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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 profession in 

making the transition from programmable calculator 

applications in engineering to the use of microcomputw 

I applications. The early work with the engineering 

profession concentrated on hardware systems and 

commercially available software. Eventually the 

evaluation process identified a need tb develop some 
",. 
specific software applications that civil engineering 

offices could make direct application with limited' 

hands-on training. Edcteational research had identified 

the microcomputer spreadsheet as the coming general 

purpose programming environment for small scale 

computational work and routine accounting system work in 

a microcomputer environmen omputer industry reports 

lo*, also indicated that the general purpose programmable 

calculator was merging into the briefcase-sized 

microcomputer which typically has, among others, a 

spreadsheet program installed on an internal chip. 



..,. 

, . , , 
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County kngineering offices have made extensive use of 

programmable calculators in their engineering operations 

and have had some difficulty incorporating microcomputers 

into their operations. Combining the utility of a 

spreadsheet program with the need' for county engineering 
I 

offices to build a bridge between programmable calculator I 
I 

applications and microcomputers in the technological 
I 

transition seemed the natural way to respond to the n d .  1 
CIpplications in highway and hydraulic computations were I 
selected as the specific application areas after 

, I  

I conducting a survey qf all 99 counties for priority 

preferences, should such a project be undertaken. 

i i 

' ,  
: . I 

- ' ~  I 

1.2. Identification of Initial Problem S& i .. 
I 

The res~tlts of the prepraject survey crf all IT 

counties for pri ori ties in appl i cation areas was 

presented to an advisory committee at the Hilton Inn i\n 1 
I 

Des Moines on October 16, 1985. It was recommend@d that 

short-term priority should be given to developing 1 
spreadsheets for I 

+ computing flow in ditches 

+ calculating vertical curve elevations I 
* determining bridge waterway opfming I 

I 
i * determining the size of culvefts $n design .? 1 

i i 
and that long-term priority 

+ computing earthworks with an attempt to-pl. 
, . 

,/"' 



di agram 

* computing backwater analysis f ram drainage 
structures. 

The advisary committee suggested a modular design on 

the spreadsheet programs with instructions on how to link 

these together. 

1.3. Ohiective the Project 

The praject had as a central objective development of 

Multiplan spreadsheets for a set of hydraulic and highway 

engineering computations of common interest to county 

engineers and to make these available to the various 

counties through a series of one-day workshops. This 

report is also one of the dissemination devices intended 

in the project objective. 

I 



2. DEVELOPMENT OF SPREADSHEETS 

2.1.Selection of the Base Spreadsheet Prwraim 

Several surveys have been done regarding the var iety 

of microcomputer hardware available i n  the 99 Iowa 

counties. Those surveys and the survey work of  the 

project s ta f f  i n  the preproject stage convinced the 

project s ta f f  that  the most appropriate spreadsheet: 

program t o  use was Mult iplan by Microsoft Corporation. 

This was based on the fac t  that  i t  was available i n  

versions that  operated on the widest var iety  of  hardware 

brands and models, and that, i t  was moderately priced f o r  

counties jus t  beginning t o  acquire software. High cost 

software places a temptation t o  acquire p i ra te  softwdre 

or places an undue burden on the budget t o  make a t r i a l  

ins ta l la t ion .  Mult iplan seemed t o  o f f e r  the greatest 

potent ial  t o  be low cost, widely implementable and 

f l ex ib le  enough i n  structure t o  accomodate the range of  

computational needs. Subsequent research by the preject 

s ta f f  i den t i f i ed  that  Multiplan had the most powerful 

equation capabi l i ty  which was c r i t i c a l  i n  some of  the 

hydraulic engineering spreadsheets. 

2.2. Development Sources 



Sources used as the basis of developing these 

spreadsheets were those that are either expected to be in 

most engineering offices desiring to use the particular 

spreadsheet or be readily available in a cooperating 

office. The highway engineering computation spreadsheets 

utilized equation relationships and table lookup 

materi a1 s from two primary sources: 

* A !?ELLEY En G_eometrFc DEE&¶!! of Hiah~iiwz and 

Streets, 1994, American Association of State 

Highway and Transportation Officials. 

* R o ~ ~ t e  Location Desian, Fifth Edition, Thomas 

F. Hickerson, McGraw-Hill, 1964. 

The hydraulic engineering spreadsheets were based on a 

variety of sources. Among those were: 

* Hvdraulic Desian go f&aqhwy Culverts, Report 
FHWA-IP-85-15, Federal Highway Administration, 

September 1985. 

* VAL program on DOT T50, Iowa Department of 
Transportation. 

+ Channel H_ydraulics, Ven Te Chow, McGraw-Hill, 

Inc., New York, 1959, pp 27-28, 249-289. 

* "Federal Highway Administration Calculator Series 
for Hydraulics for the TI-55" equation was used 

for the critical depth for outlet control for 

cul verts 

Other saurces include consultations with Hr. Phillip 

Thompson of the FederaE Highway Administration in 



Washington, DG, and staff personnel of the Iowa 1 
I 

Department of Transportation Office of Preliminary Bridge 

Design. i 
I 

NOTE: For culvert design and analysis, full flow was 

assumed in all cases with velocity defined by the ratio 

of flow to cross-sectional area of a culvert. 

2.3. Development Process 

The spreadsheets were developed by first laying out 

the computational process an engineer typically uses with 

a paper-pencil-calculator method. Then information was 

organized into an input screen which became a home base 

for the spreadsheet. The required computations were 

organized in a linear flow pattern since a spreadsheet 

calculates down and to the right unless special 

instructions are included. Then an output screen was 

organized inta which the computational answers were 

placed. Testing with a known result example then 

followed. Modifications to the spreadsheet to enhance 

user understanding, add flexibility in use, and clarify 

results created several versions for some spreadsheets. 

2.4. System Compatibility Difficulties 

I 
I 

It was determined after testing thoroughly that 



Mu1 tiplan versions were available for almost a1 1 

microcomputers in use. One exception is the 

Hewlett-Packard 80 series. Furthermore, consultation 

with the Iowa State University Microcomputer Products 

Center and the Engineering Research Institute Electronics 

Laborator-y resulted in a combined hardware-software 

method for transfering spreadsheets between MS-DOS based 

hardware and the various Apple microcomputers. One 

problem never fully resolved was the difficulty of 

interacting with the Burroughs B-20 series 

microcomputers. 

2.3. Cnmpu ter t& Computer Communication Solution 

With the assistance of the Iowa State University 

Compcrtakion Center Microcomputer Products Center it was 

determined that by connecting between two serial ports on 

any twu camp~tters for which a valid Multiplan program 

exists, it was possible to transmit spreadsheets between 

the two computers. A software communication program must 

exist i r ~  common for both computers. KERMIT is a public 

domain program to public agencies so that ISU can furnish 

a copy to a public agency (it can be purchased for 640 by 

for profit organizations). KERMIT is available for a 

wide range of microcomputers. Using KERMIT permits the 

transmissirn of a Multiplan spreadsheet in the SYMWKIC 

format code between, for example, IBM computers and APPLE 



computers. Similarly, a county engineering office with a I 
modem can use such a communication program to transmit a 

Multiplan spreadsheet to another office having a modem on 1 
a microcomputer. Interchange of spreadsheets can be made 

in this fashion between computer systems which cannot I 
directly read each others disks. I 
2.6. Spreadsheets Developed 1 

The following spreadsheets were developed to assist in I 

highway engineering computations: I 
A. HORIZCRV is a spreadsheet to permit entry of basic 

roadway design parameters for width of pavement and 

related facts, entry of PI station, the DELTA angle at 

I 
I 

the PI, and the design degree of curvature and the I 

spreadsheet will compute the necessary information to 

locate the curve on the ground. It will also provide 
I 

the typical design detail information to be included 1 
on a plan and profile sheet. 

8. VERTCURV is a spread~heet to permit entry of vertical I 
profile design information such as the VPI station and i 
elevation, the grade entering and leaving the W I  and 

the distance between desired elevations along a i 
vertical curve to compute vertical curve elevations. 

AASHTD criteria is used to determine the required 1 
length of vertical curve to be input. The spreadsheet I 
will then calculate the vertical profile elevations. 



A separate portion of the spreadsheet allows 

calculations at odd stations for driveways w similar 

points requiring profile elevations. 

C. SUPERE is a spreadsheet to utilize A W T O  criteria to 

define the centerline, left and right edge of pavtement 

profile for a superelevation transition to a circular 

curve. The transition ean be either tangent or spiral 

curve. If other than AASHTO criteria are desired, 

those can be specified. 

D. MAXTRNG is a spreadsheet to permit an engineex to 

define a maximum length of tangent that can be 

accepted in a curve relocation as curve design 

control. The spreadsheet will then compute the curve 

which can be placed in the restricted geometry. 

E. EARTHWKS is a spreadsheet to permit entering cut and 

fill 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 far 

entering limited cross section inCormation resulting 

in a calculation of the cut and fill, definition of 

the mass diagram and a character plot of a mass 

diagram for preliminary adjustment of the design 

gradeline. This effort was not very successful. 

F. SIGNINV and MAINTREC are two spreadsheets included in 

this project report whicw were completed under a 

student special topic effort rather than this contract 



effort. The student effort was coordinated with this 

project so that the inclusion of these two can be 

provided as an illustration of how a spreadshemt 

program can be used to perform an inventory and record 

keeping function. Some offices may not be interested 

in devoting the time needed to learn a microcomputer 

data base, which is better suited to this type task, 

and may find these spreadsheets a useful aid in 

developing other simi 1 ar applications. 

The following hydraulic engineering spreadsheets were 

developed : 

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

section (trapezoid, V-bottom, rectangular, etc. ) ditch 

from Manning's equation. The computation is often 

used for trapezoidal cross section roadside ditches 

and for lined channels were the depth of flow is not 

critical. 

B. RUNOFF is a spreadsheet developed to calculate the 

runoff flow from an Iowa watershed drainage area to 

yield a design flow for hydraulic structures. The 

hydrologic bases of this spreadsheet are the Iowa 

runoff chart and the current version of Bulletin 11. 

Bulletin 11 is being updated as of this report date. 

When the new version of Bulletin 11, upon which this 

spreadsheet was partially based, is issued, the 

spreadsheet can be updated to reflect any changes and 

a new spreadsheet revision issued. 



C. WSGEOM i s  a spreadsheet developed t o  calculate the 

water surface p r o f i l e  along a section of a trapezoidal 

channel. I f  the trapezoid i s  defined with a zero 

bottom width i t  becomes a V-bottom ditch. This i s  f o r  

use i n  estimating the backwater efqects due t o  pmding 

by a culvert  under the roadway a t  a downstream 

location. 

D. CULVERT is a spreadsheet developed t o  perform the 

necessary steps t o  s ize a culver t  a t  a si te.  The 

program i s  less data intensive than the FHW program 

and focuses on parameters with which county engineers 

are expected t o  be more famil iar.  The s ign i f icant  

advantage of t h i s  spreadsheet over the FHWA program i s  

that  i n  the FHWA program a l l  i n i t i a l ,  data must be 

reentered each time a s ingle design t r i a l  rev is ion i s  

made. I n  the spreadsheet, only the design parameters 

the engin@er wishes t o  change are modified t o  develop 

a new or alternate solution. 

E. XSECT i s  a spreadsheet developed t o  permit entry of 

elevations and distances across the natural reach of a 

stream t o  obtain the stage discharge curve. It was 

created and tested t o  conform t o  the Iowa Department 

of Transportation VAL program f o r  the DOT TSO. It 

provides a useful i l l u s t r a t i o n  of the degree t o  which 

computational a c t i v i t i e s  can be made t o  reproduce a 

high Level computer language program i n  a 

microcomputer spreadsheet. 



F. WSNAT-1 and WSNAT-2 are two spreadsheets which compute 

the water surface profile for natural cross 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 area). If 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 

computations for three more cross sections. If more 

cross sections are anticipated, the engineer can 

create multiple copies of WSNAT-2 under the names of 

WSNAT-3, WSNAT-4, etc., and continue using the 

"external copy" function to extend the computation as 

far a5 needed. The project staff did not expect most 

county engineering applications to require such 

analysis for an extensive distance due to the nature 

of most county projects. 

2.7. Recommendations for Further Developments and 

Ref i nements 

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 world engineering need for laboratory 

credit. Modifications that might be pursued along this 

path include continued investigation of ways by which a 

mas5 diagram plot can be generated from a spreadsheet 

col~\mn of mass ordinates; methods of entering direct1 y 

cross section elevations to compute cuts and fill areas 

for mass diagram computations; updating the hydrologic 

analysis curves and tables associated with revised 

reports; developing equipment analysis procedures on 

spreadsheets. Updates and revisions pursued in this 

manner shculd be relatively low cost (or no cost if done 

completely in an academic assignment context). for 

example, a student could prepare a horizontal curve 

~alculation spreadsheet to make the necessary 

computations for spiraled circular curves. 

