R ey

K_ A. Brewver
R. ] Keehn
E.L. Ahrenholtz

Multiplan Spreadsheets for Highway and Hydraulic
Engineering Computations in County Engineering Offices

July 1987

of TR,

»
ol N
o : G

R,
lowh

Iowa DOT Project HR-284
ERI Project 1844
ISU-ERI-Ames-83402

- Final Report

Sponsored by the lowa Department of Transportation, Highway
Division, and the lowa Highway Research Board.

Department of Civil and Construction Engineering,
Civil Engineering Extension Program, and

Engineering Research Institute

College of Engineering

fowa State University
Ames, lowa 50011



K. A. Brewer
R. J. KEeehn
K. L. Ahrenholtz

Multiplan Spreadsheets for Highway and Hydraulic
Engineering Computations in County Engineering Offices

July 1987

JIowa DOT Project HR-284
ERI Project 1844
ISU-ERI-Ames-38402

Final Report

Sponsored by the lIowa Department of Transportation, Highway
Division, and the Iowa Highway Research Board.

Department of Civil and Construction Engineering,
Civil Engineering Extension Program, and

Engineering Research Institute

College of Engineering

lowa State University
Ames, lowa 50011



RIBCLAIMERS
1. The opinions, findings, and conclusions expressed in
this publication are those of the authors and not
necaﬁgariIQ thoée of the Highway Division of the lowa
Depawtmént of Transportation.
Z2e The lowa Department of Transportation, Iowa State
University and the authors of any and all spraadshest
developed under this contract deny all re%pohﬁibility and
liability for any damages resulting from the use of such
spreadsheets. ALl parties using these spreadsheets
assume the responsibility to ensure that the spreadsheet
program under which these spreadshests are mperating.and
the spreadsheets themselves are performing all
caleoulations and relationships correctly. The authors of
the spreadshests retain copyright to the spreadsheets
devel opead under this contract and by completion of this
contract grant to the lowa Department of Transportation,
and to all partiss to whom the lowa Department of
Transportation releases copies of these spreadsheets, a
license to wse these spreadsheets and a site license to
make coples for use within their respective organizations
w0 as to properly conduct all lawful business. The
avthors of these spreadshests also grant a license to use
and a site license to hake copies for the purpose of
conducting education and research under its jurisdiction

to Towa Btate Univw#sity.
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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-profasﬁiun in
making-thé transition #Fom prugrammablé calcul ator
applications in engineering to the use of micraCnmputaf
applicafions. The éarly viork with the‘enginaering
profession concentrated on hardware systems and
commercially available software. Eventually the

evaluation process identified a need to develop some

specific software applications that civil engineering

offices could make_direct.applicatinn.with limited
hands—on training. Educational reséérch had ideﬁtified
the microcomputer spreadsheet as the coming general
purpose programming environment for small scale
computational work and routine accaunting.systemwunrk i
a microcomputer envirnnmémfﬁ#*Cmmputer iﬁQu%tfy rebnrts

also indicated that the general purpose programmable

~calculator was merging into the brieftaséféized

microcomputer which typically has, ambng others, a

spreadsheet program installed on an internal chip.



L
Sﬂunty‘éngﬁneéringyoffices'héve made extensive use of
‘pragrammable calculatnrs in their englneerzng operatinns
_and have had some d:ffzculty 1ncarporat1ng mlcrucnmputers
into their mperatxonﬁ. Combining the utility of a
spreadsheet program with the need for county engineering
offices to build a bridge between programmable calcuiatdr
applications and micfuaqmpﬁters in'the.techqqlugiéal
transition seemed the natural way to respond to the need.
Applicaﬁiuns in highway and hydraulic computations uere 
selected as the specifie ébplication areas after‘:
conducting a survey af all 99 counties for pri&rityﬁ

preferences, should such a project be undertaken.

1.2, Identification of Initial Problem Set .

The results of the preprnjéct-survey:of a;l‘loﬂ§  
counties fnr prinrities in application Areas was.
.presmnted to an advisory wommxttee at the Hxltnn Inn £n

:.Dea Moznes on Gctaber 16, 1?85. It was recommended that.
shart—termn prinr1ty shuuld be g:ven tn develnp;ng
'spreadsheets for .

‘* computing flow in #itches
% talculating vertical curve éie&ations -

*. determanxng br;dge waterway upgn1ng

R [

* detarmlnlng the size of culverts jﬂ d951gn 5@ ]
it | /

~ and that long-term pr10r1ty shnuld be asé&gned to - /

,-* computmng earthwnrks with an attempt tm plnt masé/




di agram
* camputing backwater analysis from drainage
structureg.
The advisory committee suggested a modular design on
the spreadsheet programs with instructions on how to link

these together.
1.7, Objective of the Froject

The prmjecﬁ had as a central nhjective-deyelapment of
Multiplan spreadsheets for a set of hydraulic and highway
engineering computations 6% common inte;est to :aﬁnty
engineers anﬁ to make these available to the vaficué_
aﬂuntiES through a series of cne~day‘wurk5hups.'.This',
report is alsoc one of the dissemination devices intended

in the project objective.



2. DEVELOPMENT OF SPREADSHEETS:
2.1. 8election of the Base Spreadsheet Program

Several surveys have been done regarding the varxety
of mxcrmcomputer hardware avaxlable in the 99 Inﬂa
counties. Those surveys and the-survay work nf the
project staff in the preprﬂjact'étage convinced  the
prﬁject'staff that the most apprnpriéte spreadsheeh;
program to use was Multiplaﬁ by Microsoft Cdrﬁuratian;
Thié was based on the fact that it was availablé in
versiuhs“that operated on the widest variety of hardwafé‘
brands and models, and that, it was moderately pr:ced fur
cmunties_just beginning to acquire software. High cust
sdftware.places a-temptation‘ta acquire pirate_sqftwgre'
or places an undue_bqrden on tha budget to méka‘é triai,_
inéfaliétion.' Multiplan seemed to offer the.ﬁraataﬁt
potential to be 1ﬁw cost, widely implementéble aﬁd
~flexible enough in ﬁtructure to accomodate the range -of
cmmputat1una1 naeds. Subsequent reﬁearch by the progemt
sta{f identified that Hult:plan had the most pnuerful
equation capabzlxty-whxch was critical in some pf the!.

hydraulic engineering spreadsheets.

2.2, Development Sources




Sowces used azs the basis of developing these
spreadshests were those that are either expected to be in
most enginesring offices desiring to use the partiéular
spreadsheet or be readily available in a cnmpefatiﬁg

aoffice. The highway engineering computation spreadsheets

“utilized sguation relationships and table lookup

materials from two primary sources:

* A Policy on Geometric Design aof Highways and

Highway and Trénspartatinn'foicials.”

* Route Location and Design, Fifth Edition, Thomas

F. Hickerson, McGraw-Hill, 1964.
The hydraulic engineering spreadéheets were based on a
~variety of sources. fimong those were: |
% Hydraulic Qé&igu of Highway Culverts, Rep&rt
FHWA-IP-85-15, Federal Highway Administration,
September 1965. |

% VAL program on DOT TS0, Iowa Department of
Transportation.

Inc.; New York, 1959, pp 27-24d, 249*289.

# "Federal Highway Administratién Calculator Series
for Hydraulics for the TI-S5" equation was used
for the critical depth fqr‘nutlet control for:
culverts

Other sources include congultatidnS‘with Mr. Phillip

Thompson of the Federal Highway Administration in



“Washington, DC, and staff personnel of the lowa

Department of Transportation Office of Preliminary Bridge

.Design.

MOTE: For culvert design and analysis, full flow was.
assumed in all cases with velocity defined by the réﬁiu'

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

The spreaﬁsheeté were developed by fi?st laying out
the cnm@utational process an engineer typically uses with
a paper¥pencil?calculatur.method. Then informatiun was
QrganiZQﬂ_intﬂ an input screen which became a home bése
for the spreadsheet.‘ The required computations were
drganized in a linear flaw'patfern éince a spreadsheet
calculates down and to the right unless specia}. | |
instruﬁtiuns are included.- Then an output screenﬂhas-
organized into which fhe‘cdmputatinngl answers were
placed. Testing with‘é‘kﬁnﬁn‘resulﬁ exaﬁhlm,than_
followed. Modi%iqatinﬁs tq‘the'spféédéheetjto enhanée
- user understanding, add figxibi#ity,jn use, and ciarify

results created several v#rSinna for some spreadsheets.
2.4.Sxétem-cbmgatibility Difficulties

It was determined after testing thoroughly that




Multiplan versions were available for almost aIi
micrncumputerﬁlin use. UOne exception is the
Hewlett~Packard 80 series. Furtheﬁmore, consultation

- with the lowa State University Microcomputer Products
Center and the Engineering Research Institute Electronics
Labaratory resulted in a combined hardware—-software
method for transfering spreadsheetﬁrbetween MS-DOS haﬁed
hardware and the various Apple microcomputers. One
problem never fully resolved was the difficulty of
interacting with the Burroughs B-20 series

mi crocomputers.
2.7 Computer to Computer Communication Solution

With the assistance of the Iowa State University

Computation Center Microcomputer FrudQ¢ts Cenﬁer it was

- determinaed that by connecting between twﬁ“éerial pérts on
any two tampgtars for which a valid Mu1£iplén program
exists, it was possible to transmit épfeadshéats-between
the two computers. A software communication program must
exist in common for bath.cumputers; KERMIT is a public
domain program to public agéncieg sa that IQU can furnish
2 copy to a public agency (it can be purchased for $40 by
for profit ﬁrgan;zatimnﬁ). KERMIT is available for a |
wide range of microcomputers. Using KERMIT pefmits the
transmission of a Multiplan spreadsheet inithe SYMBOL IC

format code hetween, for examnple, IBM_cnmputers and APFLE



computers. Similarly, a county engineering office with a

modem can use such a communication program to transmit a

Multiplan spreadsheet to another office having a modem on

a microcomputer. Interchange of spreadsheets can be made

in this fashion between computer systems which cannot

diractly read each others disks.

2.6, Spreadsheets Develgped

The following spreadsheets were developed to assist in

highway engineering computations:

A. HORIZCRY is a spreadsheet to permit entry of basic

roadway design parameters for width‘of pavement and‘
related facks, entry of PI stétion, the DELTnlangle at
the PI, and the design degree of curvature and the
spreadsheet will compute the necessary information to
locate the curve an the ground. lIt will alzo provide
the typical design detail information to be included
on & plan and profile sheet. | |
VERTCURY is a spreadsheet to permit entry of vertical
profile design information such as the VPI station and
eie?ation, fhe-gradé'entering_and leaving the VPI and
the distance betwéan desired elevatibns along a
vertical curve to aampﬁte vertical curve elevations.
AASHTD criteria is used taldetefmine the required
length of vertical curve to be input. ThE'spreadsheét

will then calculate the vertical profile elevations.



D.

A separate portion of the spreadsheet allows

calculations at odd stations for driveways or similar

- points requiring profile elevations.

SUPERE is a spreadsheet to utilize AASHTO criteria to
defjne the centerline, left and right eﬁge of pavement
profile for a superelevation transitiﬁn'tn~a circular
curve. The transition can be either tangent or spiral
curve. If other than AﬁSHTD'ﬁritefia are desired;
those can be gpecitfied.

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‘cﬁmpdte the curve

which can be placed in the restricted geometry.

EARTHWKS is a spreadsheet to permit entering cut and

¥ill data from a series of cross-sections and then

compute the mass diagram ordinates. It was hoped that

 this approach could lead to a quick method for

entering limited cross section information resulting

in a caiculatiun af the cut and fill, definition of

the mass diagram and a character plot of a mass

diagram forr preliminary adjustment of tﬁe design

gradeline. This effort was not very successful .

SIBNINV and MAINTREC are two spreadsheets included in
this praject report whicn.were completed under a

student special topic effort rather than this contract



effort. The student effort was cdufdinated.with‘tﬁia
project so that the inclusion of tﬁesa two can be
provided as an illustration of how a ﬁpreadéhaét
program can be used to perform an inventory ahd'rECQrd
kegping function. lSnme offices may not be-intérasted
in devoting the time needed to ieérn a'miéracnmputér
data base, which is better suited to this type”taék,
and may find these épreadsheets a useful aid_iﬁ
developing other similar applicatimns.

The following hydraulic engineering spreadsheets were

developed:

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

section (trapezoid, V—bqttum;'rectangular, etc.) ditch
from Manning’s equation. The computation is often

used for trapezoidal cross section roadside ditches

and for lined channels were the dépth;uf flow is not

critical. _

RU&BFF.is a_spreadsheet developed to cglcuiaté the
runoff flow from an Iowa watErshad‘drainagg area to
yield a design flow for ﬁYdEaniﬁ'Str;thrééi fhév'
hydrologic bases of this spreadghéet-arelthe Iowa
runpffﬁchart and the current versian of Bulletin 11.
Bulletin 11 is being updéted-as af}fhi$ réﬁbrt date;
When the newlvarsioh of Bﬁlletin‘ll; upon which fhis-
spreadgheet was partially hased; is issued, the-I

spreadsheet can be updated to reflect. any changés and

a new spreadsheet revision issued.

10




C. WSGEDOM 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 Y-bottom ditch. This is for
use in estimating the backwater effects due to ponding
by a culvert under the roadway at a downstream
location. .

D. CULVERT is a spreaﬁsh@at-devélaped to perform the
necessary steps to size a culvert at a site. The
program is less data intensive than the FHRA program
and focuses aon parameters with which county angineers.
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 esach time a single design trial revision is
made. In the spreadsheet, mﬁly the design parameters
the engineer wishes to change are modified to develop
a new or alternate solution.

E. X8ECT is a spreadshest 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 conform to the Iowa Départment
of Transportation VAL program for the DOT TS0, It‘
provides a useful illustration of the degree to which
computational activities can be made to reproduce a
high level computer language program in a

Al crocomputer spreadsheet.

11
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WENAT-1 ard WSNAT-2 are two spreadsheets which compute
the water swface profile for natural crose section
channels much like WSGEOM does for 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 transfer

cell areal. I+ the channel under consideration

requires more than three cross sections, then the

Multiplan "external copy" function can transfer the
transitional information to WSNAT-2 to continue
caomputations for three more cross sections. If more
cross sections are anticipated, the engineer can
create multiple cﬁpies of WSNAT-2 under the names of
WOGNAT-3, WOGNAT-4, etc., and continue using the
"external copy" function to extend the computatiﬁn as
far as needgd. The project staff did not expect most
county enginéering applications to requiré such
analysis for an extensive distance due tﬁ the nature

of most county projects,

2.7 Recommendations for Further Developments and

Refinemonts

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 Iowa
State University. Many bright capable students in civil
engineering are most interested in developing a program
solution to a real wdrld engineering need for laboratory
credit. Modifications that might be ﬁursuad along this
path include continued investigatiuh of ways by which a
wass diagram plot can be generated from a spreadsheet
columnt of mass ordinates; methods of entering directly
cross section elevations to compute cuts and fill areas
for mass diagram computations; updating the hydrologic
analysis curves and tables associated with réfised
reports; developing equipment analysis prucédurés dn
spreadshests.  Updates and revisions pursued in this

manner should be relatively low cost (or no cost if done
completely in an academic assigﬁment.cnntext). for
example; s student could prepare a horizontal curve
calculation spreadsheet to make the necesSary

computations for spiraled circular curves.

2.8. Development Diszsemination Workshops

Workshops were conducted on Noyémber 25, 1986, January
&, January 7, and February 13, 1987 to a total of 76

participants. At these workshops the participants were

13



briefed on the project. They were introduced to using
Multiplan as a spreadsheet prdgram. Participants ﬂeré
given detailed instruction in the use af one highwayr
engineering spreadsheet and one hydraulic engineering
spreadsheet. They were guided in a self-practice
arercise in one additiaonal spreadéheet'in each of the
highway and hydraulic engineering areas. ‘Particiﬁants
were briefly introduced to the nthef spreédgheeta
devalaoped. ALl participahts were given an oppnrtuﬁity to
make suggestions and requests for changes or ravisinné in
the spreadsheets. These suggestions and requests we}a
wused to sodify the spreadsheets and dqcuméntﬁ between and
afber workshaps. |
Mot &«l1 persons eligible to participate in the
wor kshogs chose to attend; it is suggestad that the
Civil éﬂgineering E#tensinn Program at:Inwa State
Vil versi by muhduct a workshaop iall_;?B?_as a part of its
ragular proagram to enable additional intéraﬁted persons

bz becomz familiar with the use of these spreadsheets.

2% Bugasstions for Uﬁing Applications Manual

The project staff suggests that users of the
Spplications Manual £1ater.pmrtiun5.m¥ this report) make
changes and modifications in it as neegded for most
afficient ussr opsration, Wﬁen & person first stgfts

using these Mulitiplan spreaadsheets it is anticipated that

i3




an individual will follaw the instructions clasely. With
a litﬁle fémiliarity with‘thE'spreadsheet, the deVEInperQ
anticipaté that must!af the usér-cuea will be téken from |
the SCFEEHlNith anly uccﬁsimha;-referehce to the

: ﬂpplicatigns Manual . In that type‘uF opeEatiDn,-it is
suggested . that copies be made of the sheets deemad
critical to recalling steps needed_tu uae‘the
Spreadsheét. This will produce a "quick_ra%erence guide“
to each spreadsheet. Because it was not possible for the
prﬁjéct staff to know what mast.penﬁlm wiil need for
qui&k‘reference, hq such guidé wWas davelupéd-ih.this__
cmﬁtract,. Again, i+ comments abmutlthe needs aldng this
line are forwarded to the Center foE.Tfanspértation and
Pgb1i¢ Works at the Givil % Construction Engineering
Department of Towa Btate University, some academic
nraject may.be able to develop a quick reference guide
Cased on uaer £nput.

It has been assumed by the project éiaff that perédn5 
uEing this‘npplicatinns Manual have worked with Mulﬁipian
enough to be aware of a few basic Qbreadﬁheet prbgraﬁ
aperations. Th@selinclqda: |
&. Entering a lghei as alphabetic in@&rmatinn.in a ceii.

' B. Entering a number (value) in a ¢e11'fnr camputaﬁiunal

pUrpoOsSes. .

C. Transfering a spréadsheet file %rnm a disk into
computer memory.

D. Baving a spreadsheet from computer memnry:antu disk as

15



K.

a-+ile.

Creating a window of row and column titles for
maintaining headings while scralling through a
spreadshest | |
Inserting rows or coluwnns in 8 spreadsheet.
Deleting‘ruwa ar columns from a spreadsheet.

ﬁnpying infmrmatién from one row or columh or cell ia
anmther.

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

Printing a spreadsheet out on a printér, setting the
print ranges and print marginﬁ;

Changing the format code of the:spreadshéet from/to

symbolic format and normal format.
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1. MULTIPLAN ORIENTATION

1.4 Starting With MULTIPLAN Initially

This project assumes some limited familiarity with
Multiplan to be prepared to use thega'sbreadsheets. The
project staff considers it neither ethical nor prudent
use of any computer so%tware_package to use it in an
enginesering 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 work not af é'
critical natwe in a learning mode. Microsoft
documentation for Multiplan provides a very thnruugh_and.
well written tutorial which it is suggested that'the‘
novice user complete before beginning use.uf_these
sp-eadsheets.

Tt is advisable to ﬁave several blank disks available
which have been formatted in MS-DOS before beginning
operations with thege ﬁpreadsheets. ThE prmject staff
suggests that two or more spare fnrmatted empty disks are
available at all times. That way if a person ever

attempts to S8AVE a spreadsheet file from computer memory

17



.qntu disk and the "disk full" message appears, the
spreadsheet can be immediately tg~EAVEd oﬁ one af the
spare formatted disks. Note that when.é'diak full error
is encountered in the process of saving a épreadéheet,
there is no assurance that all the'épféadsheét was saved,
thus, the spreadsheet partizlly saved creating_the *disk
¥u%1" 2rror ﬁhﬁuld be DELETEd from thej*fuil" disk.
ALWAYS SAVE A SPREADSHEET TO TND‘SEPARATE DISKS TO éREQTé
A WORKING CBPY AND A BACKUP COPY.

When and if thesé spreadsheets begin £u be used Qith
any degree of frequency, 311 design and analysis
ﬁﬁreadshaets‘shauld be dated when they are saved. This
will enable the uéar fu maintain bnly-the most curfent

version of selutions when "cleaning" files.

1.2, Transfering the SYMBOLIC Format Dissemination Disk

The disk issued as a pﬂrtimn.mf the disﬂeminatimﬁ
documents has thé ﬁpraadsheefﬁ étareﬂ on it.in_Symbuiic
Format. There sevéral reasons for this. First, any
HS%DQB ccmpuﬁer_ur other computer which can read the disk
will be sble to read the symbolic format s@readsheéﬁ;
Becﬁnd; since a user will aiﬁﬁst aiways_#ant to load and
éave spreadsheets in a Normal Format qu_épeed-ﬁf
aperatimhé, there is limited potential to erruneﬂuﬁly uae.
‘the dissemination disk gs'é regular_wdrking disk,

thereby, altering or destraying the spreadsheets

18




furnished.

Because using spreadsheets in the symbolic format

requires & long disk access time, it is suggested that

the very first operation requiréd is to transfer thé

spreadshests furnished onto anothéer fnrmatted.disk in

normal format. The steps to follow are:

i.

d

Lh

Prepare several formatted data disks.
Baot Multiplan on yvow computer.

Assuming &2 two floppy disk drive computer

cconfiguration, insert the dissemination disk in

Drive B {(#2).

ALWAYS CLEAR THE SCREEN ANDlGLEﬁR'GGMPUTEE MEMORY
BY USING THE COMMAND Transfer ClearBEFORE LOADING &
Symbolic File TO AVOID ADDING THE FILE TO UNWANTED
MATERIAL. Enter the command Transfer, then :
Options, and “space" over to highlight Symbulic as
the "mode". If desired, "tab" to the "Qefupﬁ,and-
identify the drive of the data disk. Fress
*Return”" key.

Enter the command Transfer, then Load. ﬁhen asged_
for a file name enter VERTCURV.MPS\Epré@edihg it B?
dri?e degignatiqn sgch as B: if the setup has n@f
been specified for the data disk drive).

after several minutes of disk difive operation, the .
spreadsheet will come up on. the screen of your
computer. Now enter the command Tranﬁfer,.then

Optiong, and change the mode back to Normal.

19



7. Remove the dissemination disk frmm~the daﬁa disk
drive and insert a new-{urmétted:data disk in the
cdrive. |

8. Enter the command Transfer, then Qave. When asked
for a file name, the program will rétaiﬁ'tthname
VERTCURV.MPS. Change the name ta VERTCURY deleting
the axtensian MPS which 5tand5,+mr Mulfiplan.
Symbélic, That way there will be ﬁo cgnfugiqn
abgut.thg contents of the diék.

7. Repzat the steps 4 thrqugﬁ 8 above un£11 all the
spr zadsheet filea on the diﬁseminatimn disk have
been converted from Symbolic mode to Normal mode
and saved on a new data disk. |

10. Repeat steps 4 through 8 above for the,hydfaulic

engiﬁeering spreadsheets diﬁk,.

1.3 Saviog g.camgutatinn Result

1t is expected that when spreadsheets begin to be used

camponly for engineering cmmputatiohﬁ the program™s power
to recalcuiate alternative soldtianﬁ immediately upon

entering a changed design parameter will cause a person

to test a wide range of alternatives. This suggests that

a person may want to kéep a large number of intermediate .

solutions before selecting the dne td be‘incurpofaﬁed in
the final design. That suggests that a user should keep

several formatted blank disks available upon which the
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spreadshest. can be quickly saved before a pafaﬁeter iﬁ
changad to generate another solutian. When a fin&l
salution iﬁ-feachad, a decision can be made about whether
to cbtain a printed.reﬁnrd of any or all of the
intermediate Ealﬁtinns for the project file and all but
selected solutions can be erased from the dafa disk(s).
Two things to bear in mind for efficient and effective
use to spreadsheetg,' First, it is mucﬁ faster ta save a
spireadsheet to disk in noreal moda.than_it is to print a
sprreadsheset out on paper. Secund,lkeeﬂing unnecegﬁary
spreadsheets on disk file will quickly create a disk
storage problem so that it is necessary to exercise some

filing control.

1.4, Contacts for Problems in Using Multiplan

The Civil and Cnnﬁtfuction Engineériqg Depértment;aff
Iowa State Ulinversity maihfaing a ¢mmﬁi£hen£ to servicad_
to the profession thruugh the Extension and Research
role. Persons in the Department who are knowledgéblé
about Multiplan {(and shreadﬁheeté in general) iﬁcluﬁe:

Charles §. OQulman (51%) 294-&734

Edward 3. Kannel (S15) 294-6777

Fenneth A. Brewer (515)-2?4~6777
It is also appropriate to address an inquiry to the
Manager, Center fdr-Tfananrtatian-and Public Works,

Civil and Construction Engineering Department, lowa State

21



University, Ames, JIowa 50011, to gaiﬁ paggible'éccess to
& knowledgable student  advanced in the intraciaﬁ of-
Multiplan. It would also be appropriate to inquire.with
gither the Civil Engineering Extenstion Program Leadar-ar
the Technnlog§ Transfer Prqgram Leader, Civil and
Construction Engineering Department, Iowa State

University, Ames, Jowa D0011.
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2. SPREADSHEET USER INSTRUCTIONS
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2.1 Highway Engineering.Spreadshéets




2.1.1 VERTCURV

“
. .
S N
\\ : ",
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VERTCURV

2.1.1.1. Introduction

VERTLURY is a spreadsheet developed tp layout a
vertical cufve. The spreadsheet will célculaﬁe the data
required to layout a vertical curve mﬁtq plan and profile
sheests.

The input data includé: ﬁoint-uf vertical intersecfiun
(V.F.1.), grade into and out of the V.P.I., elevation of
the V.P.I., length of the vertical curve and station
increment. |

The output génerated inlcudes:

curve datal

point of vertical curvature (V.P.C.), point of
vertical tangency (V.P.T.), elevatipns of the‘V.P.C.
and V.P.T., and location and elevation of the crest
or sags

‘Cﬁrve‘layeut dataz

extended taﬁgent elevation, ﬁquQ:profj;e g;gvatiun;

curve gradient, and odd station curve elevations.

v e e s i s s . s 5 i 2

The best way to begin using a spreadsheet is to obtain

all pertinent data, record the data in a form that is
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easily transferred to the spreadsheet, and then  input the
data onto the spreadsheet. The data ahtained-é?dm
preliminary roadway layouts and design manuals can be

transferred toc an input form. Once this is done; the

L user can proceed to use the spreadsheet.

The first step isg to Ioad the file f?um'the-disk“to

Multiplan. These instructions assume the file has béan_

‘stored on disk in Normal Format (tranaférred from

Symbolic Format) under the name VERTCURV.MP. Dnceaﬁhé ‘
spreadsheet has been loaded into your computer the
initial scresn will appear. Select‘fhg ﬂpﬁimns.&qmmand
and set Recalculation to OFF to enter the initial data.
Input the infarmative data in rows 13—16 o+‘the
spreadsheet (see Figure 1). These data inclu&e the
project number, project hame,‘preparer; checker aﬁq ﬁafes'
the project was pragared and checked.

Once the informative data are iﬁput; the;usef'thenlm

should input the point of vertical intersection (V.P.1.),

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

and station increment into rows 23-28 in column 4 (see
Figure 1). The point of vertical inferééctioﬁ,~gfadQS‘-
into and out of the V.P.I., and elevation of the V.P.I.
can be obtained from tbe preliminary plans for the
project (see Figure 2). The length 6f'the vertical curve
and station increment are determined using the AASHTO
Green Book ar the lowa Department of Transportatiun

Deﬁign'Prncedure Manual. The station increment is chosen



aﬁcording'tu the policy used in the engineer’s office.
These are ali the data thét_are required tu'he'input_Qn.
this spreadsheet. Before viewing the ouptut Qaté
generated by spreadsheet, remember to turn the
Recalculation Mode back to the ON status &9.5eiétting*the
'Opiiong command again. (The spreadsheet‘wili not produce
any results unless the recalculatiﬁn function is on.)
After viewing;the output data, the spreadsheet should be
saved with a filename solely characteristic of the
vertical curve and project for the purpose of reusg‘and
editing. Do not save it under the same name that ynur
blank master spreadsheet has in the disk directory ar yuu
will averwrite ywur-ﬁaster spreadsheet with one

- econtaining project data.

