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DISCLAIMERS
1. The opinions, findings, and conclusions gupressed in
this publication are those of the authors and not
necaﬁﬁarily those of the Highway Division of the lowa
Department of Transportation.
2. The Iowa Department of Transportation, Iowa Btate
University and the authors of any and all spreadsheet
devel oped under this contract deny all regpmnsibility aneg
liability for any damages resulting from the use of such
spreadsheets. All parties using these spreadsheets
assume the responsibility to enswure that the spreadsheet
program under which these spreadsheets are mperating.and
the spreadsheets themselves are performing all
caluulations and relationships correctly. The authors of
the spreadsheets retain copyright to the spreadsheets
devel opad under this contract and by completion of this
contract grant to the Iowa Department of Transportation,
and to all partiss to whom the lowa Department of
Transportation releases copiss of these spreadsheets, a
license Lo use these spreadshests and a site license to
make copies for use within their respective organizations
s0 as to properly conduct all lawful business. The
authors of these spreadshests also grant a license to use
and a site license to ﬁake copies for the purposze of
conducting education and research under its jwisdiction

to Iowa State Univwﬁsity.
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1. INTRODUCTION

1.1, Perceived Need

Beginning in 1983 the Civil Engineering Department,

 through its research and extension role, began providing

assistance to the practicing engineering-professiun in
making thé transition f?nm'pragrammable calcul ator
applications in engineering to the use of microcomputer
appliaaﬁians. The éarly twork with the‘enginaering
profession concentrated on hardware 5ygfem5 and
commercially available software. Eventually the

evaluation process identified a need to develop some

‘gheci¥it‘smftware applications that civil engineerfng

offices could make_ﬁirect.applicatian.witﬁ limited'
hands—-on training. Educatiaﬁal reséérch had identi¥ied
the microcomputer spreadsheet as the cdming general
purpose programming anvirpnment for small scale
computational work and routine accounting system work in
a microcomputer enviranménETQ*Cumputer'iﬁngtfy reborts
also indicated that the general purpase'praérammable
calculator was merging into the briefcasé;ﬁized
microcomputer which typically has, ambng a#herg, a

spreadsheet program installed on an internal chip.



Caunty‘enéineéring!offices“have made axtensive use of
‘prmgrammable calculatnrs in their englneerlng uperatinns
‘and have had some dszzculty 1ncarporat1ng mxcrocnmputers
inteo thEIF uperat1on5. Comblnlng the utility of a
spreadsheet praogram with the need for county gnqinearing
affices to build a bridge between programmable calcuiatdr
applications and microcomputers in the techqqlagiéall
transition seemed the natural way to respond to the need.
Applicaiiuns in highway and hydraulic computations Nere 
selected as the specific éﬁplication areaé a?ﬁer~
conducting a survey of all 97 counties for prigrityf

preferences, should such a project be undertaken.
: ;

1.2. Identification of Ipitial Problem Set

The results of the preproject survey of alllléuq '
counties far pr:arltxes in applncatxan araas WS
.pregenteﬂ to an advxaury comm:ttee at the Hxltuﬂ Inn in

i.DBB Moines on October 16, 1?95.. It was recommended that
short—~term pr1ﬂr1ty ﬁhuuld be ngen tn devalnpxng
.5preadsheets for | |
* computing fluw in d:tches
ox calculating vertical-curve eie&ations :

* determzn:ng brldge wateruay upgn1ng

T,
e o, .

* detarm;nlng the size: af culverts jn de51gn Ty /
& - !

" and that lmngaterm pr:arlty should hﬂ asgagned to /

* cnmputzng earthwnrks with an attempt to plmt masé/




diagram

* camputing backwater analysis from drainage

structures.
The advisory committee 5u§geatéd‘a modular design on

the spreadsheet programs with instructions on how to link

these together.
1.5, Objective of the Proiect

The project had as a central nbjéctive-deyelapment of
Multiplan 5preadshee£s for a set of hydraulic and highway
engineering cnmputatians 6& C oMo inte?ast to county
engineers anﬁ to make these available ta‘thé vafidué;
Eﬁunties through a series of one—day workshops. This

report-is also one of the dissemination devices intended

in the project objective.



2. DEVELOPMENT OF SPREADSHEETS:
- 2.1, Selection of the Base Spreadsheet Program

Sevéral SUrveys have been done regardfng.thE'varigty
of micrécnmputer hardware available in the 99‘Iéﬁé.i5
counties. Thnsé sur?éys aﬁd;ﬁhe survay wark.of the
project staff in the prebroject'étage convinced  the
prdjéct'staff that the most appropriate spfeadsheeﬁ 
program to use was Multiplan by Microsoft Cdrboration;
Thié was based on the fact that it was available in
yqrsinﬁs“that operated on the widest variety nf.hardwafe'
brands and models, and that, it“wés mOdefately pricad #nr
cnunties_just beginning to acquire softwéra.- High\cnﬁt
software.places a temptationltq acquire pirate_éqftﬁgrg
or placés an undua_b@rdeﬁ on tﬁa budget to mékg‘é triai‘
inéfallétion.' Multiplan seemed to mfiér the éreaﬁést
potential tn.be lﬁw tpst, wiﬁgly'imglementéble aﬁd. '
flexibia.encugh in Qtfucture'tn accomodate the rangefof
computational needs. Subsequéht.research;by the‘péajé&t_

staff identified that Multiplan had the most powerful

-

equation capability which was critical in same of iheiﬁ

hydraulic enginaerihg spreadsheets.

2.2, Development Sources




Sources used as the basis of developinglthese
spreadsheets were those that are either expected to be in
most engineering offices desiring to use the parti&ular
spreadsheet or be readily available in a cooperating
office. The highway engineering computation spreadsheets

s wtilized equation relationships and table loockup
materials from two primary sources?

¥ A Policy on Geometric Design gf Highways and

Streets, 1984, American Association of State

Highway and Transpnrtatinn'D%ficials.”

F. Hickerson, McBraw—Hill, 1964.
The hydraulic engineering spreadéheets were based on a
- variety of sources. fimong those werel |
_# Hydraulic Design of Highway Culverts, Report
FHWA-1P-85-15, Federal Highway ﬂdminigtration,
September 1985.

* VAL program on DOT TS0, Iowa Department'oF
Transportation.

Inc., New York, 1959, pp 27-28, 249m299.

* "Federal Highway ﬁdminigtratidn Calculator Series
for Hydraulics for the TI-53" equatibﬁ was used
for the critical depth fqr-nutlet control %ofj
culverts

Other sources include consultations with Mr. Phillip

Thompson of the Federal Highway Administration in



“MWastiington, DC, and staff personnel of the lowa

Department of Transportation Office of Preliminary Bridge

Design.

NOTE: For culvert design and analysis, full flow was
assumed in all cases with velocity defined by the ratin

of flow to cross—-sectional area of a culvert.
2.5, Development Process‘

The 5prea¢sheeté were developed by fi?st laying out
the computational process an engineer typically uses with
a paper—pencil-calculator amethod. Then informatiun was
organized into an input screen which became a home base
for the 5preadsheet.l.The.reguirgd computations were
drganized in a linear finw'patfern éince a 5prea§sheet
calculates down and to the right unless special |
_instruﬁtiuns are included. Then an autputgscreenﬁﬂas‘
organized into which the-cdmputatinnél angswers were |
placeﬂ. Testing with,é kﬁuQn:re5u1£_exaﬁﬁ1e,tﬁen
followed. Modifi;atinﬁs té the gpf@#déheéﬁjto enhance
- user understanding, add ¥1§xibiii£y,jn use, and clarify_

results created several v?rsions for some spreadsheets.
2.4.sttem Cﬁmgatiﬁility Difficulties

It was determined after testing thoroughly that




Multiplan versions were available for almost aii
microcnmguterslin use. One exception is the
‘Hewletthackard 80 series. Furthefmmre,-cmnsuitatién
cwith the Iowa State University Micrﬁtomputer Proaducts
Center and the Engineering Research Institute Electronics
Laboratory resulted in a combined hardware—software
method for transfering Spreadsheetsrbetween MS-DOS basad
hardware and the various Apple microcomputers. One
probhlem never fully resolved was the difficulty of
interacting with the Buwrroughs B-20 series

microcomputers.
2=% Computer to Computer Communication Solution

With the assistance of the lowa State University

Computation Center Microcomputer ?rudutts Cenﬁer it was

- determined that by connecting between twb“éerial ports on
any two tumeters for which a valid Mul£ipléh program
exists, it was possible to transmit Epreadﬁh&atﬁ-between
the two cuﬁputers. A software communication program must
exist in common for hath.camputérs. KERMIT is a public
domain program to public agéncies so that ISU can furnish
& copy to a public agency (it can be purchased for $40 by
for profit mrganizatiums), KERMIT is available for a |
wide range of microcomputers. Using KERMIT permits the
transmission of a Multiplan spreadsheet inithe SYMBOLIC

format code betwesn, for example, I1BM computers and APPLE



computers. Similarly, a county engineering office ﬁith a
modem can use such a communication program tb‘tfansmif a

Multiplan spreadsheet to another office having a‘@ndem on
& microcomputer. Interchange of spreadsheets can be made
in this fashion bhetween anmputér systeﬁs which cannot

directly read each others disks.

2.6, Spreadsheets Devel gped

The following spreadsheets were developed to assist in
highway engineering computations:

A. HORIZCRY is a 5¢raad5hee£ to permit entry of basic
roadway design parameters for widthlnf pavement and.
related facts, entry of Pl stétimn, the DELTA ahg1é at
the PI, and the design degree of curvature and the
spreadsheet will compute the necessary information to
locate the curve on the ground. ‘It will also provide
the typical design detail information to be includéd
on & plan and profile sheet. | |

B. VERTCURY is a spreadsheet to permit entry of vertical
profile design information such as the VPI station é&d'
eieéation, £he-gradé'entering_and leaving the VPI and
the distance betwéan desired elevations along a
vertical_ﬁurve to aampﬁte vertical curve elevations.
AASHTO criteria is used tu.dete?mine the réquired
length of vertical curve to be input. The spreadsheet

will then calculate the vertical profile elevations.



f separate portion of the spreadsheet allows
calculations at odd stations for driveways or similar
paints requiring profile elevations.

SUPERE is a spreadsheet to utilize AASHTO criteria to
define the centerline, left and right edge of pavement
profile for a superelevation transition to a circutar_
curve. The transition can be either tangent or spiral
curve. If other than AQSHTD'ﬁritefia are dasired;
those can be specified. |
MAXTANG is a spreadsheet to permit an engineer to

define a maximum length of tangent that can be

- accepted in a curve relocation as curve design

control. The spreadsheet will then compute the curve
which can be placed in the restricted geometry.
EARTHWKS is a spreadsheet to permit entering cut and
fill data from a series of cross-sections and then
compute the mass diagram ordinates. 1t was hoped that
this approach could lead to a quick method for
entering limited cross section in%brmatian-resulting
in a calculation of the cut and fill, definition of

the mass diagram and a character plot of a mass

. diagram for preliminary adjustment of the design

gradeline. This effort was not very successful .

SIGNINV and MAINTREC are two spreadsheets included in
this project report which were completed under a

student special topic effort rather than this contract



effort. The student effort was coordinated with this
project so that the inclusion of these two can be
provided as an illustration of how a Qpreadﬁheét
program can be used to perform an inventory and‘reCQrd
keeping function. ‘Some offices may not be interested
in devoting the time needed to iearn a miérdcomputér
data base, which is better suited to this type‘taék,
and may find these spreadsheets a useful aid iﬁ |

developing other similar applications.

The following hydraulic engineering spreadsheets were

developed:

A. DITCHFL is a spreadsheet to compute flow in a regular

section (trapezoid, V“bqttmm;'ractanguiar, etc.) ditch
fraom Manning’s equation. The computation is often

used for trapezoidal cross section roadside ditches

and for lined channels were the depth of flow is not

critical. |
RUNDFF is a spreadsheet develaped'tb cglcuiété.the
runoff flow from an Towa watersﬁed.drainagg area to
vield a design flow for hydré&lic strﬁcturés; fhé\
hydrologic bases of this spreadéhéét‘arg tha Iowa
runoff_chart and-tﬁé current_vérsion of‘Bullétin 11,
Bulletin 11 is being updated as of this report date.
When the new version of Bulletin 11, upon which this
Epreédsheet was partially based, is issued, the |

spreadsheet can be updated to reflect any changes and

a new spreadsheet revision issued.

10
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WSGEOM is a spreadsheet developed to calculate the
water surface profile along a section of a trapezoidal

channel. If the trapezoid is defined with a zero

‘bottom width it becomes a V-bottom ditch. This is for

use in estimating the backwater effects due to ponding
by a culvert under the roadway at a downstream
location. .

CULVERT is a spreadshaet'devéloped to perform the

necassary steps to size a culvert at a site. The

program is less data intensive than the FHWA program
and focuses on parameters with which county engineers.
are expected to be more familiar. The significant
advantage of this spreadsheet over the FHWA program is
that in the FHWﬁ.prmgram all initial data must be
reentered each time a single design trial revision is
made. In the spreadsheet, uﬁly the design parameters
the engineer wishes to change are modified to develop
a new or alternate solution.

X8ECT is a spreadsheet developed to permit entry of
elevations and distances across the natural reach of a
stream to obtain the stage discharge curve. It was
created and tested to confores to the Iowa Départmant
of Transportation VAL program for the DOT T30. It‘
provides a useful illustration of the degree to which
computational activities can be made to reproduce a
high level computer language praogram in a

microcomputer spreadsheet.

ii



F. WBNAT-1 and WBNAT-2 are two spreadsheets which compute
the water surface profile for natural cross section
channels much like WSBEOM does fﬁr a geometric cross
section channel. Because of the complexity of the
computation layout for the natural cross section
channel, only three cross sections can be computed
along the channel in WSNAT—-1 {(plus a data trans?er
cell area). If the channel under consideration
requires more than three cross sectiuns; then the
Multiplan "external copy" function can transfer the
transitional information to WSMNAT-2 to continue
camputations for three mnore cross sections. .I¥ more
cross sections are anticipated, the engineer can
create multiple copies of WSNAT-2 under the names of
WSNAT~3, WSMAT-4, etc., and continue using the
"external copy" function to extend the computation as
far as needgd. The project statf did not expect most
county enginéering applications to Eequiré such
analysis for an extensive distance due to thé nature

af most county projects,

- 2.7 Recommendations for Further Developments and

Refinemants

The project staff is of the professional opinion that
coordination of interests in refinements and additional

developments using Multiplan (or Lotus 1-2-3 for that




matter) can be conducted satisfactorily for the needs of
public agencies in Iowa through the academic activities
of the Center for Transportation and Public Works at Iaowa.
State University. Many bright capable-studEHts in civil
enginzering are most interested in developing a.program
solution to a real wdrld engineering need for laborataory
credit. Modifications that might be ﬁUFsuad along this
path include continued investigation of ways by which a
mass diagram plot can be generated from a spreadsheet
column of mass ordinates; methods of entering directly
cross section elevations to compute cuts and fill areas
- for mass diagram computations; updating the hydrblagic
analysis curves and tables associated with.réQised
reports; developing equipment analysis prucédﬁrés dn
spreadsheets. Updates and revisions pursued in this
manner should be relatively low cost (or no cost if done
completely in an academic aasi@nment.anntext). for
example, & student could prepare a horizontal curve
calculation spreadsheet to make the necesﬁary

computations for spiraled circular curves.

Z2.8. Bevel opment Dissemination Workshops
Workshops were conducted on November 25, 1986, January
&, January 7, and February 13, 1987 to a total of 76

participants. At these workshops the participants were

3 s



briefed on the project. They were introduced to using
Multiplan as a spreadsheet prdgram. Participants weré
given detailed instruction in the use of one highwayr
engineering spreadsheet and one hydraulic engineering
spreadsheet. They were guided in a 5elf“practice.
exercise in one additional $pread§heet in each of the
highway and hydraulic eﬁginearing areas. 'Particiﬁanﬁﬁ
were briefly introduced to the other ﬁpreadsheeﬁs
developed. All participants were given an oppurtuﬁity.ta
make suggestions and requests for chaﬁgam or raviﬁiuné in
the spreadsheets. These suggestions and requests wefe
wesed to modify the spreadaheets-énd dqcuménta between and
atien workshops. |
Mot all psrsons eligible to participaté in the
wor kshops chose to attend. It is sugéested that the
Civil ﬁﬂginearing Extension Program at Iowa State
University conduct a workshop fall 1987 as a part.of its
raguiar progran to enable additional interested persons
to become familiar with the use of these spreadsheets.

3 L)
A

% Buggestions for Uaing Apglications Manual

The project stafd suggests that users of the
Applications Manual (later portions of this report) make
changes and modifications in it as needed for most

#tficient wuser oparation.  When a person first starts

using Lhess Multiplan spreadsheets it is anticipated that

ia




an individual will follow the instructions clusély,  With
a little %émiiiarity with‘thE'gpreadsheet, the dﬂyelaperé
anticipate that_mast;af_thé user cues will be taken from |
the Scraeﬁ‘with anly uccésimha;-reference to the
ﬂpplicatinns Manual. In that type‘uF upefati0n, it is
suggested that copies be made of the sheets deemed
critical to recalling steps neededlﬁu use:the_
‘spreadshest. This will produce a “quick:re¥erence guide“
to each spreadsheet. Because it was not possible for the
project staff to know what mast.penﬁle wiil'need for
qqi&k,ref&rence, ﬁq such guidé wWas develnpéﬁ in this
cantract. Again, if comments abmutlthe nee&s_aldng this
line are forwarded to the Canter_fof Transportation and
Public Works at the éivil % Construction Engineering
Deﬁartment cf Iowa Btate University, some academié_
praject may bé able to develop a quick reference guide
based on uaerlinput.

Tt has been assumed by the project sféf? that peréﬁns
using this Applications Manual have worked with Multiplan
enough to be aﬁare df a few basic Qhreadﬁheet program
operations. Théselinclqda: |
. A. Entering a‘lgbelﬁas_alphabétic in#ﬁrmation‘in a ceii.
E. Entering a.numbér (value) in a ﬁell-for cumputaiiunal

L PpOSRS. |
C. Transfering a spréadﬁheat file #ram a disk intﬁ
comprater memurfg.

D. Sa?ing a spreadsheet from computer memory onto disk as

15



K-

-a-%ile.

Creating a window of row and column titles for
maintaining headings while scrolling through a
spreadsheet. | |
Inserting rows ar c01umns in a spreadsheet.
beleting'rawa or columns from a 5praad5heet.'
tupying infnrmétibn from one row or coiumh or cell to
ancther.

Using the options function to turn the remaltulétinn
and iteration functions off and on.

Printing a spreadsheet out on a printer, setting the
print ranges and print margins.

Changing the format code of the spréadshéet from/to

symbolic format and normal format.

16



1. MULTIPLAN DRIENTATION

1.4 Startihg With PMULTIPLAN Initially

This project assumes some limited familiarity with
Multiplan to bhe prepared to use these sbreadsheetsﬁ The
project staff considers it neither ethical nor prudent
use of any computer software package to use it in an
engineering design, analysis or management context
without first gaining some minimal awareness of the
capabilities and limitations of the software package.
Microsoft Corporation has provided that for persons who
are not interested in experimenting with wark not of é'
critical natwe in a learning mode. Microsoft
documentation for Multiplan provides a very thorough and
well written tutorial which it is suggested that the
novice user complete before beginning use of these
snreadsheets.

Tt is advisable to have several blank disks available
which have been formatted in MS-DOS before beginning
operations with these spreadsheets. The project staff
suggests that two or more spare {nrmattaa enpty disks are
available at all times. That way if a person ever

attempts to SAVE a spreadsheet file from computer memory

17 .



qntc disk and the "disk full"” message appears, the

- spreadsheet can be immediately re—SAVEd'mﬁ one of the
spare formatted disks. Note that when a disk full error
is encountered in the process of saving a 5préadéheet,-
there is no assuwrance that all the'épréadsheet was séved,
thus, the spreadsheet partially saved creating the *disk
fu%l" ervor shﬁuld be DELETEd frhm thei*fuil“ disk.
ﬁywﬁvs SAVE A SPREADSHEET TO TNO‘SEPARATE DISKS TO CREATE
A WORKING CGPY AND A BACKUP COFY.

When and if these spreadsheets begin fu be used with
any daegree of frequency, all design and analvysis
sﬁreadaheéts.shmuld be dated when they are saved. This
will enable the uéar ﬁa maintain hnly‘the most curfent

version of solutions when "cleaning” files.

1.2, Transtering the SYMBOLIC Format Discemination Disk

- The disk issued as a portion of the d;sﬁeminatinu
documents has thé aspreadsheets étaraq on it in_Symhclié
Format. There several reasons for this. _Fikst,-aﬁy
MS;DQS cumputér or other computer which can read the disk
- will be able to Eead thersy@balic format sﬁraadsheéﬁ;
Secénd, since a user will alﬁﬁst aiwayg Qant.tm load and
éave spreadsheets in a Nﬁrma; Format for épeéd-df N
aperatimné, there is limited potential to erroneously use
the dissemination disk as a regular wdrking disk,

therebhy, aitering_nr destroying the spreadsheets

18




furnished.

Because using spreadsheets in the symbolic format

requires a long disk access time, it is suggested that

the very first operation required is to transfer the

spreaadsheets furnished onto another formatted disk in

normal format. The steps to follow are:

1.

3

ol

LA

Frepare several formatted data disks.
Boaot Multiplan on your computer.

Aszuming 8 two floppy disk drive computer

ccontiguration, insert the dissemination disk in

Drive B {#2).

ALWAYS CLEAR THE SCREEN AND CLEAR COMPUTER MEMQRY
BY USIRG THE COMMAND Transfer ClearBEFORE LOADING A
Symbolic File TO AVDID ADDING THE FILE TO UNWANTED
MATERIAL. Enter the command Transfer, then i
Options, and "space" over to highlight Syhbolic-as
the "mode. If desired, "tab" ta the "setup” and
identify the drive of the data disk. Press
*Return®™ kay, |

Enter the cummaﬁd:Transfer, then Load. Nhen'aéﬁed

for a file name enter VERTCURV.MPS (preceding it by

drive designation such as B: if the setup has not

been specified for the data disk drive).

After several minutes of disk drive operation, ths
spreadsheet will come up on. the screen of your
computer . Now entsr the command Trans#ér,.thEﬁ

Options, and change the mode back to Normal.

1%



7. Remove the dissemination disk frnm~the daﬁa disk
drive and insert a new fmrmatted;data disk in the
drive. |

8. Enter the command Transfer, then Save. Wheh.a5KEd
for a file name, the prngrém will retaiﬁ'tﬁe-hame
VERTCURNM . MPS., Ehange the name to VERTCURV ﬁeletlng
the sxtension MPHS which standﬁ foar Mu1t1p1an
Symbaolic, That way there will be no cdn%uaicn
about the contents of the diéka

7. Reps=at the 5teps'# thrnugﬁ 8 above un£11 all the
sprzadsheet files on the diﬁseminétimn disk have
besn converted from Symbolic mmde to Normal mode
and saved on & new data disk. |

10, Hepeat steps 4 through 8 above for the,hydfaulic

engineering spreadsheets diﬁk.‘
1u3?8aviﬂg & Ccmgutatimj Result

It is expected that when Epreadsheets begin tu ba usad,
,nmmmmnly for engxneer1ng ¢nmputat1nns the program’s power
to recalculate alternative salutians-imﬁediately.upun
entering a changeﬁ design paramater ‘will cause a person
to test g wide range of alternat1ves._ Th:s suggests that
a perﬁnn_may want to keep a large number of intermediate .
anlutiﬂﬁa befgre-selecting_the one tﬁ bg‘intorporatad in
the final ﬂégign; That swijgests that a user should kéap'

several formatted blank disks available upon which the

20




spreadshest. can be quickly saved.befufé a pafaﬁeter'ig
changed o generéte another solution. When a final
salution is Eeached, a decision can be made about whether
to obtain a printed record of any or all of the
intermediate solutions for the project file and all but
selected solutions can be erased from the data disk(si.
Twe things to bear in mind for ef@icieﬁt and effective
use to spreadsheefs, First, it is mucﬁ faster tu save a
spreadsheet to disk in noreal mada.than it is to print a
s eadshest out on paper. Secund,‘kaaping unneceaﬁary
spreadsheets on digk file will quickly create a qisk
storage problem so that it is necessary to exercise some

filing control.

1.4, Contacts for Problems in Using Multiplan

The Civil and Canﬁtfuutian Engineéripg Depértment{ai;
Iowa State Uinversity maintains a cdﬁmifﬁent to servicaﬁ_'
ta the profession thrmugh the Extension and ﬁesearch
rale. Persons in the Department who are knowledgéblé
about Multiplan (and spreadsheeté in general) iﬁclude:.

Charles §. Dulman (51%) 294-5734

Edward 3. Kannel (515) 294-6777

Henneth A. Brewer (5135) 2?4-6777
It is alsc appropriate to aﬂdreSs an inquiry to the
Marager , Center for Tfananrtaﬁion and Public Works,

Civil and Construction Engineering Department, Iowa State

21




University, Ames, Iowa 50011, to gaiﬁ possible access to
a knowledgable student advanced in the intracieé of
Multiplan. It would also be appropriate to inquire with
either the Civil Engineering Extenstion Program Leédar'or
the Technology Transfer Program Leader, Civil and
Construction Engineering Department, Iowa State

University, Ames, Jowa 30011,
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2. SPREADSHEET USER INSTRUCTIONS
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2.1 Highway Engineering Spreadsheets
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2.1.1 VERTCURV
e N
. ‘ ™,
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VERTCLRV

2.1.1.1. Introduction

VERTCURV is a spreadsheet developed to layout a
vgrticai cufve. The spreadsheet will cglculafe the data
required to layout a vertical curve aﬁtn plan and profile
sheets.

The input data includé: ﬁoint_of veftical interseciinn
{(V.P.1,), grade into and out of the V.P.1., elevation of
the-V,P.I., length of tbe vertical curve,aﬁd-statibn
increment. |

The output generated inlcudes:

curve data:l

point of vertical curvature (V.P.C.), point of
vertical taﬁgency {V.P.T.), elevatipns of tﬁe.V.P.C._
and V.P.T., and location and elevation of the crest
mrlsag; |

‘curvellaycut data:

extended tangent elevation, cqug pr@f@;e g;gyatiun,

curve gradient, and odd station curve elevations.
2.1.1.2. Using the spreadsheet

The best way to begin using a spreadsheet is to obtain

all pertinent data, record the data in a form that is

g




easily transferred to the spreadsheet, and then input the
data onto the spreadsheet. The data uhtained-éfbm
preliminary roadway layouts and design manuals can be

transferred to an input form. Once this is dOﬁEQVthé‘

' user can proceed to use the spreadsheet.

The first step is to load the file from the disk to

Multiplan. These instructions assume the file has been

75tmréd on disk in Normal Format (transferred from

Symbolic Format) under the name VERTCURV.MP. Unce‘ﬁhé i
spreadshest has been loaded into your computer the
initial secreen will appear. SeLecthfhg Options cqmmand
and set Recalculation to OFF to enter the initial data.
input the informative data in'rows_13~1& 9f-the
spreadsheet {(see Figure 1). These data include the
project number, project name,'preparer; checker aﬁd ﬁaﬁés'
the project was preﬁared and checked.

Once the informative data are iﬁputg the user then

should input the point of vertical intersection (V.P.I1.),

‘elevation of the V.P.1., length of the vertical curve,

and station increment into rows 23-23*in culQ@n 4 (see
Figure 1}. The point of vertical inferséctioh,~gfades‘:
into and out of the V.P.I., ahd‘elevafinn of the V.P.I.
can be.obtained from the preliminary planﬁ for the
project (see Figure 2). The lengthléf”the verticai curve
and station increment are détermined using the AASHTO
Green Book or the Iowa Department of Transportation

Design Procedure Manual. The station increment is chosen



accarding to the policy used in the engineer’s office.

- These are all the data thét are required to be input on
this spreadsheet. Before viewing the ouptut'@ata
generated by spreadsheet, remesmber to turn the
Recalculation Mode back to the ON statﬁs.byﬁseiécting*tha
Options command again. (The spreadsheet.wili not produce
rany results unless the recalculati&n fUnction'is pn;)
After viewing‘the nutput‘dﬁta, the spreadsﬁeet shuuld”ﬁe.
saved with a filename solely characteristic of the
vertical curvé and project for the purpose of reuse-and
 editing. Do not save it under the same name that yuur
blank magter spreadsheet has in the disk directory or ynu
will overwrite your master spraadsheat with one

containing project data.

2.1.1.3. Example Problem

The following is an exampia éppiicétioﬁ-af_the
spreadsheet désqribed ébove.‘

A farm—tommérket-paVEd tﬁunty highﬁay.ig to be
designed and:cnnstrﬁ;ted_iq_rura; 10&&;, From the-
preliminary pians,-thé point of vertical intersection is
107 + 78.50. The grades into and out of the V.P.I. are
.bﬁ and «4z,rﬁespectively. Thé’elevatiunlaf the V.P.1. is
200 faet above sea level. The length‘df the vertical
curve is set at ;000 feet by the engineér. The station

increment is chosen as 100 féet. Several odd stations

28




‘-wére réquifed to be fqﬁhd:énd are included in thé'nQﬁﬁuti
(;ﬁé‘Figuré 45. - :

The data are first gnteréd on an input form. 'An
_example of the Filled in input farm.islshawﬁ in Figure 3.
‘Transferrlng 1nfurmat1un from the data entry fnrm to the
 _prEadsheEt cmmpleted the pruceas.‘ Persong experxmnced
thh ualng the spreadsheet w111 prubably bypaﬁs the data
| entry furm and enter data dlrectly xntu tha 5preadshaat.
| The completed. spr@adﬁheet 15 shcwn in fxguré #. . The
tatal autput is cuntalned on 3 pages, all.of whlch are

reguired when layxng out the curve on. the plan and

' profile sheets.
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Figure 1. Input Template for VERTCURV

1 : 2 3 4 8

:auu*d*nnnuuupuunnﬂuuuulluinllluhinlulliﬂlnﬁnunulhldﬂﬂ!ﬂ!&ihanniu

i

2 VERTICAL CURVE COMPUTATIONS ‘

3 .lul‘lnlnl.unpﬂ'llﬂi'Hlih..lﬂ&Ihﬁi..'ﬂi.ﬂ.*'iﬁ.iiﬂllllﬂ.ﬂ.l!lﬂﬂll
4 _

5 ++++++++++++++++++++++++++++++++++++++++++++++++++++++

6 + Multiplan Microcomputer Spreadsheets for County +

7 T+ Hydraul ic and Highway Engineering Computations +

8 + . Copyright by Kent L. Ahrenhoitz L+

9 + " Version 1.0 ' .+

10 + : 1988 : +

I} ++++++++++++++++++++++++++++++++++++++++++++++++++++++

12

13 Project Number:

14 Project Name:

15 Prepared By: Date:

6 Checked By: Date:

[ = R T A - . . P . o . . e . T S Y G e O 8 . S o o B o
19
20 CURVE INPUT DATA:
g 1 At P D I gt P P P8 s B PR Pt Il P s
22 Point of vertical = o , ' o
21 ' fntersection, V.P.I. = 0.0000 stations
2 Grade into V.P.I., Gl = 0,00 percent
2% Grade out of V.P.I., G2 = 0.90 percent
26 Elevation of the V.P.l. = 0.00° feet
27 Length of the vertical curve = 0.00 feet
2 Station {ncrement = 100 feet
24 -

FO o e e e e b i e A ok s il ke e o o e i e e —————
31 - ‘ : . :
32 CURVE OUTPUT DATA:
'a‘_‘, ~~~~~~~~ P Pk s el Pt Pkt P ek
34 Point of vertical ‘ C
E3:) S © curvature, V.P.C. = 0.0000 stations
36 ' Elevation of the, V.P.C. = -0.00 feet
37 : '

38 Point of vertical ' ¥ _
39 ‘ . tangency, V.P.T. = 0.0000 stations
20 . . ) o ot
al : Location of the crest = #DIV/0! stations
4z C Elevation of the crest = HVALUE! feet
43 o : i o
44 Last even station .
45 ' before the V.P.C. = 0.0000 stations
46 First even incremental _ :
a7 ' station beyond the V.P.C. = 1.0000 stations
485 ' : . ‘
A e i e et e o i i il S0 8 i S . 2 S S0 D S B A0 e s S e s S et o et A e o




Figwe 2. SchemsticofaV tical Curve

Pat o Veica mrsectin, VPL

Point of Vertical Curvetwre, V.P.C.