2.8. Devel oament Dissemination Wor kshoos 

Workshops were conducted on November 25, 1986, January 

6, January 7, and February 13, 1987 to a total of 76 

participants. f i t  these workshops the participants were 



briefed on the project. They were introduced to using i 
I 

Multiplan as a spreadsheet program. Participants were 

given detailed instruction in the use of one highway 

engineering spreadsheet and one hydraulic engineering 

spreadsheet. They were guided in a self-practice 

exercise in one additional spreadsheet in each of the 

highway and hydraulic engineering areas. Participants 

were briefly introduced to the other spreadsheets 

developed. fill participants were given an opportunity to 

m q k r  suggestions and requests for changes or revisions in I 
tile spreadsheets. These suggestions and requests were I 
used  to wxlify the spreadsheets and documents between and 

a+ Ler wc~-h~;hops. i 
Not all per.aons eligible to participate in the I 

w a r  kstinps chose to attend. It is suggested that the i 

C i v i l  Engineering Extension Program at Iowa State i 
! 

Li:-\i:)er.ii ty ci~firlctct a workshop fall 1987 as a part of its 

rays-(i ar pragr'am to enable additional interested persons I 
t~ irecome fateil iar with the use of these spreadsheets. 

.-., c . i: S*ru~j*sti o!is f s  U = i  Flaol ications Manual 

The p-.nje{:rl stafi suggests that users of the i 
I 

Fijl'i.?l i *..:at i t t i-f% Manctal (later pnrtions af this report) make 

r:t?ii:qez a;-~d inodif ications in . it . as needed for most 1 
*? . i i ic i  i - t c ~ t  +.!.ser- operat ion. When a person first starts 1 

,..- 
i 

,si.:~g l..iisst;r ilult.iplan spreadsheets it is anticipated that 



an ind iv idua l  w i l l  f o l low the ins t ruc t ions  closely. W i t h  

a l i t t l e  f a m i l i a r i t y  w i th  the spreadsheet, the developers 

an t ic ipa te  tha t  most o f  the user cues w i l l  be taken from 

the screen wi th only occasional reference t o  the  

appl icat ions Manual. I n  t ha t  type of  operation, i t  i s  

suggested that  copies be made of  the sheets deemed 

c r i t i c a l  t o  r eca l l i ng  steps needed t o  use the 

spreadsheet. This w i l l  produce a "quick reference guide" 

lo each spreadsheet. Because i t  was not  possible f o r  the  

pro jec t  s t a f f  t o  know what most people w i l l  need f o r  

quick reference, na such guide was developed i n  this 

ron l ract .  Again, i f  comments about the needs along th is 

Eine are forwarded t o  the Center f o r  Transportation and 

Pttblic Works a t  the C i v i l  & Construction Engineering 

Department o+ Iowa State Universi ty,  some academic 

p ro jec t  may be able t o  develop a quick reference guide 

based on user input. 

It has been assumed by the  pro jec t  s t a f f  t ha t  persons 

using t h i s  Appl icat ions Manual have worked w i th  Mul t ip lan 

eno:.:gR t o  be aware of  a few basic spreadsheet program 

operations. These include: 

A. Entering a labe l  as alphabetic information i n  a c e l l .  

R. Entering a number (value) i n  a c e l l  f o r  computational 

purposes. 

C. Transfering a spreadsheet f i l e  from a disk i n t o  

computer memory. 

D. Saving a spreadsheet from computer memory onto d isk  as 



a file. 

E. Creating a window of row and column titles for 

maintaining headings while scrolling through a 

spreadsheet. 

F. Inserting rows or columns in a spreadsheet. 

G. Deleting rows or columns from a spreadsheet. 

W. Copying information from one row or column or cell to 

anoth~r . 
I ,  Using the options function to turn the recalculation 

and iteration functions off and on. 

J. Printirq a spreadsheet out on a printer, setting the 

ps-ink ranges and print margins. 

b'. Changing the format code of the spreadsheet from/to 

symbolic format and normal format. 



1. MULTIPLAN ORIENTATION 

1.1. S tar t ing  - With MULTIPLAN I n i t i a l l y  

This p ro jec t  assumes some l i m i t e d  f a m i l i a r i t y  w i t h  

Mul t ip lan t o  be prepared t o  use these spreadsheets. The 

pro jec t  s ta f f  considers i t  nei ther  e t h i c a l  nor prudent 

use of any computer software package t o  use i t  i n  an 

engineering design, analysis o r  management context 

without f i r s t  gain ing some minimal awareness of  the 

c a p a b i l i t i e s  and l i m i t a t i o n s  of  the software package. 

Microsoft  Corporation has provided t h a t  f o r  persons who 

are not in terested i n  experimenting w i th  work not  o f  a 

c r i t i c a l  nature i n  a learn ing mode. Microsof t  

documentation f o r  Mul t ip lan provides a very thorough and 

wel l  w r i t t en  t u t o r i a l  which i t  i s  suggested t h a t  the 

novice user complete before beginning use o f  these 

spreadsheets. 

It i s  advisable t o  have several blank d isks  ava i lab le  

which have been formatted i n  MS-DOS before beginning 

operations wi th  these spreadsheets. The p ro jec t  s t a f f  

suggests tha t  two or  more spare formatted empty d isks are 

ava i lab le  a t  a l l  times. That way i f  a person ever 

attempts t o  SAVE a spreadsheet f i l e  from computer memory 



onto disk and the "disk ful l ' '  message appears, the I 
spreadsheet can be immediately re-SAVEd on one of  the 

spare formatted disks. Note tha t  when a disk f u l l  e r ro r  i 
i s  encountered i n  the  process of saving a spreadsheet, 

there i s  no assurance tha t  a l l  the  spreadsheet was saved, I 
thus, the spreadsheet p a r t i a l l y  saved creat ing the  "disk I 
f u l l "  e r ro r  should be DELETEd from the " fu l l "  disk. 

I 
6iLWAYS SAVE A SPREADSHEET TO TWO SEPARATE DISKS TO CREATE 

A WORKING COPY AND A BACKUP COPY. 

When and i f  these spreadsheets begin t o  be used wi th  1 
any degree of  frequency, a l l  design and analysis I 
spreadsheets should be dated when they are saved. This 

w i l l  enable the user t o  maintain only the most current  

version o f  solut ions when "cleaning" f i l e s .  
I 

1.2. Transf e r inq  t& SYMBOLIC Format Dissemination D&k I I 

The dlsC issued as a por t ion  of  the  dissemination 

dacuments has the spreadsheets stored on i t i n  Symbolic 

F-rnat. There several reasons f o r  t h i s .  F i r s t ,  any 

MS-DOS computer or other computer which can read the  disk 

w i l l  be able t a  read the symbolic format spreadsheet. 

Second, since a user w i l l  almost always want t o  load and I 
save spreadsheets i n  a Normal Format f o r  speed o f  

operations, there i s  l i m i t e d  po ten t ia l  t o  erroneously use ! 
the dissemination disk as a regular  working disk, i 
therehy, a l t e r i ng  or  destroying the  spreadsheets 



f ~rr:?i.shed. 

Because using spreadsheets i n  the  symbolic format 

requires a long disk access time, i t  i s  suggested t ha t  

the very f i r s t  operation required i s  t o  t ransfer  the 

spreadsheets furnished onto another formatted disk i n  

normal format. The steps t o  fo l low are: 

1. Prepare several formatted data disks. 

2. Boot Mul t ip lan on your computer. 

3. Assuming a two floppy d isk  d r i ve  computer 

coni igurat ion, i n se r t  the  dissemination disk i n  

Dr i v e  B 1#2) .  

4. ALWAYS CLEAR THE SCREEN AND CLEAR COMPUTER MEMORY 

BY tiSIt4G THE COMMAND Transfer ClearBEFORE LOADING A 

Symbolic F i l e  TO A V O I D  ADDING THE FILE TO UNWANTED 

MGTERIAL. Enter the  command Transfer, then 

Optrons3 and "space" over t o  h igh l i gh t  Symbolic as 

the "mode". I f  desired, "tab" t a  the "setup" and 

i den t i f y  the d r i ve  of the  data disk. Press 

"Return" key. 

5. Fnter the command Transfer, then Load. When asked 

+or a f i l e  name enter VERTCURV.MPS (preceding i t  by 

d r l ve  designation such as B: i f  the setup has not  

been sper i f  i ed  fo r  the data disk dr ive) .  

6 .  G f  t e r  several minutes of d isk d r i ve  operation, t he  

spreadsheet w i l l  come up on the screen o f  your 

iomputer. Now enter the command Transfer, then 

Options, and change the mode back t o  Normal. 



7. Remove the dissemination disk from the data disk 

drive and insert a new formatted data disk in the 

drive. 

8. Enter the command Transfer, then Save. When asked 

far a file name, the program will retain the name 

VERTCURV.MPS. Change the name to VERTCUKV deleting 

the extension MPS which stands for Multiplan 

Symhalic. That way there will be no confusion 

ahout the contents of the disk. 

9. Repeat the steps 4 through 8 above until all the 

spreadsheet files on the dissemination disk have 

been converted from Symbolic made to Normal mode 

and saved on a new data disk. 

10. Repeat steps 4 through 8 above for the hydraulic 

engi~leering spreadsheets disk. 

1 . 3 ,  giavino a C~enmputation Result 

It is expected that when spreadsheets begin to be used 

ccnmonly for engtneering computations the program's power 

to recalculate a1 ternative solutions immediate1 y 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 keep a large number of intermediate 

solcttions before selecting the one to be incorporated in 

the final desx gn. That suggests that a user should keep 

several fnrmatted blank disks available upon which the 



spreadsheet can be quickly saved before a parameter is 

.:hanged t o  generate another solution. When a final 

501 t i t ]  on is reached, a decision can be made about whether 

to obtain a printed record of any or all of the 

intermediate solutions for the project file and all but 

selected solutions can be erased from the data diskfs). 

Two things to bear in mind for efficient and effective 

use to spreadsheets. First, it is much faster to save a 

spreadsheet to disk in normal mode than it is to print a 

spreadsheet out on paper. Second, keeping unnecessary 

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 & lJ&g. tlultiola~ 

The Civil and Construction Engineering Department at 

Iowa State Uinversity maintains a commitment to service 

to the profession through the Extension and Research 

role. Persons in the Department who are knowledgable 

about Multiplan (and spreadsheets in general) include: 

Charles S. Oulman (515) 294-6734 

Edward J. Kannel (515) 294-6777 

Fenneth 6 .  Brewer (515) 294-6777 

It is also appropriate to address an inquiry t o  the 

Manager, Center for Transportation and Public Works, 

Civil and Construction Engineering Department, Iowa State 



University, Ames, Iowa 50011, to gain possible access to 

a ltnowledgable student advanced in the intracies of 

Multiplan. It would also be appropriate to inquire with I 
either the Civil Engineering Extenstion Program Leader or 

the Technology Transfer Program Leader, Civil and i 
Construction Engineering Department, Iowa State 

University, Ames, Iowa 50011. 



2. SPREADSHEET USER INSTRUCTIONS 



2.1 Highway Engineering Spreadsheets 



2.1.1 VERTCURV 



VERTCURV 

VERTCURV i s  a spreadsheet developed t o  layout a 

ver t ica l  curve. The spreadsheet w i l l  calculate the data 

required t o  layout a ver t ica l  curve onto plan and p r o f i l e  

sheets, 

The input data include: point  of ve r t i ca l  intersect ion 

(V .P . I . ) ,  grade i n t o  and out of the V.P.I., elevation of 

the V.P.I., length of the ver t i ca l  curve and stat ion 

increment. 

The output generated inlcudes: 

curve data: 

point of ver t ica l  curvature (V.P.C. 1, point of  

ver t ica l  tangency (V.P.T. ) , elevations of  the V.P.C. 

and V.P.T., and locat ion and elevation of the crest 

or sag; 

curve layout data: 

extended tangent elevation, curve p r o f i l e  elevation, 

curve gradient, and odd stat ion curve elevations. 

The best way t o  begin using a spreadsheet i s  t o  obtain 

a l l  pert inent data, record the data i n  a form that  i s  



eas i ly  transferred t o  the spreadsheet, and then input the 

data onto the spreadsheet. The data obtained f \ om 
preliminary roadway layouts and design manuals can be 

transferred t o  an input form. Once t h i s  i s  done, the 

user can proceed t o  use the spreadsheet. 

The f i r s t  step i s  t o  load the f i l e  from the disk t o  

Multiplan. These inst ruct ions assume the f i l e  has been 

stored on disk i n  Normal Format (transferred from 

Symbolic Format) under the name VERTCURV.m). Once the 

spreadsheet has been loaded i n t o  your computer the 

i n i t i a l  screen w i l l  appear. Select the Options command 

and set Recalculation t o  OFF t o  enter the i n i t i a l  data. 