2.1.1.3. Example Proble

The following is an exampia éppiicétion»a% the
sﬁreadﬁheet described.ébove.:

A farm—to-market paved county highﬁay is to be
designed and‘cunstructed_iq_rura;‘Iawa;r From the-
preliminary plans, the point qf-veftical intgrsacﬁion is
107 + 78.50. The grades intn and out of the V.P.I. are
&% and ~4z,-r95pectively. Théielevaﬁian_of the V.P,I. is
900 fzet above sea level. The length of the vertical
cueve is éet at ;000 feet by the engineér. _The‘station

increment is chosen as 100 féet. Several odd stations
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“-wére required tu-hE-fquﬁd;énd ére included in the output
(%é%‘Figure 45.. - |

The data afe'#irst'gntered ﬁn an input form. An
example of the filled in input farm-isrshOwﬁ in Figﬁréﬁﬁ.
ﬂTransferrlng 1nfurmat1un from the data entry fnrm tu the_
‘:aﬂreadsheet cumpleted the pruceas.‘ Persong exper:eﬂced
.w1th ualng the Epreadﬁheet w111 prubably bypags the data
 entry Form and enter data d1rect1y 1nt0 the spreadsheet.
| The caomnpleted. spr@adﬁheet 15 shcwn in +1guré 4. .Tha-
tatal uutput is cuntalned on 3 pages, all of wh:ch are

required when layxng out the curve on the plan and

7.profllg sheets. .
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Figure 1. Input Template for VERTCURV

o .2 3 -4 5
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VERTICAL CURVE COMPUTATIONS

.II&.I"*IQa&ﬂ'“ll'ﬁ'HI!Q."“*I..'&.'.I.Ql’l"*.iiﬂllﬁlﬂlﬂ.!ﬂlﬂlﬂ'

++++++++++++++++++++++++++++++++++++++++++++++++++++++
+ Muitfiplan Microcomputer Spreadsheets for County . +
+ Hydraul fc and Mighway Engineering Computations  +
+" . Copyright by Kent L. Ahrenhoitz +
+ » " Version 1.0, o+

+ 1986 +

++++++++++++++++++++++++++++++++++++++++++++++++++++++

Project Number:

Project Name: .

Prepared By: : Date: ',
Checked By: : Date: ' P

v o o e e e Sk T e W I W D b ik ek e o T . o i A e e i He e e A e e R S St R e S S T e o e i S S S N S AR Ak B8 = Tt e e

CURVE INPUT DATA:
| Point of vertical o
' “fmtersection, V.P.I.
Grade into V.P.I1., Gi .
Grade out of V.P.l., G2

0.0000 stations
0,00 percent
0.00 percent

LS O S O

Elevation of the V.P.l. - 0.00' feet
Length of the vertical curve - 0.00 feet
Station i{ncrement

100 feet

L T T S " 0 i S dd iy N T O S S Y A S e A A W AR LTS U R S TR Y AR i L 4 A ) ) T O L R P e W A W . TS, NP W S e e S e e e e i

CURVE OUTPUT DATA:
Point of vertical ‘ :
curvature, V.P.C. = 0.0000 stations
Elevatfon of the, V. P C. 0.00 feet '

[

Polnt'oF vertical - : o o
. tangency, V.P.T. = 0.0000 stations

#D1V/0! stations -
H#VALUE! feet

Location of the crest
Elevation of the crest

Last even station .
vefore the V.P.C. = 0.0000 stations

First even incremental _ B
statlon beyond the V.P. C. = V.0000 stations

ARSI T T MR AR RA S L e o s A el S i Y S AR MR e AN L Ak TR S R WD A WV D S AAE T W SR M AN SRS G e was fe e il A e R e e ek o




Figwe 2. Schemstic of a Vertical Curve

L

Point of Vertical Intersection, V.1

Point of Vertical Curvature, V.P.C,

Point of Vertical Tangericy
' VPT.
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Figure 3. Input form for Example Problem
'ﬂﬂﬂﬁ'ﬂ”Iﬂ.ﬂ'.‘“ﬂﬂﬂ.lﬂ.'B*“.I'ﬂ."“...UII"“"'“."Iﬂll'.‘“.““"“'“'l

VERTICAL CURVE INPUT WORKSHEET

'llN'“&ﬂﬂﬂﬂ'ﬂlﬂﬂﬂﬂ..lll'lﬂﬂﬂﬁﬁ!Ilﬂ“.'ﬁﬂl..l....'l“ﬂ.lﬂ‘l....ﬂﬂﬂ.ﬂﬂ.“ﬂﬂlh

Project Number: 8‘2 - (

Project Name: S.‘}‘QV- \ CJD. ES7
Prepared Bys_ A‘hY‘Q nyo| _ Date: 03 - l‘i*&")
Checked Bys';jr{ Wey . Dat'e:__gs"‘ LQ - 61

e i 44 Pt A

—

CURVE INPUT DATA:

Pl Pt ot ot P N P Pk Bt D ok Tk b b P b K . Lox

Point of Vertical - : - A S
~ Intersection, V.P.l. = 1072, 7635 stations

Grade fnto the V. P i.., Gt E N + 6 .peréen’c
Grade out of the V.P.l., G2 = . percent
E:evation of the V.P.I1. “ iQO ~ feet
Length of the Verti ca% Curve = ‘- ‘ feet
Station lnc:fement ‘ = Zer OQ' . feet
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Figure 4; Example R;ob?em'Templaie

. ﬂl'ﬂQﬁlﬁ..‘.'ﬂﬂﬂﬂ'O’Qﬂl'.ﬁ.‘*ﬂ'.ﬂﬂﬂl“.lﬁ'ﬁﬂ*bﬂl'i'll'“ﬂﬂl”'

VERT!CAL cunve -ouPUTATxons

Project Name: . R L I SRR NN
Pt“epared Eyz ) : o ‘ o i C Date: R l ) e \{ T
Checked By- ‘ . Dﬂtﬂ: : : o ’ .‘-.‘,E' S . \ C SRR A

Point of vertical L R R
" intersection, V.P.I. = 107.7850 s

“Grade into V,P,1.y GI - .. : 00

" Grade out of V.P.l., G2 .%

Elevation of the VP I.- {T‘“a

Length of the verticei curve ‘e

Stat!on Increment _ e

cunvsdo T DATA:
5 Point of vertical : S e

e curvature, V.P.C. = 102.7850

s Ebéyation of the. v.P. C. = 870.00;

\.

Point of vertital" _ : R e -
tangency, V. P. T. = 112.7850 stat:cns

Locattion of the crest . #-108.7350 stations
Elevation of the crest .= 888,00 feat - s

Last even station ; e e
before. the V.P. C. = 102.0000 stationrs .

First even incremental) .~ S
station beyond\the V.P. C.‘n 103.0000. st

T e e e M R G e e e T Gk A . o T 9% I A T R 4 0 g s S S ik e okl e e o e S W
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7/ S  Figure 4. (continugd)

CURVE LAYOUT DATA: ‘ ‘ C R
Distance Tarngent Profite Curve
from V.P.C. - Elevation Elevation Gradient

Station (in feet)  (in feet) (tn feet) (in percent)

v.p.C, 102.7850 = - 0,00 870.00 870.00 6.00
103,0000 = 21.50 . 871,29 8711.27 - 5,78
104.0000  121.50 - 877.29 - 876.55 - . 4.78
105.00006 221.50 . - 883.29 . 880.84 - © 3.78
106.0000 321.5¢ 889.29 ‘884,12 2.78
107.0000 421.50 895.29 886.41 ) 1.78
108.0000 521.50 901.29 . 887.69 .6.78
109.0000 . 621.50 907.29 - 887.98 L =0.22
116.0000 721.50 | '913.29 887.26 .o=1,22
111.0000 821.50 919,29 885.55 ~2.22
112.0000 921.50 925.29 882.83 . =3.22

V.P.T.  112.7850 © 1000.900 930.00 -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.G0 : 0.00 0.00 0.00
0.0000 0.00 0,00 0.00 0.00
0.0000 .00 - -0.00 - 0.60 .00
0.6000.  0.00 0.00 ' 0.00 ‘ 0.00
0.0000 - 0.00 - 90.00 - 0.00 o 0.00
0.0000 . 0.00 0.00 0.00 0.00
0.0000 0.000 . 0.00 0.00 © 0.00
0.0000 0.00 ©0.00 - 0.00 0.00
0.0000 0.00 - 0.00 L 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 © 8,00 0.00
0.0000 0.00 .0.00 0.00 0.00 -
0.0000 . - 0.00 . 56.00 0.00 - 0.00
0.0000 - 0,00 0.00 7 0.00 - '0,00.
0.6000 - 0.00 © 0,00 . 70.00 . 9.00
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° 0.00 - 0.00
©0.00006- °  0.00 0,00 ' 0.00 0.00
6.0000 - 0.00 . 0,00 . 0.00 . 0.00
0.0000 - 0.00 c.00 0.00 0.00
0.0000 °  0.00 0.00 0,00 0.00
0.0000 . 0.00° - 0.00 0.G0 0.00
0.0000  0.00 - 0.00° - 0,00 0.60
0.0000 0.00 - 7 0.00 ' 0.00 ' 0.00
0.0000 .00 '0.00 0.00 0.00
0.0000 0.60 0,00 0.00 0.00
0.06000 0.00 ‘ 0.00 0.80 .00

0.0000 0.00 : 0.00 0.006 0.00




Figure 4. (continded)

ODD STATIONS:

Pl Ptk N o P B PR Pof Poh Pod

Description

Station

Curve
Elevation
{in feet)

Pt Al P A Pl P P S S PN s Bl Bt Pl BN Pk p Pt P T D Pl Pt P Pt D B N S il B o o b i b e Bl b ot 1

FARM ENTRANCE
N CMP
INTERSECTION
FIELD ENTRANCE
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104.2500
106.7540

110.5000 .
112.5000

- 877.72
885.94
886.53
881.10

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 .



2.1.2 HORIZCRV




HORIZCRV -

2.1.2.1. Introduction

: _HDRIlCRV.is a spreadsheet to layout a horizontal
circular curve. Thetﬁpreaﬁﬁheet will calculate the
surveying data required to layout a horizontal cdrVe oﬁfn
plan sheets and in thé field.

The input data include: total deflection angle (delta)
at fhe point of intersection (P.I.), dagkee‘of'curvéture;l
point of intersection station, station intremeﬁt along
the circular curve, lane width of finished roadway cross
section, and shoulder width fif area of pavement ahd area
of shoulder along the curve is desiréd).

The output generated includes:

curve datas
raﬁius of curvature, tangent distaﬁce, length of
curve, external distance, long chord, and middla

,ardinate;

stationing information:

point of curvature (P.C.) and point of taﬂgéncy-
{(P.T.)3
curve layout data:l ,\
deflection angles, chord distahtes, ﬁ¥fset'&istance
both from curve to tangeﬁ?_aﬁd from tangept'tﬁ cufve,

. N
and areas. of pavement and shoulder per station.
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2.1.2.2. Using the sgreadaheetr

The best way to begin using‘a gpreadsheét is to obtain
all pertinent data, record the data in a form that is
easiiy trana{e?red to fhe spreadsheet, and-fhen input fhe
&ata onto the spreadsheet. The data obtained from
prélimiﬁary roadway Iaymuts and design #anuals can he
transferred to an inputifurm. Qnte thig is done, thé
HEer can.praceed to use-the‘sbfeaﬁsheet.

The first.‘atep is to load the file from the disk to
Multiplan. The file is assumed in this aiaeussion to be
4 Eturéd”a disk in Normal Format under.#he naﬁa
‘.HQR;ZCﬁV.HP;, Once fhe program iQZIQQQea, turn .
Recal‘culgtim OFF 'by selecting the Options command and
then input the inféfmative data in rnws‘13~16‘{seé Figufa'
S). These data inclue the praoject number,'projéct name,
preparer, chgckér,‘and-dates the project wag.pFEpared_énd
ahecked; | | |

Once fﬁe-infprmétive daté are input, the user should
then input the total da%im:‘trioﬁ‘- angle, aeg;—'ee of -
curvature, point mf.iniersectibﬁlﬁgation, curve station
increment, lane width and sﬁauldér :wi_citﬁ (1ane and |
aﬁﬁulﬂef width needéd“nnly:if'pavemeﬁi are§$ desiréd)
intq_ruﬁg 19-26 in column 4 (ﬁee‘Fiéure 5)._.The.
deflectiqh;gnglé aﬁd poiﬁt-qf iﬁiérse&tiun-:én'bev

nbtainad-frbm the preliminary plans for the-project (see_
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Figure 6). The degree of curvature, station increment,
lane width and shoulder width are all determined by the
engineer. For the.degrea of curvature, a maximum valhe
can be obtained from fhe AASHTO'GFEEh Bﬁék dr'the Inﬂa
Department of Transportation Design Procedures Manual
using the design speed, but the value uséd should be
chosen by a knnwladgable engineer. Thé_aﬁﬁef values are‘
chosen according to the policy used in the engineer’s
office. These data complete the input portion of the
spreadsheet. Before the output data genérated by the
gpreadéhéet can be viewed the Recalculatinn‘fuﬁétion_muat
be twned on by entering the Options command again.

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

a-:tnd“ remae., .
2.1.2.3. Example Problem

The following is an example applicatiun‘a$lthé
spreaﬁaheet déscribed abave. |

A fa;m—ta—market paved counfy_highway is to be
designeﬁ and constructed in rural Iowa. From the
preliminary plans, the total deflection angle is fnnnd tﬂ
be O4 degrees 30 minutes aﬁd the statian of fhé poiﬁt q{
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 on an input form. An
example of the completed input form is shown in Figure 7.
Data entry to tﬁe spreadsheet is completed using this
{orm;

The completed spreadsheet is shown in Figure 8. The
tntal_autpui of the spréaﬂahaat ié ﬁantainad on 5 pages,
but. for layout of the curvé onfn plan sheefa_nr layout in

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

1 o R 4 T
1 RIS B RS S SR A B 00 0 B TR E 2 B TR S A I 30 3 I 3 T AR I 0 03 2 20 26 33 BT A
HORTZONTAL CIRCLE.AR CURVE COMPUTATIONS
S S R R B T S 2 SR S R SRR SR S T R S IO IE I S TR B B T S R R B R

Rt

aQ

= ++++++++++++++++++++++++++++w++++++++++4++++++++++++++
& ¢ Multtiplan Microcomputer Spreadsheets for County -+
7 + Hydraulic and Highway Engineering Computaticns +
= + Capyright by Eent L. Ahrenhalitz +
e + ATT Rights Reserved, 19784 ’ T+
10 + Version 2.0 +
11 At +'+-ri-~l~+++++++++++++"1>--!-+++++++++-_~l-+++++++++++++++'§'++++ﬂ'++
12 ' ‘ :

132 Preject Mumbers

14 Project Mame

1% Prepared By : Date!
16 Checked By r s ' :

U T e o s e b i s S e e e e e o e e sy e e o L4420 o e s sns st s s s -

CURVE INFUT DATA:  Deflection angle, Delta

L Bd B Bt b Al b Pb o g Bl e P St

Q.00 degrees
G.00 radians
0.00 degrees
Q.00 radiansg
Cha QOO0 5tat10n«

Degree of curvatuare, I

m
i

)
L I O |

Foint of Interdgegction, PI

Station increment = 100 feet
; lane width, L.W. = 0.0 feet
2 Sheutder widith, Sh.W. e 0,00 feet
BT e o o - e - -
s
2% CURVE LITPUT DATAS
A Preeerenerseerery s rars e rereey
b CLIRVE DATA:
e Radius of curve, K = #DIV/0O!  feet
23 Tangent distance, T = WVALLE! feet
4 Length of curve, L = 0.00 featb
A External distance, E = HVALVEY | feet

Long chord, O #VALLIE! fFeet
Middle ordinate, M #VALUE! feet

H

2% & STATINNING INFHRMQTIGN‘

a4 Faint of CZurvature, PO = #VALUE!
41 Point of Tangency, PT = #VALLUE!

P e — o et e e —— - - —— o - SR

CHIRVED LAYIRIT BAaTAH:

§ T T S P S P et B0 P e l—" h o d -t e gt‘ h . c = #VQLLEE ! f{?.'@t
Increment Angles, q = 0,00 degrees

G.00 radians

di= #VALDE! minutes
= HVALUE! degrees
= #VALIE!  radians
dZs H$VOLE!  mindtes

n
i

#VALLE!  degrees
= $VALLE! radians

st Lims s Simin LAk ALl e WAL AL b ey s ok 4034 b gt e e P SHIRS SRULE A 4148 S o B LA [ ot 20 o e e s et e i T 9 s o Brrbd e At i s S 41 b P S S St B P Pt A S o S Mt Y SR S e e S a7




Figure 6. Schematic of a Horizontsl Circular Curve

Point of Curvatre, P.C. '- o
| Paint of intersection, P..
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Figure 7. Input form for Example Problem

-'ﬂlﬁﬂbl.ﬂliﬂﬂﬂIG.'I'QII'.,'bQ'l‘l.Q'Q...Q".."“-."..ﬂﬂﬂﬂ.lﬁ'.ﬂ‘“ﬁ...*'.

HORIZONTAL CURVE INPUT WORKSHEET

IR 2R XA A 2R 2 R a2 Rl R s R 22 R R 2 J XX X RR X R 12 X R RS2 R 22 ]

Project Number: 87 - | ‘

Project Name: S*Q}fé Cgﬂ'. EST) |
Prepared Byt Ahren hQ \ J"ﬁ? " pates 03-— 20 -8
Checked By: “-3rcmer - ' Date: © 3 - 22 - &)

———

CURVE INPUT DATA:

S o P Pr s B P

Def‘lecfion Angle, Delta = -(94 ,S' degrees

Degree of Curvature, D - 3,0 degrees

Point of Intersection, Pl = to_s.o 35% statfons

Station Increment - {00,060 feet
Lane Width - l2,9 feet
‘Shoulder Width = 19,9 feet
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figure 8. Example Problem Template

i : v ) ﬂ A =

R ok Akt L S e R e R G A L A 4-4‘2--*2 S T b e R o SR SR AL %%'ﬁ-%%%*%ﬁ--ﬁ--ﬁ 2 5h A 33 3438

HORIZONTAL CTRCULAR CURVE COMPUTATIONS

T e L s s M i e s ok 2 RO T 5

+ Multiplan Microgomputer Spreadsheets For Doudty +
+ Mydrautic and Highway Engineering Computations +
+ Copyright by Hent L. Ahrenholtz +
+ ﬁ 11 Rights Reserved, 1784 +
- : Version Z.0 +

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

~

BB B T U 2 26 HE I SR 4 B IR A6 30 0 3 D 030 A S A0 T I A AR A0 6 6 36 2 B A A A B R R

Project Nimbers  &57-1 :
Project Mame & Story Oo, ES7
Frapared By tAakrenbolts Date:O3-19-37
Chegked By tHrewer Oat s Qoe0-27
CURVE INFUT DATA:  Deflection angle, Delta = T4.35Q0 degrees
N Y e T L R R P PN PP N o (.}. 95 Pa'.j i ar' 5
Hegree nf curvature, T = .00 degrees
. e - == C0.0% radians
Foint of Interssetion, Fi=s 1”“.;540 stationsg
Station increment = 100 feet
Lane width, i.W. = 12.00 faeat
Bhoulder width, Shab. = 10,00 feat
CLIRVE CUITRIT DATAS
CHRVE DATAH: . ‘ o
Fadius of cdrve, R =  190%,.84 feet
Tangent distance, T = PR, 64 feet
Length of curve, L = 151&.&7 faat
External distance, E = 22T A2 Teel
leotng chard, 2 C 3148= A feet
Middle or -":mat M Com o 211,94 feet
STATIOGNING INFORMATION:
Point of Curvaturs, PO = S5.5174
Padnt of Tangency, PT = 11D AE4T
DLRVE. LAYTT Datas e
P b o8 el Bl P o2 $103 08 £t Pab o PR I ot d Chard Ten f:! th , e w0, R f&@t
Increment Analas, d = 1.90 degrees
= .03 radians
di= 45,42 minutes
= C0.TR degrees
= C.0l radians
o= AL LEE minutes
= 1.02 degroees
= Q.08 radians
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Figure 8, (continued)

i

2 7 8 v 10 1y 12 13 14 - 15
1 CURVE LAYOLT DATYE: (continued) : '

g . A P D P BT 0 i P 9 et

€ Deflectinn Angle
b . feaom P .
ril Tuprning Turning - Ehord Distance
7 Right l.eft. o froem PO from BT
= Gtation J(deyg min sec) (deg min sec) o fin Feetl)
i P 5 ot ot AR 8 808 0 1 .2 £ 8 0 0 18 i Bk P b P P 1 8 8 08 0 1 0 . 08 8 £ 80 0L G P P P NS L 08 3
o, 95.5174 o 0 o B0 Q0 0,00 174%
B, OUO0 D43 25 I N B.24 170%.92
BT 000 e w25 IHT 4435 14E., 20 1415, 88
. Q000 343 25 BEHAe 14 242,07 15324,.72
=
2
=

-;; 5

@9, 0000 12 25 54 4k 347,76 1ATZ,SZ
100, 0000 25 LI ¥ Y 447,21 1339.34
101, 0000 25 =51 44 G4k . 26 1245, 24
102, 0000 7 25 EROQ 14 A4S, 13 LIS 29
103, OO0 it 25 342 4k 743, 47 1054.55
104, 06000 1z 5 247 16 841,27 PED, B
105, 0000 14 25 45 44 w3E. 5 B0, 9
1046, OODO 15 25 BA4 ik 1035, 13 ToE, 25

b G

i
b
&

el - Il N L O S - R
03 0 L3 DY i e
O 03 0 f D2 L8 03 00 0 O3 Qg 40 D3 G O3 03
AR N AR At og gl

107, 0000 17 Pridae 247 Ad 1131.02 EAES O
10O, QOO0 = 25 Tl L it 12246, 14 Gilnits, 23
109, QOO0 20 13 25 mZY 4b4 1320.42 A&7 2D
110, Q000 = 43 25 S 14 1412.79 BAT 05
113, Q000 i) eI ERCICT N ¥ 1506, 20 ST .20
112, 0000 24 43 25 =RE 16 1897.57 163,37
113, G000 2l 13 25 HEE &L 1627.584 LE, 42
F.T. 113, 4242 el 15 0O aBEz 45 O 1745, 95 0,00

(W RTnlnTa] [x) r (9] 0 (s} C $,. 00 £, 00
. 0000 y} 0 ¥ 0 -0 < 0.0 0,00
Che QOGO 0 0 ) 0 O 0 0.00 000
0. OO00 [ O ) Q i 0O 0, QO Q.00
0. 3000 o O 0O o0 0 0. 00 ¢. 00
QL OODG O 4] 0 - Q 0 Q 0,00 T OO
G QOO0 G ] ) 5 S ¥ I 0.0 Q.00
0. 0000 O [ I (¥ ] 0 - 0O GO0 0,00
0L OO0 0 ] < & . 0Q Q. OO0 0,00
0. HOOO o0 o O S« S+ O 0.0D OO0
1. OOO00 &} O ] < o. O 0, 00 O, 00
0, OO00 O O O (] ) 0 .00 : 0. 080
e QOO0 O o 0 0 a0 .00 Q.00
0. 0000 .y 0 o ¥ Q 0 2, 00 QL. 00
01, D000 0 Q € lw} Q O O, OO 0, 00
£y, CHHIO 0 [n} O ) 0 ) 0. 00 0,00
O OO0 0 0 0O 0 8] 0 0. 00 QL 00

) GO0 (n) O O (I < Cra ) L 0L 00D

3., CHOO0 O [ G ¥ QO 8 0, Q0 0, 00

£, QUMD %} o ) 0 (] 0 OMQQ : (L3 18]
(W elslnln} [ (8] 0 0 0 O G, OO0 0, OG0
OL0000 0 0 0 I o g 0, 00 0. 00
01, G000 O 0 8] 0 o0 PR ls R €, MO
G, Q00 G € O Lo 0 O €, 00 0,00
0, OO0 0 3] 4] ' O Q 4] SO, Gy 0, 040
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Figure 8. {(continued)

14 1y L Tl e oy el
CLIRVE LAYOILT Daths foontioued)
s 5 8 58 P e ot 8 1o o o 3
SUIRED FROM
Curve To Tansgent Tangent to Curvs
Pt Pd Bod Pd Bk ot =2 b o O 40D P P e L PP B P P 1T S P S S e b ot
Offset Offset
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1OZ.. GAIZ0
M 1om,0nTE
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101, GO00
102, 0000
CLOREL 0000
104, 0000
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104, QOO0

CHO0 O, 4371 107 Q000 ig4.=54  105.2194
QOG0 105, 1oE, D000 140,53 104.3121
QO 110 109, QOO0 102,11 1073800
QOO0 110. 0000 Fhoome 10, 4277
QOG0 111.0000 44,54 109, 4595

W QOO0 112, 0000 - k.24 110.4788
1150000

FoT. 113, 4842
(e QOO0 Q. 00 0. QOO0

113.0000 1560 1ii.48%0
114, 0000 .71 112,493
1 5. QOO0 G.0% 1134903

o0 115, 19048

G OO0 G,00 - 0,0000 115, 1904 © 0,00  1413.684%
1, O .00 O, D00 0. 0000 .00 O, 0000
QL0000 Ch 030 Cra OO O OO00 : 1. G G, QOG0

O D000 [T O, OOO0O0
0. OO00 0.0 O, D000

0. O000 - S 0L 00 O, 0000
O, 000 0. 00 0. 0000

1

H

1

\

p

H

!

i

'
0, 0000 O, 00 O, OO0 ! T, QOO0 Cr, 00 . QOO0
3. OO0 €, ¥ CH, Q00 | Cra OO0 ) . 00 G, QD00
Q. QOOG .00 G, 0000 | 0. G000 Q.00 L L L)
Oy D000 0, 00 O, G000 ! Q. 0000 : G, 00 0. 000G
0., GOO0 0,00 0L 0000 ! L0000 03,00 €, QDOO
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O, G000
£, GO

| E4 TOTAL AREME(aqg. Ft, )=

(3, Q0
&, 00

Figure 8. (continued)

por i Eb A
, 1 LAYOUT DaTod (continued)
i % .
= Area of Area of
£ Favemaenrt Shoulder
7 Curve Statioen per Station
; = station 5. Fta} si. .
} ‘, L P T A S B PR TR L S [ P P P P P el ol PP B P B I P L B B P R S I I Bt B P P B Pl 8 0 o 8 T T P
: L L N 0. 00 0, 00
11 : L P, 0000 1157.81 el Ha
13 o B S Ta1aTs) 2400, 00 000, 00
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1010000 24D, 00 2000, 30
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104, D000 RA00, 00 F000, 00
105, 0000 2400,00 2000, 00
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; 107, 0000 2400, 00 2000.00
LOE, Q000 200, Q) 2000, 00
109, GODOD 200,00 2000, 00
1100000 2400, 00 2000, 00
i 2400 .00 2000, 00
] CFAO0. GO 2000, 00
2 2400, 00 2000, 00
J F.¥a 16482, 1% 1342, 4%
! 0, GO 0, Q0 Q.00
: . Q000 0. 00 0.00
! 0. 0000 0.00 0. 00
| 0. Q000 3, DO Q.00
| (1. OO0 0. 00 0. 00
' 0. QOO0 €. 00 0. 00
| L, G000 Q.00 G, 00
‘ Q. Q000 0, 00 T T
ix Q. 0000 000 0. 00
i Q. OO0 Q.00 Q.00
| QL CO00 . Q0 0,00
g 0. OG0 e 00 0,00
1 0. Q0 0. 00
g GO0 0. 00
- £, 00 0. 00
i 0,00 0,00
! Q.00 Q. O
} 0. 00 0. G0
' O, 0000 0,00 .00
jw 0. 0000 €, 00 0. 00
i Ci e D3I G, 00 0,00

0. 00
0,00
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AHACO, OO0

S e O

s o s e o e e e e e e o e
Favement Char.