‘Point of Vertical Tangericy
- VPT.
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Figure 3. Input form for Example Problem
ﬂ'ﬂ.lIIIII.**Iﬂﬂﬂﬂllﬂ.Ilﬁ"U'ﬂ."..'.ﬂlﬂI‘ﬂ.“'...C.'l“'.““"ﬂ.‘”"l.'.

VERTICAL CURVE INPUT WORKSHEET

'lﬂﬂ“*Qll.ﬂlﬂﬂ‘l!'IIll'l'llﬂlﬂﬁi'ﬂ'ﬂ’.ﬁ‘ll..l.*.l'I“Qﬂ.ﬂ'..ﬂ..l.ﬂﬂﬂﬂ.“*ﬁlh

Pro.ject Number: 8‘2 "‘(

Project Name: S+QY\A Q’Q Es7 ' .
Prepared By:_ A hye V‘,\»l 0| 7 o Date:, 0SS -19-871
Checked By:_ g[ £.U\)§=Y Dat'e:_gs - @ - G"

CURVE INPUT DATA:

Pk Nl Pk ek P b S Pk B D o S s St Pt o I v

Point of Vertical | ‘a \ o
Intersection, V.P.1. = 107 76$b stations

Grade into the V.P.1., Gl I = G : percent
Grade out of the V.P.l., G2 a_ . percent
Elevation of the V.P.I. - ?_QO  feet
| .L.er'sgi:'ﬁ of the Vertical Curve = ‘ __ feet
S'ta.at.:.! on Ihcrement : = l OQ ’ OQ' ~__ feet
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Figure 4, -Examp?e;ﬁ;ob?em‘Témplaie

Projdct Names .t
Prepared By: ‘ N : . Date:
Checked By: Date:

‘.ﬂm&u*,-ﬁ_—g——&‘haﬂﬂqwmuonm'q&_—-‘_"qnq—ﬁiﬁ’

}QATA: . \: §“‘_fa' 

Point of vertical; T ' S Tie
 intersection, V.P.I. = 207 785G}.uf
:“Grade lnto v, P-I.. Gi R : "

Elevation of the V.P. l.- . 0,00,
Length of the vertical curve = '!GQV,QQ
Statlon increment . ..-:_.#‘ "}

aTREG

CURVE QUYPUT DATA:.

Point of vertical : T

, curvature. V.P. C..# 102.7850

/:Ebéyation of the, V.P.C. . =  870.00:

Point . of vertical‘7\ , B g SIRERE AL oy
tangency., VEP.T. = 112.7850 stat:ons

108.7850 stations

Locatfon of the crest .
ﬁrevation of the crest = 8@@400 feet -

Last even stat!on : A,Q,p,‘,_,d
before. the V.P, c. = 102.0000 ststions ..

First even incrementel . = L :
station beyond~the V.P. C. = 103.0000 s
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/ o " Figure 4. (continued)

CURVE LAYOUT DATA: o : : : .
memm s mmmm——— Extended Curve

Distance - Tangent Profile Curve
: from V.P.C. Elevation Elevation Gradient'
Station (in feet) (in feet) (tn feet). (in percent)

Ik S A ¥ SRk Sk P8 D A FHe8 Bt 8 N P8 TS S P D S P g P Pl P P b Pl N A Pk I P h D ok P B Pk PN VD Pl Pt IS Pt o8 N A b N PO it s e 8 O b

v.p.C, 102.7850 = - 0.00 870.00 876.00 6.00
. 103.0000  21.50 871.2% = 871.27 | ~5.78
104.0000 - 121.50 - 877.29 . ' 876.55 L 4.78
105.00006 221.50 883.29 886.84 3.78
106.0000 321.50 889,29 884,12 2.78 .
107.0000 421.50 895.29 886.41 1.78
108.0000 521.50 901.29 . B887.69 0.78
109.0000 - 621.50 907.29 .887.98 = =0.22
-110.0000 721.50 913.29 887.26 - =1.22
111.0000 82i.50 919.29 885.55 -2.22
112.0000 921.50 925.29 a8z.83 . =3.22
V.P.T. - 112.7850 © 1000.00 © 930.00 -880.00 . =4,00
0.0000 0.00 0.00 - '0.00 0.00
0.0000 . 0.00 0.00 0.00 0.00
0.0000 0.00 ‘ 0.00" 6.00 - 0.00
0.0000 0.00 0,00 ¢.00 - 0.00
0.0000 0.00 - -0.00 ¢.C0 0.00
0.0060 ~  0.00 0.00 0.00 0.00
0.0000 0.00 0.00 : 0.00 , 0.00
0.0000 . 0.00 0.00 0.00 0.00
. 0,0000 - . 0.00 ©0.000 - - 0.00 - 0.00
0.0000 0.000 - 0.00 - 0.00 © 0.00
0.0000 - 0.00 9.00 - 0,00 - 0.00
0.0000 0.00 0,00 - 0.00 0.00
0.0000 - 0.00 0.00° - 0.00 0.00
 0.0000 . 0.00. 1 0.00 . 0.00 0.00
0.0000 0.00 ' 0.00 . 0,00 0.00
0.0000 0.00 .0.00 - 0,00 - 0.00
0.0000 - 0.00 - 0,00 0.00 . 0.00
0.0000 0.00 0.00 0,00 '0.00
0.0000 . 0.00 © 0,00 . 70.00 - 0.00
0.0000 " - 0.00 1 0.00. 0,00 - 0,00
0.0000 . - 0.00 0.00 - 0.00 -~ 0.00
0.0000 0.00 - 0.00 .. 0,00 .0.00
0.0000 0.00 0.00 0.00 . 0.00
0.0000 - 0.00 0.00 . 0,00 - 0.00
1 0.0000 | 0.00 " 0.00° . 0.00 0.00
¢.0000 - 0.00 . 0.00 = ¢.00 . 0.00
0.0000 - 0.00 . 6.00 .00 ' 0.00
0.0000 0.00 0.00 0,00 0.00
0.0000" . 0.00" - 0.00 0.60 0.00
0.0000  0.00 S 0.00 - 0,00 0.60
0.0000 ° 0,00 - - 0.00 ~0.00 .00
0.0000 ©0.00 . 0.00 0.00 0.00
¢.0000 .- 8.00 . - 90,00 . 0.00 0.00
0.0000 0.00 ‘ 0.00 0.00 . 0.00

0.0000 G.00 : 0.00 0.00 0.00
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Figure 4. (continued)

ODD STATIONS:
St Curve
. Elevation
Description ‘ Station  (in feet)
FARM ENTRANCE 104.2500 877.72
. CMP 106.7540  885.94
INTERSECTION - 110.5000 886.53
FIELD ENTRANCE 112.5000 881.10
0.00
0.00
0.00
0.00
0.00
G.00
0.900
0.00
0.00
0.00
0.00
- 0.00
- 0.00.
0.00
0.00
0.00 .

RN S mrse Wedm s TR Sem SN W AREE dpdr WA dmie e mrem A b mam wmr w—
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2.1.2 HORIZCRV




HORIZCRY

2.1.2.1. Introduction

- HORIICRY is a spreadsheet to layout a horizontal
civcul ar curve. Thefﬁpreadsheet will calculate the '
surveying data required to layout a horiznhtal curve onto
plan sheets and in thé field.

The input data include: total deflection angle (delta)
at the point of intersection (P.I.), degree‘of turvéture,‘
point of intersection station, station intremeﬁt_alnng
the circular curve, lane width of finished‘roadwéy cCross
section, and shoulder width (if area of pavement and area
of shoulder along the curve is desiréd).

- The output generated includes:

Ccurve data:s
radiug of curvatura; tangent distabcé, length of
curve, external distance, long chord, and middle
ordinates

stationing information:

point of curvature (P.C.) and point of tangéncy‘
(P.T.)3
curve layaut data:l , ¥

deflection angles, chord ﬁigtahces;‘nffset distance

both from curve to tangenﬁ and from taﬁgept to curve,
L4

and areas. of pavement and shoulder per station.

37



2.1.2.2. Using the sgreadsheet_.

The best way to begin using.a #preadgheét is to obtain
all pertinent data, record the data in a form that is
easiiy transferred to the spreadgheet,-and-fhen input fhe
daté onto the spreadsheet.  The data abtaiﬁeq from
préljminéry roadway layouﬁﬁ and design ﬁanuals can be
transferre& to an input'¥urm. ane_this is done, the
nser can proceed to use-theisﬁfeadsheet.

The fir§t 5tEp is to load the file from the disk to
ﬁultiplan. The file is assumed in this-ﬂisﬁussidn to be
. stnréd"a.disk_in Mormal Format under the name
HQRiiCﬁV.MP§. Once the program islluaﬁeﬂ, turn .
ﬁ:e&altulatmm OFF by selecting the Options command and
then input the infdrmativa-data in rcws‘13~16‘fseé Figqra'
5). These data inclue the project numher,'projéct name,
preparer,_ghackeri‘and-dates the.prﬁjeﬁt was prepared and
checkéd; |

ﬂn#e fhE‘infqrmative'data are input, the,user should
then input the total defleﬁtioﬁléngle, deéfea af
-.curyatura, pqiht of infersectibn.s;atidn, cdrvé station
incrément, lane width and sﬁquldér ni&tﬁ (;ahe_and
sﬁsulﬁef width pee&édrnnly‘if'paveméﬁf areﬁsfdesifed)
intq“ruwé 19-246 in cnlumn 4 (see‘FiQure S). Tﬁéﬁ
_ daflectiﬁh:anglé @ﬁd pmiﬁtiqf iﬁﬁérse&tibn.;aﬂ‘bkv

obtained from the preliminary plans for the-praject (5eeA
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Figure 6). The degree of curvaturé, station increment,
lane width and shoulder width are all determined by the
erngineer. For the.degrea of curvature, a maximum valﬁe
can be obtained from the AAQHTD'ﬁreeh'BbaE or‘thé_ldua
Department of Transpartation'Design‘Prucedures‘ﬁanual
using the design speed, but the value used should be
chuéen by a knowledgable engincer. Thé_aﬁﬁer'Values arel
chosen according to the policy used in the engineer’s
office. These data complete the inpuf portion of the
spreadsheet. Before the output data generated by the
gpreadéhEet can.be viewed the Recalculation function must
bhe twned on by entering the Options command again.

After viewing the the output data, the spreadsheet should
be saved with a filename solely characteristic uf the
horizontal curve and the project for purposes of editing
and réusq.‘

2.1.72.3. Example Problem

The following is an exémple application'uf‘thé
spreadaheet déscriﬁed abave.

(3] fafm—tu—market.paved céuniy_highway is to be
degigneﬁ and constructed in rural Iowa. From the
preliminary plans, the total deflacfiuh'angle is ¥oﬁﬂd‘tﬂ
be 54 degfees Z0 minutes and the station of iha pqiﬁt of
intersection is found to be 105 + 35.40. The engineer

has set the degree of curvature at 3 degrees. The
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station increment along the circular curve is chosen as
100 feet. Enginering criteria call for a lane width of
12 feet and a shoulder width of 10 feet for this
particular roadway.

The data are first entered 6n-an,input_furm- An
axample of the completed input form is shown in Figure ?.
Data entry to the sgreadsheet is completed using this
¥Drm;

The completed spreadsheet is shown in Figure 8. The
tmtal_uutpui of the spreadsheet ié Eantainad on S5 pages,
but for layout of the curvé onﬁn plan sheefs or layout in

the field, only the second and third pages are needed.
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Figure 5. Input Template for HORIZCRV

1 z . = 4 o
1 S 300 dp - 4 S A R 3R S N ﬁ%%ﬂ—ﬁ-*-ﬁ-%ﬁ-%-}.H‘P*%%**%%%%%%*%%%%%%%%%*%%%%%**%*%%****%%%
- HMUOIRTIZOGNTAL CIRCIH. AR CLIRVE COMPUTATIONS
Rk ok bk i o ﬁ%%%%%%%*%%*%%%%%&%%%%%%ﬁ-%ﬁ-*%ﬁ-**%%*%*%%1&%%*%%*%%%1&**%-ﬂ--ﬁii‘*%%*%%%

i

FTo2

&

B R e T L S S S

v Multiplan Microcomputer Spreadsheets fuor County +
7 + Hydraulic and Highway Ergineering fnmputatlnns +
= + Copyright by Fent L. Ahrenholtz +
£ + AT1T Rights Reserved, 17864 +
1 + Version 2.0 : +
11 I e D R R I D e
12 ’
12 Preoeject Mumber:?
14 Project Mame &
SO Frepared By g Date:
A Checkad Py : Dates
CLIRVE  INFUT DATE:  Deflection angle, Delta = .00 degrees
S Bt P P B B L R P e P : o 0 . 00 r.a-'j iar‘ 5
Degree of curvature, 0O = 0,00 degrees
= 0.00 radians
Foint of Intersection, Pl= . QOO stat:mn#'
Station increment o m 100 faet
= Lane width, L.W. = 0.00 feet
2 Stoutder width, Sh.W. = 0,00 feet
27 e b e - e -l — e
S
2% CURVE THRITRUT DATA:
Sy e e g i b a0
£ CLIRVE DATA:
ey Radius of curve, R = #DIV/O!  feet
3 Tangent distance, T = HVALLUE'! feetl
Length of curve, L = o 0.00 feet
External distance, E = HYALDE!' | feet
Leng chord, © ' = HVALLE! feet
Middle ordinate, ™M = #VALLE! feet
STATIOMNING INFORMATIONS
Faoint of Curvature, PO = #VALUE!
Point of Tangency, PT = HVALIUE!
CURVE LAaYIT DATOs )
fonerer e e nanemeeses - Chard length, « = #VALLE! feat
Incremant Angles, q = 0. 00 degrees
: L= G. 00 radians
di=m #VALLE! minutes
= HVALUE!  dagrees
= $VALUE!Y  radians
das #ValiE!  minutes
= HVALUE!  degrees
= BVALLE! radians




Figure 6. Schematic of a Horizontal Circular Curve

Point of Curvatre, P.C.
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Figure 7. Input form for Example Problem

..ll.l.l.ﬁﬂﬂﬁ'...l'l.ﬂ.Q..,.'Dl"l"_'D......“‘H.I'ﬂ.."IQ‘.IQ.U'.."‘!.'.Q“Q

HORIZONTAL CURVE INPUT WORKSHEET

0..."!.ﬁ.'l.QNGI."QGU.CIO'...'Il'."......'O..'.ICl'.Qﬂﬂlﬂ.....l"ll.l

Project Nunmber: 5'7 - ' .

Project Name: Sﬁ Qv 4 Q& L EST) .
Prepared By: A hren h (o] ‘ +? ' Dpates 03"‘ 20 -89
Checked By: “-‘Srcme.r" . Date: @3 ~ 2.2 - &7

CURVE INPUT DATA:

AP B B PF i Bt P o A SAP P8 S B NG N

Deflection Angle, Delta = 5-4 ’ g degrees
Degree of Curvature, D = 3.0 .. degrees
Point of Intersection, Pl ‘-__[ DSo 35% stations
Station Increment = [00; 00 feet

Lane Width . 1.9 feet
Shoulder Width = {0, 9 feet
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Figure 8. Exawmple Problem Template

i
e

Ll BT L R ELE LR R T T R

R s s o S0 S S A S
Bpreadsheets

+  Multip?
+ b WV T ST
e
+

-

oy e

HOR T Z 0N TAL

an Microcomputer
tic and HMHighway Engine
Capyriaght by Ment b
A1l Rights

Varaion 2.

Reserved,

n‘i 5'-2"

COMPUITAT IONS

b

Far Dounty +

gering CDomputations +
Ghirenholte +
1?%& +

) Lo

+++++++++4++++++++++++++++++++++++++++++++++++++++++m+

Froject Number s
Froject Mame

‘aT £ ar

$7w1

boapy Do, BEHRT

Fraparecd By Ahrunhu]tz Date: OX-19-37
Checked By tBRrewer Dat&EOB 2027 .
CURVE INFUT DATA: Deftection anaig, Oelta = %4.J degrees
U P 0 4 0 8k 0 5 = 7.95% radiang
Degree of curvature, D = 3.QO dagrees
S - = 0.0% radians
Foint =f Intersgction, FPli= 105,3540 statiang
Station increment o= 100 feet
lane width, L.W. o 1,00 feat
Sheulder width, Sh.W. = 10,00 feet
“IHVE HHTPHT HATA‘
fHHVb bﬁTﬁu - ‘
Fadius of curve, R = 190w, 84 feeat
Tangent diztance, T = PER. L4 feet
Length of curve, L = 1816.47 feet
Erxternal distance, E = E2. 42 feel
Lomg chord, O = 1T748.95 feet
Middle ardipate, M = B1LL.94 feel
STOTIOMIMG INFORMATION:
Point of Curvaturs, PO = 95, %174
Badnt of Tangency, PT = 1134842
DURVE LAYOLT DAt o
remenmessteiits e ptra e tens - e langth, o e W feget
Ircrament Angles, d = 1.5%0 degrees
= .03 radianz
di= 42,42 minutes
= C0WTR degrees
= 3.0l radians
: S ALLGSE minwtes
= 1.02 degrees
= DL 0E radiansg
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Figure 8. {(comtinued)
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& 7 g 10 1y 12 1@ 14 - 15
CURVE LAYGUT DATA: (cantinued) - S

o~y . N N N N WP P PN

. ' Deflecting Angle
) ‘ From P : .
L Turring Turning Chord Distance

7 _ Right Left. o From P from BT

5 Gtation  (deg min sec) (deg min secd (in feel)

o ! P P o 8l S AR Y8 R S S Ll € 5 A0 S P8 £ b UL T3 L P P 8 (8 ) 8 A D (5 L £ S8t ot d ot et Pt ot ol Pl Pl 5 07t o P B P Pb 5 ol P
140 Fuoll., 9E.H174 ) Q Q Be0 0 QB0 L7855
1 _ . P, OO00 43 2B 38 14 B4 170892
15 BT L0000 25 IETF AL 148,20 1615.8%
1 ' e, QOO0 43 25 nEA 14 24z.07 18524.72
14 2%, GO0 12 25 BE4 44 47,76 1832.SZ2
15 100, QOO0 43 25 BEZ 14 447 . %1 133%,54

'
-
L

LEL IR O N

o~

LA 1601, 0000 2013 25 =231 44 544 BE 1245.24
17 102, 0000 P 43 20 BEQ 14 HA5. 13 1150.29

s
ey
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1 o 1o, OO0
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F-l &
L

(oS
R |
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12,0000 S 24 47 2%
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O GO0 O O O
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o 000 O.00-
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O, Q000 O O " o 3 0, 00 Q.00
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O 00 o O 0 %] 0 - Q.00 OO0
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0. 0000 C [ I ) ) 0. 00 Q.00
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2. 00 0. 00

Qe D00 K ¥ (5] 0 8]
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0. 0000 y) O O 0 0 8] D00 Q.00
0 0 O %) 's) 0 .00 0. 00
; W] r O L ¥ 0 00 O, 00
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e

-~
o

o
s

Lo
Gl

-~
[a)
~rt

OSSO0

O QOO0 0 8] 0 £y 0 0 DL 00 : 0,00
O, QOO0 0 O 0 0 O ¥ ‘ O, 100 0,00
€, 00D ) % 8 A1 [&] 5 0, 0O 0.0
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Figure 8. (continued)
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Figure 8. (continued)

i o 2l A W A L
_ 1 CURVE LAYOUT DATAY (continued)
; 4 . .
= Area of Area of
! £ Favemaernt Skt Tder
7 Curve pat Station per Station
& Station (in =zg. Tta) {in sg. f.)
b I R R e e R e i
1o Fol. 95,5174 0. 00 0, 00 .
R W B, DOCO 1157.81 Ph BE bbb bob bt bbb bbb
1 S Q00 2aA00, 00 ZO00,00 4+ Favement Char., +
L3 DE. QOO0 2400, 00 2000, ) 4 TTeTImeeniansiisiesesst
14 D D00 2400, 00 200,00 4+ prl o= R 4+ LW, +.
15 100, 000 - 2400, 00 2000, 00  + = 1921.84 4+
16 101 . 0000 A0, 00 2OO0.00 + , -+
17 102, OO00 2400, OO 2O00.00 + 2 = R - L.W. +
18 1O, Q000 2400, 00 FO00. 00  + = 1897.846 +
E 104, D000 24G0, 00 Z000,00  + +
105, 0000 2400, 00 2000.00 4+ ZShoulder Char, +
| 106, QOO0 2800, 00 ZOO0, Q0 4 IO sni e
; LO7. 0000 2400, 00 2000,00 + First sets +
; LOHE, QOO0 2A0G, G0 2000,00 + 71 =R LW +ERW +
! 108, QOO0 2400, 00 2000,00  + = 1921.86 +
110, 0000 2400, 00 2000,00 + +
111, 0000 200 . O Z000.00 + r2 = K o+ LW +
s 113, 0000 FRO0, 00 2000,00  + = jwRi.E6 0+
e 1173, 0000 2400, 00 2000,00 + +
e FoeT. 113,43242 148219 12463, 4% 4+ 1 + r2 +
B0 0, QOO0 0. Q0 Q.00+ = IEEILTE o+
31 L, 0000 Q. 00 000 % r1 — p2 +
= 0. 0000 0. 00 0,00 + = 10.00 +
1 1o Q000 0. 00 Q.00 + o+
T, QOO0 0. 00 D00 + Decond setb: +
d Q. Q00D €, OO 0.00 + ri =R — LW +
0L 0000 0.00 0.O0  + = 1B897.8& +
O, QOO0 Q. 00 Q.00+ . ‘ +
QL OO0 QL0 000 + p2 =R ~LW =-ZhW +
i 0. 0000 0. 00 Q.00 + | = 1887.86 +
i G QOO0 G Q0 0O.00 '+ +
0. 0000 3. 00 0,00 + pl + rE S
0, G000 Q.00 0,00 + . = R7ES,7Z O+
0. 0000 Q.00 0,00 + rl - r2 o
RS TaTyts 0. 00 0,00 + = 1l0.00  +
O, 0000 'D,Od 0,00 bbb e et b b o
! 0. 0000 0, 00 0. 00 :
o, 0000 ., On 0, 00
J O, 0000 0,00 Q.00 !

Oy, 00
Cra OO0
O, CHOOI
e D0

0. 00
0,00
G, 00
0. 00

r, O
O, 0O
0. 00
.00

TOTAL AREMS (s, Fl. )=

A2ACD OO0
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Figure g. (continued)

TANGENT TO CURVE COMPUTATIONS

_ Arc
. t/R Theta Length
¢.00 0.00 0.00
0.03 1.45 48,25
0.08 4.45 148,39
0.13 . 7.47 248.95
0.18 10.51 356.20
0.23 13.57 452 .46
0.29 16.68 556.07
0,34 19.84  661.38
0.39 23.07 768.84
0.44 26.37 878,94
0.50 29.77 992.29
0.48 28.76 . 958.81
0.43 25.39 846.49
0.38 22.12 737.21
6.32 18.91 630.43
0.27 15.77 525.65
0.22 12.67 422,48
0.17 9.62 320.54
0.11 6.59 = 219.53
6.06 3.57 119.12
0.01 0.57 19.04
0.00 0.00 80.00
0.00 G.90 0.00
0.00 0.00 G.00
0.00 .00 0.00
0.00 0.00 c.00
0.60 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 - 0.00
¢.00 0.00 6.00
0.00 0.00 0.00
.00 0.00 - 0.00
0.00 0.00 0.00
0.00 0.00 ¢.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 G.00 0.00
0.00 0.00 8.00
0.00 0.00 0.00
0.00 0.00 0.00
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2,13, MAXTANG
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MAXTANG

“r

F.1. Introduction

Al cinen 1 Sy 91 e e b eAth e o

2.1,

MAXTANG is a spreadsheet to célculata ﬁhe aelements of
& horizontal curve for aligﬁmant purposes for which the
field location has a restriction on the leﬁgth of tangent
that is permitted between the point of intersection and
el ther thg point of curvature or the point of tangency.
The spreadsheet operates in the same form and manﬁer as
HORIZCRY.  Thus, it is suggested that the user become
familiar with HORIZCRY first. Then review Figures 9
through 12 on the following pages and proceed to use the

spreadshest in a mahnar‘similar to HORIZCORY.

2.1.3.2. Example Froblem

The following ig‘an agrample application of the
spreadshest MAXT@NB. | |

A rural.cmunty highway in‘Imwa is to be paved. At one
pdint in the route the existing aggregaﬁa aurfaaéd
roadway has a sharp curve that has several farmstead
diriveways near it. The engineer desires to keep these
driveways on the tarngent alignment rather than be 1o;ated
in the curved portion of the new paved highway. The

enginesr does, however, wish to use the 1ongeat and most
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gentle curve possible at this locaiionj Field survey
measurements indicate that the‘longeét pérmissible
tangent length from the point of intersection tu_keeh the
closest farmstead driveway iﬁ tﬁé tangent‘isléﬁﬂ.ﬂoliaat.
The total deflection angla; delta, waﬂ‘fbﬁnd tb.be 54
dagkéaa én& SG hinutes.‘ The station oflfhe'pdint of
intersection is 165_+ 35.40. The ﬁtatiﬁnihg increment
around the curve will be 100.00 feet. The paved;rnadway
cross section will have 12.00 feét wide lanes and 10.00
feet wide shoulders.

Tﬁa data may be entered on an.input form. This
examplé i ﬁhdwn in such a form in'Figuré_ll. From thiB 
form the spreadsheet is then completed. |

Thg'completed spreadsheetﬂfor:this‘egampie is shown iﬁ
Figure 12, As before with HORIZICRVY, the total output is
contained in several pages but for layout of the curve in
the field or on plans, only the first few_bages éré.

neaded.
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Figure 9. Input Template for MAXTANG

1 o o 4 5
G A S A et S 56 T e 4 3 3 S 2 SR B A A 20 B 3 B SR IR S T S 40 3030 B AR A 40 30 S0 45 30 45 b 45 90 40 B SEAE 30T 3 30 302 33020 30
S HORTZONTAL CIRCULAR CURVE COMEUTATIANS Given MAXTMUM TOMGENT LENGTHS

e -2.‘:"%«‘-3‘:'%&-ﬁ-’si-i{--ﬁ-"ﬁ-%%-ﬁ-’ﬁ-a}-'ﬁ‘%%fr-ié*%‘é--'si--?r-?’r-'1—.‘-'5»‘#’:-45-%%-%-’;1-%_’ﬁ*%ﬁ'%*%%%%&%%%%’%%%%%%%%%%‘)E‘%%%%%%%%%%-ﬁ-ﬁ-%%%%

= B e £ e L 0 T o TS WO U MO A M NPV I MW N R T AR MR o o PP g ot S S S
+ Muitipian Microcomputer Spreadshests far LDounty +
e Hydrautic and Highway Engineering Computations +
& LI Copyriaght by Fent L. Ahrenholts P
+ +
" +

w AlT Rights Reserved, 1984
\ i . _ : Mearsion 1.0 : :
114 T o T L B S T o T T T TR UM IO e S S RIS o S W B

Project Mumberd
Froject Name 2

Fr L By
Checked By

ARVE INSLT DATAY  Deflection angle, Melta = 0,00 degrees

P P 190 5 8 18 oot 0 0 _ - 0,00 radians
Tangent distance, T . = 0.0 feat
Foint of Intersection, Fi= Q. 0000 stations
SZtation increment = S L00 feet
lLane width, LW, = G, DO feet
Shoulider width, Shobl. = G.00 faet

CLIRVE £0ITRLIT DATAH:

ol P AT P B P P 4o P ok B0 Pt P Pt i 4 P

CURVE DATA:D

i

Radius of curve, R 0.00 feet

Denree of curvature, I = HOIV/0Y dégrees
- ' #YALLE!  radians

Length of curve, L = {RDIV/0Y feet

External diztance, E B 0,00 feet

Lang chard, o = Q.00 Teet

Middle ordinate, ™ = G. 00 feet

STATIOMIMG INFORMATION:
Point of Curvaturéd, P = O, QOO0
Faoint of Tarngency, T = HVALLIE!

LIRVE LLAYOLT aTAs
quy reomeemnemnine s et Ghsrd Yength, m EBVALLIE ! feat

Tncrement Angles, o o= #VALLIE! deqrees

Cown HNVALLED radiians

di= #DIV/0! minutes

= BV ALLIE degrees

= FVeLLLE radians

HVALLIE minutes

=T

radians
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Figure 10. Schematic of a Horizontal Circular Curve

Point of Curvature, P.C. ' Point of Intersection, P.I.

Maximum Tangent Length «———_ o\

Delta Angle

Point of Tangency, P.T.
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Figure 1l. Input form for Example Problem

ERAXXRRARAAEALARIRRARAARIAR AR R AR LA hdhhh Rk hhhhhiikddhdhhdhihhihkhihhdhshik

HORTZONTAL CURVE INPUT WORKSHEET Given MAXIMUM TANGENT LENGTHS
MR L LRttt L R e e T e T T T T T L T R R PR SR R S J O

Project Number: 5347"‘;L

Project Name: S+0{U C)b E57

Prepared By: Qhﬁ V) ]’) DH-V);}'

lDate: 06"“"’ 87

Checked By: BY’EU\)L\/

Datc_a.: 06 _““* 87

CURVE INPUT DATA:

Deflection Angle, Delté
Tangent Distance, T

Point of Intersectiom, PI
Station Increment

"Lane Width

_-Shoulder Width

f

54.5

G50.00

/05.3540

100

12

#

1O

degrees
feet
stations

feet

'feet

feet
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Figure 12, Example Problem Template

1 T = 4 =
i %%%%%*%%%%%%%%%%%%%%%&%%%%%%%%%%%%%%%%%%%%%%%4%%%#&%%ﬂ%%%%%*ﬁ%%%*%%%%%

T OHORIZONTSL. CIRCULAR CURVE COMPUTATIONS Given MAXIMUM TANSENT LENGTHS

TET SRR AR IR A3 SE R 3 A 3 S R IR 33 1 B R AR A 4 30 A0 46 3 30 35 S 4 R R 3 30 20 0 30 3R B 2 45 SR MBS ILG S R
4 . o
& bbb bbb e oo b b o bbb e oo o oo oot b o o oo bbb
& +  Multiplan Mieroccomputsr Spreadsheets for County +
7 + Hydraulic and Highway Engineering Computations +
e + Copyright by Kent L. Ahrenholtz o+
e + A1l Rights Reserved, 19784 +
10 + ' Version 1.0 b
1L +++++++++++++*++++++++++++++++++++¥++++++++++++++¢++++
] ‘ '
2 Project Numbers 27-2 '
14 Froject Name & Story Do, EST
1% Frepared By tAtrenhality ' Datesr O&-11-27
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Figure 12, (continued) !
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Figure 12, (cpntinued)
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EARTHWKS

2.1.4.1. Introduction

EARTHWES is a spreatdshest develupad.tm calculate the
mass diagram ordinate using the cut and fill quantities
obtained from roadway cross sections. The original
objective was to create a apreadsheet'tﬁat would provide
a dot-matrix printer plot of the mass diagram ¥rbﬁ the
results of this spreadsheet. Another design objective
for this spreadsheet was to have one variation thch
permitted the entry of grmund elevations of thé croses
section with the specified finished profile cross
gsection, then the spreadsheet would compute the cuts and
fills for each cross section. While both of these are
possible, it proved unwieldy and cumbersome such that
both these objectives were abandoned. It is anticipated
that programs to-dm-thege‘tagké ana tﬁat can also
interface with this spreadsheet will be developed in the
future.