Input the informative data i n  rows 13-16 of  the 

spreadsheet (see Figure 1). These data include the 

project number, project name, preparer, checker and dates 

the project was prepared and checked. 

Once the informative data are input, the user then 

should input the point  of  ve r t i ca l  intersect ion (V.P.I.), 

elevation of the V.P. I . ,  length of  the ver t i ca l  curve, 

and stat ion increment i n t o  rows 23-28 i n  column 4 (see 

Figure 1). The point  of ve r t i ca l  intersection, grades 

i n t o  and out of the V.P. I., and elevation of  the V.P. I. 

can be obtained from the preliminary plans f o r  the 

pro ject  (see Figure 2). The length of the ver t i ca l  curve 

and stat ion increment are determined using the CKISHTO 

Green Book or the Iowa Department of Transportation 

Design Procedure Manual. The stat ion increment i s  chosen 



according t o  the pol icy used i n  the engineer's of f ice. I 
These are a l l  the data that  are required t o  be input on 

1 
t h i s  spreadsheet. Before viewing the ouptut data 

generated by spreadsheet, remember t o  turn  the 

Recalculation Mode back t o  the ON status by selecting the I 
Options command again. (She spreadsheet w i l l  not produce I 

I , 
any resu l ts  unless the recalculat ion function i s  on.) 

After viewing the output data, the spreadsheet should be I 
saved with a filename sole ly  character ist ic of the 

ver t ica l  curve and project fo r  the purpose of  reuse and I 
editing. Do not save i t  under the same name tha t  your I 

I 

blank master spreadsheet has i n  the disk directory or you 

w i l l  overwrite your master spreadsheet with one 

containing project data. 

I 
2.1.1.3. Example Problem I 

The fol lowing i s  an example application of the I 
spreadsheet described above. 

CI farm-to-market paved county highway i s  t o  be 1 
designed and constructed i n  r u r a l  Iowa. From the- I 
preliminary plans, the point  of ve r t i ca l  intersect ion i s  

107 + 78.50. The grades i n t o  and out of the V.P.I. are I 
6% and -4%, respectively. The elevation of the V.P.I. i s  

900 feet above sea level. The length of  the ver t i ca l  

curve i s  set a t  1000 feet  by the engineer. The stat ion 

increment i s  chosen as 100 feet. Several odd stat ions 



were r e q u i r e d  t o  b e  found and are inc luded  i n  t h e  ou tpu t  

(see Figure  4) .  

The d a t a  are f i r s t  e n t e r e d  on an i n p u t  form. An 

example of t h e  f i l l e d  i n  i n p u t  form is shown i n  F igu re  3. 

T r a n s f e r r i n g  in format ion  from t h e  d a t a  e n t r y  form t o  t h e  

sp readshee t  completed t h e  process .  Pe r sons  exper ienced  

with u s ing  t h e  sp readshee t  w i l l  probably bypass  t h e  d a t a  

e n t r y  form and e n t e r  d a t a  d i r e c t l y  i n t o  t h e  spreadshee t .  

The completed sp readshee t  is shown i n  f i g u r e  4. The 

t o t a l  ou tpu t  is conta ined  on 3 pages, a l l  of which are 

requ i r ed  when l a y i n g  o u t  t h e  cu rve  on t h e  p l a n  and 

p r o f i l e  s h e e t s .  



I 

Figure 1. Input Template fo r  VERTCURV I 

1 2 3 4 5 i 
1 * * * * * * * * * * * * * C * n * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

2 VERTICAL CURVE COMPUTATIONS 
3 . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * m * m * * * * * * * * * * * * * * * * * * * * * * *  I 
4 

5 ...................................................... 
6 + Multfplan Microcomputer Spreadsheets for County + 
7 + Hydraullc and Highway Engineering Computatfons + 
8 + Copyrfght by Kent L. Ahrenholtz + 
Y + Version 1.0 + 

10 + 1 986 + I 
I 

I I ........................................................ 
Project Numberr 
Project Name: 
Prepared By: 
Checked Byt 

Date : 
Date : I 

CURVE INPUT DATA: 
.,-",--w-------.,..- 

Pofnt of vertical 
lntersectlon. V.P.I. = 0.0000 statlons 

Grade into V.P.I.. GI = 0.00 percent 1 
Grade out of V.P.I.. G2 - - 0.00 percent I 

Elevation of the V.P.I. E 0.00' feet 
Length of the vertlcel curve = 0.00 feet 
Stetfon tncrement a 100 feet I 

3 1 
32 CURVE OUTPUT DATA: 

"e""" """"""'""""" 
Point of vertlcel 

curvature, V.P.C. = 0.0000 statlons 
Elevation of the, V.P.C. 0.00 feet i 
Polnt of vertlcel 

tangency, V.P.T. = 0.0000 stations I 

Location of the crest = #DiV/O! statlons ! 
Elevation of the crest = #VALUE1 feet I I 

4 4 Lest even station 
45 before the V.P.C. = 0.0000 stations 
4 b  

I 
First even incremental 

4 7 station beyond the V.P.C. = 1.0000 stations I 

I 

I 



., 
.: . . . 

Point of Vertitd I n t m o n ,  V.P.I. 
,7.'-.' 



Figure 3.  I nput  form f o r  Example Problem 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

VERTICAL CURVE INPUT WORKSHEET 
* *  I . . . . ~ ~ . . ~ . . . . . ~ ~ . I ~ I ) n ~ I ) I ~ ~ . . ~ ~ . . . . . I ~ . . O ~ I ~ e e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ a m u ~ ~ ~ ~  I 
Project Number: 87 - ( I 

S+avu G, E57 
I 

Project Name: 

Prepared BY: A ~ Y - Q  fi k Q I Dater 03 - 14-87 
u I 

Checked Byr %JCWW Date: 03-20 - e7 
I 

CURVE INPUT DATA: 
..,A,---.....,--*------ 

Point of Vertlcal 
Intersection, V.P.I. = l b 3 . 7 S 0  statrons 

Grade Into the V.P.1.. 01 - 4.6 percent I 
Grade out of the V.P.I.. 02 = - 4  percent 

Elevation of the V.P.I. P q b  o feet 

Length of the Vertical Curve = I feet I 
Statlon increment a 100.00 feet 1 



Checked By:  

tangency. V.P.T. = 112.785 

Locet l on. of the crest 

before.the V.P.C. = 102.000 

. . 



Flgure 4. (continued) 

CURVE LAYOUT OATAr -...,.-."------------ Extended Curve 
O f  stance Tangent Prof f l e  Curve 

from V.P.C. Elevatlon Elevation Gradlent 
Station ( i n  feet)  ( I n  feet )  ( I n  feet )  ( i n  percent) 

^ * ~ * - & - - - - - - - r - r r - ~ - - - - - - - - - - - - - - - - - - - - - e - - - - - - - - - - - - - - * - - + - - , 4 . . . &  

V.P.C.  102.7850 0.00 870.00 870.00 6.00 
103.0000 21.50 871.29 871.27 5.78 
104.0000 121.50 877.29 876.55 4.78 
105.0000 221.50 883.29 880.84 3.78 
1 06.0000 321.50 889.29 884.12 2.78 
107.0000 421.50 895.29 886.41 1.78 
108.0000 521.50 901.29 887.69 0.78 
109.0000 621.50 907.29 887.98 -0.22 
110.0000 721.50 913.29 887.26 -1.22 
1 1  1 .OOOO 821 .50 919.29 885.55 -2.22 
112.0000 92 1.50 925.29 882.83 -3.22 

V.P.T.  112.7850 1000.00 930.00 880.00 -4.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0,0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 0.00 0.00 
0.0000 0.00 0.00 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 



Figure 4. (continued) 

ODD STATIONSx 
--A.--------." Curve 

E l e v a t i o n  
D e s c r i p t i o n  S t a t i o n  ( i n  f e e t )  

----*--------------------------*-------w--- 

FARM ENTRANCE I 104.2500 877.72 
CMP 1 106.7540 885.94 

INTERSECTION I 110.5000 886.53 
FIELD ENTRANCE 1 112.5000 881.10 

I 0.00 
I 
I 0.00 
I 
I 0.00 
I 0.00 
I 
I 
I 

0.00 
I 
I 

0.00 
I 0.00 
I 
I 0.00 
I 0.00 
I 0.00 
I 
I 0.00 
I 
I 0.00 
t 0.00 
I 
I 0.00 
I 
I 0.00 
I 0.00 



2.1.2 HORIZCRV 



HORI ZCRV 

2.1.2.1. Introduction 

MDRIZCRV i s  a spreadsheet t o  layout a horizontal 

c i rcu lar  curve. The spreadsheet w i l l  calculate the 

surveying data required t o  layout a horizontal curve onto 

plan sheets and i n  the f ie ld .  

The input data include: t o t a l  def lect ion angle (delta) 

a t  the point of intersect ion (P.I.), degree of curvature, 

point of intersect ion station, s ta t ion increment along 

the c i rcu lar  curve, lane width of f in ished roadway cross 

section, and shoulder width ( i f  area of pavement and area 

of shoulder along the curve i s  desired). 

The output generated includes: 

curve data: 

radius of curvature, tangent distance, length of  

curve, external distance, long chord, and middle 

ordinate; 

stat ioning information: 

point  of curvature (P.C.) and point  of tangency 

(P.T. ; 

curve layout data: \ 

deflection angles, chord distances, of+set distance 

both from curve t o  tangent and from tangent t o  curve, 
6( 

and areas of pavement and shoulder p w  station. 



The best way t o  begin using a spreadsheet i s  t o  obtain 

a l l  pert inent data, record the data i n  a form that  i s  

easi ly transferred t o  the spreadsheet, and then input the 

data onto the spreadsheet. The data obtained from 

preliminary roadway layouts and design manuals can be 

transferred t o  an input form. Once t h i s  i s  done, the 

user can proceed t o  use the spreadsheet. 

The f i r s t  step i s  t o  load the f i l e  f r o m  the disk t o  

Multiplan. The f i l e  i s  assumed i n  t h i s  discussion t o  be 

stored a disk i n  Normal Format under the name 

HORIZCRV-MP. Once the program i s  loaded, tu rn  

Recalculation OFF by selecting the Options command and 

then input the informative data i n  rows 13-16 (see Figure 

5). These data inclue the project number, project name, 

preparer, checker, and dates the project was prepared and 

checked. 

Once the informative data are input, the user should 

then input the t o t a l  def lect ion angle, degree of  

rarvature, point  of intersect ion station, curve s ta t ion 

increment, lane width and shoulder width (lane and 

shuulder width needed only i f  pavement areas desired) 

i n t o  rows 19-26 i n  column 4 (see Figure 5 ) .  The 

def lect ion angle and point  of in tersect ion can be 

obtained from the preliminary plans f o r  the project (see 



Figure 6). The degree of curvature, station increment, 

lane width and shoulder width are all determined by the 

engineer. For the degree of curvature, a maximum value 

can be obtained from the AASHTO Green Book or the Iowa 

Department of Transportation Design Procedures Manual 

using the design speed, but the value used should be 

chosen by a knowledgable engineer. The other 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 generated by the 

spreadsheet can be viewed the Recalculation function must 

be turned on by entering the Options command again. 

After viewing the the output data, the spreadsheet should 

be saved with a filename solely characteristic of the 

horizontal curve and the project for purposes of editing 

and reuse. 

2.1.2.3. Example Problem 

The following is an example application of the 

spreadsheet described above. 

A farm-to-market paved county highway is to be 

designed and constructed in rural Iowa. From the 

preliminary plans, the total deflection angle is found to 

be 54 degrees 30 minutes and the station of the point of 

intersection is found to be 105 + 35.40. The engineer 

has set the degree of curvature at 3 degrees. The 



stat ion increment along the c i rcu lar  curve i s  chosen as I 
100 feet. Enginering c r i t e r i a  c a l l  f o r  a lane width of 

12 feet and a shoulder width of 10 feet  f o r  t h i s  

par t icu lar  roadway. 