Pl Bl Bk P P o PR P B Pt P e

R o+ L.W.

rl =
= 1921.86
r2 = R - L.W.
=  12897.84

Zhoglder Char.,

First set:

il =R LW +ERW
: 1921.86

rz = R+ LW
CR §5 R =0

rl o+ o2
Co= EEEALTR

ri — r2
w 10.00

IR AR R IR IR A A R R T I R I IR I I S

= 1897.86
P2 =R ~LW ~ShW

= 1887.8¢
rl + rZ :
L= ar7as.7z
ri - e

= 10.00
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Figure g, (continued)

TANGENT TO CURVE COMPUTATIONS

Arc
t/R Theta Length
0.00 0.00 0.00
0.03 1.45 48.25
0.08 4,45 148.39
0.13 . 7.47 248.95
0.18 10.51 350.20
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
0.32 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
0.06 3.57 119.12
0.01 0.57 19.04
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 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 .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 o 0.00
G.G0 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 6.00
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
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S 2.1.35. MAXTANG
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MAXTANG

Z2.1.5.3. Introduckion

MAXTAME is a spreadsheet to célculata the elements of
& horizontal curve for alignment puﬁpoaes-fmr which the
field location has a restriction on the leﬁgth of tangent
that is permitted between the point of intersection and
either the point of curvature or the point of tangency.
The spreadsheet operates in the same form and manﬁar as
HORIZCRV. Thus, it is suggested that the user become
familiar with HORIZCRV first. Then review Figures 9
through 12 on the following pages and proceed to use the

apreadsheet in a mahner‘ﬁimilar to HORIZCRY.

Pt et - e R

The following iglan axample application of the
spreadshest MAXTANG. | | |

A rural.cmunty highway in‘Imwa is to be paved. 6t bne
point in the route the existing aggrégaﬁe surfaced
roadway has a sharﬁ curve that has several farmstead
di-iveways near it. The engineer desirea;tm keep these
driveways on the tangent alignment rather than be lm;ated
in the.curved portion of the new paved highway. The

engineer does, however, wish to use the longest and most
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gentle curve possible at thiﬁ 1oca£ion. Fi@ld'eurvgy
measurements indicate that the‘lmngeét permissible
tangent length from the ﬁnint of intermection to keep the
closest farmstead driveway iﬁ the tangent 19‘650 OO‘§ee£.
The tatal deflection angle, delta, was found to ba 54
degree5 and 30 minutes. The station of the poxnt of
intersection is 105 + 35.40. The statianing increment
around the curve will be 100.00 feet. The paved‘roadway
cross section will have 12.00 feet wide léneé and 10.00
feat wide shouldsrs.

Tﬁe_data may be entered on an.input form. This
axamplé is shown in such a form in Figuré 11.' From thiai
form the spreadsheet is then completed. |

The completed spreadsheet for this example is shown in
Figure 12. As before with HORIZCRY, the total output is
contained in several pages but for 1ayuut of the curve in
the field or on plans, only the first few bages are

needed.
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Figure 9. Input Template for MAXTANG
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2 HORTZONTAL CIRCULAR CURVE COMPUTATIONS Given MAXIMUS TAMEENT LENGTHE
I REE TR RS RS TR AL TR S R S L R EE T e R L L A R S R R

4

e B L B e i T S R o o o
el 4 Futtiptan Microcomputer Spreadehésts for County +
7 “+ HMydraulic and Highway Engineering Computations +
& + - Copyright by Fent L. Ahrenholtz -+
@ + Al Rights Reserved, 1984 +
10 . “+ : Veérsion 1.0 : ook
1 T e I T o e

Froject Mumbepd
Froject Name R

Frapared By
Checked By p

CIIRVE INSLT DAaTAs

Bl P B P D D P T B P D I

CLIRVE LAyl

R R N DR P vy

CURVE DUTRUT DATAH:

N N T Y PP O DR

DaTos

erm AR S LR A8 S LALL Lt s Sl bk ey e e S BEL Hnk ey ek e e s sy St poi e o T ——

Deflection angle, Helta

Tangent distance, T .
Foint of Intersection,

Pl

= Q.00
= 0, OO
== Cre QO

O, Oa00

degrees
radians
Ffaet
stationsg

HWhtation increment = 100 feet
Lane width, LW, = .00 feet
Shnpulder widlth, ZhoW. = Q.00 feet
CURVE DATA: :
Radius of curve, R = C.00 Feat
Degree of curvature, I = HOIV/O!L  dégrees
' HUALLUE!  radians
Length of curve, L = HLITY /0! Feet
Extarnal distance, E = 02,00 feet
Lang chord, £ = 0,00 Teet
Middle prdinate, M = 0. 00 feat
ETATIONING INFORMATION:
Point of Curvatureé, PO = G, QOO0
Foint of Vangenty, T = HWVALLIE!
Uhosrd Yerngth, ¢ = BVGLLUE!? Feat
Ircraement Anagles, o = HVALUIE!  degrees
Cw BVALLEY  radians
di= #DIV/0) minutes
= HVALIIE!Y  degress
= VLI radians
e HVAEILIE mirutes
L HYALLIZY  degress
= #VALUEL v




Figure 10. Schematic of a Horizontal Circular Curve

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

Maximum Tangent Length-m-—muﬁ.h

Delta Angle

Point of Tangency, P.T.

53



Figure 11. Input form for Example Problem
T Y T L e e

HORIZONTAL CURVE INPUT WORKSHEET Given MAXIMUM TANGENT LENGTHS
EER T T T P e e e e e S PR T R e e S L L T

Project Number: 59(7“:L

Project Name: S'}'DY"U C)h ES7 ,

Prepared By: F)h{-‘en ]f)b]{‘/),} pate: 06 -1|-87
Checked By: B)’EU\){,\/ ' Date: 06 -11- 87

CURVE INPUT DATA:

54.5  degress
G50.00  feet

/05 .3540 stations
/00 feet
‘Lane Width .12 feet

l CD feet

Deflection Angle, Deité

]

Tangent Distance, T

Point of Intersection, PIL

Station Increment

]

_ Shoulder Width
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Figure 12, Example Problem Template
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§ R JE S TR b 8 300 3 46 i 2k B e 30 R ‘3%%%%'32"ﬁl"'??'-32'%i‘ﬁ'-ﬁ'%%%%%%%%%;ﬁ'%%%%'{%é& S 30 A JE 36 I SR I H A R R

—
o

4

[
i

&
=
i =

i e
i 160
L1
13
13
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HORT ZONTAL CIRCULAR CURVE COMPUTATIONS Given MAXIMUM TANSENT

EFR S B 3 A 8 S R R SR R Y s ) -&‘r%-ﬁ-%%%%‘r%%_%%%% 3t 3 3 o 3 A0 3 4540 3E 3F I B30 S

T e T 20 S o OO ST o T S T T S S S T A e i)
+  Multiplan Microcomputer Spreadsheets for Dounty +
+ Hydraulic and. Highway Engineering Computations +
+ Copyright by Fent L. Ahrenholtz ) +
+ A1l Rights Reserved, 1984 +
+ Version 1.0 : +

VRIS AR S AIAESE VYO SEIE 0 SR SO0 R VY o WU R P SOR A U U S ML U RS0 S YR U0 S8 MO B e

Project Mumbert: 272

FProject Name 5 SBtory Uo, EB7

Fraepared By tAbhrenholits ' Date’ O&~-11-87
Checked By tBrewer Date: O06~11-87

LEMETHE
T BHE S

CURVE TNFUT DAT A Deflection angle, Delta = 54,50 degrees
L R R e P R e s c,- ?5 f"ad ia.ri )
Tangent distance, T = AT0,00 feat

Point of Intersection, PI

Lomg chard, O : 185,72 feek
Middle srdinate, M 140,07 feat

#

STATIONING INFORMATIONS

Faint of Durvature, PO = PP, 2540
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EARTHWKS

2.1.4.1. Intreoduction

EARTHWES is a spreadsheet developed to calculate the
mass diagram ordinate using the cut and Fill guantities
obtained from roadway cross sections. The original
phisctive was to create a epreadsheet'tﬁat would provide
a dot—matirix printer plot of the mass diagram frﬁm the
results of this spreadsheet. Another design objsctive
for this spreadsheet was to have one variation thch
permitited the entry of grmund alevations of thE-CPOQE
section with the specified finished profile cross
section, then the spreadsheet would compute the cuts and
fills for each cross ga&tiun; While both of these are
possible, it proved unwieldy and cumbersome such that
both these objectives were abandoned. It is anticipated
that programs to do‘thege'taﬂké ana tﬁat can also
interface with this spreadsheet will be developed in the
future.

The input data include: station, template cut and £ill
per station, additional cut and fill psr station, cut and
$111 required to rebuild embankment, cut and fill related
ta remaval of pavemnant, unguitablé éut; and perceﬁt
shrinkage.

The output gensrated includes: adiusted cut and fill

&i



per station, adiusted $ill + shrinkage, and mass diagram

grdinate.

2.1.4.2. Using the Bpreadsheet

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 spraadQQeap. The data obtained from
preiiminary Cross sggtiona can be transferred to an input
form. In this way #hiﬁ spreadsheeﬁ may be a useful tool
in the early stages of design tm_detarmine what major
vertical profile adjustments may be féquired to achieve
garthworks balance before going to a camputef genarated
set of cross sections for a final‘design. Once this
input form record of the data is made, the user can

proceed to 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
EARTHWMS.MP. Once the master spreadsheet is loaded into
the computer, furn the_Recalculatidn upiiﬁn DFF (select
Options command, then "tab key" to Recalc and highlight
"off"). Then input the information in rows 13-14 (see
Figwe 13). These data include the project numbef,
project name, preparer, checker, and dates the project

was prepared and checked. Once the informative’ data are

&2




input, the user then shouwld input the ﬁtatidﬁg'tehpléta
cut and fill per station, additional cut andi{i}l par
station, cut and fill requirad.tm rebuild ambankment, cut.
and fill related to pavement removal, unﬁuitable éut, and
percent éhriﬁkage. All input data except thaé%er#eht
shrinkage can be obtained from the preliminar?iﬁrpgs
sections. The percent shrinkage (row 13 coluﬁn.lq,-see
Figura‘13) is chosen according to the policy used in the
engineer 's office for the anticipated soil conditions and
construction practices. All of these data are input\fnr
each station. Before viewing the output data generate¢
by the §9raad5heat, REMEMBER TO fyRN THE RECALCULATION

MODE OF SPREADSHEET OPERATION BACH

. TO "ON".. After
viewing the output défa,'ﬁhe spre%asheéﬁféhqgéé be saved
with a file name smlely characteristic of tﬁéiékmiect for
the purpose of reuse and later editing.

I+ the project has more stations than are provided by
the spreadsheet, the user should insert additional rows
just above the "Totals" line in the spreadsheet. The
eduations for adjusted cut and fil1l, adjusted fil11 +
shrinkage, station (column 21, ges Figure 13), masg
diagram ordinate, and the section dividars should also be

copigd dowm into the inserted additional rows of the

supantdad spreadsheet.

2.1.4.3. Example Problem

aploamise e Ll el



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 diageam
ordinates for a project both by hand and using the
5preadsheet the first time he or she usses thisr

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

spreadsheet is working properly.
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Figure 13. Input Template for EARTHWKS
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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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0.0000
0.0000
0.0000
0.0000

.- 0.0000

0.0000
0.0000
0.0000

0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

‘0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000

0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
¢.06000
06.0000
0.0000
0.0000
0.0000
0.06000
0.0000

22

DOoO00COOLOOOOOOOOCODOOCDCOOOOOODOOOOOOOCOOOOO0ODOLOLDOODOOOO




2e1u5. SUPERE
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 BUPERE

2.1.5.1. Introduction
- BUFERE is a spreadsheet developed to establish
suparelevation for a horizontal curve. The spreadsheat
will calculate the surveying data required to 1aydut a
superelevated horizontal curve in the field,
The input data include!: design speed, lane width,
rates of normal crown and superelevation, point of
curvature, point qf tangency, centerline grades at the
F.Co and F.T.,y elevation of the F.C. and P.T., station
increment, and desired length of runoff.
The output generated includes:
runoff datas
minimum length of runoff tn]éatablish
supereleQation,
actuai design slope,
distance X required to raise outside edge of
pavement to centerline elevation, |
distance Y required to réise outside edge of
pavement tn a constanﬁ slope equal to the normal
crown, rate, |
70% of runoff distance;

layout datas

centerline elevation,
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difference in slevation from centerline? glevation,

and cross slope for both outside and inside'mf curve

pavement edges at beginning and end of curvej
gstationing detailé: “

beginniﬁg of superslevation runotsf,

station at a distance X from the beginning of

runotf,

gstation at a distance Y from the beginning of

runegdf, and

end of runoff.

s e | T e Tvee 1 Y e s s 2105 riee

The best way to begin using a spreadsheet is to obtaiﬁ
all pertinent data, to record the data in a form that iﬁ
pasily transferred to the spreadsheet, and then input the
data into the spreadsheet. The data obtained from |
prelimiﬁary roadway laymuté and design manuals can be ;:
bransferrad to‘én input form. ana this is done, thaﬁ
user can proceed to use the ﬁpréadaheet,

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 file in Norﬁal Mode under the name
SUFPERE.MF., Once the empty master spreadsheet is loaded,
turn the Recalculation OFF by using the Options command.
Then input the informative data in rows 12-15 (see Figure

14). These data include the project number, project



name, preparer, checker, and the dates the project was
prepared and chechked.

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

When the spreadsheset has been recalculated by the
computer , the user should examine the output value for
the "Minimum length of runoff to establish
superelevation” (row 32 column 4, see Figure 14). The
gnginaer should determine if this is the value the

:engineer wants to use for length of ruhnf%. If Tables
III-7 to III-11 from the AASHTO Green Book or comparable

tables from the lowa Department of Transportation Design
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Frocedures Manual are used to obtain a value for the
length of runoff, the distance X (row 44, columi 4, see
Figure 14) neads to be added to the value {or lengtﬁ of
runoff taken from the book tables. This is nécessary in
arder to compare the table values with those computed by
the spreadshest.

I¥ the value the engineer chooges for length of runoff
differs from that given by the:pragram, the user needs to
input the preferred value in séace beside the question:

"I¥ not,; what length of runoff do vyou wish to use?”
(row 39, column 4, see Figuwre 14). 1+ the engineer
wishes to use the length of runoff computed by the
spreadsheet , he or she needs to be sure that the cell
described above (row 3%, column 4) is empty. This ig
done by moving the cell pointer (illuminated block) to
the cell in gquestion (RE9C4) and selecting the Blank
command in the Multiplan command menu. These are all the
required input data. The Recalculation Mode of operation
should be in the ON status (go to the Options command to
checky, therefore, the autput data'iﬁ ready for viewing.
After viewing the output data, thé spraadghéet should be
saved with a filename solely characteristic of the
superelevatgd horizontal curve an& project for the

purpose of reuse and later editing.

2.,1.5.3,. Example Problem

e roves wavan Dlia freee v et e, A YA . o S
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The following is an example application of the
spreadsheet previcusly described.

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 + 00,00,
respectively. The P.C. is 900.00 feet above aeé level
and the P.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 &0 miles per
hour. The pavement lane width is 12 feet. The rates of
normal crown and the superelevation rate are selected as
2% and éx, respectively, and the station increment is 23
feat.

The data are first entered on an input form. An
example of one such input form with the example
information entered is shownAin Figure 146. After these
data were entered into the spreadsheet and the
Recalculation turned ON, the minimum length of run¢f¥
required to establish superélévatimn Was fauhd to be
266, 4 feet. Assume the engineer wanted to use a value
which was a multiple of the astation inckemant, s0 the
desired length of runoff of 2795 feet was entered into the
appropriate spreadsheet cell,

The completed 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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through & are needed.
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Figure l4. Input Template for SUPERE

1 2 3 4 5

R E R R EEEFE SRR ERRER SRR RN S FEFERES YRR AEE RS RRRARRERER R SRR R R EERE KB B IE

SUPERELEVATION COMPUTATIONS for HORIZONTAL CURVES

IEEEREEEEES R RSN ESEERSRRRSRRRRERR R RRRRRRR R R RRRR R RE R R R R R KN LR B ERENLESRR.

s o o T L ko S o I T o S

+ Multiplan Microcomputer Spreadsheets for County +
+ Hydraul ic and Highway Engineering Computations +
+ Copyright by Kent L. Ahrenhoitz +
+ Version 1.0 +
+ 1986 +

T T o A S

Project Number:
Rroject Name:

Prepared By: Date:
Checked By: Date:
INPUT DATA: Design speed, V = 0 miles/hour
““““““ s Lane width = 0.0 feet
' Rate of normal crown = 0.0 percent
Rate of superelevation, e = 0.0 percent
Centertine grade, g (at P.C.)= 0.00 percent
g (at P.T.)= 0.00 percent
Point of curvature, PC = 0.00090 stations
P.C. elevation = 0.00 feet
Point of Tangency, PT = 0.0000 stations
P.T. etevation = 0.00 feet
Station increment = 25 feet
RUNOFF DATA: Maximum relative design
e~ slope for given design speed = JefN/A
Minimum length of runoff to
establ ish supereievation = #HN/A feet
B ok T o Il o o S I o
+ Do vou wish to use this value +
+ for runoff, YES or NO ? YES +
+ : +
+ 1f not, what length of ' +
+ runoff do you wish to use 7 faet +
e o e b o R S
VUTPUT DATA: Runoff distance, S ' = H#N/A feet
A Actual design siope = 13i#N/A
_ = H#N/A percent
Distance ‘X° reauired to *
raise outside edge to
centerline elevation = H#N/A feet
Distance ‘Y’ reguired to
raise outside edge to
a constant slope equal
to the normal crown rate = #N/A feet
70% of supereglevation runoff = #N/A feet
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Figure 15. Schematic of a Superelevated Horizontal Curve
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Figure 16. Input Form for Exampie Problem

MR E R TR R Y R N R RS E RN SRS E AR R R R R R R SRR AR R A AR RS ERENR)

SUPERELEVATION INPUT WORKSHEET

'EFEZEXS SNSRI RS R RN RS RRIRRE R 2RSSR NSRS SRS RXRA SR RS R R SRR

Project Number: &7 -2

Project | Name: S+0 Ch, E57)

Prepared By: ghY’QﬂhQ&\.*"b Date: Ob ‘f7‘67
Checked By:. gﬂ,mw v . pate: O O-{ B - Bﬂ
INPUT DATA: nesi.gn Speed, V . 00O miles/hr
Lane Width . 1z feet
Rate of Normal Crown = 2 , percent
Rate of Superelevation, e = . & . : percent
Centeriine Grade (at PC) =__ 1| o percent
(at PT) = "'"‘2’ ' percent
Point of Curvature, PC = [00. 000% ___ stations
P.C. Elevation = q 00.00 - _ feet
Point of Tangency, PT = 110. 0000 stations
P.T. Elevation = BAD.00  reet
Stiat!ori Increment = | 2\,_5 — feet

» 8e sure to check the length.of the runoff after you have input the
values above so it is the length you wish to use. '

b e kT TS o 40 el s i O U i . S S S A tr s vn = - - - — Pp———
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Figure 17. Example Problem Template

L I'#ihﬁ*I-*IlINllﬁl****l“II"'IN*I‘*‘l“lN’ll**i*“*“l**'*‘lﬂ*lﬂﬂﬂ*“*l*

SUPERELEVATION COMPUTATIONS for HORIZONTAL CURVES
wn*ﬂnﬂ*ﬂ'&ﬁlIIﬂﬂ#w*ii-u*ﬁll_ihllilﬂ&i!‘&!hlﬂﬂi‘ﬂyﬂﬂ'll‘*ﬁ“*!lllui“i&_*iﬁﬂ#
B R T T Xt N N SRS O Wrer O
+ Multiplan Microcomputer Spreadsheets for County +
+ Hydraul ic and Highway Engineering Computations #

- - Copyright by Kent L. Ahrenholitz +
+ ‘ Version .0 o +
+ 1986 , _ +
bbb bbb bbb bbb bbb b bbb ded bbb bbb bbb bbb b b S bbb bbb+

Projwct Number:
Froject Name:

Prepared By: Date:

Checked By: ‘ Date:

ENIPUT DATA: Design speed, V 60 miles/hour
e s Lane width . 12.0 feet

Rate of normal crown

Rate of superelevation, e

Centerline 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
i00.0000 stations

e i g

ooy oo ouw # n oW

P.C. elevation 900.00 feet
Point of Tangency, PT 110.0000 stations
P.T. etevation 890 00 feet
Station increment 25 feet
HUNOFF DATA: Maximum relative design _
e e s e e slope fFor given design speed = 112222
Minimum length of runoff to
estabiish superelevation = 266.4 feet
bbb bbb bbb bbb e b bbb bbb b b b b b o ot
+ Do you wish to use this value +
+ for runoff, YES or NO ? YES +
+ ‘ +
+ If not, what length of +
+ runoff do you wish to use ? feet +
B b T i o ok ot ok 1 o T S S R ey
JUTPUT DATA: Runoff distance, S = 266.4 feet
e et 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
ratse outside edge to
a constant slope equal
to the normal crown rate = 106.56 feet
T0% of superelevation runoff =  [86.48 feet
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TABLE [11~-13
from the
AASHTO
Green Book

Figure 17.(continued)

———— - ——

N . e e Wi e Wi Mle e e e M

. DESIGN SPEED
vV (mph)

e A et b il e vl e ok e R e VS A S i B bk et i e i S Ul A ol S S SO T A At A W Ml et W T Sve S S ld Ul drke T e A e

50
60
65
70

CMAXIMUM RELATIVE SLOPES FOR
PROFILES BETWEEN THE EDGE OF
“. TWO~LANE PAVEMENT AND

THE CENTERL INE
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Figure 17. (continued)

LAYOUT DATA:

P N

QUTSIDE EDGE

PSS ik (P NS A S D P P

Difference in
elevation from

centerl {ne Cross Slope
Station (in feet) Elevation {(in percent)
BEGINNING e TS R A s S S e TS ey
OF CURVE: ’ _
Section from =» 98.1352. ~0.240 897.90 -2.00
peginning to | 98.2500 -0.188 898.06 -1.57
the station at 98.5000 -0.076 898.42 -0.63
a distance YY" 98.7500 0.037 898.79 0.31
' 99. 00060 0.150 899.15 i.25
99.2008 0.240 : 899.44 : 2.00
0.00060 0.000 0.00 0.00
0.0000 0.000 G.00 0.00
wection from => 99.2008 0.240 899, 44 2,00
the station at 99,2500 0.262 899.5]1 2.18
a distance Y’ 99.5000 0.375 899.87 3.12
to the P.C. 99,7500 0.487 900.24 4.06
100.0000 0.600 900,60 _ 5.00
0.0000 0.000 ‘ 0.00 0.00
0.0000 0.000 0.00 0.00
2,0000 0.000 0.00 0,00
0.0000 : - 0.000 . 0.00 0.00
0.0000 0,000 0.00 Q.00
Section from => 100.0000 0.600 900.60 5.00
the P,.C. to 100.2500 0.713 900.96 5.94
the end of 100.5000 0.825 901.33 .88
the runoff .. 100.7500 0.938 901 .69 7.82
100, 7992 0.960 a0i.76 B8.00
0.0000 0.000 0.00 0.00
0.a8000 0.000 0.00 . 0.00
0.40000 0.000 0.00 0.00
0.0000 0.000 ¢.00 0.00
0.0000 0.600 0.00 0.00
END OF CURVE:
Section from => 109,2008 0.960 892,56 8.00
the beginning 109.2500 0.938 _ 892 .44 7.82
of the runoff 109.5000 0.825 ‘ 891 .83 ©.58
rao the P.T, 109.7500 G6.713 89:.21 5.94
110.0000 0.600 890.60 5.00
0.0000Q 0.000 0.00 0.60
0.0000 C.000 Q.00 0.080
0.0000 g.000 . 0.00 0.00
0.0600 0.000 0.00 0.00
0.0000 0.000 ¢.00 0.00

0.0000 1 0.000 0.00 0.00
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Figure 17. (continued)

LAYOUT DATA: (continued)

b b It P L g o ol

CUTSIDE EDGE

Pt it Pk b Bk sk Bt £t b P

Difference in
elevation from

centerline Cross Slope

Station (in Feet) Elevatrcn {in percent)

Section from => 110.0000 , 0.600 ‘,“. - 890. 60: . 5.00
the P.T. to the 110.2500 C.487 S .889.,99 o 4,06
statfon at a 110.5000 o 0.375 L 88e.37 S 312
distance ‘Y’ 110.7500 o 0.262 _ 888.76 2.18
110.7992 0.240 _ B8 .64 ‘ 2.00

0.0000 _ 0.000 " 0.00 0.00

0.0000 0.000 _ 0.00 0.00

0.0000 0.000 G.00 .00

0.0000 0.000 . . 0.00 0.00

¢.0000 Q.000 : 0.00 0.00

0.0000 g.000 0.00 G.00

Ssection from => 110.7992 g.240 . 888.64 2.00
the station at 111.0000 0.150 _ 888.15 1.25
a distance Y’ 111.2500 6.037 887.54 .31
to the end i11.5000 ~0,076 ) 886.92 ~-0.63
111.7500 : -0.188 o 886.31 ~1.57

111.8648 -0.240 B886.03 ~2.00

0.0000 0.000 : .00 0.00

0.0000 0.000 . 0.00 0.00

0.0000 0.000 - 0,00 0.00
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Figure 17. (continued)

LAYOUT DATA: (cont inued)

P Y e e

INSIDE EOGE

PPN p S P g I R g

Difference in
elevation from

centeriine Cross Slope CCENTERL INE
Station {in feet) Eievation (in percent) ELEVATION
i 98.1352 . ~0.240 897.90 -2.00 | 898.14
i 98.2500 ~0.240 898.01 -2.00 | 8498.25
' 98. 5000 _ ~0.240 898.26 ~-2.00 | 898.50
H .98, 7500 : ~0.240 . 898.51 -2.00 | 898.75
! 99,0000 ~0.240 898.76 - =-2.00 899,00
! 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 0.00
1 . 3
I . ¥
§ 54,2008 ~0.240 898.96 -2.00 i 899,20
) 99,2500 ~0,262 © 898.99 -2.18 1} 899,25
: 99,5000 ‘ ~-0.375 899.13 ~3.12 | 899,50
! 39,7500 ' -0,487 899.26 ~-4.06 | 899,75
| {00, 0000 ~0.600 899, 40 ~-5.00 | 900.00
' 0.0000 ' 0.000 0.00 0.00 | .00
H 0.0000 0.000 0.00 ) 0.00 | 0.00
! 0.0000 0.000 0.00 ~ 0.00 ! 0.00
! 0.0000 0.000 0.00 o 0.00 |} 0.00
i 0.0000 0.000 0.00 0.00 | 0.00
] 3
H . 1
: 100.0000 ~0.600 899,40 -5.00 |} o00. 00
H 100.2500 ~0.713 : 899,54 -5.94 | 900.25
H iNng.5000 -0.825 899.67 . -6,88 | 900.50
/ 100.7500 -(.938 899.81 - =7.82 1 200.75
! OG0, 7992 -0,960 899.84 ~8.,00 |} 960.80
H G.0000 0.000 0.00 0,00 ! 0.00
i 0.0000 0.000 0.00 o.00 ¢ 0.00
' 4.0000 0,000 0.00 G.00 ! 0.00
; 0.0000 0.000 0.00 8.00 | 0.00
! 0.0000 0.000 0.00 .00 | 0.00
: i
C109.2008 ~0.960 B890.64 -8.00 ! 891 .60
: 109, 2500 ~0.938 890.56 -7.82 H 891.50
! 109.5000 ~0.,825 890,17 -&.88 | 8S1.00
' LU9.7500 ~-0.713 889.79 -5.94 | 890.50
H 110.0000 -0.600 889,40 -5.00 § 8oeg. 00
' ¢.0000 0.000 0.00 .00 H 0.00
X G.0000 0.000 ) g.00 0.00 | 0.00
H 0.90000 G.000 0.00 0.00 H 0.00
; 0.0000 0.000 0.00 - 0.00 ! 0.00
0. 0000 ~ 0.000 0.0 0.00 H 0.00
N G. 00

6.0000 0.000 0.00 ~0.00
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Figure 17. (continued)

LAYOUT DATA: {continued)

R PR VL VP V)

Difference in
elevation from
centeriine

(in feet)
110.0000 ~0.600
110.2500 ~0.,487
116.5000 -0.375
110.7500 ~-0,262
110.7992 ' ~0.240
0.000Q0 0.000
0.0000 0.000
0.0000 0.000
0.08000 G.000
8.0000 3.0060
. 0.0000 0.000
110.7992 -0.240
111.0600 ~0.240
111.2500 ~0.240
- 111.5000 ' -0.240
111.7500 ~-0.240
111.8648 ~0.240
0.0000 0.000
0.0000 - 0.000

0.0000" 0.000

INS1DE EDGE

ENE PP PR T EVERPFFIY Y ¥

Etevation

SN s R Pk s O Pl Pt ot Pk oD P Bk P Pl P R Bt s Sk Pt g e ik PR Pl b ot BB PE Bp s b I B gt gt ot D Ih S0 I P TS P Pt Pap S P o S ok Pk ik P g b Pk It S Bt Pl Pt Al

- 889.40

889,01
8688.63
888.24
888.16
0.00
0.00
0.00
0.00
0.00
0.00

8a8.16
887.76

(=Tt B ¥.q
QO 405D

886.76
8R6.26
886.03
0.00
0.00
0.00

86

Cross Slope
(in percent)

~-5.00
“4006
~3.12
-2.18
-2.00
0.00
0.00
0.00
0.00
0.00
0.00

“2-00
“2000

- oomn
bl AR VALY

-2.00
-2.00
“2;00
0.00
6.60
0.00

e e e v mAm R R MM A AR L M W e ST S el S i e

CENTERL INE
ELEVATION

890.00
889.50
889.00
888.50
888 . 40
0.00
0.00
10.00
0.00
0.00

- 0.00

888. 40
888.00

Lashmr LM
VO T Wy

887.00
886.50
886,27
C 0,00
0.00
0.00




Figure 17. (continued)

STATIONING DETAILS:

P L L L LV VP R

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 ‘Y’ from
beginning of superelevation runoff

* Point of Curvature, P.C.

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

First even Incremental station after
beaginning of superelevation runoff

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

First even ifncremental statton
after the point of curvature, P.C:

At the End of the Curve:
* Beginning of superelevation
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 beginming
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#

]

98.1352

98.6680

99.2008

100.0000

100.7992

98.2500

99,2500

100.25060

109, 2008

110.0000

110.7992

111.3320

111.8648

109.2500

110.2500

I1}1.0000



2el.6. BIBMINV and MAINTREC
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SIGNINV and MAINTREC

Z2el.6.1. Introduction to SIGNINY

SIGNINV is a spreadsheet illustrating one (of many)
approach to creating & traffic contrel device inventory
using a spreadsheet program. A microcomputer data base
program will paroit creation of a traffic mantrgl device
inventory system with mdra flexibility in manipulating
the information contained in the file. However, i{ the
need is for a syﬁtematia record from which rmpmrté may be
generated periodically, then it ig possible to creéte a
workable and effective inventory system with a
spreadshest program. This spreadsheet iﬁ‘mrganizmd.wjth
the various traffic control device parameters entered in
columns across the table and each control ﬁeviée occupies
a row. Thus, as many traffic control devicdes #an be
entered as there are rows in a spreaﬁsheet.- For the
smallest versions of Multiplan that operate on an Apple
ile computer, the spreadsheet containg 254 rows. For the
largest versions for ME-DOS campﬁtara fhe spreadsheet
contains over 4000 rows. In a practical sense, the
number of rows that may bé'fillad is dependent upon the
computer memory size installed and the efficiency of the
computer in allocating memory, Therefare,‘in thias and

similar applications, the user should prepare a SIBNINVi,




BIGNINVZ, etc., to handle any massive data ﬁase,

The user shouwld change the column headings to suit his
or her needs in identifying traffic cmntroi devices.
This illustrative design resulted from several
conswltations with ﬁmunty offices, the lowa DRivision of
the Federal Highway Administration and the lowa
Deparﬁment of Transportation Office of Local Systems. It
is intended, however, to be a guide to assist the user in
genarating application concepts to move beyond the scmpé

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

Zel.be2. Introduction to MAINTREC

MAINTREC is a spreadsheet designed to work with
SIGNINY tg sstablish a record of the maintenance bhistory
for a traffic control device. It is designed to have a
particular traffic control device occupy an entire row in
.thw table. Note that the column headings containp
identification information in the first few columns which
is to corraspond to the sign idanti%icatimn.in SIGNINV,
Subaéqqent columns in the table are a repeating pattern
mf.recarding a notice of need for maintenance and action
taken. This permits establishing a record base of the
maintenance history of the traffic tontrol device. There
are sufficiént columns in the spreadsheet to permit
retaining what is expected to be about 10 years activity

on a traffic control 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 traffic¢ control
devices may be considered a sensitive record. In this
manner, it is possible to keep different 5ecurity levels.
for the inventory and the maintenance record. Someone
looking at the inventory will not immediately find the
maintenance histmry. 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_cumputér systems. Flanning for it should be

considered at the time records are e%tabliéhed.

k3

«1l.b6.3. Beneral Introduction

SIGNINV and MAINTREC are two spreadsheets developed to
be used as a traffic control davicé inventory. SIGNINV
can be used to store the location, type, and cmnditimn of
the traffic control devices within an engineer’'s
jurisdiction. MAINTREC can be used to stbre a record of

the maintenance performed on each traftfic control device.

The input data for SIGBNINV include: sign number, sign
location {(township number, range number, section number,
township name, and the engineer’'s choice for the exact
location of the sign), sign legend, MUTCD number , %ign

position (direction sign is facing, lateral position such
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as distance from roadway and side of road), number in
assembly, sign characteristics (shape, color, siza in
horizontal and vertical dimensions, height, sign’
condition, sign raflactivity, and sign visibility), post
characteristics (pést tfpe énd post condition), inventory
direction, inventory date, last date checked, maintenance
record sheet, and remarbks.

The input data for MAINTREC include: sign number (same
as in S[SIGNINVY, date reported, sigh condition,
reconnended improvements, and date installed/aerviced for

each time a sign is repaired.

ks et et vy s S L

D el o e

of Transportation by Johnson, Brickell, Mulcahy and
Associates as a reference and a guide. The spreadsheets
are similar to the sign inventory and maintenance record
forms included in this document.

ot e ey v B saven s i allve b e saree WO e St

2eleb.4. Using the Spreadsheets

The best way to begin usiné a spreadsheet is to obtain
all peritinent data, record the data in a form that is
easily transferred onto the spreadsheet, and then input
the data into the spreadsheet. The data obtained 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
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Once the data have been ;mllectad,'the user can proceed
to use the spraadsheat.

The first step is to load either file from the dishk
intoe the computer aperatihg'in Multiplan. The fiiﬁs‘are
assumed to be stored on disk in Normal Mode as SIGNINV.MP
and MAINTREC.MP, respectively. Once the spreadsheet to
be used is loaded into the computer, the data can be
input from the appropriate field input ¥6rﬁ {(evamples

shown in Figure 18).

-

Eefore entering data, the engineer should decide upon
a method to be used for the exact location of the sign to .
put into columns 7 and B (see Figure 18). Some
suggestions for this include references to section
corners and gquarter-section corners, reference to the
Iowa Department of Transportation’s road number system,
the ALAG link-node indentification system used for
accident location, or by route number anﬁ referenced to
section lines. These are only a few of the possible
methods. The engineer may have another one he or she
prefers. The most important thing to rémamﬁer is the
system must be inderstood and applied by all persmnnelf
who are involved in the sign inventory.

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

then input the data into the spreadsheet. These data for
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BIGNINY include the sign number, sign location, sign

legend, MUTCD number, direction facing, lateral position,

number in assembly, sign characteristics, post
characteriﬁtics, inventory direction, inventory date,
last date checked, maintenance record sheet number, and
any remarks {(see Figure 18). éll of these data can be
obtained in a field ingpection of traffic control
devices, except for the MUTCD number which. can be
obtained from the Manuwal on Uniform Traffic Conirol
PDevices. Once the data have been entered, the
spreadsheet should be saved with a filename |
characteristic of the position of the spreadsheet within
the inventory (i.e., SIGNINV!, SIGNINVZ, estc.).

One problem in using a spreadsheset to develap this
inventory 5§$tem 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 wanted a list of all the STOF
signs within his or her jurisdiction, it would be

cumbersome to accomplish.

2.l.b.6. MAINTREC

When the user is prepared to begin using MAINTREC, the

engineer shouwld then input the data into the spreadsheel.
These data include the sign number, date sign condition

reported, condition, recommended improvements, and date
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installed or repaired (see ?igure 19y, All of these data
can be.obtained from either a field inspection or a
citiren callling in a problem with a sign. The ﬁigh
number should be the same numbéf as.that used in SIBNINV
for the sign in question. Once the data have been
entered, the spreadsheet should be saved with a filename
characteristic of the position of the spreadsheet within:
the inventory (i.e., MAINTREC1, MAINTRECZ, etc.). The
spreadsheet should also be labeled with a letter (i.e.y

A, B, T, etc.) in row 13 gcolumn 2 at the top of the sheet

corresponding to its position in the inventory.

2.1.6.7. Example Froblem

ARl D b R 2

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

be applied.
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Figure 18. Form of SIGNINV 1
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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. (continued)
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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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Z2.2. Hydraulic Engineering Spreadsheets




2.2.1. DITCHFL
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DITCHFL

MANNING 'S EQUATION -~ OPEN CHANNEL GEDMETRICAL SECTIONS

2.2.1.1. Introduckion

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 available 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 slope, de#ign
flow, and initial trial depth. 0Once the initial data are
entered, the Ilteration option ig invoked and depth of
flow for a given design will be calculated. The output

consist only of the caluulatéd ¥1low debth.

The best way to begin usirg this or any ﬁpreadﬁheet
template is to collect all the pertinent data, record the
data in a form that is easily traﬁaferwed into the
spreadsheet, and thsn enter the data into the
spreadsheet., The First step isy thus, to collect the

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




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

The first step after completing the input form is to
lnad the spreatdsheet into the computer. The‘maater
template is assumed to be stored on a disk in the Normal
Mode under the filename DITCHFL.MF. Once the master
template is loaded into the computer, use the Options
command from the Multiplan menu to tuwrn 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).

Gfter items have been entered in rows 14 through 17,
enter the design parameters located in column 6_in rOwWsS
22 through 29 (see Figure 20). Thege itemns include: the
ditch bottom width, foreslope, backslope, Marmning’'s n,
ditch slope, design flow to be accommodated, and the
initial trial depth.

The ditch bottom width is entered in feet. For
triangul ar cross-sections, the ditch bottom width should.
be 0.0 feet. The foreslope is the ﬁlope from the ditch
bottom to the edge of the roadway shoulder. The
backslope is that from the ditch bottom to the
interception of natwral ground surface at the muter.fight,
of way edge. The backslope and the féreﬁlnpe are sntered

in the form Z:1 where Z is a horizontal distance in feet
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(s@e Figure 21). The ditch slope is the average slope at
the location for which the data apply and is entered in
feat per feet. Manning’'s n should be the one that is
best suited ét 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 thaﬁﬁiﬁ
less than or nearly equal to the final depth. A value of
0.10 feet is recommended as a starting value for most
conditions.

Once all the data are entered, the Recalculation
aoption and the Iteration option are turned ON. At this
time the spreadsheet will begin the r&calculétian and
iteration to converge on a flow depth. When the
iteration is cmmplate.the resultes are found in row 33
(see Figure 20). |

Bafore making changes to more than one cell in the
spreadsheet, turn the Iteration and the Recalculation
options OFF. After making the change%lin design
parameters, then tuwn Iteration and Recalculation back
ON.  IF ANY RESULTS OF AN ITERATION ARE NEEDED FOR LATER
USE, BE CERT@IN TO SAVE THE SPREADSHEET ON DISK AT THAT

FOINT BEFORE MAFING FURTHER CHANGES.
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A ditch located aldng a county road has deteriorated
to the point where it needs to be regraded to adeguately
dr-ain the water. The final ditch design is one which
requires the road to be located five feet above the
hottom of the diteh. Three alternative designs have besn
proposed. These aré shown in Figure 22. Table 1 shows
the design parameters for sach cross—-section. Which
ditch design should be used so that the water depth
remains helow the elevation of the roadway for the
100—~yaar storm?

The data are taken from Table 1 and recorded onto
input +ﬁfm5. These completed forms are shown in Figure
2%,  From the input forms, the data are input into the
spreadsheet template. The results of gach of the thres
gramples are shown in Figures 24, 285 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 bhelow the roadway surface is
cross-section 1 which has a water depth of 4.8 feet. The
wataer depbhs for cross—-sections 2 and 2 are 3.4 feet and
6.8 feet respectively which exceeds the design

spacification of 5.0 feet maximum depth of flow.
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Table 1. Input data for example problen

Dasign parmeter

Creoss ~ section

1 2 3

Ditch bottom (ft) 30 20 0
Foreslope (ft:1) L:1 2:1 4:1
Backsleope (ft:1) 1:1 2:1 4:1
Manning's N 0.02 0.02 0.02
Ditch slepe (ft/fL) 0.01 0.01 0.01
100-year design flow (cfs) 3000 3000 3000
2.1 0.1 0.1

Initial trial depth {(ft) -
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Figure 20. Input Template for Manning's Equation - Open Channel
Geome%ric Section

1 3 4 5 &
] XEEEREARKRA KRR RRARRAKRAR KK AR AR AR R RERKARRERERR AR R AR AR AR K
2 MANNING'S EQUATION - OPEN CHANNEL GEOMETRIC SECTIO
3 AKRKRRARERRXRAKRERR A AR ERER R AR E R A AEEA KRR KRR RR AR AARRRR AR
4
5 R R T A R R e e S e R R R R
i + Multiplan Applications in Civil Engineering +
7 + November 21, 1984 +
8 + Copyrlght by Kenneth A. Brewer +
9 + All Rights Reserved, 1984 +
10 + Version 1.4 +
11 + Revised March 27, 1987 +
12 AL a R R N I T
13
14 Project Number :
15 Project Name H
16 Prepared By H Date:
17 Checked By H Date:
18
LG e o o e e et e
20
21 INPUT - Design Parameters
p--Seiekadadetttiadedintatidaiasaati i et adiadasabad
23 Ditch bottom (FT} ~ww—w——rmmmme >
24 Foreslope (FT:l) ——-=—eewwe—-- >
25 Backslope (FT:1l) ~=r—mrmm=—ee- >
26 Manning's N ——~wro—srmrmmmann- >
27 Ditch slope (FT/FT} --~=-———~ >
28 Design flow (cfs) - ———rmm—w—- >
29 Initial trial depth (FT} -—--->
30
F e e e e e i o i ) o o et
32 ouTPUT .
33 o Calculated ¥#low Depth (FT) = #VALUE!
34 ‘
38 e e e e
36
37 CALCULATIONS
3B s ess s
39 1.486/Mannning's N = ¥DIV/01
40 Calculated Flow Depth (FT) = PVALUE!
41 Flow Area (S8Q FT) = #VALUE!
42 Wetted Perimeter (FT) = MVALUE!
43 Hydraulic Radius (FT) = #VALUE!
44 Calculated Velocity (FPS) = #VALUE!
45 Test to Design Flow {(cfs) = #VALUE!
46 belta Flow (cfs} = $VALUE!
47 Initial Delta =
48 Delta Change = RVALUE!
49 Delta Check to Stop = TRUE
50 Test for end: #VALUE!
51
B2 o e o o i o e e e e e —
53
54 KEEARKRRRARERAKAAR A RN A ER AR AR AR REELRR AR Rk E AR kR kX
55 * COPYRIGHT 1984, 1985, BY K. A. BREWER *
56 ERKEREERERKREKKRRKXRKAA KRRk kR kXX kR AR AR AR A%
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rend bed

1 Jorestope backs_ldpe

z ditch bottom

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

Checxne! Crosp~vaction

" side slopes B:1 : =
side slopes 2:1 O feet _ :

side slopes i:! 20 feet
30 feet

: bottom widths

Figure 22.. Cross-sectton 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 Name :

Prepared By : Date:

Checked By : ~Date:

kRt hhkkhhhhhhhkhhkrRdtkkehhkrikdkidkkhkkkkhk

INPUT. - Design Parameters - Option 1

DitCh DBOLEOM =mm=mmm e m e m e > 20  feet
Foreslope ~-—mmmmmo s mm e e M —————— > /‘ ft:l

Backslope -~=-—=ce-mmemna——— e e e > Z. Et:1

Manning's roughness coefficient (n) ———>5Zé}l

Ditch S10pe =m====mmom= oo mmmmmeo oo > 0.0/ gesse
Design flow —------omommmmmmm o > ;iékﬂﬁ cfs
Initial trial depth ~----c-mmesmmr e > d./ feet

KREKRIRAREIRKRRKEKRRK AR RR LA RRR AR AR TR ARk kAR kR h xR

INPUT ~ Design Parameters - Option 2

DItCh DOLtOm = -smmmm oo e e e > feet
Foreslope ———¥f~4ﬂ~~_ ----- e > £t:1
Backslope ~—w-eommm e e 2 fr:1

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

Ditch Slope ---rrem-rem o e > ft/ft
Design flow ~~—---—mvmmr > cfs
Initial trial depth =~-vrmmeccmoaee e~ > feet
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Figure 23. (continued)

INPUT FORM - {(continued) - Page of

MANNING'S EQUATION - OPEN CHANNEL GEOMETRICAL SECTION

Input Design Parameters - Option

Ditch bottom wwwr-womsrwe e e feet
Foreslope e e e > fr:l
Backslope U > ft:1
Manning's roughness coefficient (n) --->

Ditch Slope ——**n*; ~~~~~~~~~~~~~~~~~~~~ > ) £t/7EL
DeEign ElOW ~===rwmem— oo > ___cfs
Initial trial depth -~=-=-==m-===co--un > | feet

KA KKAER R AR EER AR KRR RAERKRR AR AR R RRRRR ARk kR k%

INPUT - Design Parameters - Optlon

Ditech bqttom ~~~~~~~~~~~~~~~~~~~~~~~~~~ > , feet
Foreslope = we s i e e e > £t:1
BACKS10Ppe —m == e e e e > ft:l
Manning's roughness coefficient (n) --->

Ditch Sleope ~——-—wm--remm e - > ft/ft
Design flow ~-ewrmemm e e e : cfs
Initial trial depth m—wr-rmemcrrerrmm e > feet

IR LS SRS FFREEESERESSEEE 2SR AT SRR SRR R SRR RS RN RS

INPUT - Design Parameters - Option

Ditch bottom ~——remmr e e e e > faeet
Foreslope =--====-sowmm e smem ey £t:1
Backslope ———-mmm e ey £t:1

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

Ditech Slope e > ft/ft
Design flow —==rmrrmemem e e e > cfs
Initial trial depth T e o > feet



Figure 24, Example Problem ! Template

SRR K R AR AOIK 30K OR 4OR KKK RO HEICRIOR ORI RO Rk e
MANNING'S EQUATION ~ OPEN CHANNEL TRAPEZOIDAL SECTION
HHORR RN ORRRR OO OO K OCIOROR OR300 RRIOK 3R RO RRROROR OO OO R R K

L R 1 o A I A A o A S R L T R AR
+ Multiplan Applications in Civil Engineering +
+ November 21, 1984 +
+ Copywrite by Kenneth A, Brewer +
+ Version 1.2 : +
+ Revised August 19, 1986 +
R L L e et e s L e ST L

Project Number H 1

Project Name tExample problem 1

Preparad By tRocky Keehn Date:9/9/86
Checked By 1Rocky Keehn Date:3/9/86

s s . . i g i o oy e sk i Sl YA Y OV S o P s s A Ay A4 e P b S e e e Al U VR i j——

INPUT - Design Parameters

P T By P Ay P Pt P g P s Ry P g Pog P By Ay Ao P g Dp s B0y

Ditch bottom (FT) ~-roe—emeea > 30
Foreslope (FT:l1l) ——wmemm—mm—— > 1
Backslope (FT:l) ———eom—mee—— > 1
Manning’s N e e » 0.02
Ditch alope (FT/FT) —meme——ee > 0.01
Design flow (CfE) ————mmwe——— > 3000
Initial trial depth (FT) ~———-> 010

e e e s o s o g et a -

CALCULATIONS

R g Aoy A B e ey
74.30
4.76
165.45
45 . A6

1.4B86/Mannning’s N =
Calculated Flow Depth (FT) =
Flow Area (50 FT) =
Wetted Perimeter (FT) =
Hydraulic Radius (FT) = 3.81
Calculated Velocity (FPS) = 18.12
Test to Deslign Flow («Ts) = 2998.41
Delta Flow (cfal = 1.5896
Inttial Dalta =
Delta Change =
Delta Check to Stop =
Test for endit CONTINUE I

0. 00
TRUE
TERATION

e s am e et L [ - et [ - s e i

OUTPUT .
i Talculated Flow Depth (FT) " 4.76

e el e Bt b G e v S e, . . o T Y YT AR TR S YR A o S s . B T T T 4 k. R . S i PR Y 0 T T A 4T VS L e L T AT T A s e v

ESES LR RS3ROSR EIAEOINELS IR IE IS SIS LERS TS £ 54
* COPYRIGHT 1984, 1985, BY K. A. BREWER *
********tt**k********t*************f********##***t
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Figure 25. Example Problem 2 Template

FREE OO OO OK KRR COROCE ORI RO RO R oe ok
MANNING'S EQUATION ~ OPEN CHANNEL TRAPEZOIDAL SECTION.
***t***********************#*******#*******#***************t****t

++++w¢+++*++++++++++++++++++++++++++++++++++++++++
+* Multiplan Applications in Civil Engineering +
+ November 21, 1984 +
+ Copywrite by Kenneth A, Brewer +
+ Version 1.2 : +
+ Revised August 19, 1986 +
Ao dp i e o e e e e g e b b e b b b ek b b R R

Project Number H 1
Project Name tExample problem 2
Frepared By tRocky Keehn Date:9/9/8B6

Checked By tRocky Keehn Date: 9/9/86

—— e e s e i s " o e . e s e ok e Ak AR b e e 8 1t

INPUT ~ Design Parameters

e Ay g g Wy s P P s P Phog Py s s o g g P Pl s g g Py P iy

Ditch bottom (FT) ——me—emmmw— > 26

o
Foreslope (FTil) —rem—cemmee > 2
Backslope (FTizl) ———r—mreore—— > z
Marning® o N e o v - 0,02
RDitch slope (FT/FT) ——e—wawech 0. 01
Design flow (Cfg) ~mmmmcrmwom. > 30C0

Initial trial depth (FT) ———-> Q.10

- e v e e e e it s -

LALCULATIONS

P P B B P Ay By P Aur Ay Ry By .
1.486/Marmnning’s N ) = 74.30
Caleulated Flow Depth (FT) L 3,40
Flow Area (BQ FT) "= 166, 52
Wetted Perimeter (FT) = 44,17
Hydr aulic Radius (FT) = 3.77
Calcul ated Velocity (FPS) = 18.01
Test to Desigh Flow (cfs) = 2998.26
Delta Flow {(cfea) = 1.7373
Initial Delta =
Delta Change = 0,00
Delta Check to Stop = TRUE
Test for end: CONTINUE ITERATION

OuTFPUY

et Calculated Flow Depth (FT = .40

L e L T peep—— - . o TRy o S A o i Yt Y . S Y iy B o e e S e g e i S et S i e

RO R KRR R R K
* COPYRIGHT $9B4, 1985, BY K. A, BREWER = ¥
HERRRR R KRR RR IR RRRR R R K
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Figure 26. Example Problém 3 Template

xtmmt#*mt***t***xx*mx*****m*#***m**x**x**m***t*x****tx***x****t*r
MANNING'S EQUATION - OPEN CHANNEL . TRAPEZOIDAL SECTION
ESXHC PR E e TRt s PSS ST ETFILAITEILLRIEGLERSEELEESEE LIRSS ELE S S SS

B T o S R T A

+
@+
+*
+
-+

Multiplan Applications in Civil Engineering +
November 21, 1984 ' i +

Copywrite by Kenneth A, Brewer +
Version 1.2 *

Revised August 19, 1986 +

B T L L e e = s S R e S

Froject Number : 1

Froject Name
Prepared By,
Checked By

tExample probiem 3
1Rocky Keehn o . Date:9/9/86
tRocky Keehn Date:3/9/86

INPUT ~ Design Parameters

PP g P P s A P N P g Iy P Tl T By P P P Pl S P A e

Ditch bottom (FT) —me—mme—mwee > 0
Foreslope (FT:l) -—rmor—meea——) %+
Backalope (FT11)} —=rmme—m—come— » 4
Manning’s N ~> G.02
Ditch slope (FT/FT) —-—m——m—- > Q.04
Design flow (¢fs) ~—moommmme—) 3000
Initial trial depth (FT) —~—-) 0. 10

CALCULATIONS

Par g P g M Py g B P A By By

UTPUT

ey A

i.486/Mannning’s N = 74,30
Calculated Flow DRepth (FT) = 6.76
Flow Area (BG FT)} - 182.7%9
Wetted Perimeter (FT) = 55.74
Hydraulic Radius (FT) - = 3.28
Calculated Velocity (FPS) = 16.41
Test to Design Flow {(cfs). =  2998.74
Delta Flow (cfs) = 1. 2565
Initial Delta =

Delta Change . . = .00
Delta Check to Stop . = - TRUE
Test for end: . CONTINUE ITERATION
Calculated Flow Depth (FT) = &.76

**!#***t*#*****t**********#*#****#****************

¥

COPYRIGHT 1984, 1985, BY K. A. BREWER ¥

RO EEOR R OO OR OO R OCE KRR R OOk
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2.2.2. RUNOFE



RUNOFF

RUNGFF is a spreadsheet developed to estimate the
amount of runoff from most all watersheds in lowa. The
spreadshest can be used to calculate runoff based on the
"Iowa Runoff Chart“‘and the "Iowa Natwral Resources
Council Bulletin Number 11",

Input for the Iowa Runofd Chart consist of the
dr-rainage area and the land uwse factor (LF)., For Bulletin
11, a person needs to input the drainage area, the Iowa
hydrologic region in which the watershed is located,
miadel number if the watershed is in Region I, and slope
if the watershed is in Region I and Model 2 is used.

The mutput generated for both methods is the peak
discharges for the ﬁm, %-, 10~, 25-, 50-, 100-, and
J00-yaar recurreance intervals %mr Etwrﬁs. | |

- o
AR A ]

<. Using the Spreadsheet

The best way to begin using a spreadsheet is to obtain
all peartinent 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 form. Once this is done,
a person can proceed to use the spreadsheet.

The first step in spreadsheet use is to load the
master spreadsheet as a file from & disk drive to place
it under the control of the Multiplan program. Assume
the spreadshest is stored on disk in the Normal Mode and
is named RUNOFF.MF. Once the spreadsheet is loaded into
the computer, snhter the Multiplaﬁ command menu Dptions
command and turn the Recalculation optionm OFF. Then
enter the informative data in rows 13 through 16 (see
Figure.27). This data incluwdes the project number,
prmject‘nama, preparer, checker, and dates the project
was prepared and checked,

Once the informative data are input, the user needs to
enter the method to be wsed by the spreadsheet and the .
units of the drainage areas as it is tabulated; The firat
choice the user must make is whether to use the Iowa
Runoff Chart Gnput a number 1), Bulletin 11 (input a
number 2), or both (input a number 3} to calculate the
peak rate of runoff. The input for this cﬁoice is
located in row 23, column 5 (gee Figure 27). After the
method(s) are chosen, the user must enter the units for
the drainage area datum. I+ the area is-tn enteraed as
 square miles, put a number 1 in row 35,‘c01umh 6 {(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 Uptions and turn
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Recalculation ON. Wait until the computer has
recalcul ated the spreadsheet, and then enter the drainage

area in row 41, column 6 {(see Figure 27},

SLERLLE Laiimleds LSRR LT

I the user selects choice 1 or 3 in row 35, column &
he or she can find the peak discharges using the Iowa
Runoff Chart. The dnly datum the user needs to antgr ia
the land use factor (LF) in. row 67, column 2 (see Figura
27) . The user can "unlock" cell RI&CL if hé or she
wishes Lo enter a description of ﬁhe land use for later
referentce.

The valuwes for LF can be found in one of three
sources. These arer the original paper, Tab1e 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 .80 0.60 0.40 0.20
Permanent Pasture 0.60 0.50 0.40 0.20 0.10
Permanent Woods 0.30 0.25 6.26  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 are based on the equation for a direct
calculation of a peak @ except the 2-yesr and the
S00-year interval which are based on a linear regraémion
eguation developed from the uthgr recurrencé intervals.

I+ the user specifieg using only the lowa Runoff
Chart, the output data can be examined haginhing in row
74, column 2. If Bulletin 11 output is also desired,
then the user should now enter the data for this method
of calculation. I+ only the Iowa Runm¥+.Chart iws to be
used, the spreadsheet results should now be saved with a
filename solely characteristic of the watershsd, for ;
later use and reference in design.

Siﬁce discharges are calculated by equations, there
will always be results no matter what input is used.
However, there are application iimits to the variables;
These iimits are given in Table 3. I 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,f.

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

2.2.2. 4. Bulletin i1

O S A LS L LS

If a value of 2 or § 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 mf.the main channel can be calculated. The
Bulletin 1t portion of the spreadsheet works better if
the Recalculation option is ON at all times.

The aagregatimn fo Jowa into regions for runoff
analysis is depicted in Figufe 29, The slashed area can
b either in Region I or II. In the input box for
"Region 1(1) or 11(2)" dn row 67, column 7), input
either the number 1 for Region I or a number 2 for Region
IT (BE CERTAIN THAT THE RECALCULATION IS ON!')>. IFf Region
11 is used, the data inputs are complete. The results
are then displayed beginning in row 74, columns & 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 CANNOT be made,
otherwiﬁe‘ﬁodel 2 is to be used. IFf Model I {input a
numbetr 1 when the spreadshset prompte for selecting a
mocel ) is chosen, then the éalculatimns will be cbmplé&éi
at that point. The results may be:raviewed beginning in
row 74, column . I¥ Model 2 is utilized, then one more
item of information must be entered.

Once a number 2 is enteregd in response to "Madel 14{1)
or 223" in row 68, column 7, the slope input will appear
o the screen. The slope should be the 10/83 slope
(refer to Bulletin 11, page 41, for the procedure to

talculate the 10/85 slops) and it is input in feet per
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mile. Onece this item is entered, the computational
results are again found in row 74, columns & énd T

The output for this method includes an estimation for
the S300-year storm. This value is based on- a linear
regression equation calculéted from the other recurrence
intervalg., If the user is satisfied with the results,
the spreadsheet should be saved on disk under a unigue
name for later reference.

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

arror messages).

2.2.2.5. Rounding the Quiput
The output can be set to be roundaed to a sbecified
precigion, The oubtput data are broken into twé séta.
The first set consists of output values less than 1000,
The second set consists of those values greater than or
equal to 1000, The cells that contain the_lmcatidn for
entering the rounding limits are located to the right of
the final peak discharge output beginning in cell.R74611

and ending in cell RBOCL7.
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The user specifies the range fmf rounding by entering
a specific value in row 78, column 12 for number less
than 1000 and row 79, column 12 for values greater thén
or equal to 1000. The following values can he entered:

O for integer result, |

-1 for rounding to tens,

-2 for rounding to hundreds, etec.
For example, if the calculated runoff was 4215.6 cfe,
then a value of ¢ would cause the output tolrapewt 4216
cfs, a value of -1 would result in an output of 4220 cfs,
a value of ~2 would yisld an output of 4200 cfs, and a
value of ~3% would produce an output of 4000 cfs.. It is
recmmmended 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 equal to 1000 cfs.

Table . Limits on variables for RUNGFF

Variable Range of values

Iowa Runoff Chart

Recurrence intervals (years) 2%, 5, 1G¢, 25, 50, 100, or 500%

Area (acres) ' 1 <= area <= 7¢,000

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

Recurrence Intervals {years) 2, 5, 10, 25, 50, 100, or 500%

Area (sguare miles) 2 <= area <= 14,038

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

* BEstimated by linear regression
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2.2.2.6. Ezample Problem

One item that may cmm&érn or confuse the user is the
numbers remaining in the spreadsheet from previous
calmuiatimna, The best way to demonstrate this problem
igs by the following application ekamplea

A culvert is to be constructed under a county highway
in central Iowa. The dﬁaihage area is totally permanent
pasture and is located in Btory County {(therefore, it is
Regimn I or Region LI} and has tmpmgraphy that can be
described as rollling. The design storm is 50 yearsj the
maior storm is 100 years; the area is 10,000 acresg
(15, 625 sguare mileﬁﬁg and the slope of the main channel
is ? feet per mile. Chaak the runoff for both Bulletin
11 and for the Iowa Runoff Chart. |

Bince the location of the watershed is in R@giwn I and
the slope of the main stream is kKnown, Region I Model 2
i wsed for Bulletin 11. The data are first entersed on
arn input form.  An exanple of the input form is shown in
Figure 30,

The completed spreadsheet is shown in Figure 31.
After this computation, the user desired Lo check Reglion
fI results against those alraaﬁy calculated. Since the
values for the Iowa Runoff Chart were already calculated,

only Hulletin 11 data were input.
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The number 2 is input in the cell to change the
ﬁpreadsheet'to output only data for Bulletin 1i. Once
this task is complete, the racalculatimﬁ takes place.
When the recaloculation is complete, the number 2is
entermd.intm the ¢e11 that cuntéinﬁ tha “region option".
.The results of this cmmputétimn are shown in Figure 32.

The user can now seg the extra valﬁas in the cells
baelow where the region option is entered for Bulletin 11,
ancd to the left of these cells, input leftover from
applving the lowa Runoff Chart. Theses data are from the
previous computation wusing Bulletin 11 and the lowa
Funoff Chart. The numbers have no effect on the o
computational results (compare the results Ehgwm in
Figmreé F2 oand 3D, but are a bit confusing as a person

views the spreadsheet. To correct this confusion, a user
ngeds to move the cell pointer to the cells in the
spreadsheet containing the "extra or unnecessary” values
and blank them out wiih the Blank cmmmandl%rmm the
Multipilan menu., Figue 3% illustrates the spreadsheet
after the "leftover" data are blanked out.

The results from the spreadsheet inditété that if the
Towa Runpff Chart is used to calculate the runﬁ%f, the
design discharge is 1100 cfs and the major discharge is
1300 cfs. Pér Bulletin 11, Region I Model 2, the values
are I700 cfs for the design runoff and 4700 cfs for the
major storm. And finally, for Hulletiﬁ 11, Region Il the

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

) 2 3 4 = @ 7 a
T I Y TR T PR Y L AR R T Ty Ny R P e N STy 2
RUNDFF

SN A e B O DAL NN U B U e A O WA

B o S oY RV SO A M S SO 00 10 O [ O Y T S A0 I A WY P 90 0 S0 I Y VR o0 Y R O N S e

+ Multiplan Microcomputer Spreadsheets Tor Jounty +
+ Hydrauiic and Highway Enginpering Computations +
+ Copyright by Rocky J. Keehn 4
+ Veraion 3.0 +
13 1984 +
T N I T T R A a0 TR S PR R A

Pt ject Numbevsl
PMroject Neme sExample Problem

Frepared Hy tRucky J. Keehn Raterii-—15-84
Checked Dy tRocky J. Keehn Daterlii-1%-86
IMFUT

Asnnemnn L e e 1 ot T S o S R S e P A P AR S A A S S o R

METHOD USED TO CALCULATE RUNOFF
Pr Fg Pt s P g P N Pt PPt Pt P Pt 10 P 1) A g Py Ao P00 Pt P g Pt g P g Py Py
Cheose one from below {(1=3) ~we=k 3
1 - lowa Runoff Chart
2 - Bulletin No. 11
3 - both methods
B I T T S S T . i I N R S
TO BGET HELP
Py Hap Aoy g A iy A Py N7 P Py
For both methods
Goto I0WA OR BULLLL
L R S T BN N R T S R T T SR S I
UNITS USED WHEM INFUTTING THE AREA
ok oy Dy s My Py Ty g Py T Tt 10 Pa g o P g g g g s g Prp g s o g P g N P Py Py P
Chopse 1 oar & ~——--— — 2
1 -~ aquere milee
2 ~ atres
L T T A A L T T R R T O
INFUT THE AREA .

B g P P Wy Ry Ay B P g s 0 Ay g

Arga = —mmememm——————) 70000 acres

~e= Halpful Output —--—
Area ~—- —— -=3309.378 8q mi

LT B B 2R B B O 2R 2R K SR SR 2K K IR B 3 B 2K 2 B T B N Y
EEE R B B N R BT S B N N EE S BT N R N N I B Y

B o 2 e Sl A

RESULTS

M P o P A P e

S A S R R S N R R S T T R

Froject Mumber:sd

Project Name :Example FProblem

Frepared Dy tRacky J. Keehn Date:11-15-86
Checked By tRocky J. Keeahn Dateall-15-8&

R S T A S T R TR T T T R T TR TR T T S S N N I

wan OULFETIN 11 %ux
e Halptul Qutput -——

vax JOWA RUMOFF CHART «xw
= Haipful Output —--

Area lacres) > 20000 Arga (8g mi) ——-= e3> 109,375
1 e 3 & o & 7 B8
e Please input eee —ww Plaase input ~~-—
LF e - 1 Regicon I(1) OR I1I(2) ~» 1
Model 141) QR 2(Z) —w=w> 2
Goute LF FOR HELF 1085 slope (ft/mi) --> LOO

LA S S S T T S S T S S A S T T S T S T T S S A S ¥
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Figure 28. Input Template with Error Message for RUNOFF

38 IR IR AR S I A IR B N B A IE I AR AR A R SR R N )
39 * INPUT THE AREM +
41 + Ar@a -mw-smemcceec——e e > 15001 sq mi +
42 + +
43 + ] , +
44 + NOTE: AREA TOO LARGE TO USE IOWA RUNOFF CHART +
£5 + +
46 + NOTE: AREA TOO LARGE TO USE BULLETIN 12 +
47 + ~-~= -Helpful Outpat --- +
48 + Ar@a ~wmwmmmmsenemaea=aS 15001 sg mi 4
49 + +
50 R R Y L L L e s TR S R s )

1. 2 3 .4 5 & 7T B

19 INPUT '

20 LYY R L Y R e L T L R R P R S P R I L R L Y
2% + METHOD USED TO CALCULATE RUNOFF *
23 + Choose onea from below (1-3) ~—--> § +
24 + 1l -~ Iowa Runoff Chart +
25 + 2 - Bulletin No., 11 +
26 + 3 - both metheds +
27 (IR R B AN R EE X A B BRI IR 2R T I I T O R A
28 + T0 GET HELP +
3¢ + ERROR ~ method used number incorrect+
31 + or area out-of-range +
32 I IR AR R T K SR BN S NI B T S N A S N B B A -
;3 N + UNITS USED WHEN INPUTTING THE AREA +

4 = S * Bt P E PO 0 B 01 D LS DG D B I 8 R 8 BT 8 P 0 8T, +
35 * Choose L 0r 2 ~rermeem~a > 2 +
36 ¥ 1 - square miles +
17 + 2 - acres +
ig LR B R AR R IR B A N AR N AR B PN N A A 2K 2 R R
ki) + INPUT THE AREA +
40 + Pk o el P B g P Pl o e R K ) +
11 + AZga werwrrecssannenem—a) 1 acres +
42 + o ‘ +
43 + NOTE: AREA TOO SMALL TO USE IOWA RUNOFF CHART +
44 + X +
45 + NOTR: AREA TOO BHALL TO USE BULLETIN 11 +
46 + +
47 * --- Relpful Output --- +
48 + Area ~-wrmre e ——— ~-=20.00156 8g mi +
49 + +
50 RARR TS S R L e L L N E R sy L
Bl 4 4 4 + 4+ b F ot F At E AR
62 *ex IOUA RUNOFF CHART s *rx BULLETIN 1) #ax
63 ~-- Helpful output =-- ~-= Heipful Output -~--~

24 Area {acres) > 10000 _ Area {sg ml} we-mmm——- > 15.8625

5

66 ~--- Please Iinput --- --- Please lnput ---

67 LF ewewamecawy 0.04 Reglon I(1) OR II{(2) -> b4

68 : Modal 1{1} OR 2(2) «~-~> 2

6% ®&% ERROR wx 10/85 slope {ft/mi) —-> 101

70 LF incorrect-Help at Gote L¥ #%% POSSIBLE ERRQR ®¥w

71 Check your Reglon number,

72 Model number, or sliope value

13 + [T N S L T I R I I N IR B R S K R IR R I N I B B R N B
T4 *x« PEAK DISCHARGES #*%

;5 IOWA RUNOFF CHART BULLETIN 11

6 I A g A Sl P S NS NS P B S B NS PR S A S A TSR P P B

71 ROT USED Q2 ———— 2100 cfs
78 Q5 e-mw-e> 3900 cfs
79. : QL0 e 5200 c¢fs
80 : QiS5  ~~mme-d 1000 cfs
81 Q50 =n==-> 8400 cfs
82 QL00 ~~-ved 9900 cis
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Hydrologic Regions of Iowa

Figure 29,

!
Vit
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'INPUT DATA: Land use (optional)

Figure 30. Input Form for RUNOFF

INPUT FORM ~ For RUNOFF

Project Number:

Project Name :

Prepared By ' ‘ ~ Date:

Checked By : Date:

KRR RARRENEREARRARERAARRRRRREIRAA R Rk A A Ak kAt

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

ARRRRXERRRNERRRRNRAAARARR AN RARNRE RN AR AR R AR A RRRRARRR

AREA: Units 1 = square miles, 2 = acrea; (Clircle) 1 or 2

EERRXRERRREARRREKR AR ENRRRE RN RN RN AR AR AR AR AR

METHOD 1: 1l - lowa Runoff Chart

Topography (optional)

LEF s o im o s  t c a > unitless

' 3332333332 2532212232 3332233223223 231%3232223117]
METHOD 2: 2 - Bulletin 11 : {Circle one)
INPUT DATA: Region I (1) or II (2) =-=—==-==m > 1or 2

Model 1 or 2 (if Reglion is8 I) ---> lor 2
Slope (if Model ig 2) -----meo-—o P o ft/mi
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Figure 31, RUNOFF Completed

1 2 3 4 5 6 7 8
19 INPUT : o _ e
20 e IR L T R I IS ST R TR T ST e
gl + METHOD USED TO CALCULATE RUNOFF ¥
23 + Choose one f£rom below (1-3) ---> 3+
24 + 1 -~ Iowa Runaoff Chart ¥
25 + 2 ~ Bulletin No. 11l +
26 + 1 ~ poth nethods ¥
27 TR R IR TR R AR IR IR R R N R R S
28 + 70 GET HELP +
310 + For hoth methods +
kb + Gote IOWA OR BULLILY +
32 I N N R Rl + o+
33 + UNITS USED WHEN INPUTTING THE AREA +
3‘ + W N O A Pt Pt P o s W St ) P b b N S hp P g AP B vl N Bk Il B P B i B N e +
35 + Chaose 1 of 2 ==m=me=—n= - 2 +
36 + . 1 - square miles +
37 + 2 - acres +
38 A A B SR IR B T BT B B R R T N R R A
39 + INPUT THE AREA +
40 + B bt ot I o 0 il o kS . +
41 + AZBY wombmmr—————— -w==a3 10000 acres +
42 + . +
43 + +
44 + +
45 * +
46 + ] +
47 + w-~ Halpful Output -—- +
48 + ALga ~m—rmmmmmm e » 15 625 8q mi +
43 + +
50 ‘ +++++++++++++++++++++++++++++++++++++++++++++++++++
51 : g _ .
B e e e e e 0 e M et e e e
53 RESULTS - o o ‘

54 A S he B be e

55 + 4 4 4 4 4 b b 4+ b FE A Y E E R+
56 pProject Number:l ) . )
57 Project Name :Example Problenm

583 Prepared By iRocky J. Keehn : Date:11-15-86
53 Checked By iRocky 3. Keehn . ' _ Date:1i-15-86
3
I I TR T T o TR T T T T T e
62 WX% [OWA RUNOFF CHART *w#* k% QULLETIN 11 *®%
63 -~~~ Helpful Output --- ~=-=- Helpful Output ---
g; Aras {acres) > 10000 Area (sq Wi} =e-—wamwaud 15, 625
66 --- Ploase input --~ ~== Please input --- .
67 LF —we-wwomany 0.2 Regfon I(1) OR XI(2) -» 1
68 Rolling pasture land Model 1{1} OR 2(2) ---> 2
gg Coto LF FOR HELP 10/85 slope {ft/mi} --> k]
TL 4 4 4+ 3 4 4 4 4 4 4+t 4 + 4+ 4 4+ F 4+ 4+t F
72 x*x DEAX DISCHARGES %#w
;3 Eggé EUNOFF CHART EELL§TIN il
75 Q2 ==> 360 cfan . Q2 w——— 630 cfs
76 Qs --> 560 cfs Q5  muce- > 1300 cfs
17 g10 ~-> 780 cfs QiD womwe > 1900 cfs
78 28  ~-> 890 cfs Q25 ~---~-=> 29060 cfs
78 Qs0  =~=> 1100 cfs Q50 w-=-~s > 3700 cfs
§0 Q100 ~-» 1300 cfs Q100 =mem=3 4700 cfs
81 2500 --> 1800 cfax Q500 «--=w > 7800 cfs*
8z . * estimated by linear regresalon

py LESEL - T e e e - e
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Figure 32. Leftover Input in RUNOFF

B3 ot i o o e e e o kS 72 0 05 o 1 .S o 2 7 5 e e

1 2 3 4 5 6 ST 8
19 INPUT
20 wmmms ARt Ll LRl Rt LA L g e Rl R e R L Sl
2; + METHOD USED 70 CALCULATE RUNOFF +
2 + At Pl Wt Ak B Bk B A ) At B B B S BB 3 Bk man i e o B PP Bl DB P P b +
23 + Choovse one from below (1-3) ---> 2+
24 + 1 - lowa Runoff Chart +
25 + 2 - Bulletin No. 11 +
26 + . 3 - beth metheods +
21 LR N R A IR K K IR I I R N N Y T B R B S
29 + TO GET HELP +
29 + I A e o A i 8 AT *
30 + Por Bulletin No. 11 +
3 + Goto BULL1) C 4
32 IEE N A 2L 2E 2K IR TR NN I A R I N RN N
33 + UNITS USED WHEN INPUTTING THE AREA o+
35 + Choose 1 or 2 w-mswwau- > 2 +
36 + 1 - sguare miles C*
37 + 2 ~ acres +
38 I I A I I R R R I B 2R I B A A A AN R
39 + INPUT THE AREA *
40 + _ +
41 + &:ea e e > 10000 acres +
42 + +
43 + +
44 + +
45 * +
416 + +
47 + -~~~ Helpful Cutput -~~- +
18 + Areg ~=-r= e e 4 1 =3 18,625 sq mi ¥
45 + +
50 N Y T g N N XL
51
52 ——————— B T L T o A 0k o W A el VD s el A T W T ks b A e v e b o e s e e e e o
53 RESULTS ‘

1 I S S R R R R I I I T T S S G S O
56 Project Humber:li .

57 ProJect Name :Example Problem - _ ;'

58 Prepared By iRocky J. Kaehn Date:l1~15-86

29 Checked By tRocky J. Keeohn Date:ll-15-86

o h

3 I 2R I I N R I A R R R E E E E E N e
62 rxt DULLETIN 11 #ws

63 ~-=~ Helpful Output ---

gg , ' Area (sq mi} --=-=cwc-w) 15,625

66 ~=~ Pleage input ~--

X 0.2 Reglon I(1) OR II(2) ~-> 2

68 Rolling pasture land 2

69 g

7¢ :

T 4+ 4 & + 4 4+ 4+ 4+ 4+ 4+ttt R
72 *at DEAK DISCHARGES %%»

32 I0WA RUNOFF CHART BULLETIN 11

75 NOT USED Q2  eem--> 270 cfs
76 ‘ g5 ~eee- > 480 cfs
77 QL0 ~~m--d> 650 cfsn
78 . ‘ Q25 ~-me- > 870 cfs .
79 Q50 ~~=== > 1600 cfs
&0 QLO0 ~-wi= > 1200 cfs
81 Q500 ~e-med 1800 cts¥
52 * estimated by linear regression
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Figure 33. RUNOFF Example ~ Bulletinm ll, Region II
b 2 3 4 L & 7 8

19 INPUT
20 S I L T R T Y Y L T R
%; + METHOD USED TO CALCULATE RUNOFF :
23 + Choosa ona from below (i-3) ---> 2z +
24 * 1l - Iowa Runoff Chart +
5 + 2 -~ Bulletin No. 11 +
26 + 3 ~ both msthods +
27 IEE R B B AR IR K IR N N R N IR BT R A
28 + T0 OET HELP +
29 * sy Pt i g b A A g e P *
30 + For Bulletin No. 11 +
3 + Gote BULL1L +
32 LRI B N AT B S IR F B B K BE 25 BE R BE K I I N A A
gi + UNITS USED WHEN INPUTTING THE AREA +

‘, Wl B P B dop B P N A ghd Ny Pk A gt Pk g PP Pk AT Rr P ded el e Pl P g P Bk S by Pl s P +
35 + Chooge 1 ox 2 ~~=m=mmu=) 2 +
36 + 1 - sguare miles +
37 + 2 - acres +
38 LA SN N A BN I T R T O N I R N R R T W
39 + INPUT THE AREA +
{1 + ALBA ~omrmmm e ————— > 10000 acres +
42 + +
43 + +
44 + +
45 + *
46 + ¥
47 * e Halpful Cutput --- %
48 + Azea rem-cmnemmam e > 15.625 sq mi 4+
49 + ' +
50 N N Y EETE RIS
51 o e o ' ‘
52 ------------ ot i e o B8 il s e unm—nun-m—?-*—-nmu-—-um*——m—uﬂq_ui-ﬂﬂ;w&
53 RESULTS s : ]

54 L L T

T
56 Project Number:! .

57 Project Nams :Example Problem ' ‘ .

58 Prepared By iRocky J, Keehn - . pate:1i-15-86

gg Checked By sRocky J. xeehn N Lo pate:11-15-86

2 R R R ARSI + o+
62 #%r AULLETIN 11 #xx

63 : ~-= Helpful Output --- '

2; . " Area (sq mi) =w~ew=- wnwed 15.625

-3 - ««—- Please input ---

g; Reglion I(l) OR TI(2} ~-> 2

69

70

TL 4+ 4+ % 4 4 + 4+ 4 4+ 4 4 % 4+ F 44+ 4+ 4+ 4+ 4+ ++++++++ 4+ 4+ 4+
72 *¥% PEAK DISCHARGES **w

k5 TO¥A RUNOFF CHART : BULLETIN 11

75 NOT USED ’ Q2 emm-—— > 270 cfs
76 [+ 1 T T > 480 cts
17 ) QL0 —moe- > 650 cfs
78 , Q25 ~aam- > 878 cts
79 : QS0 ~eem- > 1000 cfs
80 Q00 wwwm- > 1200 cfs
81 Q500 —-~wm > 1800 cfs*
82 * estimated by linear zegression
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WEGEEOM

WATER SURFQCE FROFILE

OFEN CHANNEL TRAPEZOIDAL SECTION

Z2.2.3.1. Introduction

The '"Water Surface Frofile ~ Open Channel Trapezoidal
Section"” spreadsheet was developoaed to calculate the
water depth along a section of a trapezoidal channsl.,
This type of channel is typicaliy located along a section
of highway to drain water from the roadway and adjacent
land. - /

This spreadsheet is very useful in answariné "What
g questions in régard to modifying the dﬁannal 1déated
next to the road. Variows bottom widths, channel slopes,
foreslopes and backslopes can be triéd to obtéin thel
optimal degign.

The input consists of the water elevation at-the last
downstiream cruss~sedtion (usually the design heéﬁwater
Adepth at a culvert), design flow, channel bottom
elevation at the last downstream crosa¥secticn; the
energy coefficient, and cross-section data for up to 20
cross-sections. For each cross-section, a person needs
to input the distance from the starting station, the |

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




channael slope, and Manning’s roughness cosfficient.

Once the data are input, the user must then iterate
the water surface slevation at each cross-—section. This
is done by entering a trial depth; checking Wheﬁhar or
not it is an acceptable value, if not, input a new
glevation and recalculate at that station. 14 ﬁhe trial
depth igs acceptable, then proceed to the next station for
further calculation. The program containe a cell that
informs the user whether to increase or decrease the
elevation. A check value is also output for each
iteration. This check value should approach 6,001 as the
iterations are performed (seeking convergence).

Once all the cross-sections’ water elevations have
been interated by the user, the +ina1 output can be
printed. Included in the output data are the channel
bottom elevation, water surface elevation, ensrgy line
elevation, water depth, and friction loss. From this
data,; a water surface profile can be drawn and the water
depths caused by the headwater can be observed. I the
user has Microsoft Chart which is a companion sm%tware.
package to Microsoft Multiplan, this spreadsheset can be
used as an input file to Chart and plot the watef surface
profile directly to the computer monitor screen or dump

it out to a dot-matrix printer.
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The best way to 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 bhe transferred to an input +0Em. ‘Once this is
finished, & user can begin to apply the spreadsheest.

The first step is to load the master spreadsheet file
from the disk. It 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 oparating under the control of the
Multiplan program, select the {ptions cammand‘fram the
Multiplan menuw and turn thg Recalcuwl ation OFF. Neuxt
enter the project number, project name, preparer,
checker, and dates prepared and checked., These are
located in rows 12-18 {(see Figure 34). Dhme these entrie
have been made, the constant variables in column 8, rows
2124 (see Figure 34) are entered. These constant vaiﬁeﬁ
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 apalysis of a
culvert or bridge located at this cross-section. Values
for the snergy cosfficient, entered in row 22, column 8§

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

(according to finding of Chow, 1959)

Value of the energy coeeficient
Channels : - —— ——

Minimum Average Maximum

—— - —

— v - - - — - it s — n rarm

Regular channels, flumes, spillways 1.10 1.15 1.20
Natural streams, and torrents 1.15 1.30 1.50
Rivers undey ice cover 1.20 1.50 2.00
River valleys, over flooded 1.50 1.75 2.00

e e

The next step is to enter the data for each
cross-section. The maximum number of cross-sections is
20. The atation distance from the starting cross-section
should be entered in feet, nat in stations. The ditech
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 ia 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
auter right of way boundary. The backslope and foreslope
are entered as 7, 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

142



cross—sechtion in feet per feet. For the initial station,
enter the average Slmpé at that gtatibn hetween an
upstream and downstream location.

Tﬁe aix variables for each cross-section are enteread
in rows 21 through 3é&, beginning in column 8 for
croaﬁmseétiwn 1 and ending in column 3] for cross-—section
20 (éxaluding columns 9, 11, 13, and 135). (Refer to
Figure 36 which shows the tempiate for crm35~aectimng 1,
2, %, and 4.0 A person does not need to enter all 20
cross—sections for the spreadsheet to work. Once the
cross—saction data are entered, the user may begin
iterating the water surface elevations. EEFOEE BEGINNING
THE. ITERATIONS, ENTER THE MULTIFLAN COMMAND Options TO
TURN Recalculation ON.

The water surface elevation for the first
craﬁsfaectinn is automatically transterred from the
constant variable previously entered in row 24, column 8
{(see Figure 34). The user then begina the iteration
process at cross-section 2. A person enters a trial
depth in row 42, column 10 (see Figure 34). Thiﬁldepth
should be slightly greater than the ihiﬁiai water swface
elﬁvatimn'in column 8. Once a depth is entered, a “(¥)“
or a "(-)" will appear in row 44 below the water surfaces
2levation number just entered. If it 1s a "3, then
the water surface elevation should he INCREASED; if the
spreadsheet displays a "(-)", then the water surface

elevation should be decreased.
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The method for finding the water surfacs is based on
the standard step method presented by Cheow (1959). This
method utilizes the fact that the total head at the
current crogs—-section is equal to the total head at the
pravious cross~section plus the friction head plus thé
eddy losses. For convenience of computation, the eddy
losses 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 lous
at the pravious cross-section. . As the check value
becomes smaller, the precigion of the method increases.
For this spreadsheet, the recommended precision is such
that the value in row 47 became O.000,

Once the water suf%ace depth is at a desirable
precision, the user ig 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 DATA CANNOT BE
ENTERED InN COLUMNS 2, 11, 135, AND 15 IN ROW 42.

Once all the cross—gections have been entered, the
output data can be reviewed in rows 49 through 94. The
user can. "jump” to this location within the spreadshest
by selecting the Goto command from the Multiplan command
‘menu. The procedure is to select "Gote", then select the
"Name" subcommand, then enter the word QUTPUT, and press

the <returny key or the <enter’> key. This will jump the
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spreadshast control directly to the output area.
At this time the spreadsheet should be saved for later

revision and editing.

e veve weavt s Snia s v i vems i . aehis At s

Figure 37 show a road section with a culvert located
at station O + 00, The calculated headwater depth for
the I30-year storm is five feet. The discharge in the.
ditch for this recurrence interval was 400 cfs. The road
glevation at the culvert is 605.4 feet. The road
elevation dips to 405.2 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 + 385, Z + 18, andd4 + jé. It was concluded
that the uhann@l-iﬁ conatructed.ggég fﬁéﬁ the 2 value far
foreslope and backslope is 23 the ditch bmtﬁwm is 20
feet; the channel Elmpe is a constant 0.0016 feet per
feet; and Manning’'s n is 0.0285. These values pertain to
all stations. The guestion ig: Will the water flow over
the road at station & + 797

From the data given above, the input forms for the
spreadsheet were completed wusing forms like those shown
in Figure 38 and J39. Ilteration and Recalculation were
gswitched OFF by using the Multiplan command menu choice
of Options. From an input form, the spreadsheet was

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

Dnce the initial input was recorded, the Iteration and
Racalcuwlation functions were turned back ON. Follaowing
the closwe. of récalculatian, an input is needed for row
472, column 10. This is the iteration cell to get the get
the water surface elevation at cross-section 2. The
iteration continued aﬁ this cross-section until the check
value reached 0,000, Once this cross-section was
complets, cross-section % was iterated; then
cross-section 43 and finally, cross~section S,

The output {(see Figure 41) shows that the water
surface elevation at cross-section J is 605,29 feet which
is 0.09 feet above the road surface. To correct the
problem, the engineer may decide to change the 7 value in
the foreslope and backslope to 1.0, and to change the
diteh bottom to 30 feet. I these changes are made in
Phe spreadeheet the cumputatio&al results would be those
shown in Figure 42. The new water surface elevation at
cross-section 5 would be 605.18 feet, which is 0,02 feet
below the elevation of the road.

Lpe |

2.2.3.4. References
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Figure 34. Input Template for WSGEOM (Part 1)

2 3 4 5 & 7 8 S 10

ROk kR ReR R R kR R kR R R R R Rk R R RO R R R

WATER SURFACE PROFILE -~ OPEN CHANNEL TRAPEZGOIDAL SECTION
FEREARRER R RO RO R R RO R R ROk ok ok

B T L o T s T

+ pMultiplan Microcomputer Spreadsheets for LCounty +

Hydraulic and Highway Engineering Computations +

Copyright by Rocky J. Keehn +

Version 1.0 +

C July, 1986 +
L o A e s & s 2 L L A A L S s

1 2

+
+
+
+
+

Project Number
Project Name

E N I T T

Prepared By Date:
Checked By Date:
INPUT - constant varibles
P g P Por 0 P O P Py 0 P P Pl T P P P T Dy P P P Ba Py Py
Elevation at
initial ditch bottom = feet
Energy coefficient =
Design Flow = cfg
feet

Starting water depth elevation=
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Figure 36. Input Template for WSGEOM

1 2 3 45 & 7 g8 9 % 12 13 14

23

26 INPUT - Cross-section data

27 gl g gy Rty B g By iy A g s B My P ey e Ay By )

8 CROSS-SECTIONS =) : 1 -2 3 4
29 ‘ :

30 Station distance fros

3 starting point (feek) .=

2 Ditch bottom (14} =

3 Foreslope (ft:l) s

KL Backstope (ft:1) 8

35 Ditch Slops (ft/ft) %

36 Manning’s n 2

37 '

38 INPUT - Self-interation

39 g g N g i g Ry gty -y g A Py B B iy Sy By By 1y - . . )

4 CROSS-GECTIONS ----) 1 2 3 4
1] ++ Input yourself ++ _

42 Water surface elevation (FT) = ¢

43

44 ++ Helpful OQutput ++

43 Increase (#) or decrease {-)

46 _ Water surface elev, = gtart at SVALUE! SVALUE® SVALUE!
47 Check value (ok if (= #/-,001)= X-section 2 EVALUE! SVALUE! JVALYE!
48 . _
49

30 CALCULATIONS

52 Ll At Ll L i '

k7 Delta X (FT s 0.000 0.000 0.060 0.000
53 Length 8 Sicpe (FT) z 0,000 0,000 0.400 0.000
34 Accuniative channel rise = 0 ] 0 0
55 ‘ Calculated Flov Depth (FT) = 0.000 0.000 0.000 0,000
5 Flov Area (50 FT) = 0.000 0,000 0.000 0.000
57 Uetted Perimeter (FY) L] 9,000 C0:000 0.000 0.000
58 Hydraulic Radius (FT) = §DIV/O! /0 §Div/0! #D1v/0!
59 Calculated Velocity (FPS). = #BIV/O! $Ive #0Iv/0} $0IV/0
&0 alpha $ V2729 = §VALUE! $VALUE! SVALEE! VALUE!
51 H1 elevation (FT) = JVALUE! $VaLLE? BVALUE! $UALUE!
62 Kydraulic Radius * ¢/3 = $VALUE! BVALUE? #VALUE! HVaLug?
63 Friction Slope, Sf = BVALUE! $VALUE! TVALUE! SUALUE!
4 Average 51 = 0,000000 $VALUE? SVALUE! SVALUE!
3 Friction head loss, hf (FT) = 0,000000 $VALUE! GVALUE!. FUALUE!
113 H2 elevation (FT) a  BVALUE! $VALUE! $VALYE! SVALUE!
87

68
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o

station 0+ 00 station 6 + 79
605.4 feet , Maximum Road Elevation 605.2 feet
_ . |

AV - y N—

water depth | water gepth _
S feet : -7

16T

Jculvert ‘Channel bottom

slope = 0.0016 ft/ft

Figure 37. Plane view for example problem.




Figure 38. Input Form for WSGEOM

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

Project Number:

Project Name :

Prepared By : ' ' Date:

Checked By : Date:

KEKAKRAXKKERAKXREARRERRAEKEKRKAKREKREAKREARAARKRERRN AR R AR NI R Ak X

INPUT - constant varibles

Elevation at initial ditch boftom -----> | feet
Energy coefficient S —— >

Design Flow —==-=-—-=——scescommmomocnond e CES
Startiné water depﬁh elevation S > feet

KRKRKRRRRRRKARREERERERETEERRR AR RN TR R,

INPUT ~ Cross-section data for c¢ross section number 1

Station distance from startin point ~-~-> __ ____ feet

Ditch bottom ~==wemmmme e > ‘ feet
FOXeSlope ===-=mmmmmmmmmem e e > _ £t:l
Backslope 0 VUM o > . Et:1
Ditch Slope ====—==wmm——————————————— > ... Et/ft
Manning's roughness coefficient (n) -~->

AR AR AR LR R AR AR LR R AR AR AR R RANARA AR AR RAK

INPUT - Cross-section data for cross section number 2

Station distance from startin point -=-> feet

Dltch bottom ~---rememcmmm e - feet

Foreslopg ~——wrmecm o e e e e > 5 ft:1

Backslope -~-w-—-- e e e ——— - —— > ft:1

Ditch Slope ——rewmccr e > fr/ £t
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 o

INPUT - Cross-section data for cross section number

Statioen distance from startin point -~->
Ditch bottom ~-=m=m=- e >
Foreslope —~---—==--o-—--mmemnne e >
Backslope ~-~—-==-— ————— e >
Ditch Slope =—==m=mmmmm—c i ———— >
Manning's roughness coefficient (n} --->

ARRRRRREXKREKARARNRRRRARRARANRRRRXERARRR AR AR R ok Rddkkd

INPUT - Cross-section data for cross sectlon number

Stétion dlstance from startin point ~~w>'
Ditﬁh bottom —-=—==~ mmmmmmmmme - e e e >
Fo:eslbpe mmmmmmmmmmmmmmmmmmmmmmmmmmmmm >
BACKSlOope ~~—-—-mem e >
Ditch Slope ~=-rmrmrr-—mmmeocecee e >
Manning's roughness coefficlent (n} ~~;>

*************t***t***************************k*****

INPUT -~ Cross-sechtion data for cross sectlon numbef

Station distance from startin point --->
Ditch bottom =re—crmccc v ———— >
Foreslope et ot e e >
BackS1l0pe —===-eamemmo o c e e >
Ditch Slope ~==—m— s e S
Manning's roughness coefflclient (n) --->

153

feet

feet
ft:1
£r:l
tt/ £t

feet
feat
ft:]
£t:1

ft/ft

feet
feet
£t:1
ft:1

ft/Et




Figure 40. Example Problem Template for First Cross Section

154

t 2 3 4 5 &6 17 8 $ 10 {1 12 13 14 15
R tiiiioririttititttitetttttitittdtttttttitisttsdotstitatteidiisti]
2 WATER SURFACE PROFILE - OPEN CHANNEL TRAPEIOIDAL SECTION
3 SESSREEEEELLALEIISLALSLILERIRISITLILALILILILILILILALSILLELLLLLL
4 FHHEEEE I HM P HI AR R b
3 + HNultiplan Microcomputer Spreadsheets for County +
& + Hydraulic and Highvay Engineering Computations ¢
7 + Copyright by Rocky J. Keehn +
8 ¢ ‘ Version 1.0 $
9 + : July, 1986 _ +
10 L Ty Ty A R A e
HH ' :
12 Project Number ¢ |
13 Project Nane tExanple problea ’
14 Prepared By 1Rocky Keehn Date:9/9/86
15 Checked By iRocky Keehn Date:9/9/86
16
17
18 INPUT - constant varibles
sg s M Ty g O R s By e e A R e e e R
20 Elevation at
21 initial ditch bottom = 600 fest
2% ‘ Energy coefficient & 1.1
23 Design Flow = 400 cfs
KL} - Gtarting vater depth elevations 605 feet
255
26 INPUT - Cross-section data
27 »ivh " Ryt W ALYY
28 CROSS-SECTIONS ~~-= i 2 3 4
s
30 Station distance frow ‘
1} starting point (feel) = ¢ 155 318 L3
N Ditch bottoa (ft) # 2 20 20 20
n Foreslope (ft:1) ® 2 : 2 2 2
K1} Backsiope (ft:1) a 2 2 2 2
ki Ditch Slope (ft/ft) = 0.0016 0.0016 0.0016 0.0016
36 . Manning's n = 0,025 . 6. 025 0.025 0.025
k¥4 -
38 INPUT - Self-interation
39 Ay By By g Ay i U P By G gty iy iy By By : .
40 CROSS-SECTIONS ===~} 1 2 3 4
4 + Input yourself ++
42 Water surface elevation (FT) = 05 605,048 £05.109 €05, 185
43
44 ++ Helpful Output ++
43 Increase (+) or decrease {-)
4 Water surface elev, = gtart at +) 4 {+)
47 Chgck value (ok if <= #/-,001)» Y-gection2  0.000 0.000 0.000
48 ‘
49



Figure 41. Output for Example

Problem (for First Cross Section)

ouTPUT | | _
M 22 Results 33 ! Channel Hater ! Enmergy ! \Mater ! Friction
Cross- ! Bottom | Surface ! Line ! Depth |  Loss
section  Station ! Elevation | Elevation ! Elevation ! (feet) | (feed)
aunber PoGfeet) ! (feet) 1 (feet) ! !
14 - (] t 4
¥ L ] ] [
1 0 + 0§ 600.00 | 805,00 |  605.12 ¢ 5.00 | 0.000
2 1+ 55 5 600,25 ! 605,05 ¢ 605,18 ¢ 4,80 ! 0,062
3 3+ 18} 600,51 ¢ 605,11 | 605.28 |- 460 1} 0.077
4 4 + 91} 800.79 £05.18 |  605.36 | 440 | 0.095
3 6 + 79 ¢ 801.09 ¢ 605,29 | 605.48 4.2 | 0.123
Figure 42. Output for Example Problem (for Second Cross Section)
“QUTPUY
wnaae 8 Results 33 ! Channel | Hater ! Energy | Mater | Friction
' Cross- i Bottes | Surface 1 Lline ! Depth ! Loss
section Station t Elevation | Elevation § Elevation | (feet) | (feet)
nuaber HI ({1 1 (feet) | (feet) 1 i
------- ——— H i H ! H
1 0+ 0 1 800,00 | 603.00 | 605.0%9 | - 3.00 1 0.000
2 1 + 55§ 600,25 | 605.03 | 60%.13 478+ 0.040
3 3 ¢+ 18 1 800,50 | £05.07 | 60518 !} 4.5 ! 0.048
4 4 + 9 + 8009 £05.11 | 60824 | 4.33 1 0.061
] 6 + 1™ 1 801,09 ! 603.18 | 605,32 ! 4.09 ! ¢.07Y
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C2.2.4, CULVERT

154



CULVERT

.2 4. 1. Inkroduction

b
3

CULVERT ig & 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 firom which the user can‘make a ﬁslectimﬁ.
The calculations are based on the Federal Highway
Admini stration (FHWA) methodology.

Inputs for the spreadsheet cﬁngist of the site data,
atructuré data, tailwater depth, and design flow rates.
The site data include the roadway elevation or allowable
headwatér elevation for larger storm events, the
allowable headwaterlfmr the deaign storm, pipe invert
elevaticn_at the inlet, elevation of the streambed at the
pipe inlet, statign distance at inlet, elevation of the
pipe at the outlet iﬁvarf; and station of the muélet
invert.

The structure data needed are the structure type
(selected from the menu of possible alternatives),
diameter (or height) if it is a circular conduit, width
ana height i it is a rectangular box, number of barrels,
whether or not the culvert has a mitered end, Manning’'s
rmuéhnesa 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
spreadshest.  The 4first section contains the culvert data
inputs and outputs that are necessary to make initial
checks of the headwater depths. In some cases, the pipe
i in inlet control. When this occurs, the normal depth
of water in the pipe needs to be found (IFf the pipe is
not flowing full) so that an estimation of the outlet
velocity can be caloulated.

The normal depth ie found by an interative process in
which the user inputs an egt;mation of the water depth in
the culvert. BRased on this depth, the flow in the pipe.
is calculated. The design (or maior) store discharge is
then compared against this calculated discharge. Once
the two discharges are neatrly equaly the nutlet.velmcity
due to normal depth can.ba estimated.

The second section of output comes 4?Qm saving the
data calculated in the first output section. The user
can save up to six different culvert options in the
second output 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 easily transferred into the spreadsheet, and then
enter the data into the spreadsheet. The data obtained
in the field, from topographic maps, and engingering
principles can be transferred to an input form. Once
this is done, & person can proceed to use the
spraadehaeet.

The first step is to load the file from the disk to
the computer memory so that the spreadsheet will be
operating under the control of Multiplan.. For purposes
of discussion here, assume the master spreadsheet ié
stored as & file on disk under the filaname CULVERTtﬂP in
Neormal Mode. Once the program is loaded, turn the
Recalculation and Iteration functions GF?“by selecting
the Options command from the Multiplan command menu, and
then enter the informative data in rows 13 through 15
(see Figure 437). These data include the project number,
project name, preparer, checker, and dates fha project“
. was prepared and checked.

ﬁnce all the informative data are input, the user
needs to enter the site data. The site data @egin5 in
row 73, column b6, and gontinues to row 79, aolﬁmﬁ 6 (see
Figure 44). The roadway elevation is the minimum
glevation of the roadway before overtopping occurs or is
the maximum allowable headwater elevatimn for the major
storm event. This elevation may be located at the point

of the structwe, or due to the geometrice of the




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 ﬁhmul#
be self-explanatory. Figure 45 in the report text or
Figure 1 displayed in the spreadsheet may be helpful
gince both figures illustrate a culvert site and have
labels for the locétimn fo the various inputs.

The total number of barrels goes in cell RB82C&. 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 two-barralﬁ.wnuld need 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
hmﬁeafter). The cell for the culvert type is located in
row 88, column 6. The user chooses one 0f the values
{(from 1 to 8 or from 20 to 37) as shown in Table & and
eﬁters it in the appropriate spreadsheet cell. Table 5
is also found in the spreadsheet starting in row 19 and
ending in row 32. Once this selection is made, reenter
the Options command 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 reference unresolved”
may appsar a8 a warning. Ignore thig measaga;.ant@r the
Options command once more to turn OFF the Recalculation
Mode; and continue entering your data.

A_Xf.a circular pipe has been ﬁélected as the culvert
sfruuture, agnter the height of the culvert in'INCHES.
This input goes into cell RPICE (row 21, column 6). Cell
RPOCLE (above the cell where the culvert height was
entered) can have any value since it is not used for
circular pipes.  If a box culvert h§$ been selected, the
user enters the width of the box in cell RP0CSE and the
height in cell RP1C6. Both the width and the‘height of a
b culvert are entered in FEET.

The tailwater elevation ig entered in caii R1QOCH., If
the pipe is mitered, enter a number 1 in cell RYIL6, and
if it is not mitersd enter a number 2.

Manning ‘s roughness coefficient and the entrance 15&%1
coefficient may or may not need to be entered. For both
these variables default values have been astabliﬁhéau If
the user wishas to utilize the default values displayed
in cells RYHOE and RY6CH, enter a number 1 in the column
& or each respective row (B804 and RP&C6). If the user
wantes to enter his or her own value, enter the requifed
value in place of the number 1 {i.e., in R?35C4 and
RP&CH)

Once all pipe data have been entered, the user needs
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te enter the design storm discharge and the major storm
discharge. The design storm digscharge i the one for
which the structure is initially constructed. Depending
upon the local design policy, this storm may be the 10-,
25, or H0-year storm. The headwater for a major storsd
recurrshoce interval‘shmqld also be examined to check for
problems that may ocowr as a conseguence of a large
rainfall event. For axample, a reguirsment 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 ﬁtofm the
required headwater must be SQch'that wvértwpping of the
highway does not occuwr. In this case, both discharges
neaed to be checked., The CULVERT spreadshest is designed
to do ﬁmth tasks.

Enter the design storm in cell R104C46 and enter the
major storm in cell R10SC6e.

The final two entries are thé storage location of the
computed results and a cell tq enter the description of
the type of culvert being considered. The user needs to
enter in cell RIOFC6 the location (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 for storage of results. The
angineer or analyvst should be careful when using this

cell, since whenever a number is entered, with the



Recalculation turned QN, all previous results (output
data) stored in the block of spreadsheset 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 output from up to six different culvert
analysis scenarios. 1§ any number except 2, 3, 4, 5, or
6 is entered cell in R109C6, then the spreadshest 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 descriptive output, the type of culvert can
be identified on the final output sheet., 7o reproduce
any of the descriptions of culverts listed in Table 3,
the user can type =CT? in cell RI10CA. The 7 is replaced
by the structure type already entered in cel} ReOCZ2. For

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

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

RI;OC& and "OMP pipe with a headwéll“ will appear in the
output block of the spreadsheet. I+ the user types =(CTh,

the output wouwld contain the message "CMP pipe

praojecting”. If the user wishes to putput his or her own

description, it can be typed in cell R110C4 using the
Alpha command from the Multiplan command menu. However,

only part of it may be displayed due to the width of ths
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screen. It will all be printed out in the final
spreadsheet display as long as it does not exceed &l
characters.

The input is now complete. The user should turn the
Recalculation Mode back on by entering the Options
command from the Mﬁltiplam command menut again. Az wWas
the case earlier, ignore the alerting "BEERP'Y sounds and
the error message "Circular references unresolved! which
will bhe displayed at the bottom of the screen. Once the
recalculation is complete, check the headwater elevations

in cells RI1708 and R1L17C12.  1f the values

s
B

re not

aceceptable and the data does no

It
!
i
i
i
It
tad
o
i
i

aved, make
the necessary changss to seek a better solution and check
the results again., *#&#HELPFUL HINT: If only one cell
neaeds to be changed (like the pipe diameter) it works
fine to leave the Recalcoculation Mode ON.  However, if
several ﬁhanges are to he made, the user should probably
tuwrn the Recalaculation Mode OFF, make the changes, and
tharn turn the Recalouwlation Mode back ON.#x%  If the
results are acceptable and the culvert is in outlet
control, turn the Tteration Mode of computation ON by
entering the Options command from the Muwltiplan command
menw. The operation of the spreadsﬁ@et is rnow conplete
and the user can try another alternative, save the
spreadshest for future reference, or print the results
out on a printer for a paper record. If the culvert is

under inlet control and the headwaters are acceptable,
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the normal depth needs to be determined if the pipe is
not running full.  I4 the pipe is running full a message
will appear in cell RIZSCE for the design storm and in
cell RIZHCIZ for the major storm that displays "FULLLY.

The normal depth is found by changing the water depgths
in cells RIZ0CE and RIZOCI2 until the Desiagn Diﬁdharge
and the Calculated Discharge are close or match. It is
recommended that depths be entered‘tm the nearest
one~tenth. This procedure calculates the outlet velocity
for normal depth which is the maximum velocity possible
in the pipe. 0Once the culvért inputs and the headwaters
are accéptable, the user should enter the Options command
in the Multiplan command menu ta-turn the Iteration Mq#e
ONM. When the iteration is completed the user can ﬁriﬁt
out the spreadshest rasultaq save the apreadshEEt as a
data file on disk, or analyze another conduit.

I+ the user continues by analyzing another cmnduif,
the user MUST reenter the Options command and turn OFF
the Recalcuwlation 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. MAKE CERTAIN THAT THE CELL THAT
DETERMINES THE STGRQGEVLOCQTIGN OF THE'DUTPUT DATA 18
CHANBED (i.e., cell R109C&). IF THIS CELL IS NOT
CHANGED, THEN THE MOST RECENT OUTFUT DATA RESULTS NILLﬁﬁE
ERASED AND REFLACED BY THE RESULTS OF THE AMALYSIS

UNDERWAY. Once the changes are completed, snter the




Options command once more and tuwen the Recalculation Mode
back ON bhefore checking the computational results.

When the uwser is ready to quit, the final Eesults are
tabulated starting in row 144, column 1, and continue to
Fow 178, column 55. IT IS NOW A GOOD IDEA TO SAVE THE
SPREADSHEET AB A DATA FILE IF NDT ALREADY DONE 50 TO
EMSURE THAT THE DATA ARE NOT ERASED AND LOST! Beforse
printing, the user has the option of entering some
informative data about the site bheginning in cell R142048
(sepe Figuwe 44). This includes such items as the
drainage area, channel shape, ruuting, stream sliope, and
any other comments about the site, In addition to these
information cells, comments about each scenario can be
entered starting in cell RISBCAT? (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 utilire a set
up with named grouping of cells to be printed out for
minimum confusion during the printing pfﬁce%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.)

3

2. 4.3, Example Problem

o T R e BN I I S e o e e i
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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
elevation at the culvert location is 110,00 feet and the
culvert inlet invert elevation is 100.00 feet. The pipe
length needs to be approximately 100 feel long.  The
maximum allowable headwater elevation for the 25 year
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 fest and the
cutlet 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, these pipes will
he placed at the site with a headwall.

Two other options that are being considered are %b
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
ta be 100 feet long, and cannot be over six feet high.
Ah engineering sketch of the site conditions is shown in
Figure 47. |

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

Towa Runoff 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 desiogn storm
(28~year) and 330 cfs for the major storm (100-year).
The ITowa Runoff Chart results are shown ih Figure 48;

Based on the site data and the calculated discharges,
the input form was filled out. As was the case in the
example préblem_and in almost all inétanceﬁ in culvert
design, the heighis'and/ar widths can only be estimated
until the computations are par*orﬁed. From the input
form (see Figure 49) initial data was entered into the
spreadshaet.and'the calculatianﬁ complaeted.