The input data include: station, template cut and fill
per station, additional cut and fill per station, cut and
111 reqguired to rebuild embankment, cut and fill related
to remaval of pavemnent, unguitahlé cut, and percent
shrinkage.

The output generated includes: adjusted cut and fill

&i



per station, adjusted fill + shrinkage, and mass diagram

aordinate.

2.1.4.2. Using the Spreadsheet

The best way to begin using & spreadsheet is to obtain
all pertinent data, record the data in a form that is
easily transferred to the spreadsheet, and then input the
data onto the spraadshee#. The data obtained from
preliminary Cross sggtions can be transferred to an input
form. In this way ﬁhis ﬁpreadshae£ may be a usefQI tool
in the early stages of design to determine what major
verticai profile adiustments may be }équired to achieve
earthworks balance before going to a computer generated
set of cross sections for a iinal‘daaign. Once this
input form record of the dgta is made, the user can
prmceed.tn use the spreadsheet.

The first step is to load the file from the disk to
Multiplan. The master spreadsheet file is assumed to be
stored on disk in a Normal Mode under the name
EARTHWES.MP. Once the master spraeadsheeat ié loaded into
the computer, ﬁurn the Recalculation aptién OFF (select
Options command, then “tab key" to Rgca}c and highlight
"off")., Then input the information in rows 13-14 (see
Figure 13). These data include the project numbef,
project name, preparer, chgcker, and dates the project

was prepared and checked. Once the informative data are
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input, - the user then should input the statidﬁ;'teﬁplate
cut and fill per station, additional cut and‘{i;l per
station, cut and fill requirad to rebuild ambankment, cut
and fill related to pavement removal, unsuitable cut, and
percent shrinkage. All input data except thg;geréent
shrinkage can be obtained from the preliminar&fcrmgs_
sections. The percent shrinkage (row.i3 colu&n‘lv,.see
Figurav13> ig chosen according to the policy used in the
engineer 's office for the anticipated soil conditions and
construction practices. A4all of these data are input\far
each staﬁian. Bafore viewing the'mutput data generated

by the spreadsheet, REMEMBER TO TURN THE RECALCULATION

MODE QFJQPREQDSHEETaQFERATIBNYEQLSJTG‘ﬁgﬁﬂ;;ﬁgfter
viewing the output J%ﬁa, the spréédsheéﬁﬁéhq£é§ be saved
with a file name sdlgly characterisﬁic of tSéféiject for
the purpose of reuse and later aditing. |

If the project has more stationsg than are provided by
the spreadsheet, the user should insert additional rows
just above the "Totals" line in the spreadsheet. The
eﬁuations for adjusted cut and fill, adjusted fil11 +
shrinkage, station (column 21, see Figure 13), mass
diagram ordinate, and the section dividars should &lso be

coplied dowm into the inserted additional rows of the

supanded spreadsheet.

Z2.1.4.3. Example Problem

oA L] AR A 4 A



There is not a readily adaptable example that can be
shown in the space of this manual. To begin use, and as
a check, the user should calculate the Mass diagram
ordinates for a project both by hand and using the
5preadshaet the first time he or she uses thisr

spreadsheet. In this way, the user can verify that the

sprreadsheet is working properly.
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Figure 13. (continued)
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Figure 13. {(continued)
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Figure 13. (continued)
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0000°0
0000°0
00000
0000°0
0000°0
00000
0000°0
00000
000070

00000

0008°0
0000°0
00000

0000°0 -

0000°0

000070

00000
coo0"o
12

0L

-0

0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

6l

0
g
0
0
0
0
0
0
0
0
1]
4]
0
0
0
0
0
o
0
0
0
0
0
o
0
0
0
0
0
0
0
0
o
0
c
D
0
0
0
0
Y
0
0
0
0
0
0
0
0
0
0
o
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2. 1.8, SUPERE
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. BUPERE

2.1.5.1. Introduction
SUFERE is & spreﬁdsheet developed to establish
superelevation for a harizontal curve. The spreadsheet
will calculate the surveying data required to layout a
superelevated horizontal curve in the field.
The input data include: design speed, lane width,
rates of normal crown and superelevation, point af.
curvature, point of tangency, centerline grades at the
F.C. and F.T., elevation of the F.C. and F.T., station
incre@ant, and desired length of runoff.
The output generated includes:
runoff data:s
minimum length of runoff twjéstablish
5uperele§atinn,
actuai design slope,
distance X required to raise Qutaidé edge of
pavement to centerline elevation,
distance Y required to réiae outside edge of
pavemant to a cmnstani slope equal to thé normal
crown\kate,
70% of runoff distance;

lLayout data:s

ccenterline elevation,
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diffaerence in 2levation from canterlina, elevation,

and cross slope for both outside and ihside‘o&.curve

pavement edges at beginning and end of curve;
stationing details:

beginning of superelevation runotf,

station at a distance X from the beginning of

runoff

station at & distance Y from the beginning of

rungff, and

end of runoff.

S e vy | e e e i ey v ek s e i e

The best way to begin using a spreadsheet is to obtaiﬁ
all pertinent data, to record the data,in.a form that is
egasily transferred to the spreadsheet, and then input the
data into the spreadsheet. The data ocbtainad from |
prelimiﬁary roadway layoﬁté and design manuals can be .
transferred to an input form. Once this is done, thai  
umer can proceed to use the Bpréadsheet«'

The first step is to load the file from the disk to
Multiplan., The master spreadsheet is assumed to be
stored on disk as a Ffile in Norﬁal Mode under the name
SUFERE.MP., Once the empty master spreadsheet is loaded,
turn the Recalculation O0OFF by using the Options command.
Then input the informative data in rmws.izmlﬁ (see Figure

14). These data include the project number, project



name, preparer, checker, and the dates the projsct was
prepared and checked.

Once the informative data are input, the user should
then input the design speed, pavement lane width, rates
of normal crown and superelevation, centerline grades at
the F.C. and P.T., point of curvature station, point of
tangency station, F.C. and P.7T. elevations, and station
incremant into rows 17-27 in column 4 (see Figure 14).
The point of curQature, point of tangency, centerline
gracies at thé F.C. and F.T., and F.C. and P.7T. elévationa
can be obtained from the plan and profile sheets (see
Figuwe 15). The design speed, lane width, rates of
normal crown and superelevation, énd station increment
are determined by or under the supervision of a gualified
engineer. The values for these data are ali chosen
according to the highway design policy in practice in the
engineer ‘s office. ﬁefare proceeding, the user should
turn the Recalculation Mode of operation back to ON
(reenter the Options command).

When the spreadsheet has been recalcul ated by the
computer, the user should examine the output value for
the "Minimum length of runoff to esfablish
superelevation” (row 32 column 4, see Figure i4). .The
enginesr should determine if this is the value the

IEHQineer wants to use for length of runoff. If Tables
I11~7 to I1I-11 from the AASHTO Green Book or comparable

tables from the Iowa Department of Transportation Design
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Frocedures Manual aré used to obtain a value for the
length of runoff, the distance X (row 46, columi 4, see
Figure i4) naeds to be added to the value for length of
runoff taken from the book tables. This is nécessary in
order to compare the table values with those computed by
the spresadsheet.

If the value the engineer chooses for length of runoff
differs from that given by the program, the user needs to
input the preferred value in séace beside the gquestion:

"If not, what Iength.a¥ runofd do you wish to uge?"
(row 3%, column 4, see Figure 14). If the engineer
wishes to use the length of runoff computed by the
spreadshest , ﬁe o she needs to be sure.that.the ceell
described above (row 39, column 4) is empty. This is
done by moving the cell pointer (illuMinated.blmck) ta
the cell in guestion (RE9C4) and selecting the Blank
command in the Multiplan command menud. These are all the
required input data. The Recalculation Mode of operation
should be in the ON status {(go to the Options command to
check), therefore, the output data is ready for viewing.
After viéw;ng the output data, the spreadsheet should be
saved with a filename solely charaﬁteristic of the
supesrelevated horizontal curve aﬁ& project- for the

purponse of reuse and later editing.

24153, Exvample Problem

e rorer taret Doia rees v dae i AR VA . i
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The following is an example application of the
spreadsheet previously describsd.

A farm—to—market paved county highway is to be
designed and constructed in rural lowa. From the plan
and profile sheets, the point of curvature and point of.
tnagency are found to be 100 + 00,00 and 110 + 00.Q0,
respectively. The P.C. is 900.00 feet above sa& level
and the F.T. is 890.00 feet above sea level. The
centerline grades are 1% and -2% at the P.C. and the
F.T., respectively. The design speed is 60 mileg per
haour. The pavement lane width is 12 feet. The rates of

normal crown and the superelevation rate are selected as

2% and é%, respectively, and the station increment is 25 -

feat.

The data are first entered on an input form. AN
enample of one such input ¥utm with the example
information entered is shown_in Figure lé4. After these
data were entered into the spreadsheet and the
Recalculation turned ON, the minimum length of runoff
required to establish superélévatimn was found to be
266.4 feet. Assume the engineer wanted to uﬁe‘a value
which was a multiple of the station increment, so the
desired length of runoff of 275 feet was entered into the
appropriate spreadsheet cell.,

The complieted spreadsheet is shown in Figure 17. .Tha
total output of the spreadsheet requires seven pages, but

for layout of the curve in the field, only pages 3
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throaugh & are needed.
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Figure l4. Input Template for SUPERE

1 2 3 4 5

P Y Y I E XSS EEY PR R R RN NS R R R R R R R R R R R REE R EE A LR B AR E &N RN

SUPERELEVATION COMPUTATIONS for HORIZONTAL CURVES

P I r S S E F S FE NS RN EEE RS RS RN RRE SRR R R R R R R RS A E AR ENERERENRE SRS

S TB T o o o v S S S0 O S S L O I o S o o o o ot

+ Multipian Microcomputer Spreadsheets for County +
+ Hydraulic and Highway Engineering Computations +
+ Copyright by Kent L. Ahrenhoitz +
+ Version 1.0 +
+ 1986 +

IR R P RUT I A R R ST S S S S s e s S P T

Project Number:
Praject Name:

Prepared By: Date:
Checked By: Date:
INPUT DATA: Design speed, V = 0 miles/hour
““““““ o Lane width = 0.0 feet
' Rate of normal crown = 0.0 percent
Rate of superelevation, e & 0.0 percent
Centerltine grade, g (at P.C.)= 0.00 percent
g {at P.T.)= 0.00 percent
Point of curvature, PC = 0.0000 stations
P.C. elevation = 0.00 feet
Point of Tangency, PT = 0.0000 stations
P.T. etevation = 0.00 feet
Station increment = 25 feet
RUNCFF DATA: Maximum relative design
e g slope for given design speed = PIHN/A
Minimum length of runoff to
establ ish supereievation = #N/A feet
B N b b o O M i o 20 S S B R S
+ Do you wish to use this value +
+ for runoff, YES or NO ? YES +
+ : +
+ 1f not, what length of ‘ +
+ runoff do you wish to use 7 feet +

T e sl ak aB 2 b o R B I o e e S S
QUTRUT DATA: Runoff cdistance, § ' = HN/A feet
s Actual design slope _ = JifN/A
= H#N/A percent
Distance ‘X’ required to
raise outside edge to

centeriine elevation e H#N/A feet
Distance ‘Y’ required to
raise outside edge to
a constant slope equal
to the normal crown rate = #N/A feet
70% of supereclevation runoff = #N/A feet

W e b e e e e S AR L ML W b b e ek i e g e W e SR A A8 A ek e W AR AR ke S AR M 458 Ve s e A i W e TR AR R W EE A T A MR LA A AN b A




Figure 15. Schematic of & Superelevated Horizontal Curve

Point of éu‘vatwe, P.C.

=

Cl | . SR —
’ - ‘
70% of Superelevation Runoff (to P.C.) >
" Distance™Y"
e : - >
Distance *X* - - ' | L
i T Outeide Edge
| | M"’"’MM N Full
- CLr ey - Superelevation
3 S T inside Edge
N Superelevation Runoff Distance
% »
Crogs Sections: .
e T w “‘H‘\\ \\“\‘\
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Figure 16. Input Form for Example Problem

IE R AR AR EEREEE RS EEEZESEEEEE R RS EREYNESSRE RS R RS R R RS R R R N KRR KN B R

SUPERELEVATION INPUT WORKSHEET

LEE R R A A NS Al RS RSN EEE ARSI XSRS E RS SRS Y EREREERENE]

Project Number: 87 ~Z

Project Name: S+0 0\\, gg7

Prepared By: HhY’QV’\hQ\.\‘/y Date: 0b "[‘7“67
Checked By:_ gﬂ,UAW . Date: O b"l B - ‘6_7
INPUT DATA: Design Speed, V - b0 : miles/hr
Lane Width & .17" _ feet
Rate of Norma) Crown = 2 ‘ percent
Rate of Superelevation, e = g : percent
Centerline Grade (at PC) = "'f' | a - percent
(et PT) = -2 percent
Point of Curvature, PC «_/00. 000L stafions
PC Elevation = CIO\').O\B | k ?eet
Potnt of Tangency, PT - 110 .. 000V stations
P.T. Elevation = BID.OD  reet
Sﬁat!oﬁ Increment . =_ _ 2__5 — feet

* Be sure to check the length. oF the runoFf‘-‘ after you have input the
values above so it is the Iength you wish to use.

A — . Yop] o T st i S O A Lo - o it s i v . — e . s o —— i,

80




Figure 17. Example Problem Template

L X &ﬁ%Iﬁ*l*ﬁ&.*'*l*ﬂ-*#*lH*“ﬁiﬂ“*i*iIvﬂiIll**i*lll***‘*ﬁﬂﬁ'lﬂﬂﬁ“*i*

SUPERELEVATION COMPUTATIONS for HORIZONTAL CURVES

-h*llit!*I'ﬂﬁlﬂﬂ'lIl*'ﬁN-U&ﬁll*iﬂﬂlﬂﬁ'ﬂ‘.lﬂﬂﬂﬂ““iﬁi“ﬂ“ﬂ*l*'ﬂ*il&&*iﬁlU

o o T R S e o i T RN S A S

+  Multipian Microcomputer Spreadsheets for County +
+ Hydraulic and Highway Engineering Computations ¥
- Copyright by Kent L. Ahrenholtz s
+ : Version 1.0 ‘ +

+ 1986 o+

T S S

Prmjwct Number:
Project Name:

Prepared By: Date:

Checked By: _ ‘ Date:

INIPUT DATA: Design speed, V 60 miles/hour
I Lane width . 12.0 feet

Rate of normal crown

Rate of superelevation, e

Centertine grade, g (at P.C.)
g (at P.T.)

Point of curvature, PC

2.0 percent

8.0 percent

1.00 percent
-2.00 percent
100.0000 stations

ook ofmo# u RN oHH

P.C. elevation S900.00 feet
Point of Tangency, PT 110.0000 stations
P.T. etevation 890.00 feet
Station increment 25 feet
HUNOFF DATA: Maximum relative deslign
SR atad slope for given design speed = 132222
Minimum length of runoff to
establ ish superelevation = = 266.4 feet
b b b b e b oo ot d b b b o b o b e e e e
+ Do you wish to use this value +
+ for runoff, YES or NO ? YES +
+ . +
+ 1If not, what length of +
+ runcoff do you wish to use ? feet +
B Tk s o s A 1 o s 20 U0 I 0 SO O A Y AR S A WA AR SR WA
QUTPUT DATA: Runoff distance, S = 266.4 feet
e e e Actual design siope = 1:222
- _ = 0.45 percent
Distance ‘X’ required to
raise outside edge to
centerline elevation = 53.28 feet
Distance ‘Y’ required to
raise outside edge to
a constant slope equal
to the normal crown rate = 106.56 feet
70% of superelevation runoff = 186.48 feet

T T s e e e MmO G GAs MWL B L M Bl W e e e e e e A T TS L S G i Ll b o o e e W W M G L RS WAL A VAR AR st v e e e v o e e e Suen



TABLE [11-13
from the
AASHTO
Green Book

Figure 17.{(continued)

e L i v W ae WeMr e MR Wi e e Wree M SR A e de e s mren

. DESIGN SPEED
"V (mph) .

S A e o i v e ok o A S U S O o Sk ) S 0 A Y O S o P P A S A LA et W e A e o o e A O Sk

50
60
65
70

MAXIMUM RELATIVE SLOPES FOR

PROFILES BETWEEN THE EDGE OF

" TWO-LANE PAVEMENT AND
THE CENTERLINE
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LAYOUT DATA:

N T T e N

BEGINNING

OF CURVE:s
Section from =3
peginning to
the station at
a distance Y’

section from =»
the station at

s distance ‘Y’

to the P.C.

Section from =>
the P.C. to

tne end of

the runoff |

END OF CURVE:

Section from =>

the beginning
of the runoff
ro the P.T,

Figure 17.{continued)

o~

Difference in
etevation from
center ) ine

83

B

Station (in feet) Elevation
98.1352 . -0.240 897.90
98.2500 -0. 188 898.06
98.5000 ~0.076 898.42
98. 7500 0.037 898.79
99. 0000 0.150 899,15
99,2008 Q.240 899.44

0.00060 0.000 0.00
0.0000 0.000 0.00

$ 99,2008 0.240 899. 44
99,2500 0.262 899.51
99,5000 0.375 899.87
98,7500 0.487 960.24
100.0000 0.600 900,60

0.0000 0.000 .00
0.0000 0.000 0.00
0.0000 0.0040 0.00
0.0000 0.000 0.00
0.0000 0.000 0.00

100. 0000 0.600 900.60
100.2500 0.713 900.96
100.5000 0.825 901.33
100.7500 0.938 901].69
100,.7992 0.960 801.76

0.0000 0.000 0.00
0.0000 0.000 0.00
0.0000 0.000 0.060
0.0000 0.000 ¢.00
0.0000 0.000 G.00

109, 2008 0.960 8B9Z2.56
109.2500 0.938 892.44
109.5000 0.825 891.83
109.7500 0.713 891.21
110.0000 0.600 8390.60

0,0000 0.000 0.G0
0.0000 0.000 Q.00
0.0000 0.000 0.00
0.0000 0.000 0.00
0.0000 0.000 Q.00
0.0000 Q.000

0.00

Cross Slope
{in percent)

W o A Ak it e b S g et r N P
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Figure 17. {continued)

LAYOUT DATA: (continued)

T I I ik ot oyl St P

OUTSIDE EDGE

Pt Bt Pl o ot ot Al b 8 ok Pk Poud

Difference in
elevation from

centerline Croas Slope

Station (in Feet) Elevation (in percent)

Section from => 110.0000 , 0.600 890.60 - 5.00
the P.T. to the }10.2500 - 0.487 ... .BB9.99 . 4.06
station at a 110.5000 : 0.37% . 889.37 R O -
distance ‘Y’ 110.7500 0.262 . 888.76 2.18
110.7992 o 0.240 o B88.64 ‘ 2.00

0.0000 0.000 L 0.60 0.00

0.0000 _ 0.000 0.00 0.00

0.0000 0.000 ' 0.00 ¢.00

0.0000 0.000 . 0.00 0.00

0.0000 0.000 : 0.00 _ 0.00

0.0000 0.000 0.00 G.00

section from => 110,7992 d.240 " 888.64 2.00
the station at 111.0000 g8.150 _ 888.15 1.25
a distance ‘Y’ 111.2500 6.037 887.54 0.31
to the end §11.5000 ~-0,076 _ - B886.92 ~0.,.63
t11.7500 . -0, 188 . B86.31 ~1.57

111.8648 ' -0.240 886.03 ~-2.00

0.0000 0.000 : 0.00 0.060

_0.0000 0.000 0.00 G.00

0.0000 0.000 0.00 0.00
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Figure 17. {continued)

LAYOUT DATA: {(continued)

P B Ut P A AR oo P P I P

INSIDE EDGE

Puk Pp A it o g ok T Pt

Difference in
elevation from

centerline Cross Slope CCENTERL INE
Station {(in fFeet) Elevation (in percent) ELEVATION
! 98,1352 -(.240 897.90 : -2,00 | 898.14
i 98.25%00 ~0.240 898.01 -2.00 | 848,25
H 98. 5000 _ ~0.240 898.26 -2.00 !} 898.50
; 98,7500 ~-0.240 898.51 «2.00 | 898.75
! 99,6000 ~0.,240 898. 76 --2.00 1} 899, 00
! 99, 2008 ~0.240 898,96 -2.00 | 899, 20
! 0.0000 . . 6.000 0.00 0.00 | 0.00
! 0.0000 . 0.000 0.00 .00 ! 8.00
1 . I
] . ¥
H 9g, 2008 ~-0,.240 898.96 -2.00 | 899,20
! 99,2500 ~0.262 - 898.99 ~2.18 |} 899,25
: 99,5000 : -0.375% 899,13 -3.12 899,50
! 99, 7500 -0.487 899.26 ~-4.06 | 899,75
: t0o0,. 0000 ~0.600 899, 40 ~-5.00 | 900. 00
! 00,0000 ' 0.000 0.00 0.00 | 0.00
; 0.0000 0.000 ' 0.00 . 0.00 | 0.00
' 0.0000 ' 0.000 0.00 ‘ 0,00 0. 00
; 0.0000 4.000 0.00 o 0.00 | 0.60
H g.0000 0.000 ' 0.00 0.00 ! 0.00
] 3
H . . i
: 100.0000 -0.600 899,40 -5.00 |} S00.00
H 100. 2500 ~0.713 : B99.54 ~5.94 | 900.25
H iNg.5000 : -0.825 899.67 . - -6.88 | 900.50
H 100.7500° ~-0,938 899.81 - =7.82 |} 200.75
! 100, 7992 ~-0.960 899.84 -8.00 | 900.80
! 0.0000 0.000 0.00 ' .00 ! 0.00
: 0.0000 0.000 0.00 0.00 0.060
' 0.0000 0.000 0.00 G.00 0.00
§ 0.60000 0.0060 0.00 .00 | 0.00
! 0.0000 0.000 0.00 0.00 | 0.00
‘ !
L109.2008 ~0.960 890.64 -8.00 ! B891.60
© 109, 2500 - ~0,938 890.56 ~7.82 | 891.50
! 09,5000 -0.825 890.17 ~6.88 ! 821.00
: LU9 ., 7500 -0.713 889.79 ~-5.94 ¢ 890.50
! 110.90000 -0, 600 . 889.40 -~5,00 H 890,00
: 8.0000 $.000 0.00 0.00 ! 0.00
X 4.0000 0,000 . 0.00 0.00 ! g.00
' 0.0000 a.000 0.00 0.00 ! 0.00
; 0.0060 0.000 0,00 0.00 ! 0.00
0.0000 0.000 0,00 0.00 1 0.00
H 0.00

¢.0000 0.000 0.00 0.00

. B5 -



Figur‘e 17. (continued)

LAYQUT DATA:(continued)'

e b vt P A s P b Pt AP

INSIDE EDGE
Difference in
elevation from : ' -

centerline Cross Slope CENTERL INE
Station (in feet) Elevation {in percent) ELEVATION
Pt P A N ok g np (0 P S Pt Ak P P Nl b Bk Ik Pk P P St s Vo Pt P S o D Pt P St B s Bt it b P BN a2 Sagh IS Pt D F0B N P A I Pt o TS P ot S ok Pk B P BE ik Sk Pt £ ok Pl Pt Pt
1 10.0000 ~0.600 7 889,40 ~5.00 |- 890.00
110.2500 -(.487 889.01 -4.06 | 889,50
116.5000 -0.37% 888.63 ~3.12 | 889.00
110.7500 ~0,262 . B88.24 ' ~-2.18 | 888.50
110.7992 -0.240 888.16 -2.00 |} 888. 40
0.00Q0 0.000 0.060 g.00 . 0.00
0.0000 0.000 g.00 ‘ .00 ! 6.00
4.0000 0.000 0.00 0.00 | 0.00
G.0000 0.000 : 0.00 0.00 | 0.00
0.0000 3.000 0.00 - 0.00 ! 0.00
0.0000 0.000 ' 0.00 0.00 | Q.00

)

1)
110.7992 ~0.240 T B888.16 ~-2.00 |} 888, 40
{11.0000 -0.240 ' 887.76 . -2.00 | 888.00
t15.2500 ~0.240 887.26 . . . -2.00 887.50
i11.5000 ~-0.240 B886.76 _ -2.00 !} 887.00
111.7500 «~0,240 886.26 : ~2.00 |} 886.50
I11.8648 ~0,240 886.03 - -2.00 | 886.27
0.0000 0.000 0.00 .00 ¢ 0.00
0.0000 G.C00 0.00 -0.00 0.00
| 0.00

0.0000" 0.000 0.00 . 0.00
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Figure 17. (continued)}

STATIONING DETAILS:

o Pk Ton P d b B Pk Bt Pt NS Tt N I b A N P

At the Beginning of the Curve:
* Beginning of superelevation
runoff, P.C.~ 70% of runoff

* Station at a distance ‘X’ from .
beginning of superelevation runoff

* station at a distance ‘YY" from
beginning of supereievation runoff

* Point of Curvature, P.C.

* End of superelevation
runcff, P.C.+ 30% of runoff

First even Incremental station after
beginning of superelevation runoff

First even incremental station after
a distance Y’ from the beglinning

First even incremental station
after the point of curvature, P.C.

At the End of the Curve:
* Beginning of supereltevation
runoff, P.T.~- 30% of runoff
* Point of Tangency, P.T.

* Station at a distance ‘Y’ from
end of superelevation runoff

* Station at a distance *X° from
end of superelevation runoff

* End of superelevation _
runoff, P, T.+ 70% of runoff

First even incremental station after
beginning of superelevation runoff

First even incremental station
after the point of tangency, P.T,

First even incremental station after
a distance ‘Y' from the beginning

87
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1

]

98,1352
98.6680

99.2008

100.0000
100.7992

98.2500

99.2500
100.2500
109.2008
110.0060
110.7992
111.3320
11]1.8648
109.2500
110.2500

111.0000



2elub&. BIGNINV and MAINTREC
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SIGNINY and MAINTRECD

2.1.6.1. Inkroduction to BIGNINY

SIENMINMV is a spreadsheet illustrating one (of many)
approach to creating a tratfic contral device inventory
using a spreadsheet program. A micrucomputek data base
program will parmit creation of a traffic control device
inventory system with more flexibility in manipulating
the infarmation contained in the file. Howsver, 1f the
need is for a syatamatia record from which rmpmrté may be
gangrated periodically, then it is possible to create a
workable and effective inventory system with a
spreadsheet program. This spreadsheet is‘mrganizmd.with
the various traffic control device parameters entered in
columns across the table and each control ﬁeviée oocoupies
a row. Thus, as many traffic control devices Ean be'
entered as there are rows in a spreadsheet.- For the
smallest versions of Multiplan that operate on an Apple
Ile computer, the spreadsheet qantainé 2594 rowa. For the
largest versions for MB-DOS campﬁters ﬁhe spreadsheet
contains over 4000 rows. In a practical sense, the
number of rows that may bé'fillad is dependent up@h the
computer memory size installed and the efficiency of the
computer in allocating memory. Therefore, in this and

similar applications, the user should prepare a SIGNINVI,




SIGNINVZ, etc., to handle any massive data base.

The user shouwld change the column headings to suit his
or her needs in identifying traffic cmntrmi devices.
This illustrative design resulted from several
consuwltations with ﬁwunty offives, the‘Imwa Divigion of
the Federal Highway Administration and the Jowa
Department of Transportation (ffice of Local Systems. It
is intendéd, however, to be a guide to assist the user in
genarating application concepts to move beyond the acnpé

of this report in using Multiplan {(or any spreadsheet).

2.1.6.2. Introduction to MAINTREC

MAINTREC is a spreadsheet designed to work with
SIGNINY tg gestablish & record of the maintenance hiﬁtory
for a traffic control device., It is designed to have a
particular traffic control device occcupy an entire row in
.th@ table. Note that the column headings contain
identificatimn information in the first few columns which
i to correspond to the sign idantifica;ipn.in SIGNINV,
Subaéqgent calumns in the table are a fepeating pattern
of recurding a notice of need for maintenance and action
taken. This permits establishing a record base of the
maintenance history of the tra%fic control device. There
are sufficidgnt columns in the spreadsheet to permit
retaining what is expected to ba apout 10 years activity

on a traffic contirol device.
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There is an advantage to having something such as a
maintenance record in a separate file from an inventory.
The maintenance record in the case of traftfic control
devices may be considered a sensitive record.  In this
manner, it is possible to keep different security levels.
for the inventory and the maintenance record. Someone
looking at the inventory will not immediately find the
maintenance history. In fact, it may be desirable to
have files such as these on two completely different
disks. Access to data and file security is always a
concern in cmmputér systems. Flanning for it should be

considered at the time records are established.

%

«l.6.3. General Introduction

BIBNINV and MAINTREC are twh spreadsheets developed to
be used as a traftfic control davicé inventory., SIGNINV
can be used to store the lucation, type, and canditimn'of
the traffic control devices within an engineer’'s
Jurisdiction. MAINTREC can be used to store a record of

the maintenance performed on each traffic control device.

The input data for BIGNINV include: sign number, sign
location (township number, range number, section number,
township name, and the engineer’s choice for the exact
location af the sign), sign legend, MUTCD nuﬁbar, @ign

position (direction sign is facing, lateral position such

?1




as distance from roadway and side of road), numbsr in
assembly, sign characteristics (shape, color, size in
horizontal and vertical dimensions, height, sign
condition, sign reflectivity, and sign vigibility), post
characteristics (pbat t?pe énd post condition), inventory
direction, inventory date, last date checked, maintenance
record sheet, and remarks.:

The input data for MAINTREC include: sign number (same
as in SIGNINVY, date reported, sign condition,
recomnmended improvements, and date installed/serviced for

each time a sign is repaired.

P25 Ny, J5 S -, .

of Transportation by Johnson, Brickell, Mulcahy and
Associ ates as a reference and a guide. The spreadsheets
are similar to the sign inventory and maintenance record

forms included in this document.
2.1.6.4. Using the Spreadsheets

The best way to begin usiné a spreadsheet ié to obtain
all pesrtinent data,.recmrd the data in a form that is
easily transferred onto the spreadsheet; and thern input
the data into the spreadsheet. The data abtained in the
field should be collected on an input form. The form can

be made up by the engineer or it can be similar to the

s Aore R bt LA oo veve pasan oy See T iy i e vty




Once the data have been Ewllected, the user can proceed
to use the spreadsheet.

The first step is to load either file from the disk
into the computer operatiﬁg'in Multiplan. The fiies.are
assumed to be stored on disk in Normal Moaa as SIBNINV.MP
and MAINTREC.MP, respectively. 0Once the spreadsheet to
be used is loaded into the computer, the data can be
input from the appropriate field input ¥br& (evamples

shown in Figure 18).

e s Giake remse et s saren

Before entering data, the engineer should decide upon
a maethod to be used for the exact location of the sign to .
put into columns 7 and 8 (see Figure 18). Some
suggestions for this include references to section
corners and guarter-gection corners, reference to the
lowa Department of Transportation’s road number system,
the ALAS link-node indentification system used for
actcident location, or by rouﬁa number an& referenced to
section lines. These are only a few of the possible
methods. The engineer may have another omne he or she
prefers. The most important thing to rémember is the
system must be inderstood and applied by all persmnneli
who are involved in the sign inventory.

Once the user is prepared to begin, he or she should

then input the data into the spraadshaet; These data for
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SIGNINV include the sign number, sign location, sign

legend, MUTCD number, direction facing, lateral position,

Cnumber in assembly, sign characteristics, post
characteristics, inventory direction, inventory date,
last date checked, maintenance record sheet number, and
any reanarks (see Figure 18). All of these data can bé
obtained in a field inspection of tratfic contrel
devices, except for the MUTCD number which can be
obtained from the Manual opn Wniform Traffic Control
Devices. Once the data have been entered, the
spraadshest should be saved with a filename |
characteristic of the position of the spreadsheet within
the inventory (i.e., SIGNINV!, SIGNINVZ, stc.).

One problem in using a spreadsheet to develop this
inventory ﬁystem is not being able to easily obtain a
list of all signs of a specific type of a specific
location unless the data is input in that fashion. This
means, if the engineer wénted a list of all the BTOF
signs within his or her jurisdiction, it would be

cumbersome to accomplish.

2.1.6.6. MAINTREC

When the user is prepared to begin using MAINTREC, the

engineer should then input the data into the spreaadsheet.
These data include the sign number, date sign condition

reported, condition, recommended improvements, and date
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installed or repaired (see Figure 193. All of these data
can be‘mhtained from either a field inspection or a
citizen callling in a problem with a sign. The sign.
number should be the same numbéf as that uséd in SIGNINV
for the sign in guestion. Once the data have been
entered, the spreadsheet should be saved with a filename"
characteristic of the positimn of the spreadsheet within
the inventory (i.e., MAINTREC1, MAINTRECZ, etc.). The
spreadshest should also be labeled with a letter (i.e.,
A, B, C, etc.) in row 13 gcolumn 2 at the top of the sheet

corrgsponding to its position in the inventory.

2.146.7. Example Froblem

N T e e T B I e b T R T

No example problem was developed for this spreadsheet
due to the wide range of opinion on exactly how it should

be applied,

5



Figure 18. Form of SIGNINV
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Figure 18. (continued)
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Figure 18. (continued)
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Figure 18. (continued)
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Figure 18. (continued)
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Figure 18, (cqntiﬁued)
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Figure 19. Form of MAINTREC
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Figure 19. (continued)
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Figure 19. (continued)
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2.2, Hydraulic Engineering Spreadsheets |




2.2.1. DITCHFL
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DITCHFL

MANNING '8 EQUATION ~ OPEN CHANNEL GEOMETRICAL SECTIONS

2.2.1.1. Introduction

The "Manning ‘s Equation - Open Channel Geometrical
Section” spreadsheet was developed to find the normal
depth of water given various hydraulic conditions.. The
program uses the Iteration Mode of operation aveilable in
Multiplan to compare an entered initial specified design
flow and one calculated by the spreadsheet.

The input data consists of the ditch bottom,
foreslope, backslope, Manning's n, ditch siope, de#ign
flow, and initial trisl depth. Once the initial data are
entered, the Iteration option is invoked and depth of
flow for a given deﬁign will be calculated. The output

consist only of the calculated flow debth.

The best way to begin using this or any ﬁpreadwheet
template is to collect all the pertinent data, record the
data in a form that is easily transferred into the
spreadshest, and then enter the data into the
spreadshest. The first step is, thus, to collect the

data.and record it onto an input form. Once this is

108




accomplished, a person can begin to use the spreadsheet
template.

The first step after completing the input form is to
load the spreadsheet into the computer. The'maater
template is assumed to be stored on a disk in the NMormal
Mode under the filename DITCHFL.MF. Once the master
template is loaded inteo the computer, use the (ptions
command from the Multiplan menu to turn OFF both the
Recalculation option and the Iteration option for initial
data entry. At this time the user can enter the data for
project number, project name, preparer, checker and dates
prepared and checked. These entry lines are found in
rows 14 through 17 (see Figure 20).

After items have been entered in rows 14 through 17,
enter the design parameters located in column & in rows
2F through 29 (see Figure 20). Thege items include: the
ditceh bottom width, foreslope, backslope, Manning’'s n,
diteh slope, design flow to be accommodated, and the
initial trial depth.

The ditch bottom width is entersd in feet. For
triangular cross-sections, the ditch bottom width should..
be 0.0 feet. The foreslope is the slope from the ditch
bottom to the edge of the roadway shoulder. The
backslope is that from the ditch bottom im thes
interception of natural ground surface at the outer Fight,
of way edge. The backslope and the féreslnpe are entered

in the form Z:1 where Z is a horizontal distance in feet
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{see Figure 21). The ditch slope ia the average slope at
the location for which the data apply and is entered in
feet per feet., Manning’'s n should be the one that is
best suited at the channel location where the flow depth
is to be calculated. The design flow ig the flow for
which the normal depth is to be calculated. Design flow
is entered in cubic feet per second (cfs). The final
input parameter is the initial trial depth. The
spreadsheet will work for any initial trial depth tﬁaﬁwis
less than or nearly egual teo the +final depth. A value of
D.10 feet is recommended as a starting value for most
condi tions.

fnce all the data are entered; the Recalculation
option and the Iteration option are turned ON. At this
time the spreadehest will begin the recalculation and
iteration tm'converge on a flow depth. When the
iteration is cmmplete‘the resulte are found in row 33
(see Figure 20).

Before making changes to more than oune cell in the
spraadsheet, turn the Iteration and the Recalculation
options OFF. After making the changeg‘in design
parameters, then tuwn Iteration and Recalculation back
ON. IF ANY RESULTS OF AN ITERATION ARE NEEDED FOR LATER
USE, BE CERTAIN TO SAVE THE SPFREADSHEET ON DISK AT THAT

FOINT BEFORE MAKING FURTHER CHANBGES.
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A ditch located aldng a county road has deteriorated
to the point where it needs to be regraded to adequately
drain the water. The final ditch design is one which
reguires the road to be located five feet above the
hottom of the ditch. Three alternative designs have been
proposad. These aré shown in Figure 22. Table 1| shows
the design parameters for each cross-section. Which
ditech design should be used so that the water depth
remains bhelow the elevation of the_roadway for the
100—year storm?

The data are taken from Table 1 and recorded onto
input fdfms. These completed forms are shown in Figure
2%3.  From the input forms, the data are input into the
spreadsheet template. The results of each of the three
edamples are shown in Figures 24, 25 and 26, |

One can now look at and compare the results. From
this example it appears that the only ditch that will
give a water depth below the roadway surface is
cross—section 1 which has a water depth of 4.8 feet. The
water depths for cross—-sections 2 and 3 are 5.4 feet and
6.8 feet respectively which exceeds the design

specification of 5.0 feet marimum depth of flow.
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Table 1. Input data for example problem

Design parmeter

Cross - section

1 2 3
Ditch bottem (ft) 30 20 0
Foreslope (ft:1) 1:1 2:1 4:1
Backslope (ft:1) 1:1° 2:1 4:1
Manning's N 0.02 0.02 0.02
Ditch slope (ft/ft) 0.01 0.01 0.01
100-year design flow (cfs) 3000 3000 3000
Initial trial depth (ft) 0.1 0.1 0.1
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Figure 20. Input Template for Manning's Equation -~ Open Channel
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Project Number
Project Name
Prepared By
Checked By

Multiplan Applications in Civil Engineering

November 21, 1984
Copyright by ¥Kenneth A. Brewer
All Rights Reserved, 1984
Version 1.4

Revised March 27, 1987

I R YN R RS TR R TR LR R SRR

: ' Date:
: Date:

+
+
+
+
+
+
4
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INPUT - Design Parameters

P g o PN B RS D I S P N G N e P N e

Ditch bottem (FT)} ~————r——~s=)
Foreslope (FT:1l) —-vwomewwe-~ >
Backslope (FT:l} ~=——mr—mew—ee— >
Manning's N -----~---mew-o——- >
Ditch slope (FT/FT} —~rm===—== >
Design flow (cfs) -——~--meew--d
Initial trial depth (FT)} ---->
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CALCULATIONS

e X F o PN ]

1.486/Mannning's N
Calculated Flow Depth (FT)
Flow Area (8SQ FT)

Wetted Perimeter (FT)
Hydraullic Radius {(FT)
Calculated Velocity (PPS)
Test to Deaslign Flow (cfa)
Delta Flow (cfs)

Initial Delta

Delta Change

Delta Check to Stop

Test for end: #VALUE]

oo o R BB W BN

¥DIV/0!
$VALUE!
#VALUE!
FVALUE!
#VALUE!
PVALUE!
#VALUE!
#VALUE!

$VALUE!
TRUE

o ettt N e AR i S FT T Bk W T L L G 0 AR AL o S gt W b o e et i o e e 0 b o e e oy 4 AL G ek i e S A e A AL b
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COPYRIGHT 1984, 1985, BY K. A. BREWER *
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reed bed

, foresiope backslope

z diteh bottom

Figure 21. . Description of input varibies for channel cross-section

‘ Checns! Croso~nactiod

“ide slopen 8:1 : |
side slopes 2:1 O feet . >

side slopes 1:1 20 feet o
30 feet

: bottom widths

Figure 22. (Cross-section for the three example problems.
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Figure 23. Input Form for DITCHFL

INPUT FORM - Page 1

MANNING'S EQUATION - OPEN CHANNEL GEOMETRICAL SECTION

Project Number:

Project HName :

Prepared By : Date:

Checked By : ~Date:

2222332223 X 3232333333332t )l

INPUT - Design Parameters -~ Option 1

Ditch bottom ====mm==-m=mmmmmm— oo > 20  feet
Foreslope =——wmmmme s i s e e > /' ft:l
Backslope -—-—esemrmmm e e e e e > Z. £t:1
Manning's roughness coefficient (n) ~~«>524>Z

DILEh SLOpE ~mmmmmmmmmmmmm oo > 0.0/ gesse
Design flow —-wsmssmoo-——mmoooo oo > 3090 .t
Initial trial depth =-~--smem—stmmee———— s d./ feet

AEKRRKEAKRKARRRARRRKATRNIRAARRARRERRARR KT A A bk kR kR AKX

INPUT ~ Design Parameters - Qétion 2 7

Ditch bottom ——wwwﬂwwf—~--~——;~~¥?¥———~> B feet
Foreslope e }~—f —————— > fr:l
Backélope - e o e e fL:l
Manning's roughness coefficient (n} --->

Ditch 510pe -r=mmmeme = oo o > ft/ft
Design flow ~~mree—momm e ;e e e e > cfs
Initial trial depth ---------ommommon o > feet
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Figure 23. (continued)

INPUT FORM - {(continued) - Page of

MANNING'S EQUATION - OPEN CHANNEL GEOMETRICAL SECTION

input Pesign Parameters - Optlon

Ditch bottom -~--=---rmem e ey feet
Foreslope O S > Et:l
Backslope S > : fr:l
Manning's roughness coefficlient (n) --->

Ditch S10PE --mmmmrommmmmmmmmmmmn e > Ft/Et
Design f£low ~———-mee - cme e > cfs
Initial trial depth -~=-=-==m-mea—e——— > ‘ feet

KAKKRAXERKAXEERARAAREKAKRR A ARRR AR SRR R AT R AN LK

INPUT - Design Parameters - Optlon

? DIteh DOLEOM =ww oo oo e > __ feet

E Foreslope ------r-sormem e e e > £t:1

! Backslope -~ e o m o e e e e e > ft:1

i Manning's roughness coefficient (n) ~-->

’ Ditch S10pe ~—==w=—m e > ft/ft
Design £low ——---mrrmcmmr et e o > cfs
Initial trial depth -----------vvmoom—u > feet

tE LSS FES SRR ESESSRRENEE et EER eSS R SRS EEEE

INPUT ~ Design Parameters - Option

Ditch bottom -~---mmmme e e e e e > feet
Foreslope ~---~~--——wmmmmmme oo > ft:l
Backslope - - £t:l

Manning's roughness coefficient (n}) ~--->

Ditch S10pPE ~==--m=m=momommmmmemmomon > ft/ft
Design F1OW == == m oo > cfs
Initial trial depth ----wwrroowommooonn > feet



Figure 24, Example Problem 1 Template

PR EF IS E TP T2t PR ERLILENRE RS ERLFLLELERESS LSRR TS S HEE N
MANNING?S EQUATION —~ OPEN CHANNEL TRAFEZIOIDAL SECTION .
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+ Multiplan Applications in Civil Engineering +
+ November 21, 1984 +
+ Copywrite hy Kenneth A, Brewer +
+ Version 1.2 : +
+ Revised August 19, 19856 +
B T D L B

Froject Number H 1

Project Name :Example problem 1

Freparad By :Rocky Keehn Date:3/9/86
Checked By iRocky Keehn Date:2/9/86

e T o i e A AL o Al o, S ) a4l 44 O L. B O i - P Y 4 . B S T R 4 7 Y S S i AL O o e e . S L o e ey e o i S S e b

INPUT — Design Parameters

P P N By P Aur ot Bt g g Pog s g P g By Py Wy Ay Py P g Ta g B

Ditch bottom (FT) ~——~m—em——— > 30
Foreslope (FT:l) me—meeme———— > 1
Backslope (FTel) —mm———amm—mm— > 1
Manning’™ s N =re———— e > 0.02
Pitch slope (FT/FT) —wwme———w > 0.01
Degign flow (Cf8) —mmreammma. > 3000
Initial trial depth (FT)} ~——=> 0,10

CALCULATIONS

Py Py Pop By By N Ry s Ay Ay
74,30
4.76
1€5.45
43. 46

1. 486/Manmning’s N =
Calculated Flow Depth (FT) =
Flow Area (50 FT) =
Wetted Perimeter (FT) =
Hydraulic Radius (FT) = 3.81
Calroulated Velocity (FPS) = 18.12
Teat to Design Flow («fs} = 2998,41
Delta Flow (c¥s) = 1.5896
Initial Dalta =
Deita Change =
Daelta Check to Stop o
Test for endiy CONTINUE I

0.00
TRUE
TERATION

M e =k i g i 1 o 1 s e e e v T 7 el T, T P " e ) Y At S TP AR T P S S S A i . i A T WP A T A e A9 . Lo e e . s By Y S s i e e e

CUTPUT
i Calculated Flow Depth (FT) - 4.76

R e AL A LAY A A TR 0, AT T 17 U e . 2ok b 0. s Sk A, et e s e o v e i e et Wt o A g, s it o e ko sk AL AL B ARD s . e e e e Sl B A R R

RPN OO OO RO R Rk R ok
* COPYRIGHT 1384, 1985, BY K. A. BREUER ¥
*t****&*t***K************t*********t********x#****
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Figure 25. Example Problem 2 Template

ORI OO OO RO IORE R ORI ROR
MANNING'S EQUATION ~ OPEN CHANNEL TRAPEZIOIDAL SECTION
***t*#********#************#*******#*******#***************t**#*#

+++++++++*++++++++++++¢+++++++++++++++++++++++++++
+ Multiplan Applications in Civil Engxnoering +
+ November 21, 1984 +
+. Copywrite by Kenneth A. Brewer +
+ Version 1.2 : +
+ Revised August 19, 1986 +
S O T b b S

Project Numbar : 1
Project Name tExample problem 2
Frapared By tRocky Keehn Date:9/9/86

Checked By tRocky Keehn Date:9/9/8B6

e A Gl s e i s "

INPUT —~ Deanign Parameters

A Py P g Py iy My Bt P P Ay s o s g g P Py P Py g Py P iy

Ditch hottom (FT) —ece—mmmm—— > 20
Foreslope (FT11) ———m——emme—— > 2
Backslope (FTzl) T > 2
Manning’s N ——-wemme. e e e > 0,02
DBitch slope fFT/FT) ot o o e 0,01
Design flow (cfg) =—~—rmmmmwmo- > 3000

Initial trial depth (FYT) ———-> a.10

P Syp—" e et e v

CALCULATIONS

I T By By s g My P Pt Py g By
1.48B6/Mamning’s N ] = 74.30
Caleculated Flow Depth (FT) L 5. 40
Flow Area (B8R FT) = 166,52
Wetted Perimeter (FT) = 44,17
Hydraulic Radius (FT) = 3.77
Calcul ated Velocity (FPS) = 18,01
Test to Design Flow fcfs) = 2998.26
Delta Flow (cfu) "= 1.7373,
Initial Delta ®
Delta Change w 0,00
Delta Check to Stop = TRUE
Test for end: CONTINUE ITERATION

OUTFUT

Moot Calculated Flow Depth (FT) = Sa 40

ACRRAOR K R R HCKOR N IOR M OKOK R HOROK K 5K 0K 0K XK KK K RO R KR
* © COPYRIGHT 13984, 19853, BY K. A. BREWER X
REIORRIR AR OR AR KOO RO ORI R ARk
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Figure 26. Example ?roblém 3 Template

xt*#!*#*kﬁt*t*********tt*****************t*t*fttt********tr***tKt
MANNING'S EQUATION - OPEN CHANNEL . TRAFPEZOIDAL SECTION
***#t**t**t***t*#*t**tk*******t*tt***t****t***x*x**************Kt

+¢++++++++++++++++++++++++++++++++++++++++++++++++
+ Multiplan Applications in Civil Engineering +
+ November 21, 1984 ' +
+ Copywrite by Kenneth A. Brewer +
+ Version 1.2 *
+ Revised August 19, 1966 +
B o T

Froject Number : 1

Project Name sExample problem 3

Prepared By, :Rocky Keehn o . Date:9/9/86
Checked By tRocky Keehn Date:3/9/86

INPUT ~ Design Parameters

Pr s P A g g P B G P P g Py P P P By P P g Py r g e e

Ditch bottom (FT) ——e—mm——w—— > 0
Foreglope (FTil) ~——or——meeae—) %4
Backalope (FTil) ——r—wmemmw ——r 4
Manning’'s N - > 0.02
Pitch slope (FT/FT) —m————m——- > 0.01
Design flow (¢fg) ~wrmo——e—mmae) 3000
Initial trial depth (FY) ~——-) 0. 10

CALCULATIONS

Par M M g Py Py P B s By Ry By
1.486/Mannning?s N = 74,30
Calculated Flow Dapth (FT) = &.76
Flow Area (SG FT) - 182,79
Wetted Perimeter (FT) = S55.74
Hydraulic Radius (FT) - = 3.28
Calgulated Velocity (FPS3) = 16,41
Test to Design Flow {(cfs). = 2998, 74
Delta Flow (cfs) = 1.2568
Initial Delta =
Delta Change = 0,00
Delta Check to Stop = TRUE
Test for end:. CONTINUE ITERATION

QUTPUT _ )

e Calculated Flow Depth (FT) = 6. 76

ok ek i ik sy S e £k B s Sk i e sk bl e ok b e e o . o o o e e . o . v A e e e e e i v e e e e e v e S 3 i e, e ek s e o o e )

*******#*f**!*tt#**t**tt******k?*t***#************
* . COPYRIGHT 1984, 1985, BY K. A. BREWER ¥
tt**r***t******t**#******#*f**************t#t*tt**
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RUNOFF

RUNCFF is a spreadshest developed to estimate the
amount of runoff from most all watersheds in lowa. The
spreadshest can be used to calculate runcotf hased on the
"Iowa Runoff Qhart“‘and the "Iowa Natuwral Resources
Council Bulletin Number 11",

Input for the Iowa Runoff Chart consist of the
drainage area and the.land use factor (LFY). For Bulletin
11, a pekﬁmn needs to input the drainage area, the lowa
hydrologic region in which the watershed is located,
model number i+ the watershed is in Region 1, and slope
if the watershed is in Region 1 and Model 2 is used.

The mgtput generated for both methods is the peak
discharges for the ém, Gy 10w, 25—, 50", 100~-, and

S00-~year recurrence intervals for storms.
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The best way to begin using & spreadsheet is to obtain
all pertinent data, record the data in a form that is
easily transferred into the spreédahaet, and then input
the data into the spreadsheet. The data obtained in the

field, from topographic maps, and engineering principles
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can be transferred to an input form. Once this is done,
a person can proceed to use the spreadsheet.

The first step in spreadsheet use is to load the
master spreadshest as a file from a disk drive to place
it under the control of the Multiplan program. Assume
the spreadsheest is stored on disk in the Normal Mode and
is named RUNOFF.MF. Once the spreadsheet is loaded into
the computer, snter the Multiplaﬁ command menu Options
command and turn the Recalculation option OFF. Then
enter the informative data in rows 13 through 146 (see
Figure‘27>. This data includes the project number,
prmjemt‘nama, preparer, checker, and dates the project
was prepared and checked.

Onee the informative data are input, the user neads to
enter the method to be used by the spreadsheet and the
units of the drainage area as it is tabulated. The first
choice the user must make is whether to LB the Iowa
Runoff Chart (dnput & number 1), Bulletin 11 (input a
numider 2), or both (input a number 3} to calculate the
peak rate of runoff. The input for this cﬁoica is
located in row 23, column 5 (see Figure 27). After the
method (s) are chosen, the user must enter the units for
the drainage area datum. I+ the area is.ta entered as
square miles, put a number 1 in row 35,‘columﬁ & (see
Figure 27)}. I+ the area is in acres, enter a number 2.in
row 35, column 6. Once these two steps are complete,

enter the Multiplan command for Options and turn
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Recalculation ON. Wait until the compuiter has
recalcul ated the spreadsheet, and then enter the drainage

area in row 41, column &6 (see Figure 27).

2e e lowa RBunotf Chart

SARLATS LSl LA dihean

L B
L W e

o

If the user selects choice 1 or 3 in row 35, column &
he or she can find the pealk discharges wsing the Iowa
Runoff Chart. The_énly datum the user needs to enter is
the land qge factor ((LF) in row 67, column 2 (see Figure
27y, The user can "unlock" cell R3&60L i+ hé or she
wishes to enter a description of the land use for later
reference.

The values for LF can be found in one of three
sources. These are: the original paper, Tab1a 2, and by
entering "I0WAY in the Boto Name command in the Multiplan

command menu.

Table 2. Values for LF

' Land Description -
Very Hilly Rolling Flat Very Flat

Land Use Hilly - ° No Ponds
Mixed Cover 1.00 0.80 0.60 0.40 0.20
Permanent Pasture 0.60 0.50 0.40 0.20 6.10
Permanent Woods 0.30 0.25 0.20 . 0.10 .0.05

Once the LF factor has been entered, the results for
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several recurrence intervals are calculated. All the
results aré based on the equation for a direct
caleulation of a peak @ except the Z-year and the
500-year interval which are based on a linear regreésien
eguation developed from the other recurrence intervals.

I+ the user specifies using only the Iowa Runoff
Chart, the output data can be examined baginhing in row
74, column 2, If Bulletin 11 ocutput is also desired,
then the user should now enter the data $6r this method
of calculation. If only the lowa Runm%f‘Chart ig to be
used, the spreadsheet results should now be saved with a
filename solely characteristic of the watershed, for ;
later use and reference in design.

Sihte discharges are calcoulated by squations, there
will always be results no matter what input is used.
However, there are application limits to the variableaQ
These iimitﬁ are given in Table 3. If the drainage area
or the LF factor does not fall within the specified
limits, the output for the Iowa Runoff Chart will be
suppressed. To warn users of problems with the input,

special "flags" were included {(see Figure 28).

sha S T ML MLl

If a value of 2 or 3 is entered in row 23, column 7,
results from Bulletin 11 can be calculated. The data

neaded for Bulletin 11 may vary depending upon what part
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of Iowa the drainage area is located, and whether the
slope of the main channel can be calculated. The
Bulletin 1t portion of the spreadsheet works betier if
the Recalculation option is ON at all times.

The sagregatimn fo Iowa into regions {for runoff
analyvsis is depicted in Figu}a 29, The slashed area can
be either in Region 1 or II. In the input box for
"Region (1) or II1(2)" (in row 67, column 7)), input
either the number 1 for Region I or a number 2 for Region
II (BE CERTAIN THAT THE RECALCULATION IS8 ON!)., If Region
17 is used, the data inputs are complete. Thé results
are then displayed beginning in row 74, columns 6 and 7.

I+ Region I contains the watershed, the spreadsheet
will prompt the user for which model is to be used (row
68, column 7). Model 1 is to be used when a good
determination of the main channel slope CANNDT be made,
otherwise Model 2 is to be used. I Model 1 {input a

number 1 when the spreadsheet prompts for selecting a

model ) is chosen, then the calculations will he cbmpléta'3

at that point. The results may be‘raviewed bheginning in
row 74, column &6, If Model 2 is uwtilized, then one more
item of information must be entered.

Once a number 2 is entered in response to "Model 1(1)

or 2(22" in row &8, column 7, the slope input will appear

on the screen. The slope should be the 10/83 slope
(refer to Bulletin 11, page 41, for the procedure to

calculate the 10/85 slope) and it is input in feet per
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mile. Onge this item is entered, the computational
results are again found in row 74, columns 6 énd T

The output for this method includes an estimation for
the S500-year storm. This value ig based on-a linear
regression equation calculéted from the other recurrence
interval s, I+ the user is satiefied with the results,
the spraadﬁheet should be saved on disk under a unigue
name for later reference.

As was the case with the lowa Runoff Charf, limits are
needed on the variables so that the equations are not
misused. These limits are given in Table 3., If these.
limits are exceeded the spreadsheet will not display the
output data for Bulletin 11 (except errors in the slope).
If an error occurs, the user ig warned and should then
make the necessary adjustments (Figure 28 illustrates the

2rror messages) .

2,.2.2.5. Rounding the Outpuf
The output can be set to be rounded to a sbeaified
precision. The output data are broken into twé aéts.
The first set consists of output values lese than 1000.
The second set consists of those values greater than or
equal to 1000, The cells that contain the location for
gntering the rounding limits are located to the right of
the final peak discharge output beginning in cell R74C11

and ending in cell RBOCL7.
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Tha user specifies the rénge fm} rounding by entearing
a specific value in row 78, column 12 for numbsr less
than 1000 and row 79, column 12 for values greater thAn
or equal to 1000, The following values can be entered:

O for integer result, |

-1 for rounding to tens,

=2 for rounding to hundreds, ete,
For example, if the calculated runoff was 4215.6 cfsy
then a value of O would cause the output to report 4216
cfu, a value of -1 would result in an output of 4220 cfs,
a value of -2 would yield an output of 4200 cfs, and a
value of -3 would produce an output of 4000 ;fs.. It is
recommended that a value of -1 be used for output of less
than 1000 cfs and a value of -2 be entered for output

greater than or egual to 1000 cfs.

Table 3. Limits on variables for RUNGFF

Variable Range of values

Iowa Runoff Chart '
Recurrence intervals (years) 2%, 5, 10, 25, 50, 100, or 500%

Area (acres) ' 1 <= area <= 70,000

LF (unitless) 0.05 <= LF <= 1.00
Bulletin 11

Recurrence intervals (years) 2, 5, 10, 25, 50, 100, or 500%

Area (square mlles) 2 <= area <= 14,038

10/85 Slope (ft/mi) 1 <= slope <= 100

* Bstimated by linear regression
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One item that may cmméarn or confuse the user is the
numbers remaining in the spreadsheet from previous
calmuiatiana, The best way to demonstrate this problem
is by the following application example.

A culvert is to be constructed under a county highway
in central Ifowa. The dfainage area is totally permanent
pasture and is located in Story County (therefore, it is
Regimn I or Region 1Y and has tmpcgraphy that can be
described as rollling. The design storm is 50 yearsi the
major storm is 100 yvears: the area is 10,000 acres
(15, 628 square miles)y; and the slope of the main channel
is 9 feet per mile. Check the runoff for both Bulletin
11 and for the Iowa Runoff Chart.

Since the location of the watershed is in Regimn I and
the slope of the main stream is Enown, Region I Model 2
e used for Bulletin 11. The data are first entsred on
an input form. AN example of the input form is shown in
Figuwre IO,

The completed spreadsheet is shown in Figure 1.

After this computation, the user desired to check Region
fI results against those alreaay calculated. Since the
values for the Iowa Runoff Chart were already calculated,

only Bulletin 11 data were inpul.
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The number 2 is input in the cell to change the
spreadshest to output only data for Bulletin 11, Once
this task is complete, the recalculatiah takes pla;e.
When the recaloulation is complets, the number 2 is
émtered into the cell that cmntéina tha “region option".
.The resulits of this campqtétion are shown in Figufa\ﬂE.

The user can now see the extra valﬁaa in the cells
balow where the region option is entered +or Bulletin 11,
and to the left of these cells, input leftover from
applying the Iowa Runoff Chart. These data are from the
previous mamputatimn.using Bulletin 11 and the lowa
Runof+ Chart. The numbers have no effect on the
ﬁmmpuyatimnal results (compare the results ﬁh@wn in
'Figmraé F2 and 33, but are a bit confusing as a parémn
views the spreadsheet. To correct this confusion, a user
ngads to move the cell pointer to ﬁhe'c@lla in the
spreadsheet containing the "extra or unnecessary” values
and blank them out wifh the Blank commandl¥rmm the
Multiplan menu. Figure 33 illustrates the.ﬁpreadshmet
after the "leftover" data are blanked out.