The data are f i r s t  entered on an input form. An I 

example of the completed input form i s  shown i n  Figure 7. I 
Data entry t o  the spreadsheet i s  completed using t h i s  

form. i 
The completed spreadsheet i s  shown i n  Figure 8. The 

t o t a l  output of the spreadsheet i s  contained on 5 pages, I 
but. for layout af the curve onto plan sheets or layout i n  

the f ie ld,  only the second and t h i r d  pages are needed. 
I 



Figure 5. Input Template for HORIZCRV 

J. 17 :3 4. G ..I 

1 d.a~e~ril.*.iu~~*+n*ie)~.*)(.a*~i(a*~**~*~*a*~*~*~**~**~*~i(**~j(.*~~***.~*~~**~*c******~~. 
.., 
.::. HI.IR f ZC:tNTAl ... C I RCIJLAR CClHVE CDMPLIT A'T I ION'S 
:3 ~a*nanaarra*a*aa**a*****a~x-i(.****Tr**~***c**~*********~***********+e****~*++ 
4 
y; ++++C++-k+++-l-++++++.+~i-++++++++++++++++++++~++++-b+++++++++ 

h 4 -  Mu1 t i p l a n  M i c r u c o r n p u t e r  S p r e a d s h e e t s  f o r  C o u n t y  + 
7 + Hydra1.11 i c  a n d  H i g h w a y  E n g i n e e r i n g  Cornputa t  i o n s  + 
~3 + C o p y r i g h t  b y  K e n t  L. A h r e n h o l  t z  + 
'7 -k A l  1 R i g h t s  R e s e r v e d ,  lPBb + 

1 I:! c V e r s i o n  2 . Q  + 
'I. 1 ...................................................... 
12 
1:3 P r o j e c t  I\lurnber: 
14 P r o j e c t  Name : 
15 P r e p a r e d  B y  : D a t e :  
lt. l::hei:ked By D a t e :  
'1.7 ...................................................................... 
., ,> .L .%. 

19 CURVE INPUT UATA: U e f ' l e c t i o n  a n g l e ,  U e l t a  = 0.00 d e g r e e s  
2,:1 ?,-,-> ?,,.,?.,,, *,,,. - ,-,,, ., ..,,,< - - 0.00 r a d i a n s  
21 D e g r e e  o f  c u r v a t u r e ,  U = 0.00 d e g r e e s  
.- -. r : :  - - 0.00 r a d i a n s  
.-., .- 
..: .=: P o i n t  a ?  I n t e r s e c t i o n ,  P I =  0.OOOO s t a t i o n s  
24 ! S t a t  i o n  inc re t r te r t t  . - - 1 0 0  f e e t  
25 L a n e  w i d t h ,  L.W. - - 0.00 f e e t  
:? 6, S h o u l d e r  w i d t h ,  5h.W. = - 0.00 f e e t  
A 7  ------------------.---------------------------------------------------- 

? 2.3 
c,.. ,- ,./ CLJRVE I~ICI'TPI-IT DATA: 
3() ~~.".."~"'"""""""'.,""""., 
:3 1 CI.IRVE UATA: 
3 2 R a d i t ~ s  o f  c u r v e ,  H = #DIV /O!  f e e t  
C.,.) .-,.-, ' r angen t  d i s t a n c e ,  7 = #VALUE! F e e t  
:3 4 L e n g t h  o f  c u r v e ,  L - - 0.00 f e e t  
.'-,c ,a,-. E:.;tc+rna1 d i s t a n c e ,  E = UVAI-UE! f e e t  
.-, .:. k. t o n g  c h o r d ,  C = #VALUE! f e e t  
:37 M i d d l e  o r d i n a t e ,  M - #VALUE! f e e t  
.....,-, ..:, C. 
",:) .-, . STATIONING INFOKMATIUW: 
40 P o i n t  o f  C u r v a t u r e ,  PC = #VALUE! 
4 I. P a i n t  o f  Tangency,  PT = #VALLIE! 
47  --------------------.----------.----------------------------------------- .& 

. :3 
4 C:LIRVE L..AYI2I..IT DATA: 
4."; "'..*'?", ,-..< ""~"'"~."'.~"""'~'~ C h o r d  l e n g t h ,  c = #VALUE! f e e t  
46 I n c r e m m n t  A n g l e s ,  d = 0.00 d e g r e e s  
4 7 - .- 0.00 r * a d i a r t s  
4:3 d l =  #VALUE! m i n u t e s  
47 = WVRLIJE! d e g r e e s  
c-,. .J ...) = #VCIL.IJE! r a d i a n s  
z: ., 
-1.. dZ= #VALUE ! m i n u t e s  
... I.<. := #VALLIE ! d e g r e e s  
=:. ,..., 
. i .:,. = #VALUE! r a d i a n s  
54. - 

41 



Figure 6 .  d HQILOMI) mahr C V Y ~  

Pant ol C w e ,  P.C. 
Paint d I~W~~CWI, P.I. 



Figure 7. Input  f o r n  f o r  Example Problem 

..*...a*.**.. **.....*aa**********..***.***.***************.**a******** 

HORIZONTAL CURVE INPUT WORKSHEET 
*. oo**oo*o*****oa**a**********o****o*o*oo*o*******ooa*******o********* 

Project Number r 87 ' 
Project Names S ~ Y Y  &. E 5 7  
Prepared Byr A hrtn h 0 'b* b t e r  03- 20-67 
Checked Byr Brewer Deter 03-tz-87 

CURVE INPUT DATA: "-"......-*.........-,"""-- 
Deflection Angle, Det te  a 5-4 , s" deg)rees 

Degree o f  Curvature, D P 3 . 0  degrees 

Pognt o f  intersect!on, PI - f 0s. 3 ~ L k o  stattons 

Stat ion Increment / b O , o 0  f e e t  

Lane Width l % , o  f e e t  

Shoulder Wldth = l o # e  f e e t  



Figure 8. Example Problem Template 

7: 
.J ++~+i-++-t+t+i..++++++++~-I.++++++++t+++t4.+~,-++-~+-t+..t++++i.+.b++++ 

t:, + M u 1 t i p l a n  I Y i r r i i c o m p u t e r  ?Si : raadshsets 1'or C o u n t y  + 
'7 + k i y d r i i u i  ti: : ~ n d  H i g h w a y  E n g i n e e r i n g  t 3 o m p i l t a t i o n s  + 
,:, ,..., i- C:::s~syright by  i::ent L. A h r e n h o l t z  + 
,::, + AT 1 F;i.yhts Heservec l ,  1986 + 

:! Cl t V e r s i o n  2.0 + 
1. '1. ....................................................... 
.( .::, ,. .,- 
I::: P:..n;jert N r~mber :  87-1 
14. F ' I - ~ ~ B L ~  Name : S ' t o r y  1-0. EZi7 
:i 5 F' r rf o a r e #::I Hv : A h  r e r, t, n 1 C z 
l/i I B y  : f3r.ewc.r U a t  e : 0:3-21:1-8'7 
1.7 i - -------- 
I e I 
I . ?  <::I-IRVE INF'LJT UA'I-A: D e f l e c t i o n  a n g l e ,  D e l t a  = 54 .50  d e g r e e s  
2,:1 ".""" ,*,.,,,<,,,n,,,,d,. - -. 0.95 r a d i a n s  

i! 1 Degrc .e  o f  c u r v a t u r e ,  I3 = 3.00 d e g r e e s  
.-,.- .<A - - 0.OJ r a d i a n s  
-., .-;, 

I 
...-, P o i n t  ::IF T n t e r s e c t i o n ,  PI=' 105.3540 s t a . t i n n s  -. 24 S t a t  i o n  i n c r e m e n t  - 100 f e e t  I 

.... w -" - I 
I?. J L a n e  w i d t h ,  L . W .  12.00 f e e t  I 
;?&, S h 0 1 ~ 1  d e r  w i d t h ,  6 h . W .  I 112.00 f e e t  
....,-. &, ...................................................................... 
..., ,,., ..::. ,=. 
2.3 r::i..JRvE OI-ITPCIT DATA: 
.-, . ,.,,..- ,,., <"<.,n-m>m,",a.,,d ,,..,. . ,,,,., 
..?C) 

I 
..., . 
1:. J. Cl.JRVE DATA: 
..., .. ,. , 
..:,.,i. H a d i ~ , l s  ,of  c u r v e ,  B -. - 1909.Eih f e e t  

I 
..., ..., . - - . C,? 

I 
.-,.... 'Tangent d i s t a n c e ,  T - 3.-,-*.64 f e e t  
:34. L e n g t h  n f  c u r v e ,  L 
.-,,:: 

1816.67 f e e t  
E x t e r n a l  d i s t a n c e ,  E = 2:38.42 f e e t  

1.. ...., k, Long c h o r d ,  C = 1748 .95  f e e t  
i 
I 

:3 7 M i d d l e  o r d i n a t e ,  M = 211.P6 f e e t  
.z. .=, ..,,..., 

,.3.:, :3TRT3:ONINO INFIZIRMATION: i 
4.f:) P o i n t  o f  C u r v a t r t r e ,  PC: = 95.5176 

I 
i l  :I. P n i n t  o f  Tangenr :y ,  PT = 113.6%:42 
42 
< ::$ I 
4.4 l::!.:RVEI: LAYC!IJ'I' [!&TA: 
4tl; ..*." *., <.....,.,~..~.,.~~...,,,,,~..n,,.,r,c,, C I"! 8.8 r J 1 e rl <it h . c: = .  +;,9. 913  f c.et 
4'. %cerement Ang l '>s7  d = 1. SO d e g r e e s  
4 ' 7  - -* 

I 
12.03 r a d i a n s  1 

4:3 d l =  4.3 . 4 2  a i n u t  e s 
<I. ,::> . .. - -. 0.72 d e g r e e s  
: : : / i  .... .. .- -. I 

0. 0 1  r a d i a n s  
,>? ., ..., / 62:: /I. :i . 5E1 in i. n IJ t e s 
,*.: 

i 
Y. 1 - 0 3  d e g r e e s  

=: ... l .L i  -. -. 0 .  02 rad i .a ,ns  
! r j ib  . ' I  



Figure 8. (continued) 

U e C t a c t  i n n  A n g l e  
f r o m  PI1 

T u r r t i n g  T u r n i r l g  
R i g h t  L e f t  

( d e g  rrlin a e c  ( r l e g  min % e c )  -,.,,. ,.,.<.. w-,-.--w,,.. .,,..,. "-..-*- .,,, e,*.q.*,.,?,m 

3 <I CJ 3bU i3 0 
0 43 25, :359 1. (-. 35 
2 . 13 25 357 4~ 35 
3 4:3 25 356 16 35 
5 13 25 354 46 :35 
6 43 25 :35:3 16 35 
8 1:3 25 :351 46 35 
5, 43 25 :350 1& :35 

11 13 25 :343 4rt. 35 
12 43 25 347 16 '35 
14 13 25 345 4h 35 
15 43 25 344 i 6  35 
17 13 25 34:2 46 :::5 
18 4:3 25 a41 16 3s 
24:) 13 25 3351 46, :35 
21 43 25 .4..,. ..a 0 16 :35 
23 13 25 336 4h 35 
24 4:3 25 . I b  35 
26 13 25 ." s3.3 4.6 :35 
27 15 (3 3:32 45 0 
0 0 CI 0 0 
1:) 0 0 0 0 0 
0 O 15 0 $3 0 
0 0 (3 (:I (3 0 
0 0 0 0 0 0 
<:I a (:I 0 ' 0  o 
0 0 0 0 (3 0 
13 C) r )  6:) 0 0 
0 O C) <:I 0 , 0 
0 0 0 <:I Ct 0 
0 0 $:I 0 0 0 
0 0 0 0 [:I O 
0 Cl <:I 0 0 (3 
CI 0 0 Cl O 0 
0 0 0 I 0 0 
13 (:I 0 1:) 0 0 
0 Cl 0 0 0 0  
1 3  Cl 0 (3 0 0 
Cl <:I 0 0 0 Cl 

13 $:I t:) !> 0 C) 
(:I !) <:I 0 1 0 
13 r:l (.:l i:, (:I r:, 
!:I 0 (11 t:> I )  0 
1:) 0 <:I : <:I c:) 
0 r:) !::> I 0 (::I 

Chor .d  U i a t a n c e  
from PC f r o m  P"r 

( i n  feet  ) ,.,," ..>,,,, ,,-,-.. *.,. ?"~&,*,--,-- 

u.no 174a.95 
48-24 1705.,:,2 

148.20 lb15.3S 
248.07 1524.72 
1347.76 1432.52 
447.21 1339.34 
546.36 1245.24 
645. 1:3 1150.27 
743.47 1054.55 
341.27 Y58.O:E: 
933. 53 Bh0.96 

1035. 13 763.25 
1131.0:3 665.02 
1226. 14 566. 33 
1320.42 467.25 
1413.79 367.85 
150%. zo 26s. 20 
1597.57 163.37 
1687.84 b8.42 
174H. 95 CI . 0 c:) 

0.00 0 . 00 
0 . 00 0. 0(3 
0.00 0. 00 
0. (30 C). 00 
0. 00 0.00 
0.  O(:I 0. on 
0. 00 0. (30 
0.00' 0. 00 
0.00 0. (30 
0.00 0. Oc) 
0 .  0C) 0. 00 
0.00 0 . 00 
0. <:lo 0. 00 
13.00 0.00 
63 . oi:~ n. ~3t3 
C1. 00 0.011 
0. 00 0. 00 
o . 0i:r 0.00 
0. 00 0 . 00 
<:I , ot:) I:] . oo 
t:1 . 00 1:) ,, 00 
1:) . IS0 6 . OCI 
0 . 00 0 .  IS0 
0 . 00 0 . 00 
cs . 00 6:) . 043 



Figure 8. (continued) 

1, ,::, 1 'i .- . .:: : ! .. ,;, ...:, 1. C. I. '? ,.. :2 :I. ,.-L. 

t:ljR',IE L.nYi.':Il~lT nn'in: Ironti.[tuecl) ,.,,...,..,,., ,..<.,- ,,., -,-,-,., 
IqFASlJI;:ED FK<:IM 

I t i  r v i: o 'ial-, ;j (2 n % Tangen.! kc; Cupve 
,,.. ,,.,,..,".c..< .,,,,.., >o,...,,J,. ,,.,,,. ,> ,..,..,.-..., > ,,,*...., ".> ,.,, .d*,?>,. .,,, 

i:lffse.t O f f  set 
. 

171.!rve Distance Tart9en.k Tangent  U).startce 
: i i ; t t i t if , : ,n ( i n  f ee t )  Stat . io !> :Station ( i n  f ea t )  ..., *,"..*,? ..., ,-,.,7 .,,, ,,.., -,< ,.,.,.,. *.,,c..<,o,,.,,,-,,,*? .,,,., ,.< ,,,, 7.,.>n+~..,~>.,~J,.,~?,.,~ ,,., . .,,,,,, ,P,-"*n.,.,*.,,-<>..," 

p i CtS. 5 176 . 0. I:><:) . 5 1 7  I C ,./..). =.- 5 1'76. 0 . 00 
'?h. OOoO O.i..1 '?6.()C!C)U I 9/r..C)000 0.61 
'1';7. OI:)!:I~:I 5.75 ' c?7.0~:)V7 i ,?7 I:I~:II:)I~ 5.76, 
,:,,> .. ,-.. l::)Ctl:li:) i 6. 1.4 9A. <31>:35 1 '?:3. 0000 10. 2() 
y:i. nt:loo 31.77 9?.1:1<1"7 I '9?.1:1(:)00 ..?.,) 

,>L.. 02 
:1. 01:1 . 0000 =:.-. 

j ~ .  72 1<30. C1207 I 100. OOoo 53.35 
I <I i . 1:)0oi> 78.96 1 ~ 1 .  i:1:380 I 101. nooo 8c1. :3:3 
1 C12 . 01:)l:l~:l %10.:5g lrJ2.01.30 1 11:12.0l:1~:~1:1 113. 38 
103. 001)1:! 147, 5;" j. 03. (3"72 ! 1C):3. r:lOOl> 152.68 
10'1. . oOoo 189:36 1(:)4. 1422 I 1134. ~)o~:Io 138.71 
105. OOO!j ,. - L37. 90 1O5. 1987 1 1!:15. 000I::l 252 . a:> 
106. OC)l30 155. b5 107. 40():3 I lO&,. <:)<:1<:)0 235.67 
J. c)77. CiOOO 1 l.7. 5B 1l:113. 4371 1 1C17. Ot:l00 184..54 
1 <::)$3. C)l:)(:)(:l ::?4.?1:1 1139.4/-,:3:3 i 108.1:)0<:1~:1 140. 5% 
$08. 0rji50 =... .-c/. 53 t. I!:]. 4.8:2/. 1 IUY. ooon LCI:~. 11 
I 10. OI:ICIC~ ::+5. 59 11.  1. 4947 110. f300r:b 7 1. . :38 
:i 1, i <:1[3<:1(:1 1 8 . B E :  1 2 j : 1  : 111.001:11:1 46.54 
1 12 . 01:)Oc) 7.4:3 113.5051 1 112.0000 26 ., 84 
1.13. 131300 1. 23 114. 50hl I 113. 0000 12. /a(> 

P.T. 11::;.&842 ~.(:)I:I SI.~.I.VI:I~ i t i .~ .oonc~ 3.71 
(:I(>~:I(> I:, . (31:) 0. 001.313 ! I 15. (:lt:)[:)tj 0.09 

0. oOC!C)  I:) . OC) 0.01:)1:10 115.1904 0.00 
i:) . Oi:)!> I:) I:). 1:)0 O.000U I C) ,, <:I<:)[:I(> 0 .  00 
0 . 0000 0. r:)O 0. 000U I 13, T)0OC) 0 .  011 
0 .  O<>~:II:) 0. 012 0 . i:!(:)Ot:) I (3. (:II>I:N:I 0. 00 
i )  . 00013 I:) . 00 (3. (:)I:)OC:). I 0 . OO!:jo $1 ., 00 
I> " I:II:)C:I~:) 0 . 00 I:! . 00l:)l:l i r:). <:)001'5 0. 00 
1:) . I:Io~(:) I::) . I:)I:) o . o r~ i : )~  I I:). ~:)OOO (:I . (:ID I:]. <:II:?I:I<:> 1:). 00 0. c:!i:~rjo 1 0. (:II:II:IC:) 0 . ( 3 0  
I3 . 0000 0 . I3Cl 0 ., C1001:l I 0 . ~:ll:ll)0 I5 . 5)0 
I:) . o(:)<:II:I 0 . !:~ci 0 . r>[::)~:rt> ; 13. 01)00 0. CtO 
1:) . UctOO .. 00 0.  O O C ! O  I 0. C:)OOCI 1:). (31) 
(11 . f.X:It:l<:) Cl e (:I 6:) 0, 1)!30(? ! I:]. l>l:IClrJ 0 . 00 
0. OOUO (:I n <:II:~ I:, . !:I(XI!:) i 11 .' oooo 0.00 
0 . !:!!>I:,<! 1:) . <:!!> 0. O<:l0!:? I I:> . ~:ll:lt><> 0. I:><:) 

0 . 01?lC!O !I . (:I [:I C) . I:)csl:!il ; O .  Cioors 0. 00 
<:I . <:)<:II:!(.:I (1) u I>I:I (:I . I>(:~I:)(:) I !> , ~>i:l<:)~:! 0 . 00 
I:]. C)OOCr 0. (>I> O. c!l:)l!O i 6 : ) .  'i:lQljO 0.00 
(:>. !:II>~;!: <:I . I:N:I : . i :  i c:r . i:11:)(>0 i:~ . OCt 
!:! n I:I<:I<:I<:) <::< . c : ) ~  (:I n [::I(::II:)I:, ; (3 i:x:~<:)!:) 0 . ~:ICL 
1:) . ClC16)C! 0 ,, Oi:) 1 ,  : : : !  ! 1:) . i!!:lClO I:) . (:lo 
<:I ,, (:,.:)c:l~: 0 .. 00 '). 13ijOl.j : !:I ;, CICICIO <:I ,, 00 
ij ,. !:!I:I~:JI:> 0 ,, <:I(:! 0. [><:I<:)<:! ; 0. 13!:)i:)o I:] s (:)<:I 

., !:!~:>I:I(; (:I .. o:)  I .  I :  i 0 . OI:IQI:) <:I ,, (:I(> 

!::I . <;,<:I!:!$') (:, a t:)c:~ f:! . l:)O(:)r:! ! I:) . !::I I:) I:]!:! 0, 00 

"', -::: I 
r:. ... 

Curve I 

S ta t  jun 
..".,-,?"* ..,. ?,.,r, 

C( U -I.-, . 5 176 
96 . oclo 1 I 
97.0015 
98. 0070 
93. <:>l?kt 1 

100.0422 
11:) 1 . 1,7782 
102.1314 
103. :2060 I 
104.3070 
1.135. 4404 
1C14.09b 1 1 
1 135. 2 1 '? 4. 

1 

106.3121 
11)7. 3800 1 
1C):3. 42'77 1 
108. 45'75 
1 1 I:]. 4788 
1 11.4890 1 
112..1.7:31 . I  
113. 493:3 
11:s" &84:.? 
0 . 060 0 
0. 0QOO 

i 
0 . t>00<:1 
0. oooo 
(5. 00~:113 I 
0. 00013 
0. OOrJO 
0. oooc) I 

0. c>000 
O. OBOO 
0 . 0C!O!3 I 
(3. r30130 I 

13. 00<:10 
I 

0 . 01:)00 
0. 00013 I 

0. t3C)QO 1 
0. Ol>Ol> 
0. t:1000 
(:I. OCIUO 
(.:I . 0000 
0. 0~500 

i 
0. 0000 
0. 0001:! 



Figure 8. (continued) 

1;:: 4. .-.?7 i ._.i L& :2:7 ..., 

:I. i:l-IHVi: I..&YC:lU"I- DCI'I'CI: ( c a n t  n n e t j  j 
, , ...,, .,,"<..* ..., ,> .,.., 0, ,,,,?,-, - ..,,,, - 

.,:! 

.... 

Area hrea o f  
Pavement Shoul det-. 

Curve per S ta t  ion per Stat  ion 
:Station ( i n  s q .  f t . )  ( i n  sq. ft. ) 

,.,, .* ,... ? ,?>,.., .,".,.,".,,.?,o>>-,. ,,,, -n",<-*,.,,..,-,. ,.,.,-., ?,.,",..-.--*?,- ,,.,,,., .,-,,. ww 

P.C. P5.5176 0. I30 0.00 
. 9k.. O01:)c) 1157. 81 864.84 ++++++++++++++++++ 
'?,7 . orSOt:~ 24.00. 00 2000.00 + Pavement Char. + 
'-78. 1:)C)C)O 2400.00 201>0.013 + """"""""""""""" i. 

~ ~ , O C I O C )  %40C1. 00 2000.00 + r l  = R + L . W .  + 
1.01). OOOO 2400.00 2000.00 + = 1921.86 + 
10 1 . 000ci 24013. 00 2000.00 + + 
102. 1:)000 2430. 131) 2060.00 + r2 = R - L . W .  + 
11:):3. O0130 2400.00 2000.00 + = 1897.86 + 
104. C)I:)l:)D 24C10. 00 2000.00 + + 
105. 0000 2400.00 2000.00 + Bhoul der Char. + 
I(,& 6 OOrJ1:I 2400.013 2000. + "".,"""""""""."" + 
1.07. 0Ol>CI 24t313. 00 2000.00 + F i r s t  sa t :  + 
1.08. OOCtcS 2400.00 2000.00 + r l  =R + L W  +ShW + 
109.0001:) 24C10. 00 2000.00 + = 1931.86 + 
1 10. l3(sI30 2400. 00 2000.OC) + + 
1 1 1. OpOO 24130. 131:) 2000.00 + r2 = R + L W  + 
1 12 . 001:)O 2400.00 2000.00 + = 1921.84 + 
l13.00C)O 2400.00 2000.00 + + 

P . .  11:3.&.:342 14.42. i B  1368.49 + r l  + r2  + 
0. 00013 0,00 0.00 + = ;3853.72 + 
1:). 0000 15. 00 0.00 + r l  - rZ + 
13 . OCIOO 0.00 0.00 + - - 10.0Q + 
0 .  0000 (3. 00 0.00 + + 
0. 0001:) 0. 00 0.00 + Second set: + 
0 . r)Ot:)r> 0 .  00 0.00 + r 1  = R - L W  + 
I:) " I:U:I(:II> 0.013 0.00 + r. 1897.86 + 
62. 0000 13.00 0.00 + + 
0 . I:)I:)I:I(:I 0; 00 0.00 + r2 =R - L W  -ShW + 
0. 0001:) 0.130 0.00 + = 3e87.86 + 
0 .  ~1000 0.00 Ct.00 + + 
0 . 0i:10r:1 0 . r:)0 0.00 + r i + r 2  + 
0. UOOO I:). 00 0. 00 + = 3785.72 + 
0. ~)I:I(:IU 0. 150 0.00 + r l  - r2  + 
o . o~:,oo t:> . 00 o.uo + - - 10.0~s + 
0. 0~~~l~ll) (3.00 0. U13 ++++++++++++++++++ 
1:). 0OQO C). 00 0.  OCI 
(3. 1:11:11:1i:l I:). 00 0. 00 
0 . 0l:l1:rl:l 0. <:)(3 C1 . 170 
!:I. ~:IOCII:I I:,. 1)O 0 . 1:)1:) 
,,2. !3!:)(:)l:l (3 . 00 0 .  0t3 
C) . (:)~rio O. or:, 0. c):> 
f:l . 1:)!':11:1[! 0.00 0 . 1:IO 

- -. 
7'1'3'1'RL. A ~ E { $ : < ( c . s , ; ~  .f.t. !=  4 :36(30. 00 31.333. 3:::: 



Figure 8. (continued) 

TANGENT TO CURVE COMPUTATIONS 

Thete  
."-..--..,Me 

0.00 
1.45 
4.45 
7.47 

10.51 
13.57 
16.68 
19.84 
23.07 
26.37 
29.77 
28.76 
25.39 
22.12 
18.91 
15.77 
12.67 
9.62 
6.59 
3.57 
0.57 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Arc 
Length ----..,..,..,..,.., 

0.00 
48.25 

148.39 
248.95 
350.20 
452.46 
556.07 
661.38 
768 -84 
878.94 
992.29 
958.81 
846.49 
737.21 
630.43 
525.65 
422.48 
320.54 
219.53 
119.12 

19.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



2.1.3. MAXTANG 



MAXTANG 

MAXTANG i s  a spreadsheet t o  ca lcu la te  the elements of  

a hor izontal  curve f o r  alignment purposes for  which the 

f i e l d  loca t ion  has a r e s t r i c t i o n  on the length of tangent 

tha t  i s  permitted between the po in t  of in tersect ion and 

e i ther  the po in t  of curvature or the po in t  of  tangency. 

The spreadsheet operates i n  the same form and manner as 

HOHIZCRV. Thus, i t  i s  suggested tha t  the user become 

fami l i a r  wi th HOAIZCRV f i r s t .  Then review Figures 9 

through 12 on the fo l lowing pages and proceed t o  use the 

spreadsheet i n  a manner s im i la r  t o  HOHIZCRV. 

The fo l lowing i s  an example appl icat ion of the 

spreadsheet MAXTANG. 

A r u r a l  county highway i n  Xowa i s  t o  be paved. A t  one 

po in t  i n  the route the ex i s t i ng  aggregate surfaced 

roadway has a sharp curve tha t  has several farmstead 

driveways near it. The engineer desires t o  keep these 

driveways on the tangent alignment ra ther  than be located 

i n  the curved portzon of the new paved highway. The 

engineer does, however, wish t o  use the longest and most 



gentle curve possible a t  t h i s  locat ion. F i e l d  survey 

measurements ind ica te  t ha t  the longest permissible 

tangent length from the po in t  of in te rsec t ion  t o  keep the 

closest farmstead driveway i n  the tangent i s  650.00 feet.  

The t o t a l  def lect ion angle, del ta,  was found t o  be 54 

degrees and 30 minutes. The s ta t ion  of the  po in t  of  

in tersect ion i s  105 + 35.40. The s ta t ion ing  increment 

around the curve w i l l  be 100.00 feet. The paved roadway 

cross sect ion w i l l  have 12.00 fee t  wide lanes and 10.00 

fee t  wide shoulders. 

The data may be entered on an input  form. This 

example i s  shown i n  such a form i n  Figure 11. From t h i s  

form the spreadsheet i s  then completed. 

The completed spreadsheet fo r  t h i s  example i s  shown i n  

Figure 12. As before w i t h  HORIZCRV, the t o t a l  output is 

contained i n  several pages but f o r  layout of the curve i n  

the f i e l d  or on plans, only the f i r s t  few pages are 

needed. 



Figure 9. Input Template for MAXTANG 

c: ~ ! - + . ~ - ~ ~ + - ~ + + ~ ! ~ - ! - - I . + + + + + + + C + - L + ~ + ~ ~ ~ ~ + + ~ ~ ~ + ~ + ~ I . + ~ I - ~ C C - L ~ . - ~ - ~ + ~ C ~ ~ ~ ~ ~ ~ ~ + . ( ~ + +  ++.~++-+++-b+ 

t. + ! ' ! ! i?t iF: ' iart !"!icrcicorr:l-~:t:~?r ::~:rr:enil~heets ? o r  i::oun%y + 
7 + Hydr:a?l l  i r .  ,and Hi.ghway E r t g i n e c ~ r i . ~ - i g  C n r n p t ~ t a t  i . ons  + 

!. C. i- C o p y r i k h t  h y K e n t  L. A h r e n h o l t z  + 
%:a 4,. A l l  R i g h t s  R e s e r v e d ,  19Bb + 

:i (:I + V d r s i o n  1.0 +. 
I !, i *+t~.++L+.+~+++-b+-b++++++i-C++++++~C++++~+tt+++~+++~b+4-~4~~~~+++++ 

1 1.1 
I 

1 : !  r : t  Nl~rot ter :  

j .i 4 i)r o ,j c: c t  Wane : 1 
:I.:-; prepa.i.ed ~y : D a t e :  I 

j 
I 

i lk. C/.~et:i:.ed E y  i: D a t e :  

I '1.7 - 
:1 :<: I 

I I 
.i'i? CIJi=iVI.'. IN?I,dT UATA: D a f ?  e c t i o r ~  a n g l e ,  L3elt.a = 0.00 d e g r e e s  I 

1 >; !:, ..,, *< ,.., .., ,, ., .., ,,> m, -2 -, ,,,<" ,, ,., ,., - - 0 . 0 0  r a d i a n s  
2 3. ' l a n g e n t  d i s t a n c e ,  T - - 0, OO f e  g t I 

I .-.,.-, P u i n t  n? I n t e r s e c t  i o n ,  P I =  0 .0000 s t a t  i o n s  
.-., .:, I;. ,. , - -. i 
.I: .... . - , L a t i o n  i n c r o m e o t  i I :  f e  e  t 
;;g l...a:ce w i r i t h ,  ?..W. - - C).00 f e e t  
..,.,rz .*: _I .:~ :. . - , 4 $ o u l d e r  w i r f t h ,  !Sh.W. .- - 0.0O f e e t  
26 ,  --- I 

! 
...,. ", 
.,L 

,.., 
A,-.. !::I .. IKVE L::I!,.ITPI~IT DOT&: 
?,-, >,,,>,..,.*>,,.,.,..," ,.*,.,,,?,..,+,,.,< 

.-., .::,<:I T'IJRVE: L!A"A: 

...., 

.::. .i Kadi . , js  o f  r:ur:ve, F( = 0. <:I(] F e e t  
:2 :! Degr i~c .  o f  c u r v a t u r e ,  El = #DTV/O! d e g r e e s  1 
.-;, .::, 

j #VALLIE! r a d i a i . ~ s  
:“+ i-ert(ith o f  Cf.JrVe, L. = $bL!TV/O! l ' ee t  i 
.'". l;: .::(.-. E:.::ter:nal , : : l i s tance ,  E - - 0.OO f e e t  
:.:/:, L8:mng chor:d, C - C I . 0 0  f e e t  
::::';, M i d d l s ?  o r d i n a t e ,  M - - 0 .  00 f e e t  

.I 
...., ,-, ..:,,:, 

I 

::s .;, 1 T l I l  INFFK'NA~IT~N: 
~l.0 K ' a i n t  o f  ! C u r v a t t j r & ,  PC = !:1.000!3 
4 1 P :: I, r t r:, ? "1-a I::, g  e  rr c y , PT = .#VALI.IE! 

I 
i 

4") - 
&. 

4. :2 
'14. ill ... !RUE !..AYI:::!!JT I:!A'I"A: 

%; 
>..,..?,, , .,,..,,.,?., .., ,..,>., >,,, >>..,..,.*.,*,. I:::: t i  <::, ;.- cl ? e rj g  l: h . c 

11 (:. I r ~ c r + ? : r r r t  A n g l e s ,  
(1.7 
,iE! 
il 'il 
. 

I::, , .! 
.... , 
:::I j. 

i t .  .:. ... .t 
c:: ... .. J ,  .:. 

' - .,.. 

.Feet 
dcgrec!.; 
r a d i a n s  
m i  n u t  c?s 
d e g r e e s  
radj.:a:~s 
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Figure 10. Schematic of a Horizontal Circular Curve 

Point of Curvature, P.C. C Point of Intersection. P.I. Maximum Tangent Length- 

Point of Tangency, P.T. 



Figure 11. Input form for Example Problem 

......................................................................... 
HORIZONTAL CURVE INPUT WORKSHEET Given MAXIMUM TANGENT LENGTHS ......................................................................... 

Project Number: 87-2 
Project Name: S+0711 L. E57 
Prepared By: F)hfi h ~lt* Date: 0 6  -11- 87 
Checked By: B R ~ ~ v  Date: 0 6  - 1 1 -  87 ......................................................................... 
CURVE INPUT DATA: ---------------- ---------------- 

Deflection Angle, Delta = 54-5 degrees 

Tangent Distance, T = 650- 00 feet 

Point of Intersection, PI = / 05 -3540  stations 

Station Increment = 100 feet 

Lane Width - - 12 feet 

Shoulder Width = 10 feet ......................................................................... 



F i g u r e  12. Example  P r o b l e m  T e m p l a t e  

..:, ..., L .,- .2 , .4 5 
1, ' i i : - ~ : f i ~ i ? ~ + ~ i ! ~ + ~ ~ ~ 4 ~ i 1 . ~ ~ r i i i i ~ ~ 1 ~ ~ . . ~ ~ ~ 4 ~ P * r i ~ ~ i F i 5 ~ d . . ~ i ( . ~ i t ~ s ~ . g ~ ~ ~ ~ ~ * . i e ~ Q Q n 9 $ ~ * ~ ~ ~ i C ~ $ ~ ~ ~ 4 F ~ ~ ~ $ F i C ~ i ~ ~ : r C ~ 3 C ' P  

;?: ~IT)RIZDNTAI.. ~::IRC!.IL.AR C!.JRVE COMPI-ITAT~I:IIUS t ~ i v e n  M ~ ~ ~ M I J M  T'ANI~ENT LEhIGTHS 
. . :3 ~~u+rir~icnt?rrasil.*.c.lca***6~~a~.1~~~:rl(.*a**~raaQ9xe1F***d.a**)I.SF*~1(.*Y~*.1(**9*.Ea**a+i**C*I.a 

'1. 
,!.? 
..I +.+ t.-b+.i-.b+.,-++++++++++.L.+++++.b+++++.4-++++++++++++++++++++++ 
b + l v I ~ . ~ l ' t i p l a n  M i c r o t r 2 n i p : ~ t a r  S p r e a d s h e e t s  f u r  C:ounty + 
7 + Hydra1 .11 ic  a n d  H i g h w a y  E : n g i n e e r i n g  t:lurnputa.tinns + 
:3 + C o p y r i g h t  b y  K e n t  L. A h r e n h o l t z  + 

I 
,;, + A l l  R i g h t s  R e s e r v e d ,  1886 + 

i 1 <:I i. Vers i~ : ,n  1.0 + 
1. 1 + + + + + + + t + + + * + + * + + + + + + + + + + + + + + + + + C + + + + - e + + - + + + + + + +  
1 '2 

i I. :3 PI-,:, j e  c t  !N~tmt~er:  :37.-.':* &L 

i 14 Prn jec4:  Wa.me : !Sti:try Co. EE;7 
15 P r e p a r . e d  By :A torenho l  t :r U a t e :  06.-11-87 
16 C h e c k e d  By : Br.c-wel-. D a t e :  06-1 1-87 
1.7 ' ' 1; 

! 
1.9 CCIRVE TNPIJT DATA: i 3 c - i l e c t  i o n  a n g l e ,  D e l t a  = 54.50 d e g r e e s  
.20 ,.,"'."~,~< "'." ,<<-.,,,,.<..,. - . - 0.93 r a d i a n s  
...., . 
L .I. T a n g e n t  d i s t a n c e ,  T = Q50.00 f e e t  
.-,.-, 
.!. L, P o i n t  o f  I n t e r s e c t i a n ,  PI= 105.354.0 s t a t i o n s  
.'.,."> L.-, S t a t  i o n  i n c r e m e n t  - - 1OC) f e e t  
2 4  L..a.n!:: w i d t h ,  L . W .  - - 12.00 f e e t  
2% 5;cJhouldc.r w i d t h ,  Sh.W. - - 1O.CIO f e e t  
28 
27 
.-:, .:ICS 
.:.a,.. C;C!RkVE Ct!..l?PLIT DATA: 
29 "'"'"",,"~"'..,",,,~.~..,,,.",,~" 
.. . .A(.! CI.IRVE DATA: 
:3 1. R a d i u s  saf curve, ,  R  - j .:,-, 

- 1262.05 f e e t  
.-* .L I3egree $:*f c u r v a f u r e ,  D  = 4.54 d e g r e e s  
.,., ,,.., .:...:, 0.08 r a d i a n s  

, . .-. ,;.A, L e n g t h  o f  c u r v e ,  L = 1200.47 f e a t  
..., 
..? .J E x t e r n a l  d i s t a n c e ,  E = 157.55 f e e t  
.-, .:. b 1-mng c h a r d ,  C = 1155.72 f e e t  
:3"7 

. , 
Vliicldle n r d i n a t e ,  M = 140.07 f e e t  

3:s 
.-., ,.- . -, ...., ,. STAT IONIMF f WFORMATION: 
413 P n i n t  o f  C u r v a t u r e ,  FC = 98.8540 
4. 1 P o i n t  o f  T a n g e n c y ,  PT = 110.8587 
4:- .i 
4 :?; 
4.4 CCJF?VE I  ... AYBl-IT !-)ATA: 
4,"; *',',".',<',<., ""',.,7,,r..." .,...,7<...,.,p, C:hord l e n g t h ,  c - - ~.,)yt.87 f e e t  
4 k. i n c r e m e n t  A n g l o s ,  d '= 2.27 d e g r e e s  
47 - - 0.04 r a d i a n s  
4F d l =  iP.8:3 a i n u t e s  
a - - 0 .  23 d a g r e e s  
VA. -> .>I.. - - 0.01 r a d i a n s  
?:) 3. 62- 1:l,6:3fS : m i n u t e s  
=..-, 
-J..l - - 1 .'35 4egrec .s  
c:? ... 8.1. 0. 0'3 rac l  i a n s  
, -- ' 

* 



Figure 12. (continued) 

13eC'l e c ' t  ion A n g i  e 
??om FC 

'i u r n i :rl !g Turning 
R i. g h t. Lef t .  

S t a t i n n  (deg r n i n  sec) ( d e g  r n i n  sec) 
" ~~>>,,..~,,...,,?>,,..,,.,,~.n.,~,~..,,,.,,,.>," ,.,.,,,.,,r.,,,,>,>,..,.,2?,?" ,.,,,.,.,,r "*?, 

P . C . '7,::: . 85340 I:> O 0 3A(3 I:! I:> 

'?';? . ~:I<:II:II::I I, 9 =.-L .-,a .-#F,- .>.A ;I 40 7 
1. (::lo . <:I~~:)I:I .,-, 

L. :3b 5 :357 23 55 
1, (3 I . l:l$:l(:~l:l 11; 52 17 .-,c_ .+J,J 7 4:3 
102. 0rJC1l:l 7 8 .-..-.. LC. 3 51 32 
1(:1:3. Cr~:ll:lc:l 9 24 40 :35C1 3 20 

' 104. l~ll:li~(.~l 1 % 413 52 348 19 8 
I rsg . oooo . ... T5.7 4 34e 2 56 
10&. ~:J~I:II:I 1 L. I :  16 343 4 44 
% 07 . l~ll:l~:ll:l j 29 '27 341 30 m .-,.A 

10E:. C)OCII:I 2(i1 45 : 3 ~  a 3 9 14 21 
1. <:If?. 00l:Io .:, ..3 ......* 1 51 336 3% 9 
1 1 0 . I3 [::I00 2'5 18 :3 3 4  41 ., 57 

1 -  " . 1 'j . '""' ' .-..-,,57 .- . 
L 7 1. s (:I :332  4.5 a 

O ,. OOi:)I:l 0 I 0 0 0 0 
0. l'1l:l!:l(:l I O 0 0 0 0 
!7 ,, C)O<)CI  I:I 0 Cl 0 C l  0 
1:) . l>i:l<:!i:l (:I (:I 0 (3 0 0 
13. I;IOI:II:I n 0 CI 0 (3 (:I 

13. 0000 I 1:) 0 0 0  0 
0. OOOO 0 0 1:) I2 0 0 
I:, . oOr.:lO I 1.1 O 0 0 0 
0. l:ll:l00 !:I I O 0 0 0  
(:I . [::1001':1 I:) I $:I 0 0 0 
(:I . I:I(:J(~(:I n 11 I:> (:I 0 o 
0 . 00 i:lO O (:I I:> I3 'I:) 0 
I:! ,, l:ll:ll:)l> <:I CI I:> 0 0 (:I 

(:I ,, l:lt>O!:l U (3 0 0 (3 I2 
I:) ~:I(~I:I(;> I:, I:! o (:I o 13 
12 ,, I:II)!:II:I I: (2 I:) o . Q 13 
1:) . GOC:I:I 0 I:> O i) 0 0 
<.:I . 1':11>i:1t:1 I I CI O 2 0 
I:) . CI[:;II:I!:I I I:? 1:) 0 12 0 
111 ,, !:ll:l!:)l,'! !l 0 0 I C) C) 
0 . Clc-!l:l0 O <:I CI Cl 3 !:I 
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Figure 12. (continued) 
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Figure 12. (continued) 
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2.1.4. EARTHWKS 



EARTHWKS 

EAHTHWKS i s  a  spreadsheet developed t o  ca lcu la te  the 

mass diagram ordjnate using the cut  and f i l l  quant i t ies  

obtained from roadway cross sections. The o r i g i na l  

ob ject ive was t o  create a  spreadsheet t ha t  would provide 

a  dot-matrix p r i n t e r  p l o t  of the mass diagram from the 

r esu l t s  of t h i s  spreadsheet. Another design ob ject ive 

fo r  t h i s  spreadsheet was t o  have one var ia t ion  which 

permitted the entry of ground elevat ions of the cross 

sect ion wi th  the speci f ied f in ished p r o f i l e  cross 

section, then the spreadsheet would compute the cuts  and 

f i l l s  f o r  each cross section. While both of these are 

possible, i t  proved unwieldy and cumbersome such tha t  

both these object ives were abandoned. It i s  ant ic ipated 

tha t  proyrams t o  do these tasks and t ha t  can also 

in te r face  wi th t h i s  spreadsheet w i l l  be developed i n  the 

The input  data include: s ta t ion,  template cut  and f i l l  

per s ta t ion ,  addi t ional  cut and f i l l  per s ta t ion,  cut  and 

f i l l  required t o  rebu i l d  embankment, cut  and fill re la ted  

t o  removal of pavement, unsuitable cut,  and percent 

shrinkage. 

T h e  output generated includes: adjusted cut  and f i l l  



per s ta t ion,  adjusted fill + shrinkage, and mass diagram 

ordinate. 

The best way t o  begin using a spreadsheet i s  t o  obtain 

a l l  pertxnent data, record the data i n  a form t ha t  i s  

eas i ly  t ransferred t o  the spreadsheet, and then input the 

data onto the spreadsheet. The data obtained from 

prel iminary cross sect ions can be t ransfer red t o  an input 

form. I n  t h i s  way t h i s  spreadsheet may be a useful  t oo l  

i n  the ear ly  stages of design t o  determine what major 

ve r t i ca l  p r o f i l e  adjustments may be required t o  achieve 

earthworks balance before going t o  a computer generated 

set  of cross sections f o r  a f i n a l  design. Once t h i s  

input form record of the data i s  made, the user can 

proceed t o  use the spreadsheet. 

The f i r s t  step i s  t o  load the f i l e  from the disk t o  

Mult iplan. The master spreadsheet S i l e  i s  assumed t o  be 

stored on dibk i n  a Normal Mode under the name 

EARTHWKS.MP. Once the master spreadsheet i s  loaded i n t o  

the computer, t u rn  the Recalculation opt ion OFF (se lect  

Options command, then "tab key" t o  Recalc and h igh l i gh t  

" o f f " ) .  Then input  the information i n  rows 15-14 (see 

Figure 13). These data include the  pro jec t  number, 

pro ject  name, preparer, checker, and dates the  pro jec t  

was prepared and checked. Once the informat ive data are 



input,  the user then should input  the s ta t ion,  template 

cut  and f i l l  per s ta t ion,  addi t ional  cut  and f i l l  per 

s ta t ion,  cut  and f i l l  required t o  rebu i l d  embankment, cut  

and f i l l  re la ted  t o  pavement removal, unsuitable cut,  and 

percent shrinkage. A l l  input  data except the percent 

shrinkage can be obtained from the prel iminary cross 

sections. The percent shrinkage (row 13 column 19, see 

Figure 13) i s  chosen according t o  the po l i cy  used i n  the 

engineer's o f f i c e  f o r  the ant ic ipated s o i l  condit ions and 

construct ion practices. A11 of these data are input  fo r  

each stat ion.  Before viewing the output data gt3nerated 

by  the spreadsheet, REMEMBER TO THE RECALCULATION 

MODE OF SPREADSHEET OPERATION'B 
.. 2 : 

viewing the output data, the sp 

wi th a f i l e  name so le ly  charact 

the purpose of reu5e and l a t e r  ed i t ing.  

I f  the pro ject  has more s ta t ions than are provided by 

the spreadsheet, the user should i nse r t  addi t ional  rows 

jus t  above the "Totals" l i n e  i n  the spreadsheet. The 

equations f o r  adjusted cut  and f i l l ,  adjusted f i l l  + 

shrinkage, s ta t ion  (column 21, see F i g ~ r e  13), mass 

diagram ordinate, and the sect ion d iv iders  should also be 

copied dowm i n t o  the inserted addi t ional  rows of the 

expanded spreadsheet. 

2.1.4.3. E5a~elg Problem 



There i s  not a r ead i l y  adaptable example tha t  can be 
I 
1 

shown i n  the space of t h i s  manual. To begin use, and as 1 
a check, the user should ca lcu la te  the mass diagram 

ordinates f o r  a p ro jec t  both by hand and using the 

spr-eadrheet the f i r s t  t ime he or  she uses t h i s  
I 

spreadsheet. In t h i s  way, the user can v e r i f y  tha t  the 1 

spreadsheet i s  working properly. I 
I 



Figure 13. I n p u t  Template for EARTHWKS 

1 2 3 4 5 6 7 
1 * * X ' . ~ ~ * * ~ * m " * ~ * a * * * * * * * * m * * * * * m a * * a * * * m * a * * * * m m * m * * * * * * * * * * * * * ' * * * * *  

2 ROADWAY' EARTHWORK COMPUTATIONS 
3 ~ . . ~ * m m e ~ e e m e m e e a e * e e * e e e a * u a e a e a e e e ~ e e e e * e e * * m m a m a e a * m e * m m a * e ~ m ~ ~ e u ~  

4 
5 ...................................................... 
6 + Multipian Microcomputer Spreadsheets for County + 
7 + Hydraullc and Hfghway Engineering Computations + 
8 + Copyright' by Kent L. Ahrenhol tz + 
9 + Verslon 1.0 + 

10 + 1986 + 
1 1  ...................................................... 
12 
13 Project Number: Prepared By: Date: 
14 Project Name: Checked By: Date: 
15 ---------------------------------------------------------------------- 
16 Addit. Rebuild Pavement 

I 17 Templete Quent. Embank. Remove 1 
18 Description Stat ion Cut +C +C -C 
1 9  "-""-~----""--"---""~--------"-*~---N---*w--w-"-"-----------"*-----~"-. 

2 0 0.0000 I 0 0 0 0 
I 2 I 
I I 

2 2 , 
2 3 I 

, 
2 4 ' . .. . .. 
7 5 I 
2 6 I 

' 2 7  I I 

28 . 1 
29 I 8 

3 0 I I 

3 1 t 
3 2 , 

I 

3 3 I 
3 4  I 
3 5 I 

36 I 
3 7 I 

38 I 
3 9 , 
4 0 , 
4 1 , 
42 t 

4 3 
4 4 I 

45 
46 8 

4 7 I 

48 I 

4 9 , 
'i 0 ! 





Figure 13. (continued) 

8 9 I0 1 1  12 13 14 15 
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2 ROADWAY EARTHWORK COMPUTATlONS 
3 '...."*........".."...'..*.*"*"...........*....~..*.""*"..".."....."...".**... 
dl 

5 
6 
I 
8 
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10 
I I 
12 
13 
1 4  

Addlt. Adjusted Unsuit. Unsuft. Addlt. Subt . 
Uuant. Earth C- 3 C-5 Template Quant. Quant. 
-L Cut F l  1 1  +F -F 

-------------*------------------------------------------------------------ 

0 XXX 0 0 I 0 0 0 
0 
0 I 
0 
0 
0 I 
0 
0 : 
0 
0 : 
0 I 
0 
0 
0 I 
0 I 
0 
0 I 
0 
0 : 
0 I 
0 I 
0 
0 
0 
0 
0 
0 
0 
0 
0 



Figure 13. (continued) 



Figure 13. (continued) 

i ROADWAY EARTHWORK COMPUTATIONS 
3 ~ ~ ~ * * * * a * ~ * u * ~ a * * a a a * a * a a * * ~ * a ~ a ~ a a * * a a * * a * a n a * * m a u * * a * * u * * u & & * *  

4 
5 

......................................... 
I Percent shrinkage = percent I ......................................... 

Rebu i Id  Pavement AdJusted Mass 
Embank. Removal AdJusted F i l l  + Diagram 

+F +F Fi  1 1  Shrf nkage Station Ordinate 
------LI----------~*m----~-------m*-*-----m--m------w----w----*** 

0 0 XXX XXX I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 f 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000. 0 
0 0 I 0,0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 L 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 :  0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 I 0.0000 0 
0 0 :  0.0000 0 







2.1.5.1. Introduction 

SUPEKE is a spreadsheet developed to establish 

superelevatlon for a horizontal curve. The spreadsheet 

will calculate the surveying data required to layout a 

superelevated horizontal curve in the field. 

The input data include: design speed, lane width, 

rates of normal crown and superelevation, point of 

curvature, point of tangency, centerline grades at the 

P.C .  and P.T., elevation of the P.C .  and P . T . ,  station 

increment, and desired length of runoff. 

The output generated includes: 

runoff data: 

minimum length of runoff to emtablieh 

superel evati on, 

actual design slope, 

distance X required to raise outside edge of 

pavement to centerline elevation, 

distance Y required to raise outside edge of 

pavement to a constant slope equal to the normal 

crown rate, 

70% of runoff distance; 

layout data: 

center1 ine elevation, 



di f ference i n  e levat ion from center l ine,  elevation, 

and cross slope f o r  both outside and ins ide  of curve 

pavement edges a t  beginning and end of curve! 

s ta t ion ing  deta i ls :  

beginning of superelevation runof f ,  

s ta t i on  at  a distance X from the beginning of 

runoff , 
s ta t i on  a t  a distance Y from the beginning of 

runoff , and 

end of runoff . 

The best way t o  begin using a spreadsheet i s  t o  obtain 

a l l  p e r t ~ n e n t  data, t o  record the  data i n  a form tha t  i s  

eas i l y  t ransferred t o  the spreadsheet, and then input  the  

data i n t o  the spreadsheet. The data obtained from 

prel iminary roadway layouts and design manuals can be 

transferr*ed t o  an input form. Once t h i s  i s  done, the 

user can proceed t o  use the spreadsheet. 

The f i r s t  step i s  t o  load the f i l e  from the disk t o  

Mult iplan. The master spreadsheet i s  assumed t o  be 

~ t o r e d  on disk as a f i l e  i n  Normal Mode under the name 

SUPERE. MP. Once the empty master spreadsheet is loaded, 

tu rn  the Recalculation OFF by using the Options command. 

Then rnput the ~n fo rma t i ve  data i n  rows 12-15 (see Figure 

14). These data include the  pro jec t  number, p ro jec t  



name, preparer, checker, and the dates the  pro ject  was 

prepared and checked. 

Once the informative data are input ,  the user should 

then input  the design speed, pavement lane width, ra tes 

of normal crown and superelevation, center l ine grades at  

the P. C. and P.  T., po in t  of  curvature s ta t ion,  po in t  of 

tangency s ta t ion,  P.C.  and P.T. elevations, and s ta t i on  

increment i n t o  rows 17-27 i n  column 4 (see Figure 14). 

The po int  of curvature, po in t  of tangency, center1 i ne  

grades a t  the F.C, and P.T., and P.C. and P.T. elevat ions 

can be obtained from the plan and p r o f i l e  sheets (see 

Figure 15). The design speed, lane width, ra tes of 

normal crown and superelevation, and s ta t i on  increment 

are determined by or under the supervision of a qua l i f i ed  

engineer. The values f o r  these data are a l l  chosen 

according t o  the highway design po l i cy  i n  pract ice i n  the 

engineer's o f f i ce ,  Before proceeding, the user should 

tu rn  the Recalculation Mode of operation back t o  ON 

(reenter the Options command). 

When the spreadsheet has been recalculated by the 

computer, the user should examine the  output value f o r  

the "Minimum length of runoff  t o  estab l ish 

superelevation" (row 32 column 4, see Figure 14). The 

engineer should determine i f  t h i s  i s  the value the 

engineer wants t o  use f o r  length of  runof f .  I f  Tables 

111-7 t o  111-'11 from the AASHTO Green Book or comparable 

tables from the Iowa Department of  Transportation Design 



Procedures Qlanual are used t o  obtain a value f o r  the 

length of runo f f ,  the distance X (row 46, column 4, see 

Figure 14) needs t o  be added t o  the value f o r  length of 

runof f  taken from the book tables. This i s  necessary i n  

order t o  compare the tab le  values w i th  those computed by 

the spreadsheet. 

It: the value the engineer chooses f o r  length of runoff  

d i f f e r s  from tha t  given by the program, the  user needs t o  

rnput the prefer red value i n  space beside the questionr 

" i f  not, what length of  runof f  do you wish t o  use?" 

trow 39, column 4, see Figure 14). I f  t he  engineer 

wishes t o  use the length of  runof f  computed by the 

spreadsheet, he or  she needs t o  be sure tha t  the c e l l  

described above (row 39, column 41 is empty. This i s  

done by moving the c e l l  po in ter  ( i l luminated block) t o  

the c e l l  i n  question (R39C4) and se lec t ing  the Blank 

command i n  the Mul t ip lan command menu. These are a l l  the 

required input  data. The Recalculation Mode af  operation 

should be i n  the ON s ta tus (go t o  the Options command t o  

check), therefore, the output date i s  ready f o r  viewing. 

Af ter  viewing the output data, the spreadsheet should be 

saved w i th  a filename so le l y  charac te r is t i c  of  the 

superelevated hor izonta l  curve and pro jec t  +or the 

purpose of reuse and l a t e r  ed i t ing.  



The fo l lowing i s  an example appl icat ion of the i 
I 

spreadsheet previously described. 

A farm-to-market paved county highway i s  t o  be i 
i 

designed and constructed i n  r u r a l  Iowa. From the plan I 
! 

and p r o f i l e  sheets, the po in t  of curvature and po in t  of 

tnagency are found t o  be 100 + 00.00 and 110 * 00.00, 
respectrvely. The P.C. i s  900.00 fee t  above sea leve l  

and the P.T. i s  89U.00 f ee t  above sea level .  The 

center l rne grades are 1% and -2% a t  the P.C.  and the 

P.T. , respectively. The design speed i s  60 miles per 

hour. The pavement lane width i s  12 feet .  The ra tes  of 

normal crown and the superelevation r a t e  are selected as 

2% and a%, respectively, and the s ta t i on  increment i s  25 

f  wet. 

The data are f i r s t  entered on an input  form. An 

example of one such input  form wi th  the example 

information entered i s  shown i n  Figure 16. Af ter  these 

data were entered i n t o  the spreadsheet and the i 
Recalculation turned ON, the minimum length of runoff 

I 

required t o  establ ish superelevation was found t o  be 
I 

266.4 feet .  Assume the engineer wanted t o  use a value I 
whrch was a mul t ip le  of the s ta t i on  increment, so the 

desired length of runof f  of  275 f ee t  was entered i n t o  the I 
appropriate spreadsheet c e l l .  

The completed spreadsheet i s  shown i n  Figure 17. The 

t o t a l  output of the spreadsheet requi res seven pages, but I 

1 
f o r  layout of the curve i n  the f i e l d ,  only pages 3 



through b are needed. 



Figure 14. Input Template for SUPERE 

1 2 3 4 ti , *... * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * I ) * * * * * * * * * * * * * * * * * * * * * u * * * *  

2 SUPERELEVATION COMPUTATIONS for HORIZONTAL CURVES 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 ...................................................... 
' )  + Multiplan Microcomputer Spreadsheets for County + 

b + Hydraulic and Highway Engineering Computations + 
I + Copyr i gilt by Kent L . Ahrenho I tz + 
6 + Version 1.0 + 
9 + 1986 + 

i 0 ...................................................... 
1 1  
12 Project Number: 
I:< k-ojpct Name: 
14 PI-?:pared Hy: Diste : 
15 Checked By: Date: 
i6 ................................................................. 
1 7 INPUT DATA: Design speed. V - 0 mi les/hour-. - , "'..""""'"""" Lane wldth = 0.0 feet. 
i 9 Rate of normal crown - - 0.0 percent 
L 11 Rate of superelevation, e - 0.0 percent. - 
Z i Centerltne grade. g (at P.C.)= 0.00 percent 
22 g (at P.T.)= 0.00 percent. 
,..' 3 Point of curvature. PC = 0.0000 stations 
24 P.C. elevation - 0.00 feet - 
', ,j ' .  . Point of Tangency, PT = 0.0000 stations 
2 6 P.T. elevation - 0.00 feet - 
L< 7 Station increment = 25 feet 
L6 ----------.------------------------------------------------------- 
% Y  RUNOFF DATA: Maximum relative design 
5 o  -*'*",-"..."""" 5lope for given desi'gn speed = l:#N/A 
3 I Minimum length of runoff to 
3 l establish superelevation = #N/A feet 
3 3 ................................................ 
,3 4 + Do you wtsh to use this value + 
-i 3 + for runoff, YES or NO 7 YES + 
.j 6 + + 
j 7 + If not, what length of + 
., f i  + runoff do you wlsh to use ? feet + 
. :i ................................................ ,,,, -.---------------------------------------------------------------- 
4 i  OUTPUT DATA: Runoff distance, S = #N/A feet 
4C -.-.-.+"--."""- Actual design slope = I : #N/A 
il .> - - #N/A percent 
3 4 Distance ' X '  required to 
A '., raise outside edge to 
rib center 1 i ne elevation = #N/A feet, 
4 7 

Dlstance 'Y' requtred to 
ratse outside edge to 
a constant slope equal 
to the normal crown rate = #N/A feet 

7 0 2  of superelevation runoff = #N/A feet 



Figve 15. Schematic of a Supcrdevated Haizontal Curve 

Point of Curvatwe. P.C. 

I 

Superelevation Runoff Distance I 
4 

Cross Sect~ons: 
'..... . 

___-- -- --- -Z ------. -\ '\ 
I ' 3  



Figure 16. Input Form for Example Problem I 
***l.*********o********O*oan***oo***oo***oo**o*o*m***mamo*mo***m****** 

SUPERELEVATION INPUT WORKSHEET I 
a*.. .o...*********o*oo*O*~*n*ooo*o**oa*non*oon*o**oo**oooo**o********. 

I 
P ro jec t  Number : 8 3 - 2 
Pro jec t  Name: S ~ W "  h. g57 i 

Prepared BY: A h ~ ~ n h h i  + oate: 06 -17-81 
u I 

Checked By: %CNW 0ate: O b-16 - 87 
I 

INPUT DATA: Design Speed, V = 60 m i  l es/hr  .","-,..--.."-."- 
Lane Width = 1 %  feet  1 
Rate of  Normal Crown - - % percent  I 
Rate of Superelevat ion, e = 8 percent  

I 

Cen te r l l ne  Grade (at PC) = $. 1 percent  I I 
I 

(at PT) = -7, percent  

Po in t  of Curvature. PC = LOO-  ootlb s t a t i o n s  1 
P.C. E leva t f on  q ~ - o ~  f e e t  

Po fn t  o f  Tangency, PT = 11oeoOUo s t a t  ions 1 
P.T. E leva t i on  = 89 Q.80 f e e t  

S t a t i o n  Increment = 25 f e e t  

* Be sure t o  check t h e  leng th  o f  t h e  r u n o f f  a f t e r  you have input t h e  
values above so it i s  t h e  leng th  you wfsh t o  use. 



Figure 17 .  Example Problem Template 

.**I*l.****I*.***********n*n**nnnnn*n*non****n**n*****u*n**n*"n** 

SUPERELEVATION COMPUTATIONS for HORIZONTAL CURVES 
****I********n.*nn*n**nonn**nonnn*nonnnno*nnnn**nn*n**n**n***n*** 

...................................................... 
+ Multiplan Microcomputer Spreadsheets for County + 
+ Hydraulic and Highway Engineering computations + 
+ Copyright by Kent L. Ahrenholtz + 
+ Version 1.0 + 
+ 1 986 + 
...................................................... 

Pt-ojrct Number: 
I Project Name: 

Prepared By: Date : 
Checked By: Date : ................................................................. 
INPUT DATA: Design speed, V - - 60 miles/hour - ..., ,>..--.--- Lane width 12.0 feet 

Rate of normal crown - - 2.0 percent 
Rate of superelevation, e = 8.0 percent 
Centerline grade, g (at P.C.)= 1.00 percent 

! g (at P.T.)= -2.00 percent 
Point of curvature. PC = IOO.OOOO stations 

! P.C. elevation = 900.00 feet 
Point of Tangency, PT = 110.0000 stations 
P.T. elevation = 890.00 feet 
Station increment = 25 feet. ................................................................. 

RUNOFF DATA: Maximum relative design 
...,.,,.-...--,,.--- slope for given design speed = 1:222 

I 
Minimum length of runoff to 

i establish superelevation = 266.4 feet ................................................ 
+ 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 + 
................................................ 

i ................................................................. 
i)lJTPIJ-I' DATA: Runoff d i stance. S - - 
...,,--..-.+--.-- 266.4 feet 

Actual design slope = 1 :222 - - 0.45 percent 
Distance ' X '  required to 

raise outside edge to 
centerline elevation = 

i 
53.28 feet 

I N  

Distance ' Y '  required to 
raise outside edge to 
a constant slope equal 
to the normal crown rate = 106.56 feet 

1 702 of superelevation runoff = 186.48 feet 

i 



Figure 17.'(continued) 

TABLE 1 1  1-13 f MAXIMUM RELATIVE SLOPES FOR f 
f r o m  the I DESIGN SPEED PROFILES BETWEEN THE EDGE OF 
AASHTO V (mph) TWO-LