the 1nl~t invert must be res•t 

to th1s el•vat1on. Th~ drop 1n elevation or th-. inlet 1nvert 

1s CAll~d the FAtY. The d1a,rraa8 on the follow1ng pa~• ll'raph-

1cAllv show this nccurr•nee. It should b~ not8d that-" the 

1nl•t 1nvfl!rt .-lev-tton drop~. thtt culv~rt b,trr.-1 rotsteA 111t1out 

th• outl•t 1nY~rt. 



No PAI.I, Required 

RL.IN +Hr~ AHW EL. 

HW ET,, & AHW 

~ IN 

(!; p 

FA.LL Requ1rflld 

~L.IN +Hr~ ARW ~r. 

As indicated in thfll diagrams, whfln the calculated hftadwAter 

ele1"at1.on 18 abov-. the allowsble headwater e1evat1on, the 

headwater eleftt1on 1 ■ set equal to th~ allowable value and 

the difference 1• taken up by the FALl. 

Th~ invert eleTatton or the culvert raoe can always be thought 

or •• thtt t1tlflftt ion of' the face ( l!L. FACE). The or1ir1nel AlAV8• 

tion of the culvert inlet 1nvert, befor~ cona1dP.r1n~ thfll 

affects of inlet control and posstble FALL, can bfll takfln as 

the eleqtton or the inlet (111-.INLET). 

Once the cul?ert has 'bee" sized for thft d~si~ tlowrate·con

d1t1ons, the•••• prograa can be uaed to evaluat~ thP. pflrforll• 

anctt of the culYt1trt tor othttr flowrate Talues. tn thls nnnff 

a perf'oJ'Mnofll OUrTfll for the culvert operating 1n inlet control 

oan 'be drawn. 

P.QUATIOIIS 

"1,,PACE • AHW &L.-Hr 

• &I.. INLl.1' 

(With FALL) 

( W1 thout P'AI,L) 
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Hr• D(0.1~7)2l+0.56??10X-0.156544X2+o.o4470~2XJ 

-0.00)4J602X4+0.0000~9661x5) 

Hr• D(0.120659+0.6)0?6AX-0.2J8421X2+0,0591A1~x3 

-o.00599169x4+0,0002292~7x5, 

1>ro,ram .f)O 

Hr• ~(0.06)J4)+0.766512X-0.)1609?X2+o.o~?6?01X) 

-o.00983695x4+o.oo~416?6ox5, 

Program f)l 

Hr• 0(0.08?~A)+0.?065?8X-0.25)295X~+o.o66?001X~ 

.o.00661651x4 +0.0002~0619x5) 

Hr• D(0.10~?86+0.662J~1X-0,2))~01X2+0.0579~~5x3 

-o.0~557~9ox4+0.000205052x5l 



Prograa fJ) 

Hr• D(O.ll4099+0.6S)562X-0.2))61,x2+0.o.59172,x' 

-0.00616,)8X4+o.0002428)2X') 

CMP Mitered. to Contora to SloP• 

a,• D(0.10?1)1+0.?~??89X-0.,61462X2+0.1233932x3 

-o.01606422x4+0.00076739ox5) 

CMP 1n a Headwall 

a,. D(0.1674)3+0.,,e,95x-o.149374x2+0.0391543x3 

-o.oo:,,.391~x4+0.000115882x5) 

C~P or Concrete •1th 8eTele4 Mgaa (Tn• B) 

Hr. o(o.oe1130+0.698353x.o.2s,6a3x2+0.065125ox3 

-O.OO?l9?S0~+0.000)124S1X5) 

Concrete •1th Projecting Sguare 1Mges 

a,• D(0.16?287+0.SS8?66X-0.1598l)X2+o.o.20069x3 

-0.00)692S2~+0.000125169XS) 

Rarpg 
In eYaluat1ng the■• inlet■, the plpe a1ze auat be 4eteratne4 

before the o•l-ntrt pertOrMnoe Taluea oan be ge11erate4. Onoe 

the pipe •1e• ha• been tlxe4 and the elrrat1on ot the taoe 

(~.PACS) eatabll■hed ualn« thtt clestgn t'lowrate, the prograa 

oan then 'be u■ftd tor Pftl'toranoe ftftluattone. In ealoulattng 

the pertOJ"Mnoe oarTe Yalu••• th~ .1 ... ~1011 or the raoe net 

10) 



r,.m111TI II const11nt. 'l'o 1risurP. U1111t th1tt T111luai 11!1 not !1111t4'"?"11!,.., 

t.11bP.l A on thfll caleulator Ahould not bf!! ui.ed i1u,-1na th,. ~-l"

formsne,. cur,,,. ,.VA1ust1on. 

"'h,.sP. pro•rsms h8Ve b11Jt1tn wr1 tter, w1 th th"' 1rrput v111lu11~ !'ltor,.d 

1n thP. sam,. rP.•1stfllrs tor ,.9ch proaram. Thlt 8llow~ t.hP. d-~t~n,.r 

to stol"fl! th,. 1np•Jt chits oncfl! 11nd 11v4lu'ttfll all of thfl! 1nlP.t eo"'

r1~ur111ttons by ~ust 1osd1n~ enoth~r program C8rd. 

~h•~Pv,.r appl1eablP., a bP.vel P.daP.d 1nlP.t 1s ~P.eomm-.~d•d ro~ 

ueP. in llP.u of" squ&r~ P.d~P.d tnlP.t, Th• lBrg• 1ncrP.~~~ 1r 

hydraulic performance ~a1nflld by u81n~ ~ b,.v~l-.d ,.d~fl!~ tnl~t 

nv-,r,. !'lqu111r-. -.dg,.d tnlP.t, n"P.111tly outwPtahs t.hfl! s11All ~dd1-

t10n11l cost. 

rro tnsurfll th• propP.r op,.r11t10n of thfl!SP. inlets, th,. FAT.I v11111,. 

ts l 1"11 t~ to 11 111\nt111u111 V,tlUP. of ¼D and II tnaT1111u111 valn-. of 

l½D. !f' the minimum v&lu,. 1!' -.xcfl!edflJd, i@., FAT.L,.. 0.20, 

on 11 of thr8,. 8lt~rn11t1Vf!~ ~hould bflJ constder•d. Ftr~t. ,tnc~ 

th- FALL 18 90 !IIIAll, th~ eulvfllrt W111 op .. l"!!lt,. ll!'T thoo,irh !'11'1 

FALL 1s occurring. A s1d8-t&pftr~d should bf! considered. Snc0~1. 

th~ pipe s1!8 could be rf!duced for the ~•me inl~t conrt~rat\on. 

'!'ht!t would 1ncr8u~.,. th,. 11mount of' FAl.L r-,qutred. And third, 

th• ssme pipe sire could b~ u~~d w1th •noth~r 1nl-.t typ ... 

If t.hfll !IUIY111um V'llUft ror FALL. ltD, h tllXCtafl!d.ftd, fl!tthfl!t' 'l 

1.11r,rfllr p1pf! s12:-, or a more pff1e1ent 1nlf!t 1!! 1"ft(lulr111d. 

0 ~,~l'lnm1,.1 b-.st-rtt fllquat1onP 4re used to ~~termtnfll th~ n-~~

•~t~r dfllpth~ for th~se 1nl~t~. ~1!'1c .. the~~ .. quettor,~ ~~~ 



an approx1mlllt1on ror th,t curves 1n HlPC #13, they 11re subjf!r.t 

to thfll ~••e 11m1tAt1on~. Thfllr~for~, thP. hfl!adwet~r d~pth l~r' 

1~ l1~1tf!d to a sAxtmum nf 4~D And~ mtntmum nf tD. Tn 11v01d 

_S_~_F_t> ______ I'-'-N_S--T ..... Rl2£TIQ_N_S __ INPUT KF.YS DJS'DTAV 

, ... 

2 

i 

4 

5 

6 

? 

toad pro~ram 

Q. 

D 

}IT 

'IU..n: 

AHW t!.L. 

C,aleul,.te the ll'L.FACE 

Calcul11te the h~,adwatfl!r .,1,-v. 

C11lculst~ the PALI 

Calcu11ltfl! the he11dw1111tf!r dl'!pth 

To evaluate th~ s11m., tnlet 

with dtff~rent dest~n crttert~, 

~0 to Stl'!p #2. 

To evaluate another tnll'!t, 

load the dealred pro~•• card 

and go to step#), 

STO l Q 

STO 2 n 

STO :, N 

STO 5 EL.IN 

S'T'O 6 AMW tr. 

A ~l .FAC~ 

d H\J ~ .• 

C FAU 

D "r 

9 To obt~ln the pertontanc~ cune 

coor41nat~a, input the eftlectf94 tlowrateR tn regt~ter 

•1 !!Ind pr,-u t.•b@l B to obt1111t thft h•t11dWf11tfllr .-1 .. Y11t\0nci. 

Note, L•b~l A must not b8 usflld durtn~ th., peTtor.-.~e.-

curv., evaluation. 



1'XAMPLE fl 

Pora 50-7ear dtschargfll ot 200 ere., an ~llowablft hflladwatftr 

8l~••t1011 ot 12.00 t,utt, and an 1nlt11t flllfllntton ot 6:,.oo tfllfllt, 

detf,ra1ne the appropr1atfll pipe culTfllrt size. Thfll d.e81gn to bt1 

cona1dere4 ta• project1n,r CMP. 

Load progra• 128 

KP.YSTROK!S DISPLAY 

200 STO 1 . . 200. no 

l STO) . . . . . . • . 1.00 

6) STO 5 . . . • . . . • • 63.00 

72 STO 6 . . . . • . . . . 12.00 

Try a ls.2 inch p1ptt. 

3.5 STO 2 . . . . . • . . . ).50 

A . . . . • . . • . . . . . 4.5.61 rt. 1'1,.PAC~ 

C . . . . . . . . . . • l?.J9 ft. l"AI,L 

This PALL Y1Jlue 111 lare:er tlian thfll allowable ftlUfll ot 5. 2~ f'fllet. 

Try a 48 inch p1pfll. 

4 STO 2 . . • . . . • . . • 4.00 

A . . . • . . • . • • • • • S.5.41 tt. 1'L. PAC"-

C . • . • . . • • • . • . • 1.59 tt. PALL 

Thie PALI, is lar•er than thfll allowable (ltD) •alue or 6.oo t1tet.. 

Tr7 • 51a tnoh plpt11 • 

4,5 S'!'O 2 . . . • • . . . • 4 . .50 

A • . • . . . . . . . . 60.61 tt. W.L.PAC!; 

C . . . . . . • • . • • . • 2.:,9 rt. PALL 

l0f 



Th18 FALT v~lu~ 1s w1th1n th~ 11m1ts \tD) and (ltD). 

Ch~ct th~ 11m1ts of Hr· 

D . . . 11. 39 rt. 

A 54 1noh CMP culvert w111 work for the cond1t1one epec1f1~d. 

!XAMPL! (12 

Consider the eam~ dAsign er1t~r1a only chang~ the pipe from 

a proJ~cttn~ 1nl-.t to a b~vel ed~ed 1n1~t. 

Load program #)0. 

11'."YSTROY.l"..S DISi:>LAY 

•1th the d~s1,m data already 1n th~ calculator f'rom the 

pr-.v1&us e%~■pl~, just proe~~d with the caleulst1ons. 

A 

C 

. ~ . . . . . . . 
. . . . . . . . 

6:,.oo ft. 

o.oo ft. 

"L.PACE 

FAt.L 

Th\s design uses thA 54 inch d1am~ter. With a ~vel ed~ed 

1nl~t no PALL ls required. In order to Max1m1ze th-. de~1~n 

~ s•ller e1ze of pipe w111 be evaluated. Try 48 inch d1am~ter. 

~ STO 2 . . . . . . . . 4.00 

A . . . . . . . . • . . . . 60.50 ft. 1'L.PAC! 

C . . . . . . . . . . . 2. 50 ft. PALL 

This PALL value hi within th8 allowable ran"8. Checlr Hr, 

D . . . . . . • • • . 11.50 rt. Bf 

This T8lue ls ~lso within th~ allowabl~ rA"~e. 

Use~~ inch dia~8ter pipe. Th~ bevel Ad«,Ad 1~1~t redUCAI the 

requtr~d d1Amet~r by one hslf or a foot. 
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BTaluate th~ p~rfo!"llanOft ot • twtn )0 inch concrete PlJHI 

au~Yftrt ftntranc8. Tru, 4e•1~ flowrate ts 100 eta .• ar,d th8 

allowable headwater eleTation is 86.50 feet. TM eleTatton 

or the 1nlet inTert 1s 80.20 feet. Uwe prograa 1)1. 

Kl"YSTROKm DISPLAY 

100 STO 1. . . . . . . 100.00 

2.5 STO 2 . • . • . . . . • 2.50 

2 STO J • . • . • • . . . • 2.00 

'30.2 STO 5 . . • • . . . • 80.20 

86 • .5 STO 6 . • . • . . . . 86. 5c, 

A • . . . . • • • • . . • • 80.20 f't. IL. PAC(!; 

a . ., • • • • • • • • . . . 85.98 f't. aw IL. 

C . . . . . • . . . • • . • o.oo t't. PALL 

D . . • • • • • . • . • • • 5.78 rt. Hr 

No exoaTation 18 required tor thla cul•ftrt design. The h~ad

••ter 8leYat1on 18 just below the allowable ftlu8. Por the 

p8rtonance OUJ"Tft coordtnatew use o.6Q, o.8Q, and l.2Q. 

60 STO 1 . • • • • • • • • 60.00 

.0 • • • • • • . . • • . • • 83.37 f't • BW 111,. • o.6Q 

80 STO l • • . • • . • • • 80.00 

.8 • . . • • • • • • • . • • 84.49 tt. HV IL. • o.8Q 

120 STO 1 . . . • • • • • • 120.00 

0 . • • . . . • • • • • • • 87.81 tt. RV II,. • l.2Q 

Note, After the face elefttton •~• or1g1na11T detentned, 

Lebftl A, tht• button wa• not pr••••4 -tn. To do ■o woul4 



produc~ an error 1n th~ calculation of the p~rtoraaneft ourY~ 

coord1natfte. Label A should only b8 ueAd •h•n thft 4ewt,m 

r1owrate ts 1n reg1et~r 11. 

A plot ot th1s performance 1s on the final pa~e or this eect1on. 