The results from the spreadsheet inditété that if.the
Towa Runoff Chart is used to caléulate the runéff, the
design discharge is 1100 cfs and the major discharge is
1300 cfs. For Bulletin 11, Region Il Model 2, the values
are H700 cfs for the design runoff and 4700 cfs for the
maior storm. And finally, for Eull@tih 11, Region Il the

results are 1000 cfs for the design storm and 1200 cfs
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for the maior storm.
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Figure 27. Location of Input Data for RUNOFF

i a2 3 4 =1 & 7 8
R R T T R Y T R R Ty R Y P e R YRS T YTy 2
FUNOFF

LEZZEZS LTSS PR IS LIS RS ISR I e AL RS R IR R AR R R el EL L LN **ﬁ-:ﬁ&

B T R O e e o R I R S AU o S S R o QYR R A R R

+ Multiplan Microcomputer Spreadsheets for County +
* Hydraulic and Highway Enginparing Computations +
+ Copyright by Rocky J. Keehn 4
+ Varsion 3.0 +
2 1984 +

B O o o D o B T S 3

Frojoct Numbewvel
Froject Name sExample Probhlem

Froeparod Ry tRucky J. ¥eehn Raterli-15-84

checked Ly tRocky J. Keehn Datg:l1-13-86

INFUT :

st L I O T ST R T R S S R R R R R N R R R A R A T Y T
+ METHOD USED TO CALCULATE RUNDFF ’ +
£ P Moy g oy T A Al g PP Piar s T P S g T g g Ty Py P Pig P g Pl P P i P Py £y
+ Cheose one from below (1~3) ~we-i 3 +
+ 1 - lowa Runeff Chart *
* a8 - Bulletin Ne. 11 +
* 3 - both methods *
T T I I . T I T T S S R S T S
+ TQ BET HELP +
4 B g Pt g Py g Py B by ot
- For both methods *
+ Goto IOWA OR BULLL1L -
I A T S LTI T R T R T R A
+ UNETS USED WHEM INFUTTING THE AREA +
- A Py P o P g T Mg Py Pos T P P Mg S o g g g T s g P P B30 e g P e P B P By e -+
+ Choose 1 ar @ ~—re-- ——— 2 +
+ t ~ agquere miles +
+ & - acres +
I R R B R R R I N N N I B
+ INFUT THE AREA +
+ P o N Pt P Py o N P A s A Aa By +
+ Area -* 70000 acres +
+* L
+ -
+ +
+- +*
+ +
+ ~e= Helpful Output --- 4
+ Arga o e e = 3 L O LATE B8 mi +
+ +

B bt o o L T L T e e R R s

RESULTS

A A A Ay P e

L S T T S R R I . T T R I

Froject Mamber:i

Froject Nume 1Example Froblem

Frepared Dy tRecky J. Keehn Date:;11-15-845
Checked By tRocky J. Feehn Datei11-15--85

I I S . . T I T T T A A R T T . K T O

wad DUILI ETIN 11 wux
me Malaful Qutput -———

“ak T0OWA RUNMOFF CHART «xuw
= Halpfoul Outputl ---

Area lacres) » 70000 Arga (84 mMi) === —eeme>109,375
1 2 3 4 ] & 7 B8
e Please input e e Ploaasa input ~-—-
LF mmrem. — 1 Region 1(1) OR II(8) => 1
Model 1(1) QR 2(Z) ~r——> 2

Gate LF FOR HELP 10785 alope (ft/mi) --> 100

L I I I T T S O S S R T T T TR B T T S
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Figure 28. Input Template with Error Message for RUNOFF

38 I T SR 25 20 B S N S N S S A
39 + INPUT THE AREA +
40 + B g D P P P B kB A3 A +
41 + Ar@a —wmemsmesseeeeasn ~» 15001 sq mi +
42 + +
43 + ) . +
44 + NOTE: AREA T0O LARCGE TO USE IOWA RUNOFF CHART +
45 + +
(14 + NOTE: AREA TO0 LARGE TO USE BULLETIN 11 +
47 + ~w= Halpful Output =--- +
48 + AZBA ~=mmmmmem e > 1500} sqg mi +
49 + _ +
50 PR e IR L e R L R S L R A A A S AR R AR AR
1. 2 3 4 5 6 T 8

19 INPUT
20 e rUToRrrryerrevrreT e S FIIR TR L LA S AR LA AL A A A S A
21 + METHOD USED 'T0 CALCULATE RUNOFP +
23 + Choose one from below (1-3) ---> 4 +
24 + 1 - Iowa Runoff Chart +
25 + 2 - Bulletin No. 11 +
26 + 3 - both methods +
27 P A I T SR 2 I A O O B I L ¢
28 + T0 GET HELP +
29 + R P S e T RS B . +
k14 + ERROR - method used number incorrect+
31 + or area cut-of-range +
32 OO I E N O B R I T A O R B S
33 + UNITS USED WHEN INPUTTING THE AREA +
34 * ”l\lM"ﬂﬂﬂ~~lil~Mﬂnﬂ"ﬂﬂﬂ"ﬂw”"ﬂ”nﬂ"“ﬂnﬂﬂ +
35 + Choose L or 2 ==--- - 2 +
36 + 1 - square miles +
37 + 2 - acres +
kL P A T I TR R T O N R T N S S
39 + INPUT THE AREA +
40 + gt P P PP B B D P W P P P B ) R +
41 + AZ@a mersmr=msmenememnny 1 acres +
42 + : oo +
43 + NOTE: AREA TOO SMALL TO USE IOWA RUNOFF¥ CHART +
44 + . +
45 + NOTE: AREA TOO SMALL TO USE BULLETIN 11 +
456 + ) o . +
47 ¥ «-= Helpful OQutput --- ) +
48 + Area ~--e-mm—- dwmmmneae=30.00156 s5q mi +
49 + +
50 ‘+++++*+¢++++++++++++++¢+++++++++++~+++++++++++¥++++
BT + A4 F + At P A PP A F ARy PP R K K
€2 ®et IOWA RUNOFF CHART S%¥ s&x BULLETIN 11 #***
63 ~-- Helpful Output ««~- www Halpful Output ---
64 Area {acres) > 10000 _ Area (sg ml)} =mmeme-o=d 15.625
65

66 =-=-- Please input --- --- Please input -~--
67 LF swemowen=<) 0.04 Raglon I(L) OR II{2}) ->» 1

68 : Model 1{1}) OR 2(2) ~=-=> 2
£9 ®x%x ERROR %%* 10785 slope {(££/mi) —-> 101

70 LF incorrect-Help at Goto LF &% POSSIBLE ERROR #*%

71 Check your Region numbex,

72 : Model number, or slope value
T EE E R R EE NI R RN AT TN B A
74 A% PEAK DISCHARGES %%

;5 I0WA RUNOFF CHART BULLETIN 11

6 W Pl S g S R S ey AL i B A A o) dap i P
77 NOT USED Q2 daladadedd 2100 cfs
78 Qs —————— 3900 cfs
79 Q10 ~e-m-d 5200 cfs
80 Q25  ~-=med 7000 cfs
81 Q50 ~e-==> 8400 cfs
82 Q100 ~e-—- > 9900 cfs
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Hydrologic Regions of Iowa

Figure 29,
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"INPUT DATA: Land use (optional)

Figure 30. Input Form for RUNOFF

INPUT FORM - For RUNOFF

Project Numbex:

Project Name

Prepared By @ ' ‘ ~ Date:

Checked By : _ Date:

AKRERURARREAARRARRRAERAARARRARERE RN RN R AR TN RR®

METHOD: 1 = Iowa Runoff Chart, 2 = Bulletin 11, or 3 = Both
{(Circle) 1, 2 or 3

AXRRRRERRRARERRAARNRA RN NN AANRRAAR ARG AR AR NRAARRY

AREA: Units 1 = square miles, 2 =» acres; (Circle) 1 or 2

AERAR AR R ARRREAR AR R AR RRE AR REARERANARRARRR AR RE

METHOD 1: 1 - Towa Runoff Chart

Topography (optional)

LB m oo e o m e o o e e > ' unitless

*******************ﬂ*******I***********************'
METHOD 2: 2 -~ Bulletin 11 : (Circle one)
INPUT DATA: Reglon I (1) or II (2) --=-wwwww= > 1 or 2

Model 1 or 2 (if Region is I) ~-=> 1 or 2
Slope (if Model 18 2) —----wwmma= > - ft/mi
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Figure 31l. RUNOFF Completed

2 3 4 5 6 ) 8
19 INeUT : L i e
20 ~mme AL S A L e R SR T T R TN F L R R R R R R O S gr gy
21 + METHOD USED TO CALCULATE RUNOPFF ¥
23 * Choose one from below (1-3) «--> 3+
24 + 1 - Iowa Runoff Chart ¥
25 + 2 -~ Bulletin No. 11 +
26 + 3 - hoth methods +
27 R IR A L I I I A A A R R
28 + T0 GET HELP +
30 + For both methods +
31 + Gotoe JOWA OR BULLIL +
32 LR B SE 2 2 IR S NE I B A IR I 3K IR T B N + A
33 + UNITS USED WHEN INPUTTING THE AREA *
3% + Choose 1 or 2 —~-vwannmad 2 +
a6 + 1 -~ square miles +
37 + 1 - acres +
38 LR B S B R R BE R B I B R R T T S i i A S
39 + INPUT THE AREA +
40 + P A A P B e A S B P e W . *
41 + AZBA “=wmom e ———— > 106000 acres +
42 + . +
{3 + +
44 + +
45 * +
46 + _ _ +
47 + ~=~ Halpful Output -~- +
48 + ATed ~—owemcssm s men——— > 15 625 sq mt +
49 + +
50 ++++++++++++++++++++++¢++++++++++++++++++++++++++++
51 ‘ g -
B2 e e e e e
53 RESULTS . S : C :

5‘ Lo L L 1ot g

55 + 2 4+ 4+ + F + F 4 b E A T + o+ ¢ 3 AR o +
56 Project Number:l .
57 Project Name :Example Problem’

58 Prepared By :Rocky J. Keehn o Data:11-15-86

53 Checked By iRocky J. Keehn - : _ Date:11-15-86

6

L TR IR B T T T T S + L I T A AR bbb
62 *X% [OWA RUNOFF CHART %% *+¥ QULLETIN 11 ®ws

63 -~~~ Helpful Output --- -«« Helpful Output «~--

g; Araa {acras) > 10000 Area {(sg wmi) -+--wama -3 15, 625

66 ~--- Plegage input ~--~ ~-- Please input --~-

67 LPF —wecmwemand - 0.2 Reglon I{l) OR ILI{2}) > 1

68 Rolling pasture land Model 1{1) OR 2{2) ---> 2

gg doto LP FOR HELP 10/85 slope {ft/mi} --> 9

TL 4 % 4+ 4 4 4 4 4 4 + 4 4 4 F 4+ 4 4 4+t F F b bR b E 4+
72 *A*% PEAK DISCHARGES %%
;3 ICWA RUNOFF CHART BULLETIN 1}

4 i g P B o S N By o I e P i g b ey At PP P g ok g S ok B B
75 Q2 - 360 cfaw . Q2  wemew > 630 cfs
76 Q5 --> 560 cfs g5  mumea > 1300 cfs
m Q10 ~-> 788 cfs Qi0 wmwwa > 1500 cfs
78 Q25 == 890 cfs Q25 =~=~-> 2900 cfa
78 Q50 =~> 1100 cfn Q50 ~w--e > 3700 cfs
89 Q100 -~ 1300 ¢fs QL00 w-vme > 4708 cfs
81 Q500 --> 1000 cfsx Q500 =--=ww > 7800 cfs*
4z . ¥ estimated by lineat xeqrasgjfgL_ww
o e e ) Y Pt TH——e—
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19 INPUT
20 Sy oy
21
22
23
24
25
26
21
28
29
30
31
32
33
34
35
36
37
38
33
40
41
42
43
44
45
416
47
48
49
50
51

Figure 32.

Leftover Input in RUNOFF

AR AR AR R A R e R I P T P Ty
METHQD USED TO CALCULATE RUNOFPF

L L T T Y

Choose one from below (1-3)

1 - Iowa Runoff Chart

2 - Bulletin No.
-3 ~ beth methods

——

‘2

D T S T T
TO GET HELP

P A o o i o g e Jon b

For Bulletin Ho.

BULL1)

R AR I I I R R I N
UNITS USED WHEN INPUTTING THE AREA

Wy P A g ot Ot I g D0 B R O B N e L S N T P ek o g e e

Choose 1 oz
1 - square miles

2 -~ acres

AR IR L R I A I I A I O N N
INPUT THE AREA

D O 8 A By N P sl D Bt gt B b o

+
+
+
+
+
+
+
+
L
+
+ Goto
+
+
+
*
+
+
+
+
+

--- Helpful Output ---
Ares ~---~mmecccvewenes) 14,615 sq mi

10000 acres

Y L N N R S L T T TR SO Py

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
N
+
+
+
+
*
+
+
+
L 3
4+
+

G2 o n im0 g it o o 48 e 0 S0 S P e 2 2 i e e ko

53 RESULTS

5‘ L

LT AR 25 TR R N B A S T N SR I R T T A ¢
56 Project Humber:l .

57 Project Name
%8 Prepared By
59 Checked By

60

tExample Problem
tRocky J. Keehn
tRocky J. Keohn

Date:11~15~86
Date:11-15-86

61 + 4+ 4+ + 4 e + AL SR R SR B R N I TR I A A N

62
63
64
§5
66
67

0.2

68 Rolling pasture land

69
70

72
73
74

#%% BULLETIN 11 ##x

~=~ Halpful Output ---
Area (sg ml) —w=wr-ww=) 15.625

-=~ Please input ~--
Reglion I({1) OR II(2} ->

*at DEAK DISCHARGES www

IOWA RUNOFF CHART

OF R el o Ok g o S Bt NP P B S et

75 NOT USED

76
77
T8 .
79
80
&1
52
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BULLETIN 11

S B B L ik P Pt sy

Q2 ~ee-->
Q5 weemed
QL0 ~~=-->
Q25 ---w-- >
Q50 -~emw>
Q100 ----- >
Q500 ~--m- >

2
2
9

T 4 4 4 4 4+ 4 4 4+ 4+ 4+ 444+ t+++ 443+ 444 ot

21740
480
650
870
1000

1290

1800

cfs
cis
cfs
cfa -
cEs
cfs
cfaw



Figure 33. RUNOFF Example ~ Bulletin 11, Region Ii

b 2 3 4 5 6 7 8

19 INPUT

0 S AL AR RS LA SRS IR LT TR R R E T B W B I S AT AR,
21 + METHCD USED TO CALCULATE RUNOFF :
23 + Choose one from below (1e3) ---> 2+
24 + 1l - Iowa Runoff Chart +
25 + 2 - Bulletin No. 11 +
26 + 3 ~ both metheds +
27 L B T T T I S G U,
28 + TO GET HELP. +
30 + For Bulletin No. 11 +
31 + Goto BULL1Y . +
32 LR A R R N I EEEEEEE YN
33 + UNITS USED HHEN INPUTTING THE AREA +
a5 + Choose 1 ar 2 ~meemmwwad 2 +
36 + 1l - square miles +
37 + 2 - acres +
38 MR IR IR I I A A A R R EEEE EE I T e
33 + INPUT THE AREA +
41 + Ared ~e--- e o e > 10000 acres +
42 + +
43 + +
44 + +
45 + +
46 + +
47 + - Helpful Qutput ~-- +
48 + AZ@ad reocoermemrae . > 15.625 sq mt +
49 + +
50 ++++++++f+++++++++++++++++++++++++++++++q++++++++++
51 . b ‘
H v na— 2 e e i e 10 1 4 20 4 3 B 4 e
53 RESULTS

54 L P

55 4 4 4 4 2 4 4t b A b+ + LR B A A A I LRI S R
56 Project Number:i

57 Project Nams sExample Problem o o

58 Prepared By 1Rocky J. Keehn . . Date:11-~-15-86

23 Checked By tRocky J. Keehn ’ o Date:11-~15-86
e A A R R E R R R R R N I I T S +
62 : #2% BULLETIN 11 #xs

63 ‘ =-~~ Helpful Output ---

gg . : Area (8q mi) ~~==- wnw=> 15,625

33 ‘ «=~ Please input ---

gg Reglon I(1l) OR II(2} -» 2

69

70

I R R R R R I I I I U N LR S 2K T N
72 *¥% PEAX DISCHARGES #rw

32 EEEA~RE§9FF CHART BULLETIN 11

15 NOoT USED ' Q2 ewme- > 270 ¢fs
76 Q5 =-ee- » 480 cfs
117 : QL0 e > 650 c¢fs
78 , Q25 ~---- > 870 cts
79 : Q50 =weme > 1000 cfs
80 _ QLO0 —emn > 1200 cfs
81 Q500 --~--- > 1800 cfs®
82 * estimated by linear zegression
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WEGEDOM

WATER SURFACE FROFILE

OFEN CHANNEL TRAFPEZOIDAL SECTION

2ad.1. Introduction

TR v o e S T S T AT i+ e

2

The "Water Surface Frofile - Open Channel Trapezoidal
Section” spreadsheet was developoed to calculate the
water depth along a& section of a trapezeidal channel.
This type of channel is typically located along a section
of highway to drain water from the roadway and adjacent
land. | |

This spreadsheet is very useful in answering "What
iE7" questions in régard to modifying the éhannél 1déated
next to the road. Variouws bottom widths, channel slopes,
foreslopes and backslopes can be triéd to mbtéin the-
optimal deasign,

The input consists of the water elesvation at-tha last
downstream arusamaeétian (usually the design haédwater
. depth at a culvert), design flow, channél bottom
elevation at the last downstream cruaswéectinn; the
energy coefficient, and cross-section data for up to 20
cross-sections. For each cross—section, a person needs
ta input the distance from the starting station, the

width of the ditch bottom, foreslope, backslope, ditch or




channel slope, and Manning s roughness coefficient.

Once the data are input, the user must then iterate
the water surface slevation at each cross-section. This
is done by ehtering a trial depth, checking whether or
not it is an acceptable value, if.nmt, input a new
elevation and recalculate at that station. 1f the trial
tepth ig acceptable, then proceed to the next station for
further calculation. The program contains a cell that
informs the user wheather tb incraase or decrease the
slavation. A check value i1s also ouwtput for each
iteration. Thie check value should approach ¢,001 as the
iterations are performed (seeking convergence).

Onee all the cross—-sections’ water elevations have
bheen interated by the user, the final output can be
printed. Included in the output data are the channel
bottom elevation, water suface 2levation, energy line
elevation, water depth, and friction loss. From this
data, a water surface profile can be drawn and the water
depths causaed by the headwater can be observed. If the
user has Microsoft Chart which is a companion smftware.
package to Microsoft Multiplan, this spreadshest can be
used as an input file to Chart and plot thé wate? surface
profile directly to the tomputer monitor screen or dump

it out to a dot-matrix phinter.
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The best way Lo begin using a spreadsheet is to obtain
all pertinent data, record the data in a {form that is
easily transferred into the spreadsheet, and then input
the data into the spreadsheet. The data obtained in the
field, from topographic maps, and engineering principles
can be transferred to an input +mfm. ‘Onae this is
finished, & user can beqgin to apply the spreadsheet.

The first step is to load the master spreadsheet file
from the disk. Tt is assumed for discussion purposes
here that the file is stored on disk in Normal Mode and
is named WSGEOM.MF. Once the ;ile has been loaded into
the computer memory operating under the control of the
Multiplan program, select the Options command from the
Multiplan menu and tuwrn the Recaloculation OFF. Next
enter the project number, project name, preparer,
checker, and dates prepared and checked. These are
located in rows 12-18% (see Figure 34)., Dhce these entrie
have been made, the constant variables in column B, rows
21-24 (gee Figure 34) are sntered. These constant vai@es
should pertain to cross-section number 1 {(the last
downstream cross—section where the initial water depth is
known). Typically, this initial water depth will be the
headwater depth calculated during the analysis of a
culvert or bridge located at this cross-section. Values
for the ensrgy coefficient, entered in row 22, column 8

{(see Figure 34), are given in Table 4.
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Table 4. Various values for the energy coefficient

(according to finding of Chow, 1909)

Value of the energy coeeficient

Channels : —
Minimum Average Maximum
Regular channels, flumes, spillways 1.10 1.15 1.20
Natural streams, and torrents 1.18 1.30 1.50
Rivers under ice cover 1.20 1.50 2. 00
River valleys, overflooded 1.50 1.75 2,00
The next step is to enter the data for each

cross-section.  Tha maximum number of crmﬁmwﬁectimns_im
20. The station distance from the starting cross-section
should be entersd in feet, not in stations. The ditch
bottom width, foreslope, backslope, and Manning's
roughness coefficient should be values that are
associated with the cross-section under calculation
consideration at the moment. The foreslope is the slope
from the ditch bottom to the edge of the roadway
shoulder. The backslope is the slope from the‘ditch
bottom to the intercepted natural ground surface near the
aouter right of way boundary. The backslope and foreslope
are entered as Z, where Z is the horizontal distance in
the slope ration Z:l {(see Figure 35). The ditch slope is
the average slope of the channel from the previous

station cross—-section to the current station
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cross~section in feet per feat. For the initiél station,
enter the average glopé at that 5tatidn hetween an
upstream and downstream location,

Tﬁe six variables for each cross-section are entered
in rows 31 through 3&, beginning in column 8 for
crmsﬁmseétiwn 1 and ending in column 31 for cross-—section
20 {(excliuding columns 9y 11, 13, and 13). (Refer to
Figure 36 which shows the template for trumﬁ~aectinn$ 1,
2y %, and 4.) A person does not need to enter all 20
cross—~sections for the spreadsheet to work. Once the
cross-section data are entered, the user may begin
iterating the water surface elevatiqnﬁ. BEFORE BEGINMING
THE ITERATIONS, ENMTER THE MULTIPLAN COMMAND Options TO
TURN Recalculation (N.

The water surface @levation for the first
crm&sfsectinn is automatically transferred from the
constant variable previously entered in row 24, column 8
(see Figure 34). The user then begins the iteration
Process at cross-section 2. A person enters a trial
depth in row 42, column 10 (see Figure 34). Thiﬁ‘depth.
should be slightly greater than the iniﬁiéi water asurface
elﬁvatimn'in column 8. Once a depth is entered, a " ()"
or a "(~)" will appear in row 44 below the water surface
alevation number just entered. If it is a “(+3%", then
the water swface elevation should be INCREASED; if the
spreacdsheet displays a "(=)", then the water surface

#levation should be decreased.
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The method for finding the water surface is based on
the standard step method presented by Chow (1959). This
method utilizes the fact that the total head at the
current cross-section is equal to the total head at the
previous cross-section plus the friction head plus theé
eddy losses. For convenience of computation, the eddy
logsses can be considered part of the friction losses
(Chow, 195%). The check value in row 47 is the
difference between the total head at the current s
cross-section and the total head plus the friction loss
at the previous craoss-section.  As the check value
becomes smaller, the_preaiaiun of the method increases.
For this spreadshest, the recommended precision is such
that the value in row 47 became O.000.

Once ﬁhe water 5uf§ace depth ig at a desirable
precision, the user is to continue to cross-section 2
(row 42, column 12} and repeat the process. The user
continues until all the cross-—sections have been
completed,. USERS ARE TO REMEMBER THAT DQTA CANNOT BE
CENTERED IN COLUMNS 9, 11, 13, AND 1% IN ROW 42,

Once all the cross-sections have heen entered, the
output data can be reviewed in rows 69 through 96. The
user can "Jjump” to this location within the spreadsheet
by selecting the Boto command from the Multiplan command
menu. The procedure is to select "Goto", then select the
"Name" subcommand, then enter the.wmfd OQUTPUT, and press

the <returny key or the <enter? key. This will Jjusmp the
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spreadshest control directly to the output area.
At this time the spreadsheet should be saved for later

revision and editing.

o s veees it B T brr e vems i . Al A s

Figure 37 show a road section with a culvert located
at station O + 00, The calculated headwatear depth for
the 30-year storm is five feet., The discharge in the.
ditch for this recurrence interval was 400 cfs. The road
elevation at the culvert is &05.4 faat. The road
elevation dips to 40%5.2 feet at station &6°+ 79, which is
located upstream from the culvert. In addition to
stations O + 00 and & + 79, data were collected for
stations 1 + 33, 3 + 18, and4 + jé. It was concluded
that the channel is constructed such that the Z value for
foreslope and backslope is 23 the ditch botﬁum is 20
feat; the channel slope is a constant 00,0016 fest per
feet; and Manning’'s n is 0.025. These values pertain to
all stations. The gquestion ig: Will the water flow over
the road at station & + 797

From the data given above, the input forms for the
spreadsheet were completed using forms like those shown
in Figuwe 38 and 3%. ITteration and Recalculation were
switched OFF by using the Multiplan command mend choige
of Options. From an input form, the spreadsheset was

filled in starting with lines 12 through 15; then lines
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21 through 24 were completed (the enargy coefficient was
assumed to be 1.1). Finally, the cross-section data were
entered in lines 31 through 36 starting in column 8.
Figure 40 depicts the input template for this sxample
problem. |

Dnce the initial input was recorded, the Iteration and
Recalculation functions were tuwrned back ON.  Following
the closure of récalculatiun, an input is needed for row
42, column 10. This is the iteration cell to get the get
the water surface elevation at cross-section 2. The
iteration continued at this cross-section until the check
value reached O.000. Once this cross-section was
complete, cross-section 3 was iterated; then
cross-section 43 and finally, crmaau%éctimn.ﬁ.

The output (see Figure 41) shows that the water
surface elevation at cross-section 5 is 605.29 feet which
is 0.09 feet above the road surface. To correct the
problem,; the engineer may decide to change the Z value in
the foreslope and backslope to 1.0, and to change the
ditch bottom to 30 fest. I+ these changes are made in
Phe spreadeheet, the cumputatioﬁal results woﬁld be those
shown in Figure 42. The new water surface glevation at
cross-section 5 would be &05.18 feet, which is 0.02 fest

Balow the slevation of the road.
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Chow, Ven Te, Upen-Channel Hydraulics, MocGraw-Hill,

R e v 0 R Sl 1 T b e Pren s et T o

Irtc. 3 New York, 198592, pp. 27-28, 249-289.
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U VI LI S I N B B e el
UEWQRHQQUONDW L

1 2 3 4 5 & 7 8 S 10
KRR RO R KRR KRR R R R R R R RO kKRR R
WATER SURFACE PROFILE -~ OPEN CHANNEL TRAPEZOIDAL SECTION
FERERRRRERRRRCERR R ER R R R RR R R R R R KRR R RO RO R R R R R KRR
B e Bk s o L )
+ Multiplan Microcomputer Spreadsheets for County +
+ Hydraulic and Highway Engineering Computations +
+ Copyright by Rocky J. Keehn +
+ Vergion 1.0 +
+ July, 1986 +
B N e e 1 = L R L o A e e e L e S
Project Number H
Project Name :
Prepared By : Date:
Checked By i Date:
INPUT - constant varibles
P P P P 0 P I P Py Oy Pl s Pl Pl P P P P g P P Py B Py P
Elevation at
initial ditch bottom = feet
Energy coefficient = .
Design Flow = rfs
Starting water depth elevation= feat

Figure 34. Input Template for

WSGEOM (Part 1)
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Figure 36.

Input Template for WSGEOM

¥ 2 3 4 3 & 7 8 10 12 i4
25 .
26 INPUT - Cross-gsection dat
27 iy g gy g 9y Sy gty Ay g A B A T B I g R By .
28 CROGS-SECTIONS ~wws) 1 2 3 4
i)
30 Station distance fros
3 starting point (feet) . =
k¥4 Ditch bottom (f8) =
3 Foreslope (ft:1) s
34 Backslope (ft:1) =z
35 Ditch Slope (it/ft) ]
36 Manning's o .
3
38 INPUT - Self«interation
39 g g Nty Yy gy iy By gy g P A M iy By B B .
40 CROSS-GECTIONS =~=~) | 2 3 4
41 ++ Input yourself +#+
42 Water surface elevation (FT) = 0
43
44 ++ Helpful Output ++
45 Increase (4) or decrease (-) _
46 Water surface elev, = gtart at SVALUE! SVALUE® SVALUE!
47 Check value (ok if <= #/-,001)> Y-section 2 OVALUE! SVALUE! SVALYE?
48
49 -
50 CALCULATIONS
5‘ Lo DL LS Ll L) '
5 Delta X (F1 ] 0.000 0,000 ¢.060 0.000
53 Length 3 Slope (FT) = 0.000 0.000 0.000 0.000
54 Accumlative channel rise = 0 ] 0 0
§5 Calculated Flov Depth (FT) = 0.000 0.000 ¢.000 0,000
56 Flov Area (SR FT) = 0.000 0,000 0,000 0.000
57 Hetted Perimeter (FY) L] 0.000 0.000 0.000 0.000
58 Hydraulic Radius (FT) = EDIVOY  #DIV/O! #DIv/0! $01v/0!
59 Calculated Velocity (FPS). = #DIV/Q! 80! #DIV/0! $0iv/0!
60 alpha s V21 g = §VALUE! SVALUE! SVALUE! #VALUE!
&t H1 elevation (FT) a $UALIE! SVALUE! BVALUE! $VALUE!
62 Hydraulic Radius ~ 4/3 = QVALUE! #VALUE? SVALUE? SVALUE!
63 Friction Slope, Sf = §VALUE! $VALUE? SVALUE! HALUE?
4 Average 51 = 0.000000 $VALUE! SVALUE! SVALUE!
65 Friction head loss, M (FT) = 0.000000 SVALUE! GVALUE?. $VALUE!
66 K2 elevation (FT) = BVALUE! SVALUE! $VALUE! SVALUE!
&7
68
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Figure 38. Input Form for WSGEOM

INPUT FORM - For WATER SURFACE QROFIﬂE - OPEN CHANNEL
TRAPEZOIDAL SECTION

Project Number:

-

Project Name

Prepared By : ) ' pate:

Checked By : Date:

1233323333333 233348333323 2333 3232232222220 33 223 20 £

INPUT - constant varibles

Elevation at initial ditch bottom -~---> | feet
Energy coefficlent S >

Design Flow —-—----mmemmme e e > . e CES
Startiné water depth elevation P > feet

KEKKRKXERAKERKKERRRER R EERRERRR R AR AR ANRRRARERRNRRKNA RN X

INPUT - Cross-section data for cross section number . 1

Station distance from startin point ---> feet

Ditch bottom ~memmmem e > ' feet
Fbreslope ----------------------------- > _ Et:1
Backslope SOOI SO . Et:l
Ditch Slope —=—-=—==m-—ommmm e > __ ft/ft
Manning's roughness coefficient {(n) --->

AR AR AR R AR AR KRR R R RN A RRARNRE RN AR RRRNK

INPUT - Cross-section data for cross section number 2

Station distance from startin point ---> feet

Ditch bottom ----memsmcoe e ———— feet

Foreslope ~=——rmecmrem et > ' ftel

Backslope -~--~-w- - > ft:l

Ditch Slope ==mmcmmecm e e > ft/ft
Manning's roughness coefficient (n) ——~;
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Figure 39. Input Form Continuation for WSGEOM

INPUT FORM - For WATER SURFACE PROFILE - OPEN CHANNEL
TRAPEZOIDAL SECTION

Project no. Page - of

INPUT - Cross-section data for cross section number

Statlion distance from startin point --->
Diteh bottom -------- JE >
Foreslope =—=====mm==————cmmeno s >
Backslope --~----- ———— e LR >
Ditch Slepe ~——m=—rmemmmer e e e >
Manning's roughness coefficient (n} --->

**************************t************************

INPUT -~ Cross-sectlion data for cross sectlon number

stétion distance from startin point --->
Ditdh bottom -====~~ mmmmmmmmme - e e e o >
Foreslépe mmmmmmmmmmmmmmmmmmmmmmmmmmmmm S
Backslope --—m-mmee e e >
Ditch §lope ~—-rmmo-rmmcense e 5
Manning's roughness coefficlent (n} ——=>

*************t***t*****************************t***

INPUT -~ Cross-section data for cross sectlon number

Station distance from startih point --->
Ditch bottom —~~=cmma e o 5
FOreslope =—mmmmmmmmmmm ot et e e >
BACKS10pE ~~mmmmmmememm e >
Ditch Slope ~~=—remcmc e ——_— S
Manning's roughness coefficlent (n) --->

153

feet

feet
ft:1
£E:l
L/ £t

feet
feat
ft:1
ft:l

ft/ft

feet
feet
£t:1
fe:l

fFL/ft




Figure 40. Example Problem Template for First Cross Sectiom
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| 2 3 4 5§ & 7 8 $ 10 i 12 13 14 15
1 SRR ERIIIIRRLRRRLILLLLIRLLLLILLALILLILLLLILSILISINILILIILNINL
2 WATER SURFACE PROFILE - OPEN CHANNEL TRAPEIOIDAL SECTION
3 SEASTEREEELSLILELITLLLRSIRLILLLIISIITERLLILILISILILLRALLILILILLLLE
¢ Ty T T T T
3 + HNultiplan Microcomputer Spreadsheets for County +
& + Hydraulic and Highvay Engineering Computations ¢
7 + Copyright by Rocky J. Keehn +
| + , Version 1.0 4
9 + July, 1986 _ +
10 L e A L T
i1 ‘
12 Project Number :
13 Project Name sExample problea
14 Prepared By tRocky Keehn Date:9/9/86
{5 Checked By tRocky Keehn Date:9/9/86
16
17
18 INPUT - constant varibles
xg B B Py A Ty e A B S I W
20 Elevation at
2 initial ditch bottom = £00 feet
22 , Energy coefficient & 1.1
23 Design Flov = 400 cfs
24 - Starting vater depth elevations 605 feet
25
26 INPUT - Cross-section data
27 SRR AR AA RN AN AN
28 CROS5-BECTIONS ~=-=) i 2 3 4
s
30 Btation distance from ; _
31 starting point (feek) = 0 155 318 491
32 Bitch botton (ft) s 20 20 20 20
N Foreslope (ft:1) = 2 2 2 2
34 Backslope (ft:1) a 2 2 2 2
ki Ditch Slope (ft/ft) = 0.0016 0.0016 0.0016 0.0016
35 . Manning's n = 0,025 . 0,025 0,025 0.025
K7 :
38 INPUT - Self-interation
39 Q§§~~¥~~~¥~~N~~~$~~~5NQ. )
40 CROSS-SECTIONS ---> 1 2 3 4
41 ++ Input yourself ++
42 Water surface elevation (FT) = 605 £05. 048 604,109 €03, 185
4
44 ++ Helpful Outpet ++
43 Increase (+) or decrease ()
3 Nater surface elev. = start at (4} (-) {+)
47 Chgck value (ok if <= #/-.001) I-section2 0,000 0.000 0.000
48 '
L} -



Figure 4l. Output for Example

Problem (for First Cross Section)

-

4.09

QUTPUT A
e 3 Results 33 { Chanmel :  Water ! Energy 3 Mater ! Friction
Crogs- { DBottom | Surface I Line } Depth 1| Loss
section Station ! Elevation | Elevation ! Elevation ! (feet) | (fedb)
nusher i (feet) | (feet) | (feet) | !
1] [] (] . 3 4
) 1 § ¥ [
1 0 + 0 ! 600,00 !} 605.00 | 605,12 | 5.00 ¢ 0.000
2 1+ 8 1 600,25 | 605,05 605,18 ¢ 4,80 ! 0.062
I 3+ 18} 600,51 ¢ 605.11 | 605.26 | 4,60 0.077
¢ 4+ 91 1 600,79 ¢ 605,18 !  605.36 I 4.40 | 0,095
§ b+ 79 1 601,09 ! 605,29 | 605,48 | 4.2 ¢ 0.123
Figure 42. Output for Example Problem (for Second Cross Section)
“QuTPUT
waaas 3% Results 33 { Channel | Hater ¢ Energy 1§ WMater !} Friction
' Cross- i Bottom | Surface | Line 1 Depth i  Loss
section Station ! Elevation | Elevation ! Elevation | (feet) 1 (feet)
nunber i (feet) (feet) 1 (feet) ! L
H i H ! ;
| 0 ¢+ 0 | 600.00 ! 605.00 |  605.09 | 5.00 1§ 0.000
2 1+ 85 1 600,28 ! 603.03 ! 605.13 ! 4.78 1 0.040
3 3+ 181 800,51 605,07 |  60%.18 ! 4.5 | 0,048 .
4 4 + 91 | 600,79 | 605.11 1  605.24 ! 433 0,081
5 6 + ¥ i 80109 ! 605,19 |  605.32 ¢ H 0.07%

— -
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2.2.4. CULVERT



CULVERT

2.4.1. Introduction

b2

CULVERT iz a spreadsheet developed to estimate the
necessary size of a culvert used to convey a given amount
of water. The spreadsheet has a menu of several box and
pipe culverts from which the user can make a selectiaﬁ.
The caleulations are based on the Federal Hi ghway
Administration (FHWA) methodology.