The final results are-ahmwn ;n Figure 50. The portion
of the output displayed in columns 1 through 22 contains
a hasitc summary fﬁr-cmmpahing four adequate design flow
while the output in columns 22 through 55 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

1D
Number Descriptlion
1 Concrete pipe - Square edge with headwall
2 Concrete pipe -~ Groove end with headwall
3 Concrete pipe - Croove end projecting
4 CMP * - Headwall
5 CMP - Mitered to slope
6 CMP - Projecting
T Circular ~ Heveled ring, 45 degree bevels
8 Circular - Beveled ring, 33.7 degree bevels
20 RCB ** - 30 to 75 degree wlngwall Fflares
21 RCB - 90 and 15 degree wingwall flares
22 RCB - 0 degree wingwall flares
23 RCB . - 45 degree wingwall flare d=,043D
24 RCB - 18 to 33.7 degree wingwall flare d= OBBD
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
28 RCB = 3/4" chamfers; 45 degree shewed headwall
29 RCEH - 3/47 chamfers; 30 degree shewed headwall
30 RCB - 3/4" chanfers; 15 degree shewed headwall
31 RCB - 45 degree bevels;
10 to 45 degree skewed headwall
32 RCBHB
3/4" chamfers - 45 degree 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
: Tep Bevels ~ 45 degree wingwall flares - offset
36 RCB
Top Bevels ~- 45 degree wingwall flares - offset
37 RCB o : '
Top Bevels - 45 degree wingwall flares - offset
* CMP = Corrugated Metel Pipes
** RCB = Reinforced Concrete Box
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:Example problem

:Rocky Keehn

-Date: 11/12/86

:Rocky Keehn Date: 11/12/86
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ation of Descriptive Input Data in CULVERT Spreadsheet
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Figure 44. Location of the Culvert Input Data in the CULVERT Spreadsheet

100
101
162
103
104
105
106
107
108
109

110

111
112
113
114
115
116
117
118
119
120
121

122
123
124
125
1286
127
128
129
130
131
132
133
134
135
136
137

RESULTS:

At s Pt e 2o

Project Number
Project Name

e en an

Prepared By Date: 0
Checked By Pate: 0
INPUT - SITE DATA (see Figure 1)
Roadway Elevation ~-> 110 £t, or major storm headwater
BL {hd} ~=vr—mmmmmn— > 107 ft, allowable headwater.
EL (1) ~mesm—cmmmean > 100 ft, pipe invert elev. - inlet
EL (1) station ~~w-r > 0 f£t, plpe invert statlon - inlet
ELO ~ormme—— s e > 94 ft, plpe invert elev. - outlet
El.o statleon ~---—wm~ > 100 £t, pipe lnvert station - outlet
Number of barrels --> 1
Bl (8f) ——m-rmmmmee > 100 £t, elev. of stream bed the inlet
INPUT ~ STRUCTURE DATA
TYpe ~—=mmm—we— > 22 See Table 1
Width —---=—- e > 10 feet
Height -w-emmoweanw > 6 feet
Mitered 7 ~—wewemoe—w b4 2 1 = yes, 2 = no
Roughness (n) -—-~=-- > El 0.012 <- default value (if n=1)
Entrance loas (Ke} -3» 1 0.7 <- default value {if Ke=l}

INPUT TAILWATER DEPTH:
Tajlwater elevation » - 0 £t

INPUT FLOW RATES:

O AL P N 1t

Design storm Q ----> 350 cfs o 25-year
Hajor storm Qg ~——— > 530 cts 100-year

INPUT DATA STORAGE FOR SUMMARY TABLE:

A D L B L PN £ A g o N A A D g P B S e P B N )

Store at (2-6} ---nm > 3
Label structure ---->RCB no wingwall flares {extensjon of sldes)

e ot Y e S i T B it o e S8 L i e e e AR Al S s bk b e B RS 40 S et Al A . e sl M Uk e i e ok b e 2 i o b o e e e e s e o

OUTPUT: ’
““““““ | Design i Major
i storm storm
Headwater elevation { 105.6 ft | 108.0 £t
Control ? { Inlet : { Iniet
Below allowable ? t Yes | Yes
Maximum outlet velocity ot 35.0 £t/sec | 40.8 £t/sec
1 2 3 4 5 - 8 7 8 9 10 11 12 13 14

*% If pipe is In inlet control need to £ind normal depth
helow to get ocutlet velocity *»

MANURL INTERATION TO GET NORMAL DEPTH:

B e Py v Yy Py

{ Design { Maijor
) 1 storm’ i storm

INPUT: Water depth I 1 £t | 1.3 £t

i |

OUTPUT: Design dicharge | 350.0 cfs i 530.0 cfs
Calculated discharge | 352.9 cfs i 520.8 cfs
plfference I ~-2.9 cfs i 9.2 cts

Exror in percent i 0.8 % } ~1.7T %

T T e T Tt o i e o o i P i d TR A L U S e e . oA o T BB o B8 i o o vy o e A Ay P Y S Al e AL ke

*** Needed to get outlet velocity when pipe is in inlet control #*#%
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Figure 43. Definition of the Variable



Figure 46.
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159
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148
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164
165

146
1467

143
149

170
171
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Display of Informative Record Portion of CULVERT Spreadsheet
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#¥% HYDROLOGICAL DATA {(Optional input) ==

Method:
Drainage areai 2400 aciras
Channel shape: n/a
Routing: n/a
Btream slope: 01 FL/T4

Other:
#% SITE DATA OUTRUT #**
Foadway Elev,: 10 T EL (hd):z
_ El. (i) i ft ' El o
EL{1) station: o ft ElL.o sta:
No. barrels: Ei. (af):

e COMMENTS #% e

larger pipe needed but dusg te & foot
intrease plpe diameter

exceptable design

try two plipes
try three pipes

plpes on hand will not work

173
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Figure 47. Example Problem Site Description
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55 4+ + +t + 4+ + 4+ 4t F t F HtF A E A E AR 4t
56 Prolect Number:l
57 Project Name :Example area for culvert example

58 Prepared By :Rocky J. Keehn Date:11-15-86
59 Checked By tRocky J. Keehn ' Date:11~15-86
60

Bl 4+ + + + 4 + L T Y + +
62 **%* JOWA RUNOFF CHART #*xx

63 --- Helpful Output ---
64 Area {acres) > 2400
66 --- Please input ~--
67 LF -~ > g.2

ap 68 . :

wn 69 Goto LF FOR HELP
70
71
72
73 + 4+ 4+ 4+ 4+ F 4+ttt + o+ o4 TR I E 2R 2E IR TR TR R A
74 *x%x PEAK DISCHARGES %%%
75 10WA RUNOFF CHART BULLETIN 11
76 B P P O AN o b b o o P IS B B DL ok Bk o P St It Bt B2 P
77 Q2 - 140 cfax* NOT USED
78 Qs -=> 220 cfs ' '
78 Q10 --> 310 cfs .
80 Q25 --> 350 cfs =
81 Q50 ~--> 440 cfs
§2 Q100 --> 530 cfs
83 Q500 --> 720 cis*
B4 * estimated by linear regression
B e e e e e e

Figure 48, Results from the RUNOFF Spreadsheet Used in the CULVERT Spreadsheet Example



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 : ‘ Date:

AERXEXRAEXARRE AR AR RKR R KRR R ERARRRARRRREE AR AR AR AR AR ALK

HYDROLOGICAL DATA (optlional):

Method =——wiwmwy

Drainage area ->

Channel shape ->

Reuting =----m~- >
Stream slope -->
Other —-—r-wwww. >

*t*****R*******************************************
. ¥ )

SITE DATA:

Roadway elevation -> ' ft

EL (hd) 4-——4—--—-5> e Ft - Allowable headwater

EL (i) ~—==wrm=cee—n > . ft - Pipe invert elev. - inlet
BL (8f) ———=-mmm——— > ft - Elev. stream bed at invert
SO mm - P 1 & 5 - Pipé slope

*kt********************************f******#********

DESIGN FLOW RATES:

Recurrence interval ' Peak Flow rate (Q)
Qdes ign e y®ar ‘cfs
Qmajor . year S cEs

¥rxxx More input data on addlitional page(s) ¥¥xxz%x
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LLT

B e e b e s e e ARaRet e
121 RESULTS:

122 LL ST E A T

123 Project Mumber :i
124 Project Kaae  :Example probles

125 Prepared By tRocky Keehn o Daterit/12/86
126 Checked By sRocky Keehn - : Date:11712/86
127 '
128 {CULVERT DESCRIPTION }
128 ouTet: :
130 iStructure ! Size -1 Culvert description ! Tetal i Flow H
131 iiype [ Gidth ! Height 1 (design stora cell only) { flov ioper i
132 roa Y I i : { . i barrel !
133 Table 1 1 feet ] feet ; HE R {417) PO 13
13¢ i } e H { 4
135 ¢ 20 1w - b 1 RCB no vinguall flares (extension of sides) H 336 W 1
13 13 26 101 6 ! RCB no vinguall flares (exiension of sides) H 530 e
137 iChaice 2 | H ! 5 : !
138 ¢ 14 H T2 1 Concrete pipe square edge with headwall H 35 gt I
138 11 it H 72 | Concrete pipe square edge with headvall H L I 536 ¢
140 iChoice 3 ! 1 ] o ! - '
141 1! 730 T | & | RCB a0 vingwall flares {extension of sides) H k- [/ 2
142 13! 2 0 1w & | RCB no wingvall flares (extension of sides) H 530 S0
143 ihoice 4 ! H ot ' ! ! H
144 1 4 : 48 | CHP pipe with headvall : [ ™/t
143 13} 4 ! 48 | (NP pipe with headvall H b [ 330 )
146 iChoice § T ' H i H
147 ¢ 41 ! 4 | NP pipe vith headvall : 3\ ! 175
148 13 § 1 H 48 ! CNP pipe vith headvall ! 30 S
149 iChoice 6 ! ! : : 7 H H 1
5 I S S H 48 | WP pipe vith headvall o 3/ 1?7
N ¢ O L H 48 | CNP pipe vith headvall 4 o %E 1
152 C ' '

153 3 Design stora recurrence interval

Figure 50. Total Output from the Example Problem for CULVERT Spreadsheet
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XBECT
HYDRAULICS-“ STREAM CROSG-BECTIONS

2.2.9.1. Introduction

The "Hydraulice - Stream Crogss-sections' spreadsheet
was developed to give the same réesults as the Iowa
Department of Transportation VAL program. The
spreadeheet uses the iteration mode to give a discharge
in a natural cross-section for each incremental depth.
The gpreadsheet will ﬁandle overbank flooding on ong or
both banhks.

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 the_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, velocilty, and conveyance.

h

3
i

L2520 Using the Spreadsheset

e o R A g T i e o AR o

The best way to begin using this or any spreadsheet

program is to collect all pertinent data, record the data



in a form that is sasily transferred into the
spreadsheet, and then to enter the data into the
spreadaheet. 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 gpraadshaet
templ ate.

The first step after completing the input form is to
load the spreadsheet into the computer to opsrate it
under the control of Microsoft Multiplan. Assume that
this spreadsheet 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, tuwn both the
Recalculation Mode and the Iteration Mode of operation
OF& by selecting the Options command from the Multiplan
command menu. Then the user enters the data for project

.number; project nama, preparsr néme, checker name, and
dates prepared and checked, The-antry-lineg for these
data are found in rows 12 through 15 (see Figure 51).

The user now enters the "Starting alevatian of depth
computations (fFt)" (in R20C35), “Endiﬁg elevation of depth
computations (Ft)" (in R22C5), "Slope (Ft/mild"® (in
R2ECEH) y and "Depth increment (Ft}" fin R2405) . Tﬁa
spreadsheet can caloculate up to 32 depth increments. The
user can gquickly check to see if all the points will be
calculated by first subtracting the maximum depth from
the minimum depith, and then, dividing by the depth

incremsent.
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The next step is to choose whether or not any bank
overftlow should be considered. If the option the user
wants to choose is not already existing in cell R2705,
the value wiil need to be changed. Change the value in
R27CE (i+ needed) and turn the Recalculatin Mode ON by
preassing the <shift> key and the <exclamation mark> key
together (usually this is é BHIFT-1). After the
recalculation beging, press the JESCY key (ascapé key) .,
This will cancel the recalculation sﬁ the user can
continue to enter more data that is needed in order to
complete the entire computation process.

I+ one or both bank overflows are desired, enter the
shot distances and elevations for each averbank. The
shot data for the left bank are entered in row 35,
columns 3 and &, and the data for the right bank is
entered in row 36, columns 8 and & (see Figuwre 52). The
banks are oriented as if the uaef-is loaking upstream for
"Teft" and "right". An example of a stream cross-section
is shown in Figure 53 with overbank shots labeled.

The next set of data to enter is the shot distances
and a21lavations that desﬁribe the cross—section. Figure
72 shows a cross—section with these values.

The shot points are then entered beginning in R356CS
and RS546C6H.  In RESLCE the first distance is entered
{always should be 0.0). Lell RS6LCS is the elevation of
the first shot point. After the first shot is entered,

the second shot is entered beginning with the Mamming's
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roughness coefficient between the first shot and the
second shot in cell RS?C#.- The di@tance frmm the first
shot to the second shot is entered in cell RS7CS and the
corresponding elevation of the second shot entered in
R57C6. The data for the third shot is then entered in
row 58.  Two things to remember for each shot ares (1)
The distance is always that diatahce between the current
ahot and the first shot. {(2) The Manning’'s n value
de5cribé5 the channel condition between the previous shot
and the currgnt one. A total of 24 shote can be input

for each cross-section, The minimum number is I shots.

waA¥%% IMPORTANT NOTE: The spreadsheet has a problem
when two successive shots have exactly the same
elevation. To aveoid this prmbiem,:enter 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 710,00 and the
other could be entered as 910.001., This will have no
effect on the accuracy of the results since the numbers

are, for all practical purpmﬁé%, equal . #HEEER

Unce this data is entered, a user can move down the
spreadsheet to view the mutpat beginning in row B4, |
Select the Options command from the Multiplan command
menu and turn both the Recalculation Mode and the

Iteration Mode ON for the resulis 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 qge.ﬁf
the VAL program at the Iowa Department of TranSprtation
will be used. The input form is shown in Figure 54 that
the Iowa Department of Transportation has"a county
sngineer office %meit when dasmribiné cf&méwaactimna.
The data from this sheet is then entered into the
spreadsheet and the results caloculated. The input sheet
is shown as Figure 51 and the output sheet is shown here
as Figure 33. The mutput from théwVéL program is also

included as Figure 5é&.
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Figure 51. Data Input for XSECT Example Problem

o e Y e e e o e e vl ok g g e ok e e o e e Sl e o e ol o e U S e R ok o ke e e ol o ke vl ok o o e e e o o o e e o e O e R

HYDRAULICS - STREAM CROSS-SECTIONS
Yy 22 23 222222322233 323 333233333313 X32133 2122232422222 2 2 )
N e e e e P R LS S S Y
Multiplan Microcomputer Spreadsheets for County +
+ Hydraulic and Highway Engineering Computations +
+ Copyright by Rocky J. Keehn +
+ Version 1.1 +
+ 1986 +
R L T R e PR A e L R S L RS L S LSS L e L L

+

+

Project Number: Date:
Project Name : Date:
Prepared By :

Checked By g

i o i A b B A W AN U U A R Y S RO it e A e T A ke P kM A A U W T W AT TR R T VR T T S P o i G i e U AR AL A A A e i e it B

INPUT DATA
Starting elevation of

depth computations (ft)= 987
Ending elevation of

depth computations (ft)= 997
Slope (ft/mi) 4.75
Depth increment (ft) 1

n o

Input one of the following optlons:
' faput (0-3) —--——> 0

0 - no overbank flow
1l - overbank fiow both banks
2 - overbank flow left bank
3 - overbank flow right bank
QUTPUT:
Slope = 0.0009 £t/ft
Number of lterations = 9
ITERATION:
QUTPUT:
Water depth = 17.5 feet
Water elevation = 997 feet

INPUT ~ Cross-section information:

Distance Elev

|

|

i

bata {feat) (feeat) |
Manning's n t

1 ~-> | 0 997.00 |
2 ~-=> ¢.07 g2 995.00 |
3 --> 0.07 145 993.00 !
4 ~--> 0.07 275 991.00 |
5 -=> 0.07 430 990.00 |

- 185




-

Figure 51. (Continued)

6 —-—~> ‘ 0.03 462 982.50
T > 0.03 472 979.50
8 --> ¢.03 487 982.50
9 --> 0.03 510 990.00
10 ~- 0.07 562 $90.00
1] -- 0.07 705 993,00
12 - 0.07 745 995.00
13 -~ ‘ 0.07 807 1000.90
14 -~ 0.07 900 1003.00
15 -~ -
16 --

17 --

18 --

19 --

20 -

2l -~

22 -

23 -~

24 -~

Sumg: = emeermemseme s e e se—— >

e e i " . s . S o o B . A0S S T S . S e o B T e S R . S S . P A S B S S . . T O e B o s i
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Figure 52. Example When Inputting Overbank Data im XSECT

1 2 3 4 5 6 ' 7
kR kR ERR AR AR RN EAR R RN RAEREERERERRERRARRR RN

HYDRAULICS - STREAM CROSS-SECTIONS
AR R AR AR R R AR AR R AR RN AR R R RN AR RN AR RN AR R AR RRRRRARRRRRARAL NN

L R R Y R R R A R RS TR NSRS

+ Multiplan Microcomputer Spreadsheets for County +
+ Hydraulic and Highway Engineerling Computations +
+ Copyright by Rocky J. Keehn +
+ Version 1.1 +
+ 1986 +
AR Rl e R e L S T R RS L
Project Number: Date:
Project Name : Date:
Prepared By :
Checked By :
INPUT DATA
Startinq elevation of
depth computations (ft)= 987
Ending elevation of
depth computations (ft)= 997
Slope (ft/mi) = 4.7%
Depth increment (£t) = ;|
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 location of overflow bank:
‘ dist. elev.
' (£t (£t) ...
Overflow left bank = 2ZZ0 <94
Overflow right bank = gop 994
OUTPUT: -
Slope = 0.0009 ft/ft
Number of iterations = 9
ITERATION:
OUTPUT:
Water depth = 7.5 feet
Water elevation = 987 feet
INPUT - Creoss-section informatlion:

L L L L L L LT

Pistance Elev

i

f

H

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

1 -=> | 0 997.00 i
2 > 0.07 92 995.00 H
3 ~-> 0.07 145 993.00 §
4 —-> ‘ 0.07 275 951.00 i
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XSECT Example Cross~Section

Figure 53.

DATE

FILE NO,

PREP. BY

188



Figure 54. VAL Program Data Input Form

VALLEY CROGE SECTION DATA

The submittal of a bridge type structure will inctude a right angle valiey seclion. This seclion shouid be taken
downstraam from the crassing. It shall be noted whether it is an average section or a controd section. Enough ground
shots will be taken to culling the valley to an elevation welt above extrame highwatar. Speciat care will be taken 1o
accyrately outline tha main channel. Each shot should be identitiad. that is (FP) flood plain, (T8) top of bank,
(E.S)'efge oft stream, elc. Mannings equation roughnass factors wiil be assignad each shot. Include site photos with
this information.

reEmARkg: Section taken 100' downsgream from crossing. It is an average section.
There are no control sections downstream from the bridge that effect

the bridge hydraulics.

E Distance Elgvation qu_s_J_(g':!,A_a_n_g Remarks Distance Elavasion ﬂvgﬁ;@m Remarks
P 997.0 | n=0.07 FP 807 1000.9 | 0.07 FP '
? 92 995.0 , ' :' 900 1003.0 9.07 Fp
U148 993.0 ' |
f 275 | 991.0
, 430 990.0 | hei03. ES
| s62 i 8g2.5 ES
| a2 979.5 £S
. 487 982.5 ES
| 510 9%0.0 | oS3 T8
| sez 990.0 7P

705 | 993.0 Fo

745 | 995.0 FP

PLAT OF DRAINAGE AREA

The drainage area is 10 be platted as completaly and accurately as possible and to the fargest pragticable scaleon a
separale sheet. Use a defirite scale, as 17 equais 4, %, 1 or 2 miles, and indicate whalt scale hasboean used. In addition
o the outtines of the watershed, indicate the positions of the streams and, roughly, the charactar of tha soil and the
relativa iocations of the steap and fiat portions. Whenever practicable, the above informaltion should be sacured by
going over the area aither on foot or in & car. For most watershads the information may be secured from the best
exiszié\g gata. soil maps, U.8.G.8. maps and Bulletin No. 7-1.H.R.B. No piat is nacassary if the areais listed in Bullatin
Number 7.

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

| Marginal
i No,
i

5 P Mr. Doe has been living in this arca all his iife (62 years.)

.

IMPORTANT NOTE

Tneintormation given on t'nis form mustin ali cases be supplemented by complete plat and profileof .- ‘e drawnto
a convenient scale on « separale sheet,

Themnformation as snown on Lhis form s essential and musibe suppliad in detaii before the pians ¢an be prepared or
apgroved. 1L will pe necessary lo returs this torm for correction unless the data supplied is complete.
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Figure 55. Output Table from XSECT Spreadsheet

— s o - e o vove e b, st wa o o o — -

DUTPUT:
Water Water ,

Data  Elev. Depth . e Velocity Conveyance

Point (feetd) (feet) (cfs) (ft/sec? (sqg. ft.)

1 287 7.5 805 3.6 224

Jrd 988 8.5 il114 3.9 286

3 989 9.5 1488 4.2 355

4 990 10.5 1930 4.5 431

5 991 ‘ 11.5 2635 4.0 665

6 992 12.5 = 36123 3.4 1055

7 993 12.5 1890 3.1 1559

a 494 14.5 6566 2.1 2142

3 295 15.5 - @557 3.1 2772

10 996 16.5 10835 3.1 3433

’ 1% 997 17.5 132442 3.2 4191
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Figure 56.

P DO paiy bk L sdonfiaF GR bad b
SYSIER AVALLABILLIY EXCEFT AS NUTED LELDW. ¥ DAYS/UEEK.
FOR HELP, OR YO REPORT A TERMINAL PROBLEM:
CALL D.O.T. NETWORK WELP DESK: F15-219-1073.
TfﬂﬂlNhtalﬂ EDF!HT?J
(KEPLACE _ WITH ANY SHARACTER OR FRESS 7“5 INDICATED PF KEY}
LPF1/43) PROFESSIONAL QFFICE SYI?EN {PROFS)
{PF2/1 83 TINE SHARING SYSTEM
(PF3/1%)
(FFa/16)
1PF3/4T)
{PF&/18)
(FET/ %)
{PFR/20)

24 HOUMS/DAY

SELECT ONE.
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FUE b ES s
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READ
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LAl TR R LIS Y F B Y LYY Y S LYY

- . "
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L] L3

AR RAAN SRR AR R

»)
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. 3]
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Figure 56. (Continued) ‘

10 se2 990.0
1o 708 993.0
A
@12 745 993.0
t3 Bo7  1000.%
SrE TN ELET/MILE seers 4,730 I
SLOPE IH FEET/MILE ..... 4. l - %
SECTION DIST. ™ VALUE \ —;.ho FinTer 15
1 430 . ’ . \ t
2 S0 ole3 avatlable you shoud copy
3 w00 0.070
SMTtE ELEV. LOW ELEV. INCREWENT dafq before Z °J
v9%.00 561,00 1.0 < hqmje Screénslexw @)
sge?a .
SECTION - DISCHARGE  VELGCITY CONVEYANCE M ;
VALUE . '
STAGE ELEV. 987.00
e i
f o CFs 8.0 Fp$ o Sa. FT, S
o a.0700 ; . .
. 2 8o GFS 3.4 P8 224 $Q. FT. -t
28832 0,0380 aTA7
3 o CFS 9.0 FPS 8 sa.. FT. ‘ 4‘
e 6.0700 Lo Ll
ToTal, 20% CFS 3.6 FPS 224 5. FY. Lt
25832 .
STAGE ELEV. 968.00 e N
' @ CFS 0.0 FFS . -0 50, FT,
o  ¢.070 :
2 1114 OFS 3.9 FPY 206 5% FT.
17148 0.0300
] 8 CFs 0.0 FPS 9 5Q. FT.
8 o0.0700
TotaL 1114 TFS 3.9 Fes 286 s@. FT.
37448 -
$TARE ELEY. 989.08
TR o CFS 0.0 FPS . & 50, FT.
w® :
o 0.e700
2 te@® CFS a2 FPS 355 5. P,
9403 9.0360
‘ 3 9 CF§ -0.9 FPS o §u. FT.
o 0.070
T0TAL 1488 CFS 4.2 £p§ 355 5@, FT.
49803
STAGE ELEV. 990.00
1 o tFS 6.0 FFS o SR FT.
e o.a700 ‘
2 1930 CFS 4.5 FPS 43y Se. F1.
44358 0.0300 ‘
S 3 2.CF§ 0.0 FF$ o sq. FT.
e e.0700 o,
ToraL 1930 CFS 4.5 FPS 431 50, FT. v
54358
STAGE ELEV. 994,00 ‘ ‘
! I CFS o.4 FP§ ‘7T SG. FT. -
1039 0.0700 .
LT @
2 2543 CF§ 5.0 FPS 1 $Q. FY,
85453 0.0300
3 0 CFS 0.5 FPS 7 s, F1,
1345 0.0700
TaTAL 2635 CFS 4.0 FPS 845 Q. FI1.
87847
STAGE ELEV. 992.08 . .
! 192 CF3 0.7 FPE 265 $0. FT.
4366 8.0700
2 3266 CFS 5.5 FPS . 591 SQ. FT,
108895 9.0308 ‘
3 158 CF5 0.8 FPS 199 SQ. FT.
5190 9.e700 b .
1OTAL 3843 CFS 3.4 FPS 1086 S0, FT.
120470
STAGE ELEV. 993,00
' 497 CFS +.0 FPS T S, FY.
14394 0.0706
z 4038 CFS 6.0 FFS 874 Su. FY.
L e
EREIEEY 0.0100
3 383 CFS 5.0 FPS 376 0. FT. :
2097 8.0700 . ‘ ’
TorAL 4BYO CFS .1 FPS £557 §@, FT,
163034
STAGE ELEV. 994,00
+ 989 CFS 1.2 FPS 816 50, FT.
1987 0.0700
2 4848 CFS 8.5 FPS 54 SR, FT.
52317 0.0300 :
3 708 CFS 1.2 FPS 378 56, FT,
23612 4.0%00
TOTAL o364 LFS 3.1 FPS 2142 5. FT,
21891h ’
{
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Figure 56.
STAGE ELEV. 99%.08
1 1638 LFS
LY S @.0700
2 3743 LFS
192138 0.0380
(113 M
3 1457 CFS
18544 ©.9700
TGTAL g35g LFS
285310
STACE ELEV. #96.08
1 2379 CFY
TPHT . 9.9768 v
F M7 CFS
L33IPN4 o,.0300
3 © {748 CFS
58004 9.0700 -
TATAL 10833 CF S
343235
STALE ELEY, 997.00 .
1 3290 CF3
109704 2.0700
2 7728 OFS
A5T449 4.030e8
3 2424 CFS
LLL]
@924 0.0700
TOaTAL 13442 CFS

4481 74
IS DESIGN STACE COMPUTATION DESIRED? ENTER
ENTER DESIGM DISCHARGE (IN CFS:. : 3309
ANY CHANGE? . N,
DESIGN DISCHAGRE 3200
STAGE ELEV. 993.2¢

L] 544 CFS

19484 9.0700
2 4207 CFS

140230 9.6300
2 42¢ CFS

V4248 a.ev00
ToTa 5218 CFJ3

17
I!lé
15 PESIGN STAGE LONPUTATION I}ESKRED? ENTER ¥
ENTER DESIGN DISCHARGCE C(IM CF¥). . 4200 @
ANY CHANGE? M ’

DESIGN BISCHAGRE 4200

STALE ELEV. $91.%50

' 3124 CFS
10794 2.0700 .
2 3443 CFS
121509 0.0300
3 . 241 CFS
e23v  ©.0700
TOTAL A28 CFS

140539
15 PESLIGN STAGE CONPUTATION DESIRED? ENTER ¥
DO YOU WANT TO CHANLE N VALUES? ENTER Y OR N

ARE ADBITIONAL STAGES DESIRED? . . @
pO YOU WANT TO CHANGE THE SLOPE? (Y OR N)

{Continued)
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Frs
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FP3
Fes
Fps
#PS
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DO YOU WANT TO RERUN FROM THE BEGINNINGT @ K @
END OF JOB
#9 CNTER B IF YOU.WISH TO BROWSE THE FRINT DATASEY 4§
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(14 ERIMT THE LISTING "
e ®
Logett ®

:

L N

193

1540
2 2]

60¢
2112

301

LA2]
1044
Jasy

1908
94
1292

BE1E A

378
488
L34
147¢

384
a3
279
1293

Q.
54,

4.
.

.
Sﬂl.
54.

L P

sa.
.
sa.

Q.

Q.
.
sa.
a.

Q.
Q.
sa.
6.

FT.
FT.

FT.
FY,

FT.
1,
T,
T,

Y.
FT.
FT.

FT.

Ft.
FT.
FT.
Y.

FT.
FT.
FTY.
Fr.

You could Brawse

ﬂ{ f:u_sh e (8],




58978

- en
BUHN-DOVD AR A LW - Z
[=1

]
?2
14%
s
430
AL2
472
ABT
516
w42
705
745
ge7

900

Figure 56,

CROSS SECiIGN SHOT$

997.0
995.0
993.0
F91.0
990.0
982,35
?79.5
982.8
- 990.0
?90.9
993.0
5.0
1000.9
1863.6

SLOPE IN FEET/HILE .....

SECTION DIST.

787.00

Jes.00

789,00

?71.00

FRZ.O0

1 430
.2 510
3 900
STAGE DatA
HIGH ELEV,
997,00
58978
STAGE KLEV.
.
STAGE ELEV.
STAGE ELEVY.
STAGE ELEV.
STAGE ELEV.
STAGE ELEV.
STAGE ELEV.

993,00

N VALUE

SECTION

Gof By =

TOTAL

PR R

Tartak

E LR ]

TaTAL

L~

TATAL

e -

TOTAL "

[

TaTAL

1414

A.750

LOW ELEV. INCREMENT
$87.00

Q CF§

Be3
9
803

“7‘~hi5

DISCHARGE

CFs
CFs
GF§

0 CFS

1114

0
1488
0
1488

1930
1930

34
2343

2638

192
3264
iné
3613

497
4035
363
4899

CFs§
CFS
CFS

CFs
CF§
CFs
CFS

CFg

CFs
CFs
CFS

CFS
CFS$
CFS
CFS

CFY
CF§
CFS
EF§

CFy
Cry
CES
CFS

O

(Continued)

is a ’3'574"'3
i{fj_s ke\/a! aud &

prister is available,

VELOCITY

FPS
FP3
id
FPS

FP§
FFS
FPS
FPs

FPS
FFS
FPS
FPS

'FPS

FFS
Fps
FPS

FPS
FPS
EPS
FPS

i
Frs
FPS
FPS

FPS
FES
FES
FPS

CONVEYANCE

@
3355

431
A3

77
314

6465

243
591
199

10556

317

&71 3

370

1559

FT.

FY.
FT.
FT.

FT.
FT.
FT.
FT.

FT.
FT.
Fi.
FT.

FT.
FT.
FY.

FT.
FT.
FT.
FT.

FT.
FY.
Y.
FT.

FY.
Fr.,
FT.
Fi.

N VALUE

5
26832
0
2832

37146
@

37144

0
49603
o]
494603

64358
o]

54358

1038,

B5443
1345
87847

6384
108895
5190
120470

16394
i34%44
12097

143034

0.0700
0.0300
@.0700

0.0700
0.6300
G.0700

0.0700
0.0300
Q.0700

8,0700

0.0500
0.070¢

0. 0700

0.0100
0.0700

Q,0VC0
¢.0300
9.0700

Q.0V00
0.0300
0.0700



Figure 56. (Continued)
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2.6, WENAT

oy
A X

WENAT
WATER SBURFACE PROFILES

NATURAL CHANNEL CROSS~SECTIONS

L2e2ubnl. Introduction

The "Water Surface Profiles — Natural Channel
OCross—-section” spreadsheet was developed tmlqalcm;ata the
water depth along a natural channel. This type of
cross-section is normally associated with draehﬁ, streams
and rivers.

This spreadsheet allows the user to calculate the
hackwater sffects of structures located along thg_channal
reach. It permits the user to calculate the tailwater

depths of upstream structures.
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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 includes: the station
distance from the first station, minimum channgl
elevation, maximum channel slevation, whether or not
there is overbanking {(on the left bank, on the right bank
or on both banks), distance and elevation of the
overbanking from a datum {(if overbanking exists), and
values that outline the channel. The channel is
described as starting at a point on the left bank,.
setting that distance egual to zero and recording the
elevation at that point. There ig 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 cross-section. This
is done by entering a trial depth and checking whether or
not it is an acceptable value {(if not acceptable then
input a new elevationg if acaeptahie then go to next
station). The spreadsheet contains a cell that tells the
user whether to increase or decrease the elevation., A
check value is also entered for each iteration. Thisa
check valus should approach 6.001 as the iterations are
pearformed.

Atter all the cross-sections’ water slevations have
been iterated by the uger, the final @utput can he.

printed for a paper record. Included in the output data
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are the channel bottom elevation, water surface
elevation, energy line =levation, watsr depth,; and
friction loss. From these data a water surface profile

can be drawn and the water depths caused by the headwater

can be evaluated.

2.2.6.2. Using the Spreadsheet

The be%i way to begin using a spreadsheet is to obtain
all pertinent data,'racwrd the data in a form that is
easily transferred into the zpreadaheat, and then input
the data into the aspreadsheet. The data obtained in the
field, from topographic maps, and engineering principles
can be transferred to an input form. Once thig is done
the user can begin to manipulate the spreadsheet,

The first step in wusing the spreadsheet is to load it
into the computer memory so that it can be'éperated undetr
the control of Microsoft Multiplan. Assume that this
apreadesheset resides on disk as a data file wnder the
filename 0?-N8TRQP1.MP.and has been saved to disk in the
Normal Mode. Once the file has been loaded into the
computer, select the Options command from the Multiplan
command menw and turn the Recalculation Mode of operation
OFF. Next enter the project number, projsct name,
preparer ‘s name, checker's name, and dates prepared and
checked. These enbtry items are located in rows 13

through 16 (wee Figure 57). Once these administrative
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data have been entered, the constant values in column 8,
rows 20 through 22 (see Figure 575 can be entered.
Values for the energy coefficient, entered in row 20,
column 7, {(ses Figurg 57) are given in Table é&. The
starting water depth is typically headwater depth of the
structure located where ths first cross-—-section is

located.

Taple &. 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
crass-section. The number of cross-—sections are
limitless, This is accomplished by allowing a.nawly
created spreadsheet to copy data from a previous
spreadsheet which contains the data from the previous

downstream cross—section. Once a series of spreadshests
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have been created, the output from each is copied onto a
summary outpul spreadsheet. The data needed to begin
entering the cross—section ig the cross-section shots.

an example of aruésmﬁectimn shots is depicted in -
Figure 38. The information therein illustrates how a
person finds the offset and elevation at sach shobt. In
addition to the elevation at sach shoi, a person needs to
determing what is the Manning'’'s roughhess cme#%i;ieﬁt for
each shot. The roughness cosfficient is the one in the
reach from the previous shot to the current shot,.

H@ﬁideé thm‘ﬁhwt cdata, the user has to input the distance
from the starting station to 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—section.

The input data for the station distance from the
starting point, minimum elevation, maximum elevation for
the first cross-section are input in column &, rows &1,
HF, 43 respectively (see Figure 59). The data for the
cross-section shots begin in row 6%, columns 11 and 12,
and end at row 83, columns 10, 11, and 12, & Manning’'s
roughness cmaf%iﬁient ie not needed for the first shot.

I¥ overbank flow is a problem, an additional item of
intormation is needed. .An example of what is meant by
overbank flow is illustrated in Figure 58. lUsers need to
specify whether the overbanking willlnmt otour, will

aecur on the left bank only, will oecw on the right



bani, or will occw on both banks. The overbanking
condition ig identified by entering a © for no
overbanking, a 1 for overbank flow on both banks, a 2 for
aoverbank flow on left bank only, or a 3 for #verbamk tlow
on right bank only. This "flag" is entered in row 68,
column & (for cross-section 1 only). The orientation of
left and right is based upon the user looking upstream of
the f1low.

The highest cross—section shot in the channel reach
hefore overtopping can occur needs to be entered. This
input data inlcudes the offset distance and elevation at
the point of aovertopping. The data input for
cross—-section 1 is entered in columns & and 7, rows 74
and V7.

Gnece all the data listed above have been entered for
crogss-section 1, repeat the input process for
cross—section 2 (see Figure 5H9). Thé basic input is
antared in rows 20 thraugh ?2,_cmlumn 6. For the
cross~section, begin entering data in row 92, columns 11
and 12. The overbanking entry begins in column &, row
7. Once this process is complete for cross-section 2,
procead to cross-section 3. The data'input for the third
cross-section is located between rows 115 and 143 in a
gimilar fashion to cross-section 2. (Additional
crogss-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 éntered,'tha
spreadsheet is ready for computation and the iteration
process can begin.,  The water surface elevation for the
firat cross—-section is autmmatically transferred from thHe
constant value previously entered in row QE,Icmumn 8 (see
Figure 57). The user then bedins the iteration process
at crnsgwﬁmatipn 2« A person first enters a trial water
elevation in column 8, row 28 (sese Figuwwe 6. nce a
water elevation i8 entered a “"(+H3" or a " (3" will appear
in row 31 below the water aurface.number Just entered,

I it is a "{HY then the water surface elevation should
he increased to achieve closure in the iteration process.
i+ the indicator iag a "(~-1" then the water surface
mlevation should be decreased.

The method for finding the water surface is based on
the standard step method presented by Chow (195%). This
method ig ba%éd an the fact that the total bead at the
current cross-section is equél to the tetal hegad alt the
previous oross—section plus the friction head plus the
eddy lossgs. For convenience of compubation, the eddy
losses can be considered part of the friction loss (Chow,
1959) . The check vaiua i row Z2 is the difference
between the total heéd at the current cross—section and
the total head plus the friction loss at the previous

cross-section. As the check value becomes smaller, the

e et
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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, proceed to cross-section 3 (row 28,
column 9) and repeat the process. For a problem
encompassing three crogs-sections, this would complete
the spreadsheeset. To continue on to more cross-—sections
beyond three, the user will have to use a second
spreadsheet file, such as WEBNATZ.MP, and.émplmy the
Multiplan "extenal copy" capability to bring the
intermediatse results from WSNATIL.MPF into WSNATZ.MF.  In
this fashion, the process can be extended indefinitely.
If only three cross-sections are needsd to satisfy the
hyraulic analysis for this project, the wser can review
the output at this time.

The output data for cross-sections 1, 2, and 3 can be
found in rows 143 through 183%. To "jump" to this portion
af the gpreadsheet, select the Goto command from the
Multiplan command menu, then select the Name subcgmmand
within the Goto command, and finally enter the name
QUTPUT (press <retuwwni> or “enter: key to complete the
command). This will move the cell pointer directly to
the output area of the ﬁpfaadaheet.

The spreadsheet should now be saved as a data file for
later uwse., If additional cross-sections are to be

incorpmkat@d in this analysis, nameg the spreadsheet when

i3]
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saving it in some fashion that identifies the spreadsheet
as containing cross-sections 1-3Z.

E';"cnr“ purpose of explaining how to gontinue on to
cross-sections 4 through &, the data for the firet three
cross—sections will be assumed to be saved as EXAMPLE.
THe firet step in continuing to cross-sechtion 4 is to
load the spreadsheet WSNATZ. MP inte memory to bring it
under the opesrational control of the Mgltiplan program.
Onee this is done, enter tha identification data in rows
12 through 1é&.  Then move to bthe cell located in row 26,
column 7. This cell (RZ6CT) is located just bhelow whare
Lhe spreadsheet displays the message "Transfered Cells",

The wser Can now copy the nec&éﬁary glata from the
spreadshest template created for cross-sections 1 through
F. This e accomplished by weing the XTERNAL /CORY
comnand sequence from the Multiplan command menu., While
the Hulfiplam command menu is displayved on the soreen,
pregs X or move the command cursor over to XTERNAL and
press dretuwrnr. Multiplan will then display the
subconmmands under the XTERNAL command. One of these
subcommands indicated will be COPY. As before, either
e Clmr move the command cursor to CDPY.and press
“rgturni. Multiplan will then bring up the prompts to
identify from whare the "emtermal'cmpying" is to be done.
Ther usser mpust enter the name of the spreadsheet from
which the data is to be pulled anﬂ the name of the bloock

of cells {(or the rowircolumn range? in which.tha data
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resides.

It was assumed $0f 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 be copied, the user would esnter EXAMFLE i+ the
file is stored in the default drive, enter B1EXAMPLE if
the file is stored on & disk in Drive B, or Eﬁter
pathname\EXAMPLE is the file is located in a hard disk
directory. The name of the cells where £he data to be
copied is located has already heen "named” TRANSBFER,
hence the user will always enter.the name of the cells as
TRANGFER to complete the "external" reference. 0Once this
is done, tab twice to the "linked" subsubcommand prompt
and set it to NG, This completes the set up for copying
the previous output data as initial starting data into
the continuation apraadsheaf, a0 press <return? to begin
the tranﬁfer of data from EXAMPLE into WSNATZ.MPF.

Once the transfer is complete, the user then enters
the cross—section data for the next three cross—sections.
This data input begins in row 36. The input requirements
and location of data entry is exactly the zame as that

for cross-sections 1 through 3, except that one needs to

R R R L Rher -~ P i e SR o e e s M S M L ni A PR . e e o

g8. When all the cross-sectional entries are complete go
to row 27, colﬂmn 8 and iterate the water surface

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




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

After completing the spreadsﬁeet for cross-sections 4
thraough &, 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&),
1aad a copy of WBNATZ.MF aqain'to repeat the data entry
process for crm$5~sacti0ﬂs 7~%. Now the datae is copied
froomn the file containing cross-sections 4-6. In this
manner-thé process can be extended indefinitely. An
axample of a spreadsheet created tb provide thé SLmMmmary

putput is shown in Figure &1.

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

Fter P ExT0 e rovre mer $ehn Sy (v Lot rorme st eten v £ty Yo ey Tt tavet Py

Inc. New York, 1939, pp. 27*28, 249-28%9.
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Figure 57. Input of Administrative Data for WSNA?
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Figure 59. WSNAT Spreadsheet Format

i 2 3 4 5 3 7 B 9 10 i1 12 13
56 _____________________________________________ e e e e e b o e i o e e o e v o A L A A A S i 8 WP T P
57 CRO55-SECTION 1 CROSS-SECTION 1
58 INPUT DATA - BASIC'S INPUT - Cross-section inform }
59 LLL L LTI Lt LRI T LY gy o 0y g A Sl g e e e i R e ;
60 Station distance from Pistance Elev :
61 starting point (f4) = ] Data point {feet) (fertd &
67 Ninimum elevation (ft) = 482 Wemning’s____ .. . H
63 Maximuw elevation (ft) = 900 - 1= ¢ 9%00.60 !
b4 Slope €ft/ni) = .M 2--»  0.03 20 890,00
65 ~ . 3. 0.03 #0 88200 !
£h 4-->  0.03 220 890.00
67 Enput on of the following options: 5--> 0.03 20 900.00
68 Input (9-3) ----) 0 § - ' :
&9 ¢ - no overhank flaw 7-=) i
70 1 - overbank flow both banks 8- i
[}} 2 - overhank flov Left hank. 9 -3 !
72 3 - overbank flov right bank - :
73 ‘ i1~ H
74 A2 =) :
75 13 --» H
76 14 --) i
12 : 15 ==} I
78 QUTPUT; ' 16 ~) H
73 LLL LAl 1] 17 __> ;
80 Hydraulic radius = 3.0 feet 18 ~-) !
f Rater depth = 6.0 fept 19 - H
g2 Water elevation = B89 feet 28 -y i
63 Sigpe = 0,008 ft/ft . {
84 Weighted Mamning’s 0 = 0,030 Sums: e } ;
85 :
86 CROSS-GECTION 2 « o CROSS-SECTION 2
87 INPUT DATA ~ BASIC'S INPUT - Cross-section inform H
FE VIR R ALY . ' - S " v Vs 3
89 Station distance from Bistance Elev !
90 starting point (ft) = 170 Data point (feet) (feet) |
]| Minimuw elevation (ft) = 883 Mamming’s_________ ___ ... |
92 Kaxisum elevation (ft) = 900 LI B 0 900,00
93 2--) 0,03 20 890,00 ¢
94 ‘ - 0.0 55 883.00 |
95 4--)> 003 150 890.00 !
96 Input on of the folloving options: 5--) 0.03 200 W0
a7 Input (-3} =) 0 b -> H
98 0 - no overbank flow . 7 - H
9 { - overbank flov both banks : 8-> i
100 1 - overbank flow left bank R :
101 3 - overbank flov right bank 14 -} H
102 3 ) H
103 12 --) :
104 13 --) i
105 ' i4 - i
106 15 --3 :
167 QUTPYT: 16 -~ !
108 gty Ry iy Ny ‘7 __) :
10% Hydraulic radius = L9 feet ‘ 18 --> ;
H{y Hater depth = 5.0 feet 9 - f
11 Water elevation - = 888 feet 20 ~-) !
112 Slope =0,00588 ft/ft i
113 Yeighted Nanning’s n = 0.030 Sums: } :
L R -

209




Figure 59. (Continued)

t 2 3 4 3 6 7 8 9 10 11 12
1% CROSS-SECTION 3 ‘ CROSS-SECTION 3
116 INPUT DATA - BASIC'S INPUT ~ Cross-section infora
i }? BNy ny e b by ey T e Ty ey g By By Py g iy Ay Sy Iy By By B Py Mg Ay By By By Oy S Sy B By
118 Station distance from ‘ ‘ fistance Elev
119 starting point (ft) = 360 Datz point . {feet)  (feel)
120 Hinimum elevation ({{) = 684 _ Mamning's_______
12 Haginum elevation (ft) = 890 L=y 0 900,00
Yy 2~ 0,03 40 890,00
123 _ 32 0,03 70 884.00
124 4 -~y  0.03 110 BYD.00
125 input on of the folloving options: : 5= 0,03 170 900,00
126 Input (0-3) ---=> ¢ & -~} '
127 0 - no overbank flow 7
128 L ~ overbank flov both banks § -
129 2 ~ overbank flov left bank : 9>
130 3 - overbank flov right bank : : 10 ->
131 it =)
132 12 -}
133 , : ‘ 43 -
4 o 14 -~}
135 o ' 19 -
© 136 oUTPUT: _ 16 -}
237 L DL L L i? '_“) B
138 Hydraulic radius = 1.7 fest 18 --) vt
139 Water depth 2 3.4 feet 19 -~
140 ~ Hater elevation = 7.4 feet 20 -
141 Slope =0,00588 ft/ it

142 ~ Weighted Mamning's n = 0.030 Sums: =)
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Figure 60. WSNAT Iteration Illustration

1 2 3 4 ] 6 7 8 9 10 i1

23 e o b i et
24 INPUT = Self-interation i Transfer
25 Ry Ry A iy i Py g M A S By iy e e e e T S e B R . . : Eells B ’
2% - CROSS-SECTIONS ~- 1 2 3 ! 3
27 ++ Input yourself + ! :
24 - Water surface elevation (FT) = 888 888  g87.4 H 887.4
29 ' H
30 + Helpful Output #+ {
it Increase (+) or decrease () {

- R Water surface elev, = gtart at (=) (-} ' {-)

- 33 Check value (ok if (= +/-.001)= X-section 0.001 0.144 i 0.1436316
35 L
36 CALCULATIONS !

37 Oy Ry A g P A R P s g . . . g

38 1 accumlative (FT) = o 70 360 360
-39 Delta X (FD) = 0.0 170.0  {90.0 H 190
4 Channel bottom alevation = B§2.000 893,000 084,000 H 884
41 Channel rise = 0,000 1.000 1.000 H 1
42 Accuslative channel rise = 0.000  1.000 2.000 H 2
43 Average channel slope (ft/ft) = 0.6059 0.005%  0.0053 ! 0,0032632
44 Calculated Flow Depth (FT) = §,00 5.00 3.40 N 3.4
45 Flow area (sq. ft.) = 4500 2321 67.4 i 67.432332
46 Hydraulic Radius (FT) = 3.0 2.5 1.7 i 6750746
47  Calculated Velocity (FPS) = 1.4 2.2 7.4 P 14147306
48 alpha 3 ¥°2 7 X = 0.0 0.1 ¢.9 - 1 0.939828

- 49 Rl elevation (F1) = 888.021 888.079 888.340 {  §80.33983
50 Hydraclic Radiug * 4/3 = 43 3.4 2.0 {0 1.9893545
51 Weighted Manning's n = 0,030 0.030 0,030 003
52 Friction Slope, Sf = 0.00012 0.000560 ¢.011204 T 00012035
53 Average Sf = 0.00012 0.000338 0.005882 ! 0.0058818
99 Friction head loss, hi (F1) = 0,000 0.057 0.118 Vo 6176357
59 H2 elevation (FT) = §88.02¢ 888.079 88B8.1% [ 888, 1962
36 = -
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i 2 3 ¢4 3 7 8 9 ] it 12 13 44 15
143 -
t44 QUTPUT
143 %% §1 RESHRTS 3% i Channel ! WHater ! Energy i Hater 1 friction
146 Crogs~ ¢ Bottom ¢ Surface i Line i Depth 1 Loss
147 Sect. Stalion i Elevation | Elevation i Elevalion i (feet) 1 (feet)
148 Rumber i (feel) P {feel) i {feel) i H
149 HER o I s I HEEES aaee
150 1 9+ 600 i 882.00 ! ges. 00 : 888.02 ' 6.00 i 0.000
151 2 1+ 70,00 ¢ 883.00 | 868.00 i 888,08 t 3.60 0.037
1R 3 3 ¢+ 5000 ! 884,00 H 887.40 H 808.20 ' .40 0.118
133 -
3]
N Figure 61. Example Output for Summary of WSNAT
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URM: UsERs’ ReFerReNCE IVIEMIO

URM 142 Using KERMIT

March 13987 (revised) By Jeff Balvanz and Ruth
Schiotfeldt

(Revised by Jeff Balvanz)

Overview

KERMIT is a communications protocol originally developed at Colurrtbia University.
This protocel has been incorporated into public domain communications programs
for a wide variety of microcomputers, minicomputars, and mainframes. At ISU,
versions of KERMIT are available for the NAS AS/9180, VAX, Apple //e, Zenith
Z-100, BM PC, TI 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-specific information which is not
described in this publication.

KERMIT can be used as a terminal emulator ailowing 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. .

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 permigsion.

Some material in this publication has been adapted from the KERMIT User's Guide
prepared by Columbia University and the KERMIT-865 documentation prepared by
Stevens Institute of Technology.

KERMIT is a registered trademark of Henson Associates. Inhc., and is used in this
comMext 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(sh:

CP/M or MS-DOS: KERMIT
Appte 1[: RUN KERMIT .
Commodore 64: LOAD "KERMIT".8

RUN

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

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

At this point you are in local mode. You can enter commands or enter "? <return>"
for a command list. To get help with commands, enter a question mark at any
point in the command. KERMIT will display the options available. Comwrfands can be
abbreviated to any prefix that is unigue. (Example: 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 diglup or the iSN, you wil
have to enter the commandg: o

SET PARITY NONE

hefore 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 documentation 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 comnect mode. Do this by
entering a special character called an escape character, followed by the letter C.
The default escape characters are as follows (hold the control key down, then
press the appropriate character):

MS-DOS: <ctri/ 1>
Apple CP/M: <ctri/ >
Other CP/M: <ctri/\>
Apple 11 <ctrif@>

Commedore 64:  <ctri/Y>

To leave connect mode on an MS-DOS machine, for example, you would press
<ctrl/ J>C.  The escape character also performs other functions. To send a break,
enter the escape character followed by the letter B, {f you need 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 uses 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.

241 Using KERMIT with the AS/91680 -- SEND and RECEIVE Vel
KERMIT on the AS/9160 runs under the QRVYL 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, enter:
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 microcomputer files can be uploaded to WYLBUR. Files to be uploaded
must have lines no more than 235 characters iong.  Also, ORVYL KERMIT cannot
transfer non-text or binary files. WARNING: Because it runs . under the ORVYL
systam, using ORVYL KERMIT is expensive. If there is another 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 intc the WYLBUR active file by entering:

WYLBUR USE filename CLEAR
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where "fiisname" is the WYLBUR filename.
2. Enter the ORVYL KERMIT command:
. SEND filename
where “filename™ is the name that you want the file:to 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 sequence for your version of
KERMIT. Then anter:

RECEIVE

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

4. When the transfer is completad, enter CONNECT to return to connect mode.
2.1.2 Transferring a Microcomputer File
To transfer a microcomputer filg to the WYLBU'R active file, 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 the active file- before the transfer
begins, the information transferred will be added to whatever is currently in

the active file. (This can be used effectively to combine several small micro-
computer files into one WYLBUR filg.)

2. Enter:
RECEIVE
3. Exit to local mode and enter:
SEND filename
wherg “filename" is fhé name of the microéomputer file to be transferred.
You will see the status screen display information about the packets being

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

217

——



Using KERMIT URM 142
' Page &

2.1.3  Transferring ORVYL Files Directly

QRVYL KERMIT can be used to transfer ORVYL files chrectly Give ORVYL
KERMIT the command: '

SET FILE-MODE ORVYL

Now the KERMIT-ORV command "SEND filename” can be used to transfer the
QORVYL file named "filename™. The RECEIVE command stores the file as an ORVYL
file with the same name as the microcomputer file. If your microcomputer's
KERMIT accepts wildcards in file specifications, you can use "SEND «»" 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 TESTLIIB:KEF\’MET
at the VAX "$" 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 aliow the extended
fijenames that can be used in VMS Version 4. As a result, files to be transmitted
must have a filename no more than eight characters long and a file type no more
than three characters long. Coer

VAX KERMIT can act as a KERMIT server. You can SEND fiies to the server or
GET files from the server without having to leave local 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 filename
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
[f your microcomputer’'s” KERMIT is not capable of sending server commands,

you can use SEND and RECEIVE commanhds to VAX KERMIT to. transfer VAX files in
the same way that ORVYL KERMIT transfers ORVYL files.

218



URM 142 Using KERMIT
Page B

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 tha receiving compuyter, 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 compiete, 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 ugse with the VAX KERMIT
server. You can either enter FINISH on the other microcomputer or press <ctrl/C>
on the MS-DOS microcomputer to end server mode.

3. KERMIT COMMANDS

in addition to the 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 usaful KERMIT commands. They may not
work on all versions of KERMIT. If you try to use commands that are not available,
your KERMIT responds with “llagal command" or "Not implemented.” For a
compiete list of microcomputer KERMIT commands, see your microcomputer’s
KERMIT documentation, '

® DIR [drivel: Displays the diractory 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 synonym for
EXIT.

® SET: Modifies various file transfer and terminal parameters. The fellowing
parameters 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 following are valid parameters:
APPLE-COM-CARD Apple communications card {(or compatibie)

DC-HAYES D. .C. Hayes Micromodem il
SUPER-SERIAL-CARD Apple Super Serial Card

219




Using KERMIT URM 142
: Page 7

o F/LE-BYTE-SIZE parameter: Sets the byte size (SEVEN-BIT or EIGHT-BIT)
for file transfers with KERMIT-65.

o FILE-TYPE parameter. Tells KERMIT-65 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)
APPLESORT Applesoft Basic program
INTEGER Integer Basic program
BINARY Binary image

C-84 KERMIT accepts the foiiowing_ types:

PETASCI CBM ASCIE fite (the default)

ASCH True ASCH file

SCRIPT SpeedSeript docurneant 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.

® DISPLAY parameter: Tells Apple KERMIT-8% whether you have an Apple
i[+ (parameter = 2P) or Apple //e (parameter = 2E) monitor. Only the
40-column display is supported.

® KEYBOARD parameter: Same as DISPLAY command above -for the Apple
keyboard.

e [OCAL-FCHO parameter: Sets full dupiex (LOCAL-ECHO ON) or half duplex
(LOCAL-ECHO OQFF), .

® PARITY: Sets parity to NONE, EVEN, ODD. MARK, or SPACE.
® RECEIVE: Sets various parameters for receiving files.
® SEND: Sets various parameters for sending files.

® SLOT parameter: Tells Apple KERMIT-85 in which slot the communications
card is located (normally 2}, 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 all parameters in KERMIT-85.

® STATUS: Gives statistics about the most recent file transfer (KERMIT-68), or
shows the current parameter settings (MS-DOS).
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4, HELP

Sometimes KERMIT doesn't work. |f 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-8% is like 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
mode.

There are several reasons why KERMIT doesn't work. Following are a number
of possibilities and how to correct sach.

® Parity Set Incorrectly:

VAX KERMIT, ORVYL KERMIT, and most of the microcomputer KERMITs
axpect no parity by default. The ISN system is an eight-bit, no parity system,
and this normally works fine. Howaver, 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-
computers), especially on KERMITs that cannot set parity and baud rates. In this
case you must set the parity from the operating system; Apple and CP/M
KERMITs are like this. Use SET PARITY to tell KERMIT about ‘the. parity the
operating system has set.

® Rroken Connections:

You must have good connections from serial port to modem to telephone, or
between microcomputers. In a micro-to-micro transfer, be sure you have a null
modem connector if your computers need one. it sounds like a silly error, but
folks do trip over cerds, and cables can be wired wrong. Check and be sure!

* Message Imterference:

i 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 QRVYL 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. |f
you do, this is what has happened. Entering STATUS displays a2 message teling
you what happened.
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® Transmission Delays:

Microcomputer KERMITs that timeout automatically may become impatient when
VAX or WYLBUR is heavily loaded. I the microcomputer doesn’t receive a
packet in N seconds, it telis the host to resend the packet that hasn't been sent
vet. This can confuse both sides and may result in termination. H 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 Corruptiom

If your phone connection is very noisy, you may see KERMIT requesting a ot
of retries, and it may abandon the transmission altogethar. |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 increasa the number of times KERMIT will try to send a
packet. ¥ your KERMIT permits it, try switching to a two or three-character
chaecksum with SET BLOCK__CHECK.

Extra Characters at Fnd of File:

On mitrocomputers with block-oriented disk structures (ke CP/Vh, KERMIT
sends whole biocks to the remote system, not recognizing an end-of-file
character (<ctrifz>}). 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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