LISTING • PROGRAM #28 

Lol A D RCL 6 RCL 5 - g xs:y g x~y g NOP RCL 6 gxb 

- STO 8 RTN LSL b D RCL 8 + RTN IbL C RCL .5 RCL B 

- RTN LoL D RCL 1 RCL ) + RCl 2 2 . 5 It ,"J(' + 

~lffl !NT!R 1!.NTIR 8 9 . 6 6 1 X ) 4 ) f, • 0 2 

- X 4 4 1 0 5 • 2 ♦ X 1 5 6 5 4 4 - X 5 6 

? 7 l 0 + X 1 8 ? 3 2 l ♦ 6 r-1 LOG + RCL 2 

X RTN (96 S'l'ffS) 

LT5TIWG - PROGRAJII #29 

LbI A D RCL 6 RCl, 5 - ~ ~,, g ~y ~ NOP RCL 6 ,, ~y 

- STO 8 RTN LBL 8 D RCL A + RTN LbL C RCL s RCL p 

- H'!'N ~L D RCL 1 RCL 3 + RCL 2 2 . s ~ yr + 

ai.HT.b.B !!Jl'l'iR ~u 2 2 9 . 2 8 ? X 5 9 9 1 . ,; 

9 - r 5 9 1 8 1 • 5 + X 2 1 8 4 2 ) - ][ 6 

) 0 .., 6 a + r 1 2 0 6 s 9 + 6 ,-1 LOG + k~L 2 

r R'l'N (97 ST•PS) 

LISTING - PROGRAM #lO 

L~t A 1) RCL 6 !CL s - , 2'S1 g ~, • NOP RCL 6 ~ ~1 

- 9'!'0 ~ RTN UL a D flCI, e + RTW tat C !U~t. S RCL ~ 

- ~TN LdL D RCL 1 ROT, ) + RCI- 2 2 • 5 ,r ,x + 

e.N1't!,R r.ll't't.R IOM'e.R ,. 1 6 • 
., 6 X 9 A ., 6 . ~ i; 
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LISTING - PROGRAM *JO (cont) 

• X 8 ? 6 ? 0 , 1 + X ) 1 6 0 9 7 • X 7 6 

6 5 1 2 + x 6 3 ) 4 J + 6 r•l LOG + RCL 2 x 

RTN ( 9 .5 S't'tsl'S) 

LISTING - ~ROGRAM f31 

Lat A D RCL 6 RCL 5 - g 'XS1 g ~y g NOP RCL 6 g ,ity 

- STO 8 RTN LBL B D RCL 8 + RTN LBL C RCL 5 RCL A 

- R'l'N WL D RCL 1 RCL) + RCI 2 2 . 5 e: r + 

&NTr.;ll J:JJ'l'a.R ANTAR 2 5 0 . 6 1 9 X 6 6 1 6 • 5 1 - X 

667 00. l+X253295-X 706578+ 

X 8 7 4 8 3 +. 6 f·l LOG t RCL2 X RTN (96 STEPS) 

LISTING - PROGRAM #J2 

LBL A D RCL 6 RCL .5 - g ~7 g ~F ~ NOP RCL ~ ~ ~y 

- STO 8 RTN LbL B D RCL 8 + RTN LBI, C RCL 5 BCL 8 

- RTN LSL D RCL l RCL 1 + RCL 2 2 . 5 g yX + 

at;N'l'JIR l!.NT~R ~NT~R 2 0 5 . 0 S 2 x 5 5 ? S , 9 

• X 5 ? 9 5 8 , 5 + X 2 3 J 8 0 l • X 6 6 

2 J 8 1 ~ x l O 8 ? 8 6 + 6 t·1 LOG + RCL 2 

1r RTI ( 96 STIS.PS) 

LISTING• PROGRA~ fJJ 

L8L A D RCL 6 RCL 5 - g X$7 ~ x~ ~ MOP RCL 6 ~ xb 
- STO 8 RTN Ldt o D RCL 8 + RTN tat C RCL 5 RCt ~ 

- R'l'R Li:IL D BCL 1 -RCL 3 + RCL 2 2 . 5 « yx + 
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LISTING - PROGRAM #Jl (cont) 

b;NT.f!Jl aNTl!.R ~as.R 2. 4 2 8 ) 2 X 6 l 6 J ., 
8 - X' 5 9 1 ? 2 J + X 2 ) J 6 l 5 - X 6 s 

' 5 6 2 + X' l 1 4 0 9 9 + 6 r-1 I,OG + RCL 2 

'X RTN (96 STJsPS) 

Plot or the p~rrormance or a twin )O inch concrete p1pe oulYert 

operat1n~ 1n inlet control with equar~ edges 1n a hAadwall. 

P1ott1n~ Coordinat~a 

Q 60.00 80.00 100.00 120,00 

HW ll'L, 83.37 84.49 85.98 87.81 

90 -----------------------,-----

-. 
~ 

88 "' -
* 0 
t-1 

~ Allowable H8adwat~r ~l~v. 
t --------
~ 86 

a: I Iii) 

e-
C :. 

It Q 
c 84 lilJ = 

!ji 
• ID 
A A • ,~ 

F321,: 
0 

PLOWRATJa: (cts.) 
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PI06RA'1S fJ4 &)5 • ~!P~ CULV!BTS1 SIDa-TAP!Rlm THROAT CONTROL 

SIDt-TA?i!.R&D WITH SMOOTH THROAT 

SIDM-TA'PKlhil) wrrH ROUGH THROAT 

A culvert with a nooth throat pertain• to pip• eulY8rts madft 

ot concr@tA or or a ■sooth ■etal. Rou«h throated culvftrta 

~ppl7 to corr1gatftd metal structures. 

Thes~ pro~••• Avaluate th~ performance or a culvert op~ratlnF 

1n throat control. ThA formulae incorporated 1n thftSA protn"9m~ 

apply only to s14A-taperftd inlets tor pipe cul•~rts. L1~A th~ 

1nprovfld inlet prop-ams, these throat control prof!1'9•• or~~n 

cAn us~ FALL to 1ncr8ase th~ flow cspac1ty or a culv~rt, Th~ 

ro1 J ow1n~ d1ltt11m11 dft ■cr1'bA th@ throat control 1nl"ts. 

ROUGH THROAT 

PUN VU,W 

STDJS-TA~li.Bt.D INL~~ 

NO ?ALL, HW &!.L, < AHW ~t. 
l l?. 

SMOOTH THROA'J' 

SIDa-TAltliRli.D nrr gT 

WTTH PALL AND ~ING~AI!S 



11.QCATIONS 

Ill • THROA'l' • AHW t!J.,. -Ht 

• t!:L.INL.1!.'T 

Program #)4 

(With PALI., 

(Without FALl,) 

H • D 10(-0.2)?1)9+0.146?92X+2.189)21X2-4.)54114£3 

t +4.2105)9X4-l.)4?0)2X5) 

Program flS 

!Ui.MARKS 

A■ unt1oned b9fot"f', thee~ pro~r•m• ar~ only to b• u~-d utt.h 

■1de-tapere4 p1pe oul•erta. To 8.,.luat~ th~ pArfON1enc~ or• 
pipe oulYert •1th a alOJ>f'-tap1tred. 1nl~t, the de•1~Ar should 

u■e prograa #11. Th1• prolQ'a■ ftftluate• the pel"f"oraance or 

bos oulTert■ •1th both a14A-t•pered and alope-tap~rftd 1nl~ts. 