Inputs for the spreadsheset cﬁnﬁist of the site data,
atructufa data, tailwater depth, and design flow rates.
The site data include the roadway elevation or allowable
headwater elevation for larger storm events, the
allowahie haadwatar-fur the deaign storm, pipe inveart
@levation at the inlet, elevation of the streambed at the
pipe inlet, statign distance at inlet, elevation of the
pipe at the outlet invarf; and station of the nuélet
invert.

The structure data needed are the structure type
(selected from the menu of possible alternatives),
diameter (or height) if it is a circular conduwit, widith
ana height if it is a rectangular box, number of barrels,
whethar or not the culvert has a mitered end, Manning’'s
rauéhnesa coefficient, énd the inlet loss coefficient

(Ke). The tailwater depth is also entered. The final
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items of information needed are the peak discharges for
the design and major storms.

There are two sections of output in the culvert
spreadsheet.  The first section contains the culvert data
inputs and outputs that are necessary to make initial
checks of the headwater depths. In some cases, the pipe
ig in inlet control. When this occurs, the normal depth
of water in the pipe needs to be found (if the pipe is
not flowing full) =so that an estimation of the outlet
velocity can be calculated.

The normal depth'is found by an interative process in
which the ussr inputs an eat;matian af the water depth in
the culvert. Based on this depth, the flow in the pipe.
is calculated. The design (or major) storm discharge is
then comparet against this calculated discharge. Once
the two discharges are nearly equal, the outlet velocity
due to normal depth can.be entimated.

The second section of output comes ffam saving the
data calculated in the first output section. The user
can save up to six different culvert options in the
second oubtpul section. The second output section of the
spreadshest includes all the information that is given on

the FHWA input form for culvert analysis.

The best way to begin using the spreadsheet is to
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obtain all pertinent data, record the data in a form that
is egasily trangferred into the gpreadsheet, and then
enter the data into the spreadsheet. The data obtained
in the field, from topographic maps, and engineering
principles can be transferred to an input form. nce
this is done, & person can proceed to wse the
spreadshest., |

The first step is to load the file from the disk to
the computer memory so that the spreadsheet will be
operating wunder the control of Multiplan., For purposes
of discussion here,. assume the master spreadsheet ls
stored as & file on disk under the filename CULVERTiﬂP in
Normal Mode. Once the program is loaded, twrn the
Recalculation and Iteration functions GFFFby selecting
the Options command from the Multiplan command menuw, and
then enter the informative data in rows 13 through 1é
(see Figure 43). These data include the project number,
project name, preparer, thecker, aﬁd dates-fhe prajectw
. wag prepared and checked.

dhca all the informative data are input, the user
needs to enter the site data. The site data begin5 in
row 773, coluﬁn 6, and continues to row 79, aelﬁmn 6 (see
Figure 44). The roadway @levation is the aminimum
elevation of the roadway before overtopping ococurs or is
the maximum allowable headwater elévat?mn for the major
storm event. This elevation may be located at the point

of the structure, or due to the geometrice of the
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roadway, may be located a distance up the road (or down
the road) from the structure. The allowable headwater is
the maximum elevation the headwater can reach for the
design storm. The rest of the entry information should
be self-explanatory. Figure 45 in the report text or
Figure 1 displaved in the spreadsheet may be helpful
since both figures illustrate a culvert site and have
labels for the lmcétimn fo the various inputs.

The total number of barrels goes in cell RBZCL. The
methodology for this spreadsheet is such that the total
- flow is divided by the number of barrels. The design is
then based on one culvert and this partial flow. In the
final construction, a project designed with a 42 inch
diameter pipe and twm-barralﬁ.wnuld nead two 42 inch
pipes placed at the site

The user should now go to the structure data (which
starts at row 88, column 18) and inﬁut the type of
culvert that will be used in the initial calculation (see
Figure 44 +for the location of the inputs described
hehaaﬁter). The cell for the culvert type is located in
row 88, column é&. The user chooses one of the values
(from 1 to 8 or from 20 to 37) as shown in Table T and
enters it in the appropriate spreadsheet cell. Table O
is algo found in the spreadsheet starting in row 19 and
arding in row G2, Once this selection is made, reenter
the Options cﬁmmand in the Multiplan command menu and

turn the Recalculation Mode back ON to let the program



recalculate all the spreadsheet cells., The user may hear
a "BEEF!'" and the message "Circular freference unresolved"
may appear as a warning. Ignore this message; enter the
Options command once more to tuwrn OFF the Recalculation
Mode; and continue entering vour data.

_If.a circular pipe has been ﬁélected as the culvert
s;ructure, siter the height of the culvert in INCHES.
This input goes into cell RPI1CE (row 91, column 6. Cell
R70GC4 (above the cell where the culvert height was
antered) can have any value since it is not used for
circular pipes. If a box culvert has been selected, the
user enters the width of the box in cell RYOCE and the
height in cell RP1C6., Both the width and tha‘height of a
box culvert are entered in FEET,

The tailwater elevation is entered in cail R1QOCE. If
the pipe is mitered, enter a number 1 in cell R9Y3C6, and
if it is not mitered enter a number 2.

Manning ‘s roughness coefficient and the entrance léééi
coefficient may or may not need to be entered. For both
these variables default values have been establiQHESu 1f
the user wishes to utilize the default valuss displayed
in cellis RPSCE and RY6CH, enter a number 1 in the column
& or each respective row (R95Cé6 and RY&CE). I the user
wants to enter his or her own value, enter the requifed
value in place of the number 1 (i.e., in R95C6 and
RPEHEE) W

Once all pipe data have been entered, the user needs
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to enter the design storm discharge and the major storm
discharge. The design storm discharge is the one for
which the structure is initially constructed. Depending
upon the local design policy, this storm may be the 10—,
25-, or S0-year storm. The headwater for a major storm
Fecurrenoe interval.shmgid algo be sxamined to check for
psroblems that may occw as a conseguence of a large
rainfall event. For example, & requirsment may be that
the design storm headwater be three feet below the
centerline pavement elevation of the highway at the
culvert station. However , for the major gtofm the
required headwater must be QQCh‘that uvértwpping of the
highway does not occur. In this case, both discharges
need to be checked, The CUVERT spreadsheet i designed
to do Emth tashka.

Enter the design storm in cell R104CS and enter the
major storm in cell RIOSCe.

The final two entries are thé storage location of the
computed results and a cell tq snter the description of
the type of culvert being considered. The user needs to
enter in cell RIGICHE the logation (designate the portion
of the spreadsheet) where the ouptput is to be stored in
the completed output form. A number from 2 to & can be
used to specify which of five locations within the
spreadsheet is to be used %mf storage of results. The
encgineer or analyst should be careful when using this

cell, since whenever a number is entered, with the



Recalculation tuwned QN, all previmuﬁ results (output
data) stored in the block of spreadsheet cells designated
by the selection of a number to be entered are lost and
are replaced by the values of the most recent
computation.

There is one way in which a spreadsheet user can store
computational autput from up to six different culvert
analysis scenarios. If any number except 2, 3, 4, 5; or
6 is entered cell in R109C6, then the spreadsheet will
place the current computation results in the first row of
the final output data block and retain all previous
results stored in the output data block. Thus, this
retains up to six completed computations at once.

To aid in desgriptive output, the type of culvert can
he identified on the final output sheet, To reproduce
any of the descriptions of culverts listed in Table 3,
the user can type =CT7? in cell R1I1O0C6. The 7 is replaced
by the structure type already entered in cell REGC2.  For

example, if a person used a CMP pipe with a headwall

(option 4 from Table %), the user could type =CT4 in cell’

R110C6 and "CMP pipe with & headwall" will appear in the
output block of the 5pfeadshaat. I+ the wser types =CTé4,
the output wouwld contain the message “"CMP pips
projecting”. If the user wishes to oﬁtput his or her own
description, it can be typed in cell RI10CE using the
Alpha command from the Multiplan command menu. However,

only part of it may be displayed due to the width of the




HBOrEen . It will all be printed out in the final

spreadsheet display as long as it does not excesd &1
characters.

The input is now complete. The user should turn the
Recalculation Mode back on by entering the Options
command from the Mdltiplam command ment again.  AsS Was
the case earlier, ignore the alerting "BEEP!" gsounds and
the error message "Circular references unresolved” which
will be displayed at the bottom of the screen. Once the
recalocnl ation is complete, check the headwater slevations
in cells RI1708 and RIL7CI1IZ2. If the values are not

acceptable and the data dogs no

[ix3
2
i3
i
ol
i+
had
o
i

saved, make
the necessary changes to seek a better solution and check
the results again., ***HELPFUL HINT: If only one cell
needs to be changed (like the pipe diameter) it works
fine to leave the Recalculation Mode ON. However, if
several changes are to be made, the user should probably
tuwrn the Recalculation Mode OFF, make the changes, and
then turn the Recalculation Mode back ON.%%% 1§ the
results are acceptable ard the culvert iz in outlet
control, tun the Tteration Mode of computation ON by
entering the Options command from the Multiplan command
mear. The operation of the spreadsheet is now complete
and the user can try another alternative, save the
spreadsheet for future refersnce, or print the results
out on a printer for a paper record. If the culvert is

under inlet control and the hesadwaters are acceptable,
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the normal depth needs to be determined if the pipe is
not running full. I the pipe is running full a message
will appear in cell RIZ508 for the design storm and in
cell R1ZECIZ for the major storm that displays "FULLZLY.

The narmal depth is found by changing the water depgths
in celle RIZOCE and RIZOCI2 until the Design Disdharge
ang the Calculated Discharge are close or match. It is
recommended that depths be entered‘tm the nearest
one~tenth. This procedure calculates the outlel velocity
for normal depth which is the maximum velocity possible
in the pipe. Once the culvért inputs and the headwaters
are accéptabla, the user should enter the Options command
in the Multiplan command menu ta-turn the Iteration Mq#e
ON. When the iteration is completed the user can priﬁt
out the spreadshest rasultaq save the spreadsheet as a
data file on disk, or analyze another conduit.

If the user continues by analyzing another cmnduif,
the user MUST reenter the Options command and turn OFF
the Recalculation Mode and the Iteration Mode. After
making these operational changes in the spreadsheet, move
the cell pointer to the cells needing changed entries and
enter the new values. MARKE CERTAIN THAT THE CELL THAT
DETERMINES THE STGRQGE-LDGQTIDN oF THE:UUTFUT DATA I8
CHANBED (i.e., cell R109C&). IF THIS CELL IS NOT
CHANGED, THEN THE MOST RECENT OUTFUT DATA RESULTS NILL“ﬁE
ERASED AND REFLACED BY THE RESULTS OF THE AMALYSIS

UNDERWAY. Once the changes are completed, enter the




ODptions command once more and turn the Recalcul ation Mode
back ON before checking the computational results.

When the user is ready to quit, the final %eaults are
tabulated starting in row 144, column i, and continue to
Fow 178, column 55. IT IS NOW & GOOD IDEA TO SAVE THE
SPREADSHEET AS A DATA FILE IF NOT ALREADY DONE BOD TO
EMSURE THAT THE DATA ARE NOT ERASED AND L.DST! Before
printing, the user has the option of entering some
informative data about the site beginning in cell R142048
(soe Figuwe 46). This includes such items as the
drainage area, channel shape, rmuting, stream slope, and
any other comments about the site. In addition to these
information cells, comments about sach sgenario can be
entered starting in cell RISBLAY (see Figure 46).

Unce.all the information is entered, the Print command
and its subcommands permit setting up the printed output
to match the width and style of the printer available to
produce printed records. The number of pages of output
that are required is based on the printer capability and
the style of print used. The user should utilize a set
up with named grouping of cells to be printed out for
mirimum confusion during the printing pfﬂce%a. (Consult
the software manual for Microsoft Multiplan on how to
Name cell blocks and on how to Frint with the various

options within the Print command.)

[

E.h.3. Example Problem

e ettt et b S E Znan e e e e e e
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The highway plans are complete for a paved county road
except for the design of a culvert which is to be placed
under thé road. The top of the roadway pavement
eglevation at the culvert location is 110.00 feet and the
eulvert inlet invert elevation is 100.00 feet.. The pipe
length needs to be approximately 100 feet long. - The
maximum allowable headwater elevation for the 20 yvear
storm is 107 feet.  For the 100-year storm the water
cannot overtop the roadway. Due to the location of the
structure, there is no tailwater.

The inlet invert will be put at 100 feet and the
ountlet invert at 94 feet elevations. The county has in
it’s maintenance and materials yard three 48 inch
diameter CMF pipes, each 100 feet long. The county
engineer has decided that, if possible, thege pipes will
be placed at the site with a headwsli.

Twer other options that are being considered. are éﬁ
place a square edged concrete pipe with a headwall and to
construct a box culvert with no wingwall flares. In all
cases the culverts will not be mitered, will be assumed
to be 100 feet long, and cannot be over aix feet high.
AN ergineering sketch of the site conditions is ahﬁwn in
Figure 47.

The design and major storm discharges for this
structure were found wusing the RUNOFF spreadsheet. The

Towa Runotf Chart was used with a drainage area of 2400
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acres and an LF of 0.2. The discharge under these
conditions was estimated at 350 cfs for the design storm
(25-year) and 530 cfs for the major storm (100-year).
The lowa Runoff Chart resulis are shown iﬁ Figure 43;

Based on the site data and the calculated discharges,
the input form was filied out. As was the case in the
example problem and.in almost all inétancem in culvert
design, the haights'and/ur widths can only be estimated
until the computations are parfmrﬁed. From the input
form (see Figure 49) initial data was entered into the
spreadshaet.and the calcmlationé completed.

Tha final results arerahown in Figure 50, Ths portion
of the output displayed in columns 1 through 22 contains
a basic summary for comparing for adequate design flow
while the output in columns 22 through 85 displays the
computational details in the traditional format. It can
be seen from this information that the 10 feet by & feet
box culvert will work but that the other alternatives

violate the minimum headwater depth requirement.
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Table 5. Culvert Types Available

ID
Nunmber Descriptlion
1 Concrete pipe ~ Square edge with headwall
2 Concrete pipe - Groove end with headwall
3 Concrete pipe - Groove end projecting
4 CMP * - Headwall
5  CMP - Mitered to slope
6 CMp - Projecting
7 Circular - Beveled ring, 45 deqree bevels
8§ Clircular - Beveled ring, 33.7 degree bevels
20 RCB #*x - 30 to 75 degree wingwall flares
21 RCHB - 90 and 15 degree wingwall flares
22 RCB -~ 0 degree wingwall flares
23 RCB . ~ 45 degree wingwall flare 4=.043D
24 RCB - 18 to 33.7 deqree wingwall flare d= 0830
25 RCB - 90 degree headwall with 3/4" chamfers
26 RCB - 90 degree headwall with 45 degree bevels
27 RCB - 90 degree headwall with
33.7 deqree bevels
23 RCB ~ 3/4" chamfers; 45 degree shewed headwall
‘29 RCH - 3/4" chamfers; 30 degree shewed headwall
30 RCB - 3/4" chamfers; 15 degree shewed headwall
31 RCBH ~ 45 degree hevels;
10 to 45 degree skewed headwall
32 RCB
3/4" chamfers - 45 degrXee non-offset wingwall flares
33 RCB
3/4" chamfers - 18.4 degree non-offset wingwall flares
34 RCB
3/4" chamfers ~ 18.4 degree non-offset wingwall flares
30 degree skewed barrel
35 RCB
| Top Bevels ~ 45 degree wingwall flares - offset
36 RCB
Top Bevels ~- 45 degree wingwall flares - offset
37 RCB . : : '
Top Bevels - 45 degree wingwall flares - offset
* CMP = Corrugated Metel Pipes
** RCB = Relnforced Concrete Box
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Figure 44. Location of the Culvert Input Data in the CULVERT Spreadsheet

107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

1 2 3 4 5 6 7 8 9 i0 11 12 13 14
RESULTS:
Project Number 1]
Project Name H o
Prepared By : 4] bate: O
Checked By H 0 bate: 0
INPUT ~ SITE DATA (see Flgure 1)
Roadway Elevation i d 110 £t, or majoer storm headwater
BL {hd} rmecomcinnnwa > 107 ft, allowable headwater.
EL {1} ~~-=mmmmmme > 100 ft, pipe invert elev. - inlet
EL (1) station ~ww-- > 0 ft, pipe invert station -~ inlet
ELO ——mm-mmm > 94 ft, plpe invert elev. - gutlet
Et.o astatlon ~------= > 100 £t, plpe lnvert station - ocutlet
Numpber of barrels --> 1
Bl (8f) ——~ecmmmm—— > 100 ft, glev. of stream bed. the inlet
INPUT ~ STRUCTURE DATA
TYPE == > 22 See Table 1
Width —--wem e > 10 feet
Height «woermmmnm > 6 feet
Mitered 7 -~-wwew—e—- > 2 1 = yes, 2 = no
Roughness (n) ~w====- > 1 0.012 <- default value (1f n=1)
Entrance loss (Ke} ->» 1 0.7 <~ default value {1lf Ke=l)

INPUT TAILWATER DEPTH:
Tailwater elevation > - 0 £t

INPUT FLOW RATES:

R L2

Design storm § —-~-> 350 cfs : ' 25-year
Hajor storm ¢ ~—--- > 530 cts 10G-year

INPUT DATA STORAGE FOR SUMMARY TABLE:

A D Pt b B8 a8 g B T AR P I P o g 2 P A L

Store at (2-6}) ~wwe— > 3 i
Label structure ---->RCB 'n¢ wingwall flares (extension of sides)

e et A S e o R A e 0 A o e R0 LB o e o AR AL Lt Sk kMo e B AR Sl b e e e Al S o e e s s A ik S kA ek ks e e s g o e e e S e A Sy e e e e e

OUTPUT.
““““““ | Design i Major
l storm f storm
Headwater elevatlion H 105.6 £t | 108.0 £t
Control ? i Inlet : { Inlet
Below allowable ? | Yes | Yes
Maximum outlet velocity o 35.0 £t/sec | 40.8 ft/sec
1 2 3 4 5 - 8 7 8 9 10 11 12 13 14,

** 1f pipe is ln inlet control need to £ind normal depth
below to get ocutlet velocity #**

MANUAL, INTERATION TO GET NORMAL DEPTH:

] R S o e N N S o e g (St e B AL T R RS P PR B0 R

i Design { Major
. { storm’ i storm

INPUT: Water depth I 1 £t | 1.3 £t

i i :

QUTPUT: Design dicharge i 350.0 cfs { 530.0 cfs
Calculated discharge | 352.9 cfs { 520.8 cfs
Difference I -2.9 cfs { 9.2 cfs

Error in percent I 0.8 % § -1.7 %

*x% Needed to get outlet velocity when pipe iz In inlet control #*a%
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Figure 45. Definition of the Variables in Site Data for CULVERT



Figure 46. Display of Informative Record Portion of CULVERT Spreadsheet
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1:‘_}1 .___.__.------_------‘-_.‘._..m......,......-.-_.---..‘-...--.-.—..-.......”..,......,....--4-—-—_.—..._..................,.........-_——-_..—.-.................. H
lag #% MYDROLOGICAL. DATA (Optional irget) %% :
14z Methods: . !
tag 1 Dralnage arear 8400 acras H
14% 1 Channel shape: nW/a 1
Las 4 Routing: n/a _ !
147 f Stream slopes: W01 FR/FL !
148 4 i
a5 : H
1860 1 Otheyr: H
151 D 1
ime | #% SITE DATA OUTFUT == : }
183 | FRoadway Elev.: 10 T4 El. (hd)s: 1 ft !
154 4 EL. (1) 10 ft © Elo: - O fLt/ft !
155 1 EL{i1) statient 0O ft Elo sta: O .ft !
156 | No. barrels: Ei. {(sf): H
1E7 1 e e e DOMMENTES #% e st e H
158 ' : : !
R !
160 - !
L&l P larger pipe needed but due to & fFoot limit canvot |
148 | increase plipe diameter !
L & ! ' H
164 frenceptable design i
163 i
tes | i !
167 1 . trvy twoe pipaes g
168 !
14% | H
170 1 try three pipes H
171 ] : ' i
172 S !
173 | pipes on hand will not work :
174 @ e !
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Figure 47. Example Problem Site Description
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Figure 49. Input Data Form for use with CULVERT Spreadsheet

INPUT FORM - For CULVERT - Page 1

Project Number:

Project Name :

Prepared By : ' ‘ Date:

Checked By N _ ' Date:

AXREKEXRXARKRERRRKERRERR R R RRRARRARRARANN KRR R AR A AR R

HYDROLOGICAL DATA (optional):

Prainage area ->

Channel shape ->

Routing ----~—-- >

Stream slope -->

*t**********t**********************************ﬁ***
¥ )

SITE DATA:

Roadway elevation ~> £t

EL (hd) <oemmmmmmeed e ft - Allowable headwater

BL (i) ~-rmmemm—m o > .' ' ft ~ Pipe invert elev. ~ inlet
BL (8f) —=w-rmemm——— > ft - Elev. stream bed at invert
§O mmmmmm o ———— b tt/ft - Pipé slope

***********************************f*****lt********

DEBIGN FLOW RATES:

Recurrence interval Peak Flow rate (Q)
Qdesign year ‘cfs
Qmajor - - year S : cfs

*xxx*x More input data on additional page(s) X*xxxkx
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159
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LU Y S (A 49 % n k74 53 9
. 4t
142 ! 5 HYOROLOGICAL DATA {Dptional imput) 32
R W BAE 7R OB NN R VM N W B P 4 4 43 M3 : Method: lowa Runot! Chart
144 i Drainage area: 2400 acres
143 i Channel shape: n/a
146 H Routing: nfa
147 i Streaw slope: .01 FH/HE
. @ H
3 '
156 : I Gther:
it 7 Combrol ! fublet ! :
) 132 | Headwater ! Velocity | 31 SITE DATA QUTPUT 33
Inlet Coatrol i Gutlet Control 153 1§ Elevation | (ft/sec) | Roadvay Elev.: ~ H10 EL i 1T Mt
e . , { 150 1 tetd R - N B {1 Bt Wt
. ' . ; ] i : ] ] ! 155 1 ] ELGY station: O ft  Elo statiom: 100 ¢
BR/D D WD Fall )} B b W b g S M2 Y ke f ke 5 H ! EH-hoo 156 ; i Mo barrels: 1 B 50 100
: : J : H H } : H : 157 t : 13 COMRENTS 38 -—oommmmeomemeaen
0.33 1 56 ! 000 ¢ 10557 © 0 0.00 ! 3.37 3 469 1 &7 1 6D 469 | 99.68 158 ! 10557 ¢ 35,00 ¢
L4 ” B 1 000 1 MEO ! 000 ! 4 1 LR I 52! 070 ! 522 1 WL 138 1 MR Y 4077
H i i ! : H i H ! H 160 H H
L66 5 .M 1 000 1 1009 1 000 1 St f 555 ! 555 1 0.50 ! 3 1 10370 160§ 1099 § 35,09 | larger pipe needed but due to 6 foot limit cannot
87 DI0E2 1 Q00 1 MI7.82 ¢ 000 © SIS ! 588 ! 589 0 ¢ S.88 1 109,39 162 1 HIEZ I 3.5 1 iscresse pipe dianeter
i H ! H H H i H i i 1683 | H i
093 1 557 0 000 ! 10557 1 000 ¢ 337 ¢ 469 | 483 1 070 4.6% | 99.69 164 | 165,57 35,00 | exceptable design
L3 1 804 ¢ 000 1 H08.04 ! 000 ¢ 446 1 S22 ! 5.2 ! G0} S0 1 f0L.50 165 @ 108.04 § 4077 ¢
! H ! i H ' H : i i 186 @ H ¢
Bol 13ned © 0 000 1 5304 0 000 1 397 ! LY ! L9 D 050 ! 3.9 ¢ 126 167 1 13821 | 2588 1 try two pipes
.51 170.06 & 000 1 170,06 ! 0,00 ! 400 ! 408 ! 4.00 : 0.50 ! 400§ 185.64 168 @ 16584 4218 ¢
i H E i H H i ! H i 169 | H H
L3001 989 ¢ 00 1 109990 000§ 380 ¢ 2% ! 3L ;i 050 ! 250 T 107,45 170 1 16999 ! 23.40 ! try thres pipes
GEF L1949 1 000 f %45 § 000 ! %% 1 398 ! LW ! 0.5 ! 3.9 1 U89 1711 11989 1 2013 ¢
! H H ! H H ! H H ! 17z : i
LA DS 000 f 0 10591 1 .00 1 236} 367 ! .67 0.50 ! 3.67 | 10192 173§ 105.31 1 IS.60 § pipes on hand vill aot work
232 110,13 0 000 1 1043 ¢ 0,00 ¢ 3B ! 390 [ 290 ! 0.50 1 390 5 7.4 1M T N0 7 I8
Figure 50. (Continued)
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XBECT
HYDRAULICSV~ STREAM CROSH-SBECTIONS

2.2.59.1. Introduction

The "Hydraulics - Stream Cross—-sections' spreadsheet
was developed to give the same résults as the lowa
Department of Transportation VAL program. The
spreadesheet usses the iteration mode to give a discharge
in a natural cross-section for each incremental depth.
The spreadsheet will handle overbank flooding on ong or
both banks.

The input consists of the cross-section shots across
the channel. The distance from the starting point, the
elevation of the shot, and the Manning's n between the
previous shot and thg,current ahot are all input
parameters. The user also enters the starting depth and
incremental depths for which the depths are to be
calculated. The output consists of the depth elevation,

discharge, velocity, and conveyance.

b

T
=

5.2, Using the Spreadsheet

The best way to begin using this or any spreadsheet

program is to collect all pertinent data, record the data



in a form that ig =asily transferred into the
spreadshest, and then to enter the data into the
spreadsheet, The first step is, thus, to collect the
data and record it onto an input fnrm. Once this is
done, a user can begin to manipulate the apraadsheet
templ ate.

The first step after completing the input form is to
load the spreadsheet into the computer to operate it
under the control of Microsoft Multiplan. Assume that
this spreadshest is stored on disk as a data file under
the filename XSECT.MF in the Normal Mode. Once the
program is loaded intn the computer, turn both the
Recalculation Mode and the Iteration Mode of operation
OFF by selecting the Options command from the Multiplan
command menu. Then the user enters the data for project
numbar; praject name, preparse néme, checker name, and
dates prepared and checked, The-antry-iineg for these
data are found in rows 12 through 15 (gee Figure ﬁi),

The user now enters the "Starting alavatiun-uf depth
computations (Ft)" (in R20C5), "Ending elevation of depth
computations (£t)" (in R22CH), "8Blope (Ft/mi)" in
R23CH5) , and "Depth increment (FE)" (in R24CS). The
spreadsheet can caloculate up to 32 depth increments. The
user can guickly check to see i+ all the points will be
calcoculated by first subtracting the maximum depth from
the minimum depth, and then, dividing by the depth

inerement.

igl




The next step is to choose whather or not any bank
overflow should be considered. If the option the user
wants to choose is not already existing in cell RIFCS,
the value wiil need to be changed. Change the value in
RZ7CS (if needed) and turn the Recalculatin Mode ON by
preasing the Lshitt> key and the Jexclamation mark> key
together (usually thise is é BHIFT~1). After the
recalculation beging, press the JESC> key (eacapé key) .
This will cancel the recalculation sﬁ the user can
continue to enter more data that is needed in order to
complets the entire computation process.

If one or both bank overflows are desired, enter the
shot distances and elevations for each overbank. The
shot data for the left bank are entered in row 35,
columns 5 and &, and the data for the right bank is
entered in row 36, columns 5 and & (see Figure B52). The
banks are oriented as if the uaef-is looking upstream for
"teft" and "right". An example of a stream cross—section
is shown in Figuwre 53 with overbank shots labeled.

The next set of data to enter is the shot distances
and elevations that degéribe the cross—aection. Figure
32 shows a cross—section with these values.

The shot points are then entered beginning in R36CS
and RI60CH. In RHGCEH the First distance is entered
(always should be 0.0). LCell RS6LH is the elevation of
the first shot point. After the first shot is entered,

the second shot is entered beginning with the Manning’'s



roughness coefficient between the first shot and the
second shot in cell R57C4.‘ The distance %rom the first
shot to the second shot is entered in cell RS7CS and the
corresponding elevation of the second shot entered in
R37C6. The data for the third shot is then entered in
row 58.  Two things to remember for each shot ére: (1)
The distance is always that distance between the current
shot and the firast shot. {(2) The Manning 's n value
deﬁcribés the channel condition between the previous shot
and the currgnt one. A total of 24 shots carn be input

for each cross-section. The minimum number is 3 shotas.

#%%¥¥% IMPORTANT NOTE: The spreadsheet has a problem
when two successive shots have enactly the same
elevation. To aveoid this prmhiem,:entar one of the shots
with a value slightly higher or lower than the other one.
For example, if two successive shots have an elevation of
?10.00, then one shot could be entered as 910.00 and the
other could be entered as 910.00%1., This will have no
effect on the accuracy of the results since the numbers

are, for all practical purposes, egual. SEXXEEs

Onee this data is entered, a user can move down the
spreadsheet to view the mutpat beginning in row 84. |
Select the Options command from the Multiplan command
menu and turn both the Recalculation Mode and the

Iteration Mode ON for the results to be computed for
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viewing.,

To show how the program works, a sample problem given
in an lowa State University Short Course on the uselﬁf
the VAL program at the lowa Department of Tranﬁpmftatimn
will be used. The input form is shown in Figure 54 that
the Iowa Department of Tran%portation_ﬁag a county
srngineer office submit when dasmribing cfmméwaactiana.
The data from this sheet is then entered into the
spreadsheet and the results calculated. The input sheet
is shown as Figure 51 and the output sheet is shown here
as Figure 53. The.autput from théwVéL'pragram is also

included as Figure 5é.

14



Figure 51. Data Input for XSECT Example Problem

o e e e e o v e vl W o e v W e e e ol o e e o ol oy e o vie o ok e e o ke e i e e e o o e e ol e R o e e vl e vl o e o e ol e o e e

HYDRAULICS - STREAM CROSS~-SECTIONS
KRR E AR R R R NR KRR R ANR TR AR RN KRR AT KRR AR ARk Rk Rk kAR

R R R e N Z LT S R eSS S S Lt
+ Maultiplan Microcomputer Spreadsheets for County +

+ Hydraulic and Highway Engineering Computations +
+ Copyright by Rocky J. Keehn +
+ Version 1.1 +
+ 1986 +
R Z R R R R R e e e R SRS Y
Project Number: Date:
Project Name : Date:
Prepared By :
Checked By :
INPUT DATA
Starting elevation of
depth computations {(ft)= 987
Ending elevation of
depth computations (fti= 997
Slope {(ft/mi) = 4.75
Depth increment {(ft) = 1

Input one of the following optlions:
' Input (0~3) -==-~> 0

0 - no overbank flow
1 -~ overbank fiow both bhanks
2 — overbank flow left bank
3 - overbank flow right bank
QUTPUT:
8lope = 0.0009 £t/ft
Number of iterations = 9
ITERATION:
QUTPUT:
water depth = 17.5 feet
Water elevation = 997 feat

INPUT - Cross-section information:

O T T T T P e

Distance Elev

|

i

|

pata (feet) (feet) i
Manning's n |

1 --> —_—d 0 997.00 |
2 —=> ¢.07 92 995.00 |
3 --> 0.07 145 993.900 |
4 --> 0.07 275 991.00 H
5 —~> 0.07 430 990.900 |
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Figure 51. (Continued)

6 -~> , 0.03 462 982,50 !
7 ~=> 0.03 472 979.50 I
8 --> 0.03 487  982.50 i
9 --> 0.03 510  990.00 i
10 -- 0.07 562  990.00 I
11 -- 0.07 705 993,00 1
12 -- 0.07 745 995,00 i
13 -~ ' 0.07 807 1000.9%90 I
14 -- 0.07 960 1003.00 I
15 -- e H
16 -~ |
17 -- |
18 -- |
19 -- |
20 -- !
21 -~ H
22 -~ |
23 -~ |
24 -~ f

|
Sums: = el > i

———"m*ﬁ————nﬂ’n——-un—m_——'—mm—-————'J-O---—ﬂwh-‘--ﬂwm—‘——-m“——-—m”———--—c—m
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Figure 52. Example When Inputting Overbank Data in XSECT

1 2 3 4 5 6 7
kR RERRREERIAEERRRA AR AR A kAol kdehhkdhkbhhhhikihkhit
HYDRAULICS - STREAM CROSS-SECTIONS
EEARXAKRERRRRAKERRRRRARAAAR KRR AR AR RAARR A AR AR RRARARRARRRERREXARE X
R Ty e ST Ly
+ Multiplan Microcomputer Spreadsheets for County +
+ Hydraulic and Highway Englneerling Computatlions +
+ Copyright by Rocky J. Keehn +
+ Version 1.1 +
+ 1986 _ +
SRR I S R e e R e S R R S S
Project Number: Date:
Project Name : Pate:
Prepared By :
Checked By H
INPUT DATA
stértlng elevation of
depth computaticns (ft)= 987
Ending elevation of
depth computations (ft)= 997
Slope (ft/mi) . = 4.75
Depth increment (ft) = 1
Input one of the following optlons:
Input (0-3) -=--> 1
0 - no overbank flow
1 - overbank flow both banks
2 - overbank flow left bank
3 - overbank flow right bank
Input leocation of overflow bank:
‘ dist. elev.
(£t (f£t) .-
Overflow left bank = 2ZZ0 994
Overflow right bank = g0 996
QUTPUT: o
Slope = 0.0009 ft/ft
Number of lteratlions = 9
ITERATION:
OUTPUT:
Water depth = 7.5 feet
Water elevation = 987 feet
INPUT - Cross-section information:

Distance Elev

|

i

|

Data {feet) (feet) i
Manning's n |

1 --> | 0 997.00 i
2 -2 0.07 92 995.00 |
3 - 0.07 145 $93.00 {
4 —-> ‘ 0.07 275 951.00 {
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Figure 53.

XSECT Example Cross—Section

DATE

FILE NO.

PREP. BY

e e —
: ; ;
i .., _.m [N
. i
- — ot
! i
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Dl !
i
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R
I SOULINS SR S
T
JERR PPN SN SO S
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Figure 54. VAL Program Data Input Form

VALLEY CROSS BECTION DATA

The submittal of a bridge type structure will include a right angle valiey seclion. This section should be taken
downstream from the crassing, It shall be noted whether itis an average section or a centzol section, Encugh ground
shots wiil be taken to outlina the valley to an elevation weil above extrame highwater. Special care will be taken to
accurately cutline the main channetl. Each shot should be identitiad; that is (FP) flood plain, (T8) top of bank,
{ES}.e!dga ot’ stream, el¢. Mannings equation roughnass factors will be assignad each shat. Include site photos with
this information. :

REMARKS: Section taken 100' downstream from crossing. It is an average section.
Thare are no ¢ontrol sections downstream from the bridge that effect

the bridge hydraulics.

! Dustance Elpvation ﬂg_e_gggg_gﬁ Remarks Distance Elsvation i&ujgﬁ'gggg Remarks
0 997.0 | n=0.07 Fp 807 1000.9 0.07 7P
g2 995.0 , ' :' - 900 1003.0 0.07 Fp
145 993.0 ' i

275 991.0

; 430 990.0 | ho'oh £5

; 462 | 9825 ES

| _an2 979.5__| £S

487 982.5 ES

i 510 g90.0 | M) T8

| 562 990.0 5P
05 | 993.0 Fo
745 | 995.0 FP

PLAT OF DRAINAGE AREA

Tha drainage area is to be platted as completely and accurately as possible and to the largest practicable scalson a
separale sheet Use a definite scale, as 17 equais %, %, 1 or 2 miles, and indicate what scale hasbean used, In addition
to the outtines of the watershed, indicate the positions of the streams and, roughly, the character of the soit and the
redativa iocations of the steap and fHat portions. Whenever practicable, the abgve information should be sacuted by
going over the area either on foot or in & car. For most watersheds the information may be secured from the best
existigg ga!a. 501 maps, U.8.G.8. maps and Bulletin No. 7-1.H.R.B. No piat is necessary if the areaisiisted in Bullatin
Number 7.

REMARKS:
(Give additional information by reference to marginal numbaer on reverse side of this shaet.

No,

| Marginat
i
i

5 | Mr. Doe has been living in this arca all his Tife {62 years.)

2

IMPORTANT NOTE

Taeinfermation given on ths form mustin ali cases be supplemented by comgplete platand profile of 1.+ “ e . drawnto
a convenient scale On o S¢parale sheet,

Themformation as snown on this formas essential and musi bo suppliad in detail befora the plans can be prepared or
agproved. It wiii pe nocessary 10 returs this torm tor corraction unless the data supplied is complalo.
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Qutput Table from XSECT Spreadsheet

Velocity Conveyance
(ft/sec) (sgq. ft.) -

4.5

»

Figure 535.
OUTPUT =
. Water HWater :
Data - Elev. Depth &
Foint (feet) (feet (ofs)
1 287 7.5 805
2 988 8.5 1114
2 989 9.5 1488
4 990 16.5 193
5 991 11.5 2635
6 992 12.8 3613
7 993 13.5 4890
8 494 14.5 6566
9 995 15.5 8557
10 956 16.5 108353
* 11 997 17.5 13442
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SYSTEM AVAILABILLIY EXCEFT AS NUIRD LELOW.
FOR HELP, OR YO REPORT A TERMINAL FRODLEW:
CALL p.0.T. MEYWORK HELP DESK: ¥1%-2319-1073.

Figure 56. VAL Program Output

thrdaat Gn bad Lt

¥ DAYS/NELK,

1o bt lanodan e g

24 MRS /DAY

/msrn,d'mn; Far- Loy
VAL /Jro?ram on UOT TSG

TERMINAL ID: DTINF22
mmomeremraun LOEON NENU mmsicssnsmg

_ WITH AMY CHARACTER OR PRESS THE IMDICATED PF KEY: 4___65{- Mepy on 5(2? ey

SELECT ONE. (KEPLACE
- {PFA/13Y PROFESSIONAL OFFICE S$YSTEM (PROFS
~ {PF2/14) TINE SHARIMG SYSTEW (TS0} )
- (PF1/18) CUSTOMER :Nfommmu CONTROL. SYSTEM <0080 ) :
o (BFAs13) C.D.P. FROES PFI ke)/
- 1PES/UTY C,B,P. OTHER APPLICH. . JONS ~ VS
T (PFas18) TEST £.1.C,5, —— 1.5, INTERMAL USE ONLY ~--
. i:f-‘?/;:: :ccr o Fon-xxis.tmtenuuugésé:&v -
. {PFB/ZO) DTACICST --- .3, INTERMAL ——
Koy in i Formation
. tHhat is onderlined
'ENTER 750 u m;c a:: PRESS Eﬂfﬁjgn c Eg Then
USERID. $IKAZ PASSUO: O :
atcr 24§ ? : F?)Sh KeY
RECONNECY 10 "n:sca“a“ttu TED SESSION: (Y OR l.r..we BLANL) ) o
IF YQU WISH YO RETURN TO THE DOT WENU-PRESS ANY PF KEY q-f gach ph e y Y

" BRO3 LOGON IN PROCKE

NG BROADCASYT MESSAGES

READ
VAL

ST AT 132.39°27 ON MAKCH 13, 1945

5&@

@ onhis £ !‘V){'OU'f

LR LT L L T T T e T T Y

[ ' L]

®  ARE YOU USIRG A CRT? (Y/N) o

- -

bdaied-i LA AL L LEL AL LT IR ST LIS T

)

ENTER "JOB IDENTIFICATION.

HAXTHUM OF A3 CHARAGTERS '
CHANGES? EMTER ¥ O% N, p- .

ENTER NUMBER OF CROSS, SECTION SHOTS. 18 @

ANY CHANGE? ' ’ .
ENTER CHOSS SECTION § u'rs OFFSET FOLLOMED BY ELEV.
Xt

SRR H -_g_g u@\k‘zy in Distauce - Blank Soare= Elgyative r wach ghot

15 your confidential nywper
ﬁ'¢55 B ad these 3 focation

el 9

1
ﬁ’%wor:’ will aot show H ‘
|
f

Usg youk num

R e T

589

TR D v
X¢  Xr ¥« 3

X 4 ¥ 75 99!3"‘6' A
275 991(£MueJB;CanMn whin gereen 'U‘-"“"“”jed “"“"“*'C‘Hf‘)
owy 430 990

X a1 Ti 8 e 982.5 .

Xt 7y ¥ 73 - 472 979.3 ,

K @) Yl @) . 487 947.%

X9 YC W3 S10 990

X183 YC 0} . Sa2 990

K¢ HED YO S1) 705 993

XC 42y YO 12y : 74% 993

XOAT) YO 13 807 1000.9

XC S4) Y( 14} 500 1003

ANY CHANGES? A
CHIER SLOPE IN FT./M
ANY CHANGE? (Y 0K N)

" RS

ENTER NUMBER OF SECTIONS.
ANY CHANGES gs AE
ENTEK SECTION DIST ce mn W VALUE .

B4 NG 1 Key in g,&,,“.. Bhuk spce = hVhlve dor gach Sechon

L2y NC 2y

S

D 3 we 3 3ee 07 8 ‘
ANY CHANGES? . e
ENTER snce‘gam'ﬂ LH ELEV, LW ELEV, AND_ IWCRENENT) s T 4
RAKE JURE WIGH ELEV IS LGWER THAN NIGHEST CROS SECTION SoTs. N
@ C‘onrrykf" U*.S@.s{.?(ﬂrﬁ ;;M!' : &
i’ ; quire an o shi S‘C.ru’#!.b, ;oW
S8z Wyt High Eley,, Space, Low £l S ce, freremind y
ANY Cuhﬁtn Kz" ! '5‘1 i . Pl P ‘:_
IS IHEKE A LOV FOINT ON fHE FLOD PLAINY (¥ OR Ny - & (B
58978
CROSS SEE.TIQN SNGFS ‘L«
N0, )
' 99110 H
2 PRS0 *N
3 9930 3
4 9.0 Q
5 990.0
& L] J
.7 0.7
g 9825
2 9990 )
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Figure

19 562 990.90
it 10% ¥93.9
2 T45 F9%.0

13 Bo7 t800. ¥

14 P00 £803.90
SLOFE EM FEET/MILE ..... 4750
SECTION DIST. N VALUE .

1 430 0.070

2 ss0  0.03@

3 ?¢0  ©.079

56.

CFs
cFs
s
CF§

CFS
CF§
CFy
CFs

tFs

123
crFs
]

CFS

CF§

-CF§

LFE

STAGE DATA . :
HIGH ELEV. LOW ELEV. INCRENMENT
997.60 vO7T.00 1.00
58978 .
SECTION DLSCHARGE
VALUE .
STACE ELEV, 9B7.00
L1l
i L]
[} 3.0700 .
. 2 aes
24837 0,0300
3 ]
[ G.8%00 e
tatat Hos
25832 o
STAGE ELEV., 968.00 . "o
[ @.0700
2 AR
37444 a.0300
3 L]
L Q.0700
TOTAL 1144
ITH4s
STAGE ELEY. 969.09 . 0
e ®
o 9.8700
2 1468
403 9.0360
. 3 ]
@ 0.,9700
TOTAL 1488
49403
STALE ELEV. 9%8.00 . °
[ ¢.0700
2 1930
64158 a.06300 !
. . 3 2
-] a.at00
TOTAL 939
643358
STAGE ELEV. 991.08
' 3

1039 ¢.0709

(11 (::>
2 3543

B5443 0.0300
3 49 CFS
1345 0.6700
TOTAL 2635 CFS
87847
STAGE ELEV. 992.00
[} 192 CF§
6386 89,0700
2 3264 LFS
108895 0.0300
3 156 CFF
5190 °.0700 s
TO0TAL 3443 CFS
120470
STAGE ELEV. 993.00
1 492 CFS
16394 0.0700
2 4033 CFS
ane
P 134544 e.0l00
3 343 CFY
t2097 8.6700 ,
TOTAL 4BYD CFE
143014
STAGE £1LEV. 994,00
L 9% CFS
aes? 0,0700
2 4848 CF§
162317 6.0300
3 100 CFS
23412 .94
10TAlL, o568 CFS
21891% '

CFS

CFS

(Continued)

VELGCITY

6.0
3.4
9.9
3.4

8.6
1.9
6.0
3.9

8.0

.2
19,9
4.2

.0
4.5
0.0
4.3

5.0
0.5
.0
0.7
5.5
0.8
1.4

1.0
6.0

1.2
4.5
vz
31

192

FrS
¥PE
FPS
FFY

FES
FrS
]
FFS

FPS

FPS$

Fes

£py

FFS
FFS
FEs
FES

Frs

FFS
FPS
FPS

FPS§
FPS
FPS
FrS

FPS§
Fig

FFS§
FFS
FPS
£PS

FPS
F¥§

\ I no /Orr'mlcr-' 15
‘ avarlable you shoutd copy

data before you
Ch:fje Sc.reé);ﬁs’.(* x# &)

CONVEYANCE N :

o 5G. FY. N
224 3q, FY. s
9 5Q. FT.
224 59, FT. S

0 sa, FT,
206 5Q. FT.

o 5. FT.
288 S@. FT.

355 sa. FT,
¢ su. FY.
IS sa. FY.

& 6. ¥FT.
43% 50, FY.
9 5Q. FY,
431 5Q. FT. [

7T 5G. FT.

1t SQ. FY,
76 5Q. FT,
845 $Q, FY.

265 SR, FT.

. 591 SQ. FT.

1¥9 SQ. FT. -
.
1054 5@. FT.

17 54, FY.
47t S4. FY.

376 s0. FT,
1559 §Q, FT,

86 §Q. FT.
%1 5Q. FT.
575 §9. FV,
2142 5. FY,



Figure 56.
STAGE ELEV., 99%.00
t 1638 CFS
T4408 ¢.0700
2 3743 OF S
192138 0.0300
(113 .
_ 3 1457 CFS
18544 ©.9704
TarAL §358 CFS
285310
FIAGE ELEV. 994.00
t 2379 CFY
TIT . 9.97688 v
2 &T4T CF§
223934 0.0330
3 © 1740 CFS
58004 4.0790 i . .
TOTAL 16833 CFY
341235
STAGE ELEV., 997.00
t 3290 CFS
Q9701 2.0790
2 128 CFS
257449 4.0308
3 2424 CF5
LLL]
@324 ¢.0700
ToTAL 13442 CFS

448174
15 DESIGM STAGE COMNPUTATION DESIRED? ENTER
ENTER DESIGH DISCHARGE (IN CFS). :  3R09
ANY CHANGE? . N,
DESIGN DISCHAGRE

3200

STAGE ELEY. 993.2¢
304 CFS

19481 a.0700
2 4207 CFS

40239 9.06300
42T CFS

4246 8,008
araL 3218 CF§

7
I!l(é;
15 DESIGN STaLE CONPUTATION DESKRED? ENTER ¥
ENTER DESIGN DISCHARCE (IM CF5). . 4200 @
ANY CHANGE? ’

DESIGN DISCHAGKE 4200
STAGE ELEV. 992.%0
1 324 CFS
10791 2.0700 .
2 3643 CFY
12509 0.0300
3 . 247 CFS
8239 ©,.0700
TOTAL 4218 CFS
140539

15 DESIGN ITAGE COMPUTATION ODESIRED? ENTER Y
Dfy YOU WANT TG CHANGE M VALUES? ENTER ¥ OR N

ARE ADDITIONAL STALES DESIRED? F.§
B0 YOU WANT TO CHANGE THE SLOFE? (¥ OR N)

ﬁbﬁnu WANT TD CHANGE ANY
DO YOU WANT T8¢ RERUM FROM
END OF JO0B

#3 CNTER B IF YOU.WISH TO

oR

aR

oR

X-SECT. SHOTE? (Y OR M)
THE DEGINNING? : N (B

BROWSE YHE PHINT DATASET 8

(Continued)

t.4 FFS 1§40
4.9 FPS o3
1.4 FPS [:1:1:]
3.8 FPS 212
t.4 FPS 1561
T.4 FPS [ 23]
t.7 FPS 1044
3.4 FPS Jasy
1.7 FFPS 1708
1.8 FPS 99
1.9 FPY 1292
3.2 FPS 4194
oy ©

1.8 FPS 578
4.1 FFPS -488
1,9 FPS L2k
3.1 FPY 1479
oy @

©.0 FPS 304
5.8 FPS 431
0.9 FPS 219
3.3 FPS 1293

14 P

B

3% ENTER R IF YOU NISH TO RESTART AT THE BEGINMING &4

ENTER £ I YOU WESH TO PRINT THE LISYING

$% ENTER € IF TOU WISH YO END THE PROGRAN AND NOT 80

; 3t

+ FRINT THE LISTING
) f GE
L,oﬁoﬁ- ©

Lram&\
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Figure 56. (Continued)

58978 _
CROSS SECTION SHOTS
X

NO. :

) 0 997.0 T hic i ‘e
2 92 995.0 h’s i5 4 fas 9
3 148 993.0 .

4 715 991.0 i Lis KG\/‘-‘—‘!. "T‘”‘i 4
5 a0 990.0 s : a

& Az . 982,35 Prister is avs ble.,
7 a7z 919.5

8 487 982.5

s ste 990.0

10 542 999.0

i1 705 993.0

12 745 99%.0

13 Bo7  1000.9

14 900  1003.0

SLOPE IN FEET/HILE ..... 4.750

SECTION DIST. N VALUE
i 430 0.070
-2 -510 L 0.030
3 P00  0.070

STAGE DATA
HIGH ELEV, LOW ELEV. INCREMENT
?P97.00 $87.00 1.00
SpY78
SECTION DISCHARGE VELOCITY CONVEYANCE N VALUE
STAGE ELEV. 787.00 ’
1 O CF¥ ¢.0 FPS O SR, FT. [} ¢.0700
2 B0S CFS 3.4 FPY 224 SR, FT. 26832 Q.0300
3 O CFS 6.0 FPS o SQ. FT. [} 0.0700
TOTAL 805 OFS 3.6 FFPS 224 SQ. FT. 24832
*
STAGE ELEV. 98B.00
1 9 CFS 0.0 FPS o Q. FT. o 0.0700
2 1114 CF§ 3.9 FPS 284 34. FY. 37146 0.03060
3 ' o CFS 0.9 FPS @ 30, FT. Q G,0700
TOTAL 1114 CFJ 3.9 FPS 286 SG. FT. kYALT]
v *
STAGE ELEV. 989.00 ‘ .
1 9 CFS 0.0 FPS ) 0 S, FT. [} ©.0700
. 2 1488 CFS 4.2 FFPS 355 SR FT. 494603 @,0300
3 Q@ CFS + 0.0 FPY & Q. FY. Q Q.Q0700
Ta7TAL 1488 CF§ 4.2 FPS 355 sSa. FT. 494603
STAGE ELEV. 990.00
: @ CF§ ¢.0 FPS e SQ. FT. [} 0.,0700
2 {939 CFf 4,5 FFrS 431 SR, FT. 44358 Q.5006°
3 o CFS 0.0 Fp3 8 §Q. FT. 3 3.0700
TarAL 193¢ LFS 4.5 FPS 431 SQ. FT. 454358 ’
STAGE ELEV. 991.00
1 31 CFS ©.4 FFPS 7Y SQ. FT. 1039 G.0700
2 2543 CFS 5.0 FFY 554 Q. FT. 89463 0.0%00
k] 49 CF§ 0,5 FPS 76 SR, FT. 1345 0.07¢0
TaTAL 2635 CFS 4,0 FPS A4S 3¢, FT. 87847
STHGE ELEV. 992.00
i 192 CFS 9.7 FPS 265 SQ. FT. 6386 9.0700
2 3244 CFS 5.5 FPS 591 SGQ. FY. LoBEYS 0.0300
ks i56 CFS 0.8 FPS 199 sg. FT¥. S190 Q. 0700
TCTAL " 3413 CFF 3.4 FPS 10%6 Sq. FY. 120470
STAGE ELEV. 993.00 ‘
4 492 CFY 4.0 FPS 517 S@. FT. 16394 0.0V00
2 4035 C¥s 4.0 FPS &7 SQ. FT. 1345494 00300
3 3463 CFS 1.0 FFS 370 SR, FT. 12097 0.0700
TOTAL 48599 CFS 3.4

FPS 1559 Q. FT. . 163034
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Figure 56. (_Continued)l

FFS 317 SG. FT. 16374 ¢.0700

4 492 CFS | 1.0
2 4035 CFS 4.9 FPS &7t SQ. FT. 134544 0. 0300
3 363 CFS 1.0 FPY 370 $Q. FT. 12097 9.070¢
TOTAL 4890 CFS 3.4 FPY 1559 sQ. FT. . 163034
STAGE ELEV. 994.00 ) )
1 989 CFS 1.2 FFS 8t4 SQ. FT. 32987 0.0700
2 Al CFS 6.5 FPS %1 84, FT. CHA2347 ¢.0300
3 . 08 CFS 1.2 FPS T 573 S0, FT. 23612 2.0700
TOTAL 6564 CFS 3.1 FPS 2142 Q. FT. . 218945
STAGE ELEV., 995.00
1 1438 CFS§ V.4 FPS 1440 SQ. FT. S4408 0.0700
2 5753 CFY &.% FPS 83t §Q. FT. | 192136 6.0390
3 1157 CFS 1.4 FPS 800 SQ. FT. - 38544 8.0700
TOTAL 85458 CF$ 4 FRS 2772 §SQ. FT. 285310
*
STALE ELEV. 994.00
1 2379 CFY 1.6 FPS ©o1%e1 S@, FT, 19315 0.0700
2 4717 CFS 7.4 FPS 91t $Q. FT. 223934 0.0300
3 1740 CFS 1.7 FPS . 1041 3Q. FT. 5B00s 0.9700
TOTAL 10835 CFS 3.1 FPS 3453 SQ. FT. 361255
STAGE ELEV, 997.00
. t %5290 CFS 1.7 FPS 1908 $Q. FT. 169701 0.0790
2 7?28 CFS 7.8 FPS 9L SR, FT. 251649 0.0300
3 2424 CFS t.9 FFS 1292 5Q. FT. . 80824 0.0700
TOTAL 13442 CFS 3.2 FPS 4191 5Q. FT. 448174
DESIGN DISCHAGRE 5200
STAGE ELLV, 993.21
% 584 CFS 1.9 FPS 578 SQ. F9Y 19481 0.0700
2 4207 CFS b.1 FPS 689 $Q. FT. 140250 0.9300
3 427 CFS 1.0 FF$ 442 $Q. FT. 14244 0.0700
TOTAL 5218 CFS 3.4 FPS 1679 5Q. FT. 173977
UVESIGN DISCHAGRE 4200
STAGE ELEV. 992.50
{ 324 CFS 0.8 FPS 384 30, FY. 10791 0.0700
2 3445 CFS 5.8 FPS 631 S@. FT, 121569 0.0300
3 ‘247 CFS ©.9 FPS 279 5¢. FT. 239 0.0700
TOTAL - AMS CFS 3.3 FPY 1293 3Q. FT. 149339
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2.2, 6. WSNAT
WENAT
WATER SURFACE PROFILES

NATURAL CHANNEL CROSS~SECTIONS

2.20641. Inkroduckion

The "Water Surface Profiles — Natural Channel
Cross—-section” spreadsheet was developad to calculate the
water depth along a natural channel. This type of
cross-section is normally associated with dreeka, streans
arnd rivers.

This spreadsheet allows the user to calculate the
hackwater effects of structures located along thg channel
reach. It permits the user to calculate the tailwater

depths of upstream structures.

196



The initial input consists of the energy coefficient,
design flow, and the starting water depth elevation. One
also needs to input a description of the channel
cross-section. This entry data includess the station
distance from the first station, minimum channel
elevation, maximum channel glevation, whether or not
there is overbanking (on the left bank, on the right bani
or on both banks), distance and elevation of the
overbanking from a datum (if overbanking existe), and
valusgs that outline the chamnnel. The channel is
described as starting at a point on the left bank,.
setting that distance equal to zero and recording the
elevation at that point. There is no limit to the number
of cross-sections permitted.

Once the data are entersd, the user must then interate
the water surface elevation at each creoss-section. This
is dong by entering a trial depth and checking whether or
not. it is an acceptable value {(if not acceptable then
input a new elevationg if aaceptahie then go to next
station). The spreadsheet contains a cell that tells the
usar whether to increase or decrease the elayatimn. A
check value is also entered for each iteration. This
check value should approach ﬁ.OQl as the iterations are
parformed.

After all the cross—-sections’ water slevations have
been ilterated by the user, the final ﬁutput can be.

printed far a paper record. Included in the output data
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are the channel bottom elevation, water surface
elevation, energy line elevation, water depth, and
friction loss. From these data a water suwface profile

can be drawn and the water depths caused by the headwater

can bhe evaluated.

2.2.6.2. Using the Spreadsheet

The baﬁt way to begin using a spreadsheet is to obtain
all pertinent daﬁa,'recmrd the data in a form that is
easily transferred into the spreadaheet, ane then input
the data into the spreadsheet. The data obtained in the
4iald, from topographic maps, and engineering principles
can be transferred to an input form. Once this is done
the user can begin to manipulate the spreadsheet.

The first step in using the spreadshest is to load it
into the computer memory so that it can be'dperated.under
the contral of Microsoft Multiplan. Assume that this
spreadshest resides on disk as a dafa file under the
filename of WSTRAFL.MF and has been saved te disk in the
Normal Mode. Once the file has been loaded into the
computer, select the Options command from the Multiplan
command menu and turn the Reéalculatimn Mode of operation
OFF. Next enter the project number, project name,
preparer ‘s name, checker's name, and dates prepared and
checked. These entry items are located in rows 13

thrbu@h 16 (sese Figure 57). Gnce'thase administrative
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data have been entered, the constant values in column 8,
rows 20 through 22 (see Figure 5?5 can be entered.
Valusgs for the enerqgy coefficient, entered in rowlzﬂ,
column 7, {sea Figurg 57) are given in Table &. The
starting water depth is typically headwater depth of the
structure located where the first cross-section is

located.

Taple 6. Various values for the energy coefficient (after

Chow, 1959,

Channels Value of the energy coefficient

Minimum Average Maximum

Regular channels, flumes, spillways 1.10 1.15 1.20
Natural streams, and torrents 1.15% 1.30 1.50
Rivers under ice cover 1.20 1.50 2.00
River valleys overflooded ' 1.50 1.75 2.00

The next: step is to input the data for each
cross-section. The number of cross-—-asections are
limitless. This is accomplished by allowing & newly
created spreadsheet to copy data from a previous
spreadsheet which contains the data from the previous

downstream cross-section. Once a series of spreadsheets
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have been created, the output from each is copied onto a
summary output spreadsheet. The data needed to begin
sntering the cross-section ig the &rmﬁﬁwsemtimn shots.

An example of croéswﬁactimn shots ie depicted in
Figure 58, The information therein illustrates how a
person finds the offset and elevation at each shot. In
addition to the elevation at each shot, a person neads to
determine what is the Manning’ s roughnhess cma%%i;ient for
pach shot. The roughness coefficient is the one in the
reach from the previous shot to the current shot.

B@ﬁidaé thm.ﬁhmt data, the user has to input the distance
from the starting station te the station for which the
data is being input, the minimum slevation of the channel
cross—section, and the maximum elevation of the channel
cross—aection.

The input data for the station distance from the
starting point, minimum elevation, maximum slevation for
the first cross-section are input in column &, rows &1,
&E; &3 respectively (see Figure 99). The data for the
cross-section shots begin in row 63, columns 11 and 12,
and end at row B3, columns 10, 11, and 12. & Manning’'s
roughness coefficient is not needed for the firet shot.

i¥ overbank flow is a problem, an additional item of
intormation is needed, ‘Am example of what is meant by
overbank flow is illustrated in Figure 58. Uﬁera need to
specifty whether the overbanking wi11 not prour, will

acowr on the left bank only, will ocow on the right



bank, or will occuw on both banks. The overbanking
condition is identified by entering a O for no
averbanking, a 1 for overbank flow on both bahks, a 2 for
aoverbank +low on left bank only, or a 3 for éverbank +1low
on right bank only. This "flag" is entered in row &8,
column & (for cross-section 1 anly). The orientation of
laft and right is based upon thes user looking upstream of
the flow.

The highest cross-section shot in the channel reach
before overtopping can occur needs to be entered. This
input data inlcudes the offset distance and alevation at
the point of overtopping. The data input for
cross-section 1 is entered in columns & and 7, rows 74
and 77.

Once all the daté listed above have been entered for
cirross-section 1, repeat the input process for
cross-section 2 {sed Figure 59). Thé basic input is
entaered in rows 90¢ thraough 22, column &, For the
cross-section, begin entering data in row 72, columns 11
and 12. The overbanking entry begins in column &, row
7. {nce this process is complete for cross-section 2,
proceed to cross-section 3. The-data input for the third
cross-section is located between rows 115 and 143 in a
similar fashion to cross-section 2. (Additional
cross-sections are entered by creating more spreadsheets,
such as WBNATZ.MF, which can contain three more

cross-sections each and continuing on with an "external




copy" capability. Consult the Microsoft Multiplan
Manual .)

When all the cross-sections have been éntared, the
spreadsheet is ready for computation and the iteration
process can begin. The water surface eléevation for the
firet cross-section is auvtomatically trangferred from the
constant value previously entered in row EE,'cmumn 8 (see
Figure 57). The wser then begins the iteration process
at cross—section 2. A person first enters a trial water
elevation in column 8, row 28 (ses Figure 60). Once a
water plevation is entered a2 ") or a (=" will appear
in row 31 below the water aurface.number Just entered.

I it is a "(3" then the water surface elevation should
he increased to achieve closwe in the iteration process.
I+ the indicator iz a "(-)" then the water swface
glevation should be decreased.

The method for finding the water surface is based on
the standard step method presented by Chow (193%). This
method i ba%éd an the fact that the total head at the
current cross-section is equél to the total head at the
previous cross—sgction plus the friction head plus the
eddy laﬂﬁﬁﬁ; For convenience of compubation, the eddy
losses can be considered part of the friction loss (Chow,
195%) . The check vaiue in row 32 is the difference
between the total héad at the cuwrrent cross-section and
the total head plus the friction loss at the previous

cross-section. As the check value becomes smaller, the
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precision of the method increases. For this spreadsheet,
the recommended precision is such that the value in row
47 becomes 0.000 or a very small minimum value.

Once the water surface elevation is at a satisfactory
precision level, procesed to cross-section 3 (row 28,
columnn 2) and repeat the process. For a problem
encompassing three cross-sections, this would complete
the spreadsheet. To continue on to more cross—gections
beyond three, the user will have to use a second
spreadsheet file, such as WBNATZWMP, and émplmy the
Multiplan "extenal copy" capability to bring the
intermediate results from WSNATL.MP into WSNATZ2.MF. In
this fashion, the process can be axtended indefinitely.
If only three cross-sections are needed to satisty the
hyraulic analysis for this project, the user tan review
the output at this time.

The output data for cross-sections 1, 2, and 3 can be
Cfound in rows 143 through 153, To "jump" to this portion
af the gpreadsheet, select the GBoto command from the
CMultiplan command menu, then select the Name subcgmmand
within the Goto command, and finally enter the name
GUTFUT (press <returns or senter: key to complete the
command) . This will move the cell pointer directly to
the output area of the spreadsheet.

The sporeadsheet should now be saved as a data file for
later use., If additional cross—sections are to be

incorpafatad in this analysis, name the spreadsheest when




saving it in some fashion that identifies the spreadsheet
as containing crosg-sections 1-I.

For purpose of explaining how o continue on to
crass-sections 4 through &, the data for the first three
crogss-sections will bs assumed Lo be saved as EXAMPLE,
The First step in contining to cross-section 4 is tﬁ
load the spreardsheet WENATZ.MF into mamory to bring it
under the operational control of the Mgltiplan program.
Onee this is done, enter th@ identification data in rows
12 through 1é6&. Then move to the cell located in row 26,
column 7. This cell (RILHOET) is located Jjust below where
the spreadsheet displays the message "Transfered Cells".

The dser Can now copy the nwc@éﬁary gdata from the
spresdehest template created for cross-sections 1 through
. This e accomplished by using the XTERNAL/CORY
command sequence from the Multiplan command meru., While
the Mulfiplan command menu is displayed on the screen,
Cpreass X oor move the command cursor over to XTERNAL and
press dretwnr. Multiplan will then display the
subcommands under the XTERNAL command. One of these
subcommnands indicated will be COPY. As before, either
Rl al:=22] G.mr move the command cursor to CDPY.and PR es
sreturnx. Multiplan will then bring up the prompts to
identify from whaere the "extermal'cmpying” is to be done.
The usser must enter the name of the spreacdsheet {from
which the data is to be pulled and the name of the block

of cells (or the rowrcolumn range) in which the data
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resides.

It was assumed fm? this discussion that the first
three cross—sections were saved as a data file named
EXAMFLE. Thus, for naming the spreadsheet from which
data is to bhe copilied, the user would snter EXAMPLE if the
file is stored in the default drive, enter BIEXAMPLE if
the file is stored on a disk in Drive B, or anter
pathname\EXAMFPLE is the file is located in a hard dishk
airectary. The name of the cells where ﬁhe data to be
copied is located has already heen "named” TRANSFER,
hence the user will always enter.the name of the gells as
TRANSFER to complete the "external” reference. Once this
is done, tab twice to the "linked" subsubcommand prompt
and set it to NG, This completes the set up for copying
the prévimuﬁ output data as initial starting data into
the continuation apraadsheaf, a0 press <return: to begin
hhe tranﬁfar of data from EXAMPLE into WSNATZ.MP.

Onece the transfer is complete, the user then enters
the cross-section data for the next three cross-sections.
This data input begins.in row S36.  The input requirements

and location of data entry is exactly the zame as that

AR b s At s b s D T WO T T il i N S St s et e i b S LSS R PURA PRUS 1 S GRE P R e sabid st 4TS e S o P 2)

g88. When all the cross-sectional entries are complete go
to row 27, column 8 and iterate the water surface

elevation for each of. the three cross-sections in this




sprreadshest. This procedure is the same as thét which
was employed for the first three cross-—sections.

After completing the spreadsheet for cross-sections 4
through 6, the user should save the file. If additional
cross-sections are to be analyzed, make a note of the
filename (include a mmd@d‘referance to sections 4-6),
laad a copy of WBNAT2.MP aqain'to repeat the data entry
process for crmss;%ections 7%, Now the data is copied
From the file containing cross-sections 4-6.  In this
maﬁﬂer-the process can be extended indefinitely.  An
axample of a spreadsheset created tb provide thé suUmmary

output is shown in Figure &1,

Chow, Ven Te, Open-Channel Hyrauwlics, Meobraw-Hill,

Tt B X i rovre meae sehin s Aviw Lot ror st eaen v Brety 7o v T Seve i Pt

Inc. New York, 1939, P 27*28, 249-289.
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Figure 57. Input of Administrative Data for WSNAT

R 2 ] 3 5 & 7 8
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WATEFR SURFACE PROFILES — MATURAL CHANNEL CROSS-SECTIONS

STARTER SHEET

EEELEIN S S LEIELITELSELSESPL I LT LTSS LRSI ILSSIEFLESETEF RS RS S ES
BT o L e
tultiplan Microcomputer Spreadsheets for County +

Hydraulic and Highway Engineering Computations

WEHNTU Bk e

All Rights Reserved, 1986

A’.

+

+ Copyright by Rocky J. Keehn
+

+* Version 1.1

+
-+
g
3

L L O O A a0 O A o O I o o S S o T e e

Froject Number:
Project Name
Frepared By
Checked By

e ke e ot B e s — [ A 0, AL 444 4k o o . s et S -

Date:
Date:

INFUT ~- constant variables

P P g Fop Fop P Py o 14 g Pp p T P 0 10 Mg 10 G P B0 By P P R Py
Energy coefficient, unitless
Design flow, ofs :
Starting water depth elevation, feet
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36
57
38
39
60
&1
82
63
64
63
86
67
68
9
[
n
1
£
4
73
16
17

80
1
82
83
84
83

83
90
9
92
93
EL
95
%
97
9%
9
100
101
102
103
104
108
106

109
L
Ht
112

Figure 59. WSNAT Spreadsheet Format

1 2 3 4 3 3 7 8 9 10 11 12 13
£ROS5-SECTION 1 CROSS-SECTION 1

INPUT DATA - BASIC'S INPUT - Cross-section infore !
AN A N e e Ay ey Ay Ny g By Ay T iy A R A M Py e P e My M R ;
Station distance from Pistance Eley !

starting point (ft) = 9 Data point (feet) (feet) |

Hininum elevation (ft) =  B82 Kanming's__ . _ .. oo }

Maxiaum elevation (ft) = 900 RS S “ 0 8000

Slope C(ft/ni) = 42.14 2+ 0,08 20 890,00

3--» 0,03 g0 8g2.00 !

4 -3 0.03 220 890,00 !

Input on of the folloving options: J=--2 0.03 20 900.00

Input (0-3) ----) 0 ] : o

0 - no overhank flov T ==} :

1 - overbank floy both banks 8- H

2 - overbank flow Left bank. g - H

3 - overbank flov right bank 10 =) i

i - {

A2 -} :

13 --» H

14 - {

1§ - -

78 GUTAUT: 16 --» H
79 LLLLL L L 17 _,) ;
Hydraulic radiys = 3.0 fest 18 --) '

Hater depth = 6.0 feet 19 H

Water elevation = {88 fest 20 - :

Siope = 0,008 ft/ft , {

Weighted Namning’s n = 0.030 Sums: ) !

86 CROSS-SECTION 2 - CROSS-SECTION 2

87 INPUT DATA ~ BASIC'S INPUT ~ Cross-section infors !
sa A e e e A A e e et g e e * eyttt e e Y Ve . :
Station distance from Distance Elev !

starting point (ft} = 170 Data point (feet) (feet) |

Minimuw elevation (ft) = 883 Mamming’s_ . _ ...

Haxisum elevation (ft) = 900 I I 900,00 !

: 2--) 0,03 20 890,00 ¢

3> 0,03 35 8eo0

4--3 0,03 150 89.00 !

Input on of the folloving options: Sy 0,03 200 900,00 @

Input (0-3) -~ 0 6 --» {

0 - no overbank flov FAER] {

I - averhank flov both banks 8- i

2 - overbank flow feft bank - :

3 - overbank flov right bank 14 -~} i

1 =) H

12 --> :

13 -2 i

14 - i

15 --} :

107 BUTPUT: 16 -~ H
108 Ape By dy Ny iy Ay l? __) :
Rydraulic radius = 2,9 feet 18 ~-) :

Hater depth = 5.0 feet 19 -3 :

Hater elevation = 880 feet 20 =) !

Slope =0, 00588 ft/ft ' i

Beighted Manning’s n = 0.030 Sums: } !

113

_________________________________
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Figure 59.

115 CROSS-SECTION 3
116 INPUT DATA - BASIC'S

117 5 0y By Py v by Tt By B Tty Ry Sty By 2y

118
119
1290
121
122
123
124
125
128
127
128
129
130
131
132
133
134
135
- 136 OUTPUT:
137 AN NNy
138
139
140
141
142

2 3 4 ] 6
Station distance from ,
starting point (ft} = 360
¥inimum elevation (ft) = BG4
Maxinus elevation (ft) = 890
Input on of the folloving options:
Input (0-3) ~---} 0
0 - no overbank flov
1 - overbank flov both hanks
2 - overbank flov left bank
3 ~ overbank flow right bank
Hydraulic radius 1.7 feet
Water depth 3.4 feet
Hater elevation 887.4 feet

Slope .
Weighted Manning's n

o u own

0.030

{(Continued)

0.00588 ft/ft
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CROSS-SECTION 3

10

INPUT ~ Cross-section inforam

0y L 4y Py By B B B

Data point

Manning's

1

Distance
{feet)

12

Elev
(feet}

0
40
i

1o
179

900. 00
890, 00
884,00
890, 00
900, 00

e
a3
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Figure 60. WSNAT Iterationm Illustration
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i 2 I 4 g 6 7 8 9 10 i

23 - : -~
24 INPUT - Self-interation i Transfer
25 Rt i iy A iy iy S By B 0 e P e T e Ty e Ry . := cells . ’ .
P CROSS-SECTIONS -~ 1 2 3 ! 3
27 ++ Input yourself ++ H :
28 - Water surface elevation (FT} = 888 888 887.4 . 887.4
2 : ' ' !
30 ++ Helpful OQutput #+ _ H
k| Increase (+) or decrease (-) {

© 32 Nater surface elev. = sbart at () (-} I b

33 Check value (ok if {= +/-.001)= X-section 0,00t 0.144 I 0.1436316
35 - I
36 CALCULATIONS '
3? By ey N e A o . o ) f
38 X accumlative (FT) = 0 iro 0 360
‘39 Delta X FTY = 0.0 170.0 190.0 H 190
40 Channel bottom elevation = 882,000 893,000 984.000 H 884
4 Channel rise = 0.000 1,000 1,000 H |
42 Accuslative channel rise = 0000 1.000 2.000 H 2
43 Average channel slope (ft/ft) = 0.0059 0.0059  0.0053 00052632
44 Calculated Flow Depth (FT) = h.00 5.00 3.40 H 3.4
45 Flow area (sq. ft.) = 430.0 232.1 67.4 i 67.433333
46 Hydraulic Radius (FT) = 3.0 2.3 .7 i 1.6750746
47 Calculated Velacity (FP5) = 1.1 5.2 7.4 P T.4147306
48 alpha 3 V2 / 29 = 0.0 0t 6.9 . ! 0.93%

- 49 Bt elevation (FT) = 888.021 888.079 888.340 |  @88.33983
50 Hydraulic Radius * 4/3 = 43 3.4 z.0 I 1.9993545
51 Weighted Manning's n = 0,030 0.030 0030 ¢ . 003
52 Friction Slope, Sf = 0,00012 0.000560 0.0f1204 !  0.0112039
53 Average 5§ = 0.00012 6.000338 0.005862 ! 0.0058818
54 Friction head loss, Wi (FT) = 0,000 0,057 0.1 1 G173
55 H2 elevation (FT) = §068.021 888.079 BBB.1%6 ! 88, 1962
56 -




(A Y4

i 2 3 4 3 7 g 5 ] i 12 13 14 13
143
144 GUTPLT
143 ¥~ £3 RESHLTS $2 i Channel i Mater i Energy i Hater | friction
146 Cross- i Bottow ¢ Surface i Line i Depth  § less
147 Sect. Statien i Elevation {  Elevation i Elevation i (feet)y 1 (feet)
148 Rusber i (feel) P {feel) i (feed) ! !
149 e e e { H
130 i 0+ 600 i 882.00 ! §688.00 : 888.02 : 6.00 i 0.000
131 2 t + 7000 883.00 ; 888.00 H 8aa.08 i 506 0.057
152 3 3 ¢+ 8000 884.00 ! 887.40 : 888.20 : 34 ¢.118
133

Figure 61. Example Output for Summary of WSNAT
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USER REFERENCE INSTRUCTIONS FOR KERMIT

Public Domain Communication Software
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URM: Users’ RerFereNcCE IVIEMO

URM 142 Using KERMIT
March 1987 (revised) By Jeff Balvanz and Ruth
Schiotfeldt

(Revised by Jeff Balvanz)

Overview

KERMIT is a communications protocol originally developed at Columbia University.
This protocol has been incorporated into public domain communications programs
for a wide variety of microcomputers, minicomputers, and mainframes. At ISU,
versions of KERMIT are available for the NAS AS/3160, VAX, Apple //e, Zenith
Z-100, IBM PC, Tt PC, Commodore 64, and CP/M computers,. Microcomputer
versions may be acquired at the Microcomputer Product Center, 125 Computer
Science. These diskettes include additional version-gpecific information which is not
described in this publication.

KERMIT can be used as a terminal emulator allowing you to communicate with
any host computer system. Two computers running KERMIT can exchange files
over an RS-232 connection using an error-checking system. Such transfers are
very raliable. v

Copyright @ 1987 by lowa State University

Permission to reproduce all or part of this document for noncommercial purposes
is granted, provided the author and lowa State University are given credit. To copy
otherwise requires specific permission, .

Some material in this publication has been adapted from the KERMIT User's Guide
prepared by Columbia University and the KERMIT-8% documentation prepared by
Stevens Institute of Technology.

KERMIT is a registered trademark of Henson Associates, Inc.. and is used in this
context by permission.
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. 1. GETTING STARTED
Note: All commands must be followed by pressing the <return> key.

To run KERMIT on your microcomputer, enter the foliowing command(s):

CP/M or MS-DOS: KERMIT

Apple 1[: RUN KERMIT

Commodore 84: LOAD “KERMIT".8
RUN

The prompt "KERMIT-xx>" will appear on the screen, whers "xx" depends on
the version of KERMIT you are running.

Version Prompt

MS-DOS KERMIT-MS
CP/M-80 KERMIT-80
Apple //e KERMIT-85
Commodore 64 KERMIT-65

At this point you are in local mode. You can enter commands or enter “! <return>”
for 2 command list. To get help with commands, enter a question mark at any
point in the command. KERMIT will display the options available. Comwands can be
abbreviated to any prafix that is unique. <(Exampie: DIR is a unique prefix, so it
may be used instead of DIRECTORY in KERMIT commands.) Refer to the section
entitled "KERMIT Commands” for details on commonly-used commands.

If you are going to log in to VAX or WYLBUR via a dialup or the ESN you will
have to enter the command:

SET PARITY NONE

before connecting to the remote computer. Without this step, file transfers will
not work. MS-DOS users communicating with WYLBUR should enter the commands:

SET HANDSHAKE NONE
SET FLOW-CONTROL NONE

to get file transfers to work properly. KERMIT-MS allows you to put lists of
commands into a TAKE file: see the KERMIT-MS documaentation for more details.

To connect to VAX or WYLBUR, you must leave local mode and go into connect
mode. - To do this, enter CONNECT and press <return>  You can now dial the
phone or give dialing commands to a direct-connect modem and log in as usual
For more details on logging in to WYLBUR or VAX, see URM 39 “Login Procedurs
for VAX, EVAX and WYLBUR™.
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Before you can transfer files, you must leave connect mode. Do this by
entering a special character called an escape character, followed by the letter C.
The defauit escape characters are as foilows (hold the control key down, then
press the appropriate character):

MS-DOS: <ctri/ >
Apple CP/M: <ctrl/ I»
Other CP/M: <ctri/\>
Apple 1[: <cirl/@>

Commadore 64:  <crl/Y>

To leave connect mode on an MS-DOS machine, for example, you would press
<etrl/}>C.  The escape character also performs other functions. To send a break,
enter the escape character followed by the letter B. f you nesd to send the
escape character to the remote computer. press the escape character twice.

2. TRANSFERRING FILES

To transfer files between two computers using KERMIT, both computers must
be running a KERMIT program. There are two ways to transfer files. The first
uses the SEND and RECEIVE commands, and the second usas the SERVER mode and
the SEND and GET commands. Using the server mode is easier, but not all
KERMITs can act as or work with a server.

21 Using KERMIT with the AS/9160 -~ SEND and RECEIVE ..

KERMIT on the AS/9180 runs under the ORVYL file system. As a result, it
cannot directly transfer WYLBUR edit format files, but can transfer ORVYL files and
the active file, To run KERMIT on the AS/9160, entar:

KERMIT

which displays the "KERMIT-ORV>" prompt. You can still issue soms WYLBUR
commands by preceding the command with the word WYLBUR. To leave KERMIT
and return to WYLBUR, enter EXIT.

Not all micrécomputer files can be uploaded to WYLBUR. Files to be uploaded
must have lines no more than 235 characters iong.  Alse, ORVYL KERMIT cannot
transfer non-text or binary files. WARNING: Because it runs under the ORVYL
system, using ORVYL KERMIT is expensive. If there is ancther error-checking
method of transferring files to WYLBUR available for your microcomputer (such as
SAMSON) we recommend that you use it
2.1.1  Downloading a WYLBUR File

To download a WYLBUR file, follow these steps:

1. Load the file to be downloaded into the WYLBUR active file by entering:

WYLBUR USE filename CLEAR
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where "fiiename" is the WYLBUR filename.
2. Enter the ORVYL KERMIT command:
SEND filename
where “filename" is the name that you want the filerto be stored under on
your microcomputer diskette. (it does not _have to‘ be the same as the

WYLBUR filename.)

3. Return to local mode by entering the escape sequenca for your version of
KERMIT. Then enter:

RECEIVE

The status screen on your microcomputer will display information about the
number of packets transferred.

4, When the transfer is completed aenter CONNECT to return to connect mode.
2.1.2 Transferrmg a Micracompirter File.
To transfer a microcomputer file to the WYLBUR active f;!e. follow these steps:

1. You should be in connect mode with ORVYL KERMIT running. Enter the
command:

» '.‘
WYLBUR CLEAR ACTIVE
to clear the active file. If you don't clear ths active file before the transfer
begins, the information transferred will be added to whatever is currently in

the active file. (This can be used effactively to combune several smail micro-
computer files into one WYLBUR file.) :

2. Enter:
'RECEIVE
3. Exit to local mode and enter:
SEND filename
‘where “filename” is the name of the micro&omputer file to be transferred.
You will .see the status screen display information about the packets bemg

transferred.

4. When the transfer is completed, enter CONNECT to return to connect mode.
The text is in the WYLBUR active file and may be SAVEd or PUT as usual.
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2.1.3  Transferring ORVYL Files Directly

ORVYL KERMIT can be used to transfer ORVYL files direcﬂy. Give ORVYL
KERMIT the command: : : e

SET FILE-MODE ORVYL

Now the KERMIT-ORV command "SEND filename"” can be used to transfer the
ORVYL file named "filename”. The RECEIVE command stores the file as an QORVYL
file with the same name as the microcomputer file. If your microcomputer's
KERMIT accepts wildcards in file specifications, you can use "SEND x.»" to transfer
many files with only one RECEIVE command.

2.2  Using KERMIT with VAX --. SERVER Mode
On VAX, KERMIT is located in TESTLIB:.. To run it, enter:
RUN TESTLIB:KERMIT
at the VAX "3 prompt. VAX KERMIT then displays the “KERMIT-32>" prompt.

You can execute many VAX commands by preceding the command with the word
"LOCAL"™. To leave KERMIT and return to VAX, enter EXIT.

WARNING: VAX KERMIT has not yet been updated to allow the extended
filenames that can be used in VMS Version 4. As a result, files to be transmitted
must havé a filename no more than eight characters long and a file type no more
than three characters long. Coa

VAX KERMIT can act as a KERMIT server. You can SEND files to the server or
GET files from the server without having to leave tocal mode. - To activate VAX
KERMIT's server mode, enter:

SERVER '

at the "KERMIT-32>" prompt. Now you can return to local mode and use server
commands. To send files to VAX, enter:

SEND filename
To transfer VAX files to your microcomputer, enter:
GET filenhame
When you are finished transferring files, enter the microcomputer KERMIT
command: FINISH,  CONNECTIng now returns you to the KERMIT-32 command
prompt. Enter the EXIT command to return to the VAX "§" prompt.
If your microcomputer's KERMIT is not capable of sending server commands,

you can use SEND and RECEIVE commands to VAX KERMIT to transfer VAX files in
the same way that ORVYL KERMIT transfers QRVYL files.
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2.3  Microcomputer-to-Microcomputer Transfers

To send a file from one microcomputer to another, each must start in local
mode. Issue the RECEIVE command at the receiving microcomputer. When the
transfer status screen appears on the receiving computer, give the SEND command
to the sending microcomputer by entering:

SEND filename

KERMIT displays a running total of the packets transferred along with any errors
encountered. When the transfer is complete, both microcomputers return to local
mode. :

MS-DOS KERMIT can act as a server. Put KERMIT-MS into server mode by
entering the SERVER command. You can then use the same commands to transfer
files to and from that microcomputer that you would use with the VAX KERMIT
sgrver. You can either enter FINISH on the other microcomputer or press <ctrl/C>
on the MS-DOS micraocomputer t0 end server mode.

3. KERMIT COMMANDS

In addition to tha commands discussed so far, other KERMIT commands can be
used to set communications: parameters or accomplish. special tasks. The commands
in the following list are some of the more useful KERMIT commands. They may not
work on all versions of KERMIT. If you try to usg commands that are not available,
your KERMIT responds with “llegai command” or "Not implemented.” For a
compiete list of microcomputer KERMIT commands, see your microcomputar’s
KERMIT documentation,

® DIR [drive]l: Displays the directory of the diskette in “drive™. This is not
available in Apple KERMIT. In C-64 KERMIT, you must enter "DIR .

® HELP: Displays a summary of KERMIT commands.

® EXIT: Exits from KERMIT to your operating system. QUIT is a syn'onym for
BXIT.

® SFT:  Modifies various file transfer and terminal parameters.' The foliowing
paramaters can be set:

& DEFAULT-DISK parameter: Tells KERMIT which disk drive should be used
for file transfers. Apple KERMIT allows you to set default SLOT and
DRIVE, :

® DEVICE-DRIVER parameter: Tells Apple KERMIT-65 what type of commu-
nication card is being used. The foliowing are valid parameters:

APPLE-COM-CARD Apple communications card (or compatibie)

DC-HAYES D. C. Hayes Micromodem I
SUPER-SERIAL-CARD Apple Super Serial Card
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® FILE-BYTE-SIZE parameter: Sets the byte size (SEVEN-BIT or EIGHT-BIT)
for fite transfers with KERMIT-65.

o FILE-TYPE parameter: Tells KERMIT-85 what type of file is being trans-
ferred so it can do any character conversion necessary Apple KERMIT
accepts the following types:

TEXT ASCH text file (the default)
APPLESCFT - Applesoft Basic program
INTEGER integer Basic program
BINARY Binary image

C-84 KERMIT accepts the following_ types:

PETASCI CBM ASCH file (the defauit)

ASCH True ASCH file

SCRIPT SpsedScript docurnent file

BINARY Program file (BASIC or machine. language)

® FILE-WARNING ON or OFF: Tells KERMIT whether or not to warn you
when incoming filenames conflict with existing files. When FILE-WARNING
is ON, KERMIT tries to change the filename slightly to avoid the conflict.

o /SPLAY parameter: Tells Apple KERMIT-85 whether you have an Apple
J1i+ (parameter = 2P) or Apple //e (parameter = 2E) monitor. Only the
40-column display is supported.

» KEYBOARD parameter: Same as DISPLAY command above rfor the Apple
keyboard.

® [OCAL-ECHO parameter: Sets full duplex (LOCAL-ECHO ON) or half duplex
(LOCAL-ECHO -OFF), :

& PARITY: Sets parity to NONE, EVEN, ODD, MARK, or SPACE,
® RECEIVE: Sets various parameters for receiving files.
o SEND: Sets various parameters for sending files.

& SLOT parameter: Tells Apple KERMIT-8E in which slot the communications
card is located (normailly 25, The range for the parameter is 1-7.

® SHOW parameter: Examines the current parameter values. You can SHOW the
value of any parameter which can be SET. In addition, SHOW ALL shows the
current settings of ali parameters in KERMIT-85.

® STATUS:  Gives statistics about the most recent file transfer (KERMIT 85), or
shows the current parameter settings (MS-DOS).
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4. HELP

Sometimes KERMIT doesn't work. If your KERMIT can time out automaticaily,
you'll see the number of retries increasing on the screen as it tries to send to the
remote KERMIT and can’t get a response; or, as the remote KERMIT repeatedly
sends what your local KERMIT thinks are bad packets. if your KERMIT can't
automatically time out (KERMIT-65 is ke this) then you'll see the screen appear to
go dead--nothing will happen. Press <return> or <space> to manually time out the
transmission; after 16 retries the local KERMIT: gives up and returns you to local
mods.

There are several reasons why KERMIT doesm't work., Following are a number
of possibilities and how to correct each.

® Parity Set Incorrectly:

VAX KERMIT, ORVYL KERMIT, and most of the microcomputar KERMITs
expect no parity by defauit. The ISN system is an eight-bit, no parity system,
and this normally works fine. However, if you are communicating with some
other system (over TELENET, for example) even parity may be imposed by the
communications system. Try the command SET PARITY EVEN on both the
receiving and sending computers. Even parity, by the way, should work .even in a
no-parity environment as long as both KERMITs agree to use it

Parity errors can also occur on micro-to-micro transfers (between two micro-
computars), especially on KERMITs that cannot set parity and baud rates. In this
case you must set the parity from the oparating system; Apple and CP/M

 KERMITs are fike this. Use SET PARITY to tell KERMIT about ‘the. parity the
operating system has set.

® Broken Connections.

You must have good connections from serial port to modem to telephone, or
betwsen microcomputers.. In a micro-to-micro transfer, be sure you have a null
modern connector if your computers need one. It sounds like a silly error, but
folks do trip over cords, and cables can he wired wrong. Check and be sure!

* Message lmerference:

tf an ISN, VAX or WYLBUR message is transmitted during a file transfer, the
microcomputer KERMIT may get confused and terminate the transfer. There is
not much you can do about this except start over.

If an-error occurs in VAX or ORVYL KERMIT, an error packet is transmitted
to interrupt the transmission. Some microcomputer KERMITs know what to do
with error packets and some domt. If you timeout manually and return to
command mode, CONNECT and see if you receive the "KERMIT-xx>" prompt. If
you do, this is what has happened. Entering STATUS. displays a messagse telling
you what happened.
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® Transmission Delays:

Microcomputer KERMITs that timeout automatically may become impatient when
VAX or WYLBUR is heavily loaded. If the microcomputer doesn't receive a
packet in N seconds, it telis the host to resend the packet that hasn't been sent
yet. This can confuse both sides and may result in termination. If this occurs,
use SET DELAY on the microcomputer side to increase the time the local KERMIT
will wait for the host to send a packet.

Noise Corruptiomn:

If your phone connection is very noisy. you may see KERMIT requesting a lot
of retries, and it may abandon the transmission altogether. If this happens, first .
try dialing a new connection. If that doesn't help, use SET PACKET_LENGTH on
the transmitting end to decrease the packet size (normally 80 characters) and SET -
RETRY on both ends to increase the number of times KERMIT will try to send 2
packet. [f your KERMIT permits it, try switching to a two or three-character
checksum with SET BLOCK__CHECK. '

Extra Characters at Fnd of File:

On microcomputers with block-oriented disk structures (like CP/M), KERMIT
sends whole blocks to the remote system, hot recognizing an end-of-file
character (<ctri/z>), When this occurs you may see an extra line of garbled
characters "at the end of the file when you edit it on the remote system.
Remove these from the file with an editor,
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