Th- ■lope-taperect inlet tor a p1pe cul•ert 1a 4ea1gi,fl!d •• it 

1t ••rtt go1n~ to~ uaf'CS •1th a bow eul•ert. A tran■ltton 

aect1on 1■ then tabrtoate4 to connect thtt boX shapftd 1nl~t 

to thA p1p,t OUlTert barrel. Th~ dta,p-a•• on th- n-xt P•~~ 

•111 further explain th1• altuat1on. 

11) 



& AHW 

SLOPe•TAPl!.IU!,D !~.li.41' SLOPt.-TAP&Rt.D INLA'T 

VARTICAL FACE, VINGVAU.S MIT.a.fl&D FAC~ 

The width •alues (8) 1fl program #11 w111 haY8 to bA translated 

1nto a dis■et~r s1ZA. Tht1 c~n be aoooapl1ahH bJ aett1ng B 

~qual to the d1aJMter and. then prooeedtng w1th t~ 4ea1gn •• 

1t the box oulTert 1n queation had a square oro••~■ect1on. 

L-a'bel A 1■ used during the cul•ert a1ze 4ete1'111Mt1on part ot 

the pro@'l"a■. Once a oul•ert •lt:A has been •elected, tt ts 

stored 1n the oalculator and Label A eTaluate■ the appropriate 

throat el8Tat1on tor the gt•en 4ealgn tlowrate. When uelng 

tl~t•• other.than the dealgn •alue tor the pertor-.noe OUrY'I 

coordtnat••• Label A ■u■t J!2! be pN8■8d. 

SlnoA th8 tn~ut r~~tater• ha•• the••• ldenttt7 •• thA one• 

ue4td tor the tnlet oontrol prograae (#28-))), theae two pro~•• 
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can I>-. run in auoc8as1on aftflr·the'1hlet control prosra•• haYe 

been ttTaluated.. tt all or the inlet control prograa• haTe their 

oalculatttd PALL ••luAe exceeding the ux1■UII lt■lt (ltD), the 

d8e1gner can 1-edtately load these prograaa an« preoeed wtth 

the 4ea1gn of' the cul.-erts tor throat control, without changing 

any of the register TaluAs. 

Due to the size 11■1tat1ona or th1■ calculator, a ■aall error 

results ln the ooaputatton ot the PALL. The prograaa aesu-.e 

that the eleYat1on of the inlet and the elAYat1on ot thft throat 

are equal before 4eter111n1ng the •alue of the headwater eleY

atlon. Thia equaltt1 1• false and a ■aall 41f'terenee, equal 

to the channel elope tlae■ the nrt1cal dlatanoe between the 

inlet aftll the throat eectlon (S0xL1 ),ex1at■• Tble L1 41stanoe 

1• an unknown •alue tn these programs. It 1■ deteralned. by 

thft next prograaa. 81' uftderatandlng thls error oondttion, a 

correot1on, lt ft8oe■sar1, can be aade. 

The 11•1t■ placed on the PALL Yalue tor the inlet control 

prograae applle■ to the throat control dea1pa also. A ■1n1■ua 

Yalue ot iD ant a ■ax1■1Dl •alue of liD ■ttll applT. It thA 

upper lt■tt 1• noeftd94, a larger oulTert a1z• abould .be trle4. 

It the ■tn1■aa Talue 1• exceeded. th8 oul•ert •lll ••••nttally 

operate •• 1t there waa no PALL preNnt. A. larpr,or• .... ller 

col•ert, or anothAr lnlet oom"tpratlon ahoul4 'be oon•td.er4ttl. 

Pol,noa1al "•t-t1t ftquatlon• are uee4 1n detentntng the head

water depth■ tor th*•• 1nlete. Slnoe the equation• are an 

appr~t•tlon tor the cunee 1n ~ fl'.), they aH a11'b3.-at to 
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thw ~•• reatr1cttons. The headwater dftpth (Ht) ls 11■1ted to 

4tD MXlll\UI and tD a1nl■WI. It ls l"t.•Co■aen4ed that the 'ftlue 

ot Ht bA tept bAlow a Yalu• of 2D to proteot the ouly~rt troa 

buoyancy toroee. 

The ffldlber or barrftla (N) ts 11■1ted to a Yalue of l or 2~ 

ST~ INSTRUCTIONS ------------ INPUT KEYS 

1 Load prograa 

2 Store regt•ter ftlues Q sro 1 

D S'l'O 2 

N STO' 

'!I., IN S'l'O S 

AHW KL. STO 6 

) 

4 

5 

6 

Calculate throat elent1on 

Calculate hAa4water ftleT&t1on 

Caloulate the PALL 

Calculate headwater depth 

7 Pora obange 1n any ot these 

OUlYllrt propertl••· /!Oto 

■tep #2 an4 ohana• only 

the neaessa17 tt•••• 

A 

B 

C 

D 

DISPLAY 

Q 

D 

N 

WL.IN 

AHV n. 
~.THROAT 

HW ltt., 

PALL 

Ht 

8 To obtain the perforMnoe aurYe ooord.lnates. input 

the •eleote4 tlowrates ln reglater 11 and pr••• Label B 

to obtain the headwatftr ele'fttlona. 

WotA·• Label A auat not ~ uaftd 4m-1ng tht■ oaloulatlon. 

9 To AYaluat• another 1nlet, load tM de8lrft4 prograa 

card and ~ to step f'.3, 
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UAMPL1' fl 

Stz~ afl4 e•aluat8 th8 throet control perforaanoe ot • c,n, 

with• )00 ors. rlowrate. The inlet eleTatton 1 ■ 1)5.00 feet 

and the allowable hea4water 8l~Tat1on ta 144,50 teet. 

Losd program #)5 

)00 STO 1 • 

1 STO) •. 

1)5 STO 5. 

. . . . . 
• • • • t 

• • • • • 

l".5 STO 6 •• 

Try a 48 1flch ptpe. 

. . . 

4 STO 2 ••• . . . . 

DISPLAY 

. . . )00.00 

. . . 1.00 

... 1)5.00 

. . . 144.50 

• • • 4.oo 
A 

C 

. . . • • • • .. 129.00 ft. U,THROAT 

. . . . . . . . 6.oo tt. PALL 

Th~ PALL ta w1th1n 1ta allowMbl~ lt■1ta. Ch4ok lit• 
D ............. 15.50 ft. Hi 

This Yalu8 1s w1th1n th8 allowable but not th8 reooam~n48d ran~e. 

~Ya 9" inch dta•ter. 

~-5 STO 2 .. , • . . . . . 4.so 

A 

C 

D 

• • • • 

. . . . 
......... 133.02 tt. 

, . . . . . . . . 1.98 tt. 

. . . . . . . . . . . . . 11.48 ft. 

~.THRO.AT 

PALL 

Both the PALL •nd Ht are w1th1n th81r allowable range1, Ht. 

equale 2,S5 t1aes th8 d1~•ter. Th1a Talue 1e aboTe the recoa

■ende4 TalUA of 2D but wtth proper anchoring 1t can be used. 
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The pertonuno~ cune coordln&tP.s will be round for th~ 0.6Q, 

o.8Q, and thA l.2Q TalU98. 

K'!YSTROKIS DISPLAY 

')00 INTto.:R .6 X STO l • • 180.00 

.b • • • . • • • . . • . . . 1)9.78 tt. l!V IL. @ 0.6Q 

300 D'TKR .8 X STO l • . 240.00 

.I:, . . • • • • • • . . . . • 141.8? tt . HW m... @ o.8Q 

JOO STO l . • • • . . . . . JOO.CO 

.b . • • • . . . . . . . • • 144.50 rt. HW M.. 0 Q 

JOO UJT!R 1.2 X STO l . 360.00 

B . • . . . • . . . . . . . 14?.75 rt. HW n. O l.2Q 

LISTING - PROGRAM #J4 

Let A D RCL 6 RCL 5 - g xSy ! xb g NO~ RCL 6 g xb 

- STO 6 RTW LBL d D RCL 8 + RTN I.BL C RCL 5 RCL 8 

- RTN U,L D RCL 1 RCL) + RCL 2 2 . S g yX + f 

LOG .11.N'l'd l!Jrl'd i;NT&R 1 3 4 ? 0 J CHS x 4 2 l 0 

5 4 + x 4 ) 5 4 l 1 - x 2 l 8 9 J 2 + x l 

4 6 ? 9 + x 2 J ? l 4 - 5 r-1 LOG + r-1 LOG 

RCL 2 x RTN (9? STaPS) 

LISTING - PROGRAM fJ~ 

L&L A D RCL 6 RCL S - g rs, g ~7 8 NOP JlCL 6 8 zty 

- STO 8 R'l'N I.SL 8 D RCL 8 + RTN LdL C RCL S RCL 8 

- RTN LdL D RCL 1 RCL) + RCL 2 2 , S g ,x + t 

LOG &NTaR OT&R dTII.R 1 ) 2 8 J 6 CHS x J 1 1 1 

1 7 + X ) 0 1 4 4 4 • X l O 6 8 6 4 + X 4 



LISTING - PROGRAM IJ5 (cont) 

8 9 l J + x 2 J ) ) 9 - 5 r-l LOG + t•l LOG 

RCL 2 X BTN (97 ST4PS) 

Plot ot the perfor11ance C1ll"T8 ot • 54 1nch corrtgated aetal 

pipe cul•ert operating in throat control. 

Plotting Coord.1natea 

Q 180.00 240.00 )00.00 360.00 

BW "L. 1)9. 78 141.8? 144.50 147.7.S 

148---------...-----T----,----, 

Allowable Headwater ~l~•. 
- - -- -- -- -----@-- -- - -- --

'I 
ii 
!I 

140 !I 
!I 

138.._ ___ .._ ___ ..., __ 

120 180 240 :,oo :,60 420· 

PLOWR.A.TI! (ota) 
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PROGRAMS IJ6-J8 PIP~ CULVERTS, PACE DIMINSIONS 

Pro,a-am f)61 S1de-T~p~red CMP with ProjACt1ng !M~ 

Program #37• S1d~-T•perAd Square ~d~es 1n a Headwall 

Program #)81 S1de-TaperAd BevP.18d ~d~8S 1n a Headwall 

These progra■s continue with th~ design of a cuivert operat1n~ 

1~ throat control. Por the side-tapered entranc@, thes-. programs 

compute the race w1«th (Br) and th~ horizontal distance betwP.en 

thP. entrance and thP. throat control section (t1 ). Se~ the 

dl~,a-aas below tor a further explanation. 

No P'ALL 

120 

S1d~-~■perftd, Proj~ot1n• 

~"9, W1th PAtt 



~rosr1111 f]? 

Wt th or W1 thout FAU, 

Progra• ,,a 

Sid~-Tap8red, BftTel8d ~dges 

In H~adwall, CM'P or ConerAtft 

With or Without PALL 

An ~dd1t1onal dim~n11on from the face or thA a1de-tapfl?"ed 1nl~t 

1a requ1rAd as oftl! of the pro,rram inputs. Th1 ■ 1a th~ valu~ of 

th~ het~ht or the s1de-tap•red face. It 1s reterr&d to as the 

valu-. ~ 1n the dta"aa below. 
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Th~ 11m1tat1ons on thft valu~ or w. Are a atntaum ot th~ d1amAter 

ar.d a •xt■u■ or 1.1 t1■As th~ d1am8ter. ThA s1d~wall tapAr 

(ST) 1hou14 b-. k~pt betwAAn B valu~ ot 4,1 to 611 tor the pro-

The det~r111nat1on ot Br snd L1 1s a len~thy computation which 

exceeds the capacity or the HP-65 calculator. An extn pro~a• 

card. ts needed to compute thP.8P, values. This ~xtra prograa, #lb, 

computes thP, adjusted slop@ of A culvArt which has PALI, 1ncor

por~ted in its design. Prol'J"am #14 uses the vslu~ L1 1n its 

computations. t
1 

1s determ1nftd by these pro~ame, #)6-J8, but 

thfty need the valu8 of the adjustAd slope to compute L1. ThP. 

m-.thod us~d to solvA this d11Amu ls to altArnately uee Aither 

proirra•~ #J6 and f14, #;7 and #14, or #JB and ll~ ln an alter

nattn~ •nn~r until the ••lues of Hr, L1 and ADJ.S ■tab111z~. 

This procesR usWllly only requ1rAs two or three cycles. 

For the in1t1al calculation or Br and L1 , the a4juated slope 

ls approx1Nted by ua1n~ the original channel slope. A nfnlber 

8ll~htl1 sullftr than th• original slope NY be usttd to decre~s~ 

th• tlme of conv~r~nce. 

Wh@r8 pretabrlcatAd inlet sections are available, Br and. t 1 
hav~ ~enPrally bPen f1Yed by thp manufacturing coapany. Thftse 

values Are normally s~t at lt t1■es the culve~t dia■eter. It 

thls type or d~a1gn 1s deslrAd, the given value ■ ot Br and L1 
CAn b8 used ln 11eu or pro~~m• #J6-)8. Th@ value ot L1 can 

be directly usAd in pro,rra9 #14 to det~rmlne the adjusted slope. 
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a:QUATIOHS 

Br• 4Q/((wE1•S)(0.0144+1.150SX+l.8167X2-o.9642xJ 

+o.1914x4-o.0148x5) 

Pro£•• :1'l2 

Br. 4Q/((w~1 •5)c-o.oo48+0.9426x+2.9784X2-1.792x' 

+0.422P.X4-0.0)57XS) 

'Pro«ra11 #38 

~t • 4Q/((w~1 •5)(0.73932X+).2994X2-l.746X) 

+0.)744X4-0.02~?X5) 

Tb,t naabtt• of barMll (N) 11 l1•1tetl ilo a TalWI or 1 or 2. 

As •~nt1oned. before, tor th~ 1n1t1al •slue ot th& adju•ted. 

slope (ADJ.S), th~ chann8l's or1g1nal slopA (9
0

) should be u18d 

as An approxt•t1on. Thta YaluA 1• ator&d tn register f4. 

StdA taper •aluAa (ST) l~•~ than th~ spec1t184 Yalue ot 4,1 

•r- unacoeptable. Un4~r this condlt1~n,the oulTert would 

opfll• ,te •• 1t 1t were • re~l•r oul•ert and there was no tap1tr 
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pr~aAnt. S1d8 ta~rs 1n -.xeess of thfi! r~oouended Yalu~ of 

6,1 will p111rform bf.tt~r than thP. d~s1gn •111 1n4lc■t8. TherA

ror~ with this larger vslu~, thP. pron-ams w111 produc" con~8r

vat1Ye results. 

Th~ valu@ or t 1 • determined by these programs ls• horizontal 

aeaaurement. This 1e 1n compar1son w1th the adjusted l~ngth 

AOJ.L, which 1s ■ft•sured alon~ the slope or the culYert. 

ST'FP INSTRUCTIONS INP~ KEYS OISPLAl 

1 Load pro~•• 

2 Inp•t regtster V&1Ufl!9 Q STO 1 Q 

D STO 2 D 

N STO ) N 

In1t1allJ use S0 ADJ.S STO 4 ADJ.S 

Ht STO 5 Ht 

ST STO 6 ST 

ll! STO ? E 

'.3 CalculAte the race w1c!th A Bf' 

4 Calculat111 the 1nlet lftngth i:! Li 
5 Bun prog-raa #lit 

6 Bttpeat steps ,,2 I #3. #4. 

and 1.5 until the Tll1Uft8 Of' 

Z,r I t 1 , and ADJ.S etabilize. 

In the dAsi~ ot • 48 1noh CM~ culYert with a 2.5-~Aar d1echarJ~ 0 
ot 190 ate., thA throat eleTat1on ••• 4Ateralne4 to tMt 19.10 rt. 
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IXAM0 LI fl (contl 

The h~adwAtAr fl!l~T~t1on ror this 11tA ••• ?0.90 fe8t. Th18 ~1Tfl!8 

a h•d••t~r dftpth of 8.40 feet. ThA original chanMl slop~••• 

5( an4 a ■ lde tapAr of 6,1 1R to b8 uaed. ThA • •alue •111 bfl! 

1. O 5D or 4. 2 t~tft1. • Ft nd. th@ facP. • 1d th and th8 inlet l.engt h. 

Thfl! culvfltrt 1a not to h11v'! a head.wall but to 'bft project1n@: 

trom the tlll ■lope. 

Load program #J6 

K-.YSTBOK'BS DISPLAY 

190 S'l'O 1 . • • . . . • • • 190.00 

4 STO 2 • • • . . • . • • • 4.00 

1 S'l'O :, • . . . • • . • • • 1.00 

.05 STO ~ • • • . • . • • • 0.05 

J3.~ STO 5 . . . . . . . • • 8.40 

6 STO 6 • • . . • • . . . • 6.oo 
4.2 STO 1 • • • . • • • • I 4.20 

A I • • • . . • • • . • • • 6.42 ft. Br 

B • • • • • • • . • . • • • 1.26 rt. Ll 

Thea41 arfl just t•o 11■tiMtes ot 1't and. t 1 'baaed on tl'Mt appror-

1Mt1on or ADJ.S by S0 • U~lng tbla t 1 •alue 1n pro,raa 11,, 

• ftlu• ot AD.J .~ • 0.02495 ta obtained. Ua1ng th1s value in 

pro,raa fJ6. 

190 STO l. 

~ M'O 2 •• 

1 S'l'O J •• 

• • • • • • 

• • • • • • 

• • • • . . 

12.5 

. . 

. . 

190.00 

4.00 

1.00 



Notes 

KSY!TROK88 

.02,95 S'l'O 4 . 
8.4 STO .5 • . 
6 9TO 6 • • • 

4.2 STO ? . . 

. . 

. • . . 

. • . . 

. . . . 

. . 

. . 

. . 

. 

. 

. 

DISPLAY 

0.02 

8.40 

6.oo 
4.20 

Thee~ Talues must bflt rfl!stored s1nce the 

#14 has altered thfttr or1g1n11l Tl!llues. 

A . . . . . . . . . • . . • 6,28 rt. 

.6 . . . . . • . . . • . . . 6.84 rt. 

rum1ng o~ program 

Br 

Ll 
~ga1n tak1n~ th~ V81Ue of' L1 to program #14. A Yalue of 0.02G90? 

tor ADJ.S 1e obtained. Uel~ thle valu~ ln prog:ra• 1)6 . 

190 STO l 

4 STO 2 

• • . . . 190.00 

• • . . . . . . • • 

l STO). . . . . . • • . . 
. 02490? STO 4 . . . . . . . 
8.4 STO 5. • • • • • • 

• • • • • . . . . 6 STO 6. 

,..2 STO 1 . . • • . . . 
A . . . . . . . . . . . . . 
.s . . . . . . . . . . . . . 

... 00 

1.00 

0.02 

B.40 

6.oo 
4.20 

6.28 

6.84 

ft. Br 

ft . Li 
Th-. face width t1 6.28 feet and the inlet length ta 6.811, teet. 

ThA 0~1p0?14111@' Yalu~• u1e4 1n progra■ 114 are•• tollow11 

So • o.o,. PALI, • 6.o teat, SptJ • )11, L • 2.50 , •• t, 
D. 4 teAt. 



LISTING - PROGRAM tJ6 

LBL A l LBL 1 CHS RCL 5 + RCL 7 + !JRTD l!.1ff&ll DT&R 

1 4 8 CHS X l 9 1 4 + X 9 6 4 2 - X 1 8 l 

6 7 + X 1 l s 0 s ... lC l 4 4 + 4 :r-1 LOG + 

RCL l gxb + 4 '.I: g ff + RCL? ENT~ f' Ji X + RCL 

9 g xt, , XeJ' G'l'O 2 RCL 2 RCL 3 X - 2 + RCL 6 lC 

STO 8 RCL 4 x GTO l LBL B RCL 8 RTN LBL 2 DSP . 2 

RCL 2 g rl7 g x~ g IOP ·RTN (99 ST~PS) 

LISTING - PROGRAM#)? 

I,Bl, A 1 LBL 1 CHS RCL 5 + RCL? + tiiNTISR Ji.N'I'd &lff&'R 

3 5 1 CBS X 4 2 2 8 + X l 7 9 2 0 - X 2 9 

1 e Ii + X 9 4 2 6 + X 4 8 - 4 r-1 LOG + RCL 1 

g~ + 4 X ~ " + RCL? ENTU f' Ji % + RCL 9 

~ xb tr. XwJ' GTO • 2 RCL ) RCL 2 x - 2 + RCL 6 x 

S'l'O 8 

RCL 2 

RCL 4 x GTO 1 LBL B RCL 8 R'l'N LBL 2 DSP . 2 

g x,r g %V g·NOP ·RTN 't98 ST~PS) 

LISTI1fG - PROGRA~ 138 

LBL A l !BL 1 CHS RCL 5 + RCL 7 + mrra DT&R iNT.ll.lt 

2 8 1 CHS X ) ? 4 4 + x 1 7 6 4 0 - X ) 2 

9 9 4 + x 7 3 9 3 . 2 + x 4 r-1 LOG + ect 1 

~ xb + 4 x g w + RCL 1 l!.lfflR t Ji x + ft~ 9 

g ~y t X.J' GTO 2 RCL) RCL 2 x - 2 + RCL 6 x STO 8 

RCL 4 % GTO 1 LBL B RCL 8 R'l'N LBL 2 DS'P . 2 RCL 2 

g %SY g xb G HO'P RTN (9? ST~) 
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PROGRAMS #39 & 40 - PIPE CULVERT; !NI.ET CONTROL OUTLET VELOCITY 

These two programs determine the outlet velocity for circular pipe culverts 

by first calculating the normal depth of flow within the barrel. Once 

this depth is detennined. the waterway area is calculated and the velocity 

is found by dividing the discharge by the area. 

Due to the length of the polyn001ial equations ernployed and the limited 

number of program steps of the HP-65 ca 1 cu 1 a tor. two programs must be used. 

No~lly as the depth of water within a pipe culvert increases. the discharge 

correspondingly increases. However. after the depth of flow reaches a 

little over 90 percent of the culvert height, the discharge begins to decrease 

as the depth increases. This decrease in flow is a result of the large 

increase in the wetted permeter (barrel roughness) with only a small increase 

in the waterway area. This decrease in discharge continues until the barrel 

flows full. For a given discharge requiring a flow depth greater than 

B2 percent of the pipe diameter. two depths of flow may exist. One value 

will be between 82 percent and 93 percent of the pipe diameter and the other 

depth will be between 93 percent and 100 percent full. Correspondingly there 

exist two values for the waterway area and two values for the flow velocity. 

The calculator programs detennine the smaller flow depth. This action will 

produce the smaller areas and the higher outlet velocities. 

The equations used in the programs are polynomial expressions which approximate 

the nonnal depth curve for circular cross sections as found in Figure 6-1 of 

reference #4. 
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To operate these programs, program '39 is loaded into the Cdlculator ana 
the input valves are stored in their appropriate registers. Label A is 
then pressed and an intermediate valve is displayed. This number will vary 
depending upon which subroutine the calculator has exited fran. Program ,140 
is then loaded into the calculator and Label A is again pressed. The outlet 
velocity value for this particular pipe culvert operatiny in inlet control 
will then be displayed. 

EQUATIONS 

X = (Qn/(l.486NS" 5))/D813 

Z = LOG (X) 

If X < 0.06 

d = D x 10(0.136525 + 0.571142 + 0.02362Z2) 
n 

If 0.06 ~ X < 0.24 

2 d =DX 10(0.3063639 + 0.907884Z + 0.1926152) 
n 

If 0.24 i X < 0.34 

d = D x l0(0.685734 + 2.0975322 + l.12583622) 
n 

If X l, 0.34 

d = D n 

e = arc cosine (radians) (l-2d /D) 
n 

Ac (D/2)2 (e - sine cos e) 

V • Q/(NA) 

REW\RKS 

Once the input values have been stored for progrc1111 #39. they do not have 
to be re-entered for program #40. 

The calculator may be used between the running of programs as long as 
registers #1, 13. 14. and #7 and Flags -1 and #2 are not altered. 
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STEP INSTRUCTIONS INPUT KEYS DISPLAY 

1 Load program #39 

2 Input register values Q STO 1 Q 

D STO 2 D 

N STO 3 N 

n STO 5 n 

s STO 6 s 

3 Calculate "X" A X 

4 Load program #40 

s Calculate outlet velocity A V 

6 For a change in any of 

the design data, go to 

step fl. 

EXAMPLES #1 

Find the outlet velocity for a CHP of diameter 54 inches. wHh 

a slope of 0.032 and a flow rate of 100 cfs. Manning's n is 0.024. 

Load program 139 

KEYSTROKES DISPLAY 

100 STO 1 100.00 

4.5 STO 2 4.50 

1 STO 3 1.00 

.024 STO 5 0.02 

0.32 STO 6 0.03 

A 0.24 
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EXAff>LE #1 (cont.) 

Load program 140 

KEYSTROKES 

A 

EXAtf>LE 12 

DISPLAY 

12.12 fps. 

What would be the outlet velocity for example #1 if the flow 
rate was 200 cfs? 

Load program f39 

200 STO 1 

4.5 STO 2 

1 STO 3 

.024 STO 5 

.032 STO 6 

A 

Load program 140 

A 

LISTING - PROGRAM 139 

LBL A RCL 1 RCL 3 

X 1 . 4 8 6 DIV 

DIV STO 1 

RCL 6 f 

200.00 

4.50 

1.00 

0.02 

0.(13 

-0.07 

13.78 fps. 

RCL 2 2 DIV 

SRX DIV RCL 2 

STO 3 9 

8 ENTER 

x~y 

3 

DIV f LOG STO 7 9 LST x . 0 6 x)y GTO 1 ~ g 9 x'C.y 

RCL 5 

DIV Si 

. 2 

9 x>y GTO 2 g x~y . 3 4 g x>y RCL 7 E 0 STO 4 RTN LBL 

E l . 1 z 5 8 3 6 X 2 . 0 9 7 s 3 2 + RCL 7 X . 
5 7 3 4 + STO 4 R/S LBL 1 f SF l RTH LBL 2 f SF 2 RTN 

{100 STEPS) 
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LISTING PROGRAM #40 

LBL A f TF 1 RCL 7 D f-l TF 2 RCL 4 E RCL 7 . 1 9 2 6 

1 S X . 9 0 7 8 8 4 + RCL 7 X . 3 0 6 3 6 3 9 + 

E LBL D . 0 2 3 6 2 X . 5 7 1 1 4 + Rf.L 7 X . 1 

3 6 2 5 + LBL E f-l LOG 2 X 1 - CHS g RAO g cos-1 

ENTER ENTER f COS g X~y f SIN X - RCL 3 ENTER X X RCL 

1 g X~y DIV g DEG f-l SF 1 f-l SF 2 R/S (100 STEPS) 
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APP~NDIX A 

Der1vat1ona or IP,quation■ 

Used 1n Prograaa 

1)3 



I / o.Jsr♦i 

The @quatton for th8 fill slop8 (llne a) ts, 

X Ia•!;;;,+ ltt..PU 
FU 

-, 
D 

St■1lar17, th8 equation tor the chann&l slol)fll (11n~ b) le• 

At the taee ct th~ oulTArt, the d1tterenoa between these two 

equattoa• equal• the he1rnt ot the oul•ert. 



PROGRAM#2 (contl 

Snlv1n~ tor the U!'\known TalUft X1 

Dfs~+l 
X • -. ....... ---- • 

( 1 s l SPU + o 

S FUI>rsr➔:i 
(l+S0 SP'U) 

Por th8 40Wftatr8a• condttton, a s1atlar Yalu-. for X would b~, 

Multtplyt~ thltse Yalues by the ohann~l Rlop~ wlll g1T~ the 

change ln elefttton across thft d1 ■tance x. Pro• thls,th~ 1nlet 

and. outlet 818Tat1ons can be 4~tel"ll1n..cl. 

( 1L. IILBT-SL. OtJTi.11) Jsg+l t-------------



'PROGRAM f2 

r.L.PACt. 

t 
L&o 
~ 0 

There are three unknowns to be eol•ed tor ln th1s program. 

ADJ.L, ADJ.S, and. thA ••~tlcal 41atanoe y. Knowing that trui. 

PALL le the dlffer~nce bet••~n the 1nlet and taoe elftvatlOJle, 

an ezpNaelon tor y oan b4I obtained. 

u11ng • r11A/run Nlat1on•h1p, ttw. Yalu. ot ADJ.a beooiMa, 

1)6 

ts 0 -PALL.Jif+i 

t+1s~s!+1 



PROGRAII ft (oont) 

Du~ to the COIIJ)lextt7 ot these two equation• ther are eolYAd. 

by a trial an4 en-or Mtho4 by the caloulator. 

One~ th~ adjusted elope 1e tound the adju■tftd length oan be 

obtalnAd. b)' ault1PlT1ng the d1tterenoe tn eleYatlon l:>etween 

thft taae 1nT8rt and the outl8t 1nTert b7 the 00■4teant ot the 

ad justed. ■lope. 

PJlOGllAJII #10 

-- - --- So -.-. 
ADJ.t ADJ.- -

....., _________ Lo 

HW 1'L 

Dt 

J.S -

ADJ 1L 

Lo ---------1 .... 

1:,7 



PROGRAM #10 (cont) 

Pro■ the dla@fTa•• the Talue or L
0 

oan be det8?'111Md. 

S1nc8 th8 Talu~ or X 1s also&~ unlmown, an ~xpression for 1t 

le slso requtr~d. Surntng Vftrttcal d1stanc8s prod.ucees 

Comb1n1ng th~sft two ~quat1ons, an expression tor L0 without thft 

value ot X in it, is obtained. 

Substituting this Yalue 1n an expression for H0 1 

8c • HV 1l'L. - SL. OU'l t.ET - LoSo 

He. BV &L. - IL,OUTU:T - So(Sr-ADJ.S)(iD+ADJ.L) 
<sr-So)./ADJ'

1

.S2+1 

,he cre•t width can be oaloulated. uai~ th11 Yalu ot Be• 
The roraula relating crest w1dth to thft depth ot watM' ••t tl\8 

crest 1• taken troa th~ r8terenoes and. 11 not der1Yed htlre, 
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PROGRAM #10 (cont) 

I 
cw 

L 

WT• (L0-L/JADJ.s2+1 
(CW-BxN)/2 

ADJ.L 

Lo ____ ,_ 

Th• w1ngwall angle ls just 90° - the arotangent or th~ wtn~

wall taper. 

PROGRAM #liJ 
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PROGRAM f14 (cont) 

.,._ ____ ySp0 --------1~ -

.Ill, • OU'l'L!.""I' 

The formulas g1Ten here ar~ s1m1lar to those ~1Ten tn pro~am 

119. except• new unknown L1 has been 1ntrod.uce4, Thfl meaning 

or ~ALL has chang@d also. It now ~quals thfl dtfterenoe betwe@n 

tt~ ele•at1011 of the inlet and the elevation of the throat, 

Th~ erpressiona for 1 and ADJ·.s now equal, 

ADJ,S • LS0-PALL~+L1ADJ.s.Ji[..i' 
L+yS10.Js!+1 

Sub11t1tut1ng1 

0. (PALL+ 0Js5+1 - oJADJ.s2+l)S,uADJ,S4S5+l - IBO 

+ PALLJS~+l - L1ADJ .sJs~+l + LAOJ .s ~ l.iADJ' .·s2sPU.Js~+l 
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PROGRAM 115 

The adjusted le~h co■putat1one used 1n program 115 oan b8 

d~r1vftd ue1n~ the diagrams or program#l4. OncA the adjusted 

slope 1a oalculat-.d by program #14, 1t 1s used by thts program 

to f1nd th~ new culvftrt length. 

As••• the oaee 1n program #9, th~ adjusted length is th~ 

prod.uot ot the ooeeoant ot the adjusted slope and a difference 

in -1ent1ons. In prograa 19, the d1tter~noe was betWtten th~ 

tac~ 1nTert elevation and the outlet invert eleTat1on. For 

this progra■ the ditterenc~ 1e between the throat 1nTert and 

the outlet lnTert. Although th1s difference in det1n1t1on 

AXiata, 1t nae 11ttle effect on the toraula below. This 

d1tterenoe 1a reeotw•a -r:the two different 4et1nlt1one of 

the PALL. In program #9, th@ PALL is the difference 1n elevation 

between the tnlet tm,ert and the face 1nTert. In progra• #15, 

1t 1a the 41ffer~noA in ~leftt1on ~tween th~ inlet 1nYert and 

snd the throat invert. Atter the oulTert length 1a found, 

the length or the 1■pro-red 1nl~t 1s subtracted ott. 

Sliding back up the adjuated slope tr011 the throat ■ect1on, 

U.PACI • II..THBOAT + t,_ADJ.S 
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'PROGRAM #16 

...,_ _______ &L 1PU-4,0UT ______ __ 
so 

c::, 
L2 Jl ______ i!.L,THR-i!.L,OU'l' ------..f ADJ.s 

------

ADJ,!_ 

Th~ Aq11at1on tor thA ttll •lol)9 (11ne a) 1•1 

St■tlar1J, the equatton tOI' tM otlau•l •loptt (11ne bl t11 
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t>ROGRAM #16 (cont) 

--~uat1ons 8quals th~ h~1ght nr th~ eulv~rt, 

Solvtn,r this expr~•u11on for I,41 

From th8 ttret diagram, 1t can h~ d~t~rm1n8d that, 

By euma1ng measur~m~nts 1n th~ V8rt1cal d1r~ot1on, th-. folluwtnR 

~%J)reas1on was obtained. 

Coab1n1n~ th••~ last thNA ~quatlons, an ~rpre■ston tor th~ 

adju■tAd •lopA can~ obtalnM. 

+ &L.THR-&LsoUT - o./.•"J e2+1 - -.t. TBROUT 8r1DJ o AU • • 
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?HOGRAM 11? 

i--------- ~L.PU-M, 10U'l' ______ __ 
so 

-----J:;L.FU ------

Detal 

s -

ADJ .s--

The equatlon tor th* flll slop~ (11ne a) lea 

s1atlarl7, th■ Aquatlon ror th~ tall ■lope (11M b) ta, 



'P!OGRAM #1? (oont) 

At the teoe ot th~ oul•ert, the 41ttennoe bfttween tMa8 two 

8quat1cm■ equals the height of' the cul•ert face. 

Pl-011 thft tlrat 41■gra• on the preT1ous pa~, 

~, au-1ng the •fta■ur~m8nts 1n the Tert\oal 41rect1on, tb8 

ro11ow1n1 e'.l'J)N ■s1on wa■ obta1n•4. 

Combining theae la•t three fHIU&t1ona, an ft'.l'PN881on tor the 

adju■tecl alope ean 'be obtained. 



PBOG!WI #18 

Por the 4erlftttoM or the ftquat1ona tor L2 an4 L4 .reter to 

the 4er1Tatlona tor progl'aa #16. 

Th~ "-L.PACS equation oan bf! taken f'roa the 41._raas ot progra•· 

116. The ADJ.L le "bal to th8 ooaecant or the a4ju■ted •loptt 

tlM■ thlt oh&ng8 ln AlATat1on between thft thr.,.t. ■eotlon an4 

th~ outlftt aftot1on. 

PROGBAJI ,f 19 

RefAr to the derlnt1on equattona for progra• #17 tor an 

ftxplanat1on ot··tlow L2 and L4 were obtained. 

Thft "1-.PACI equation oan be taken from th~ 41agswu ot: progJ-a• 

#17. Tll.t ADJ. L l■ equal to the oos-.cant ot the a4-3'1•t:e4 ■lope 

t1■11 ■ the obanp ln elefttlon bAtwfln tlM throat lnTer::t an4 

th~ outlet lrwert. 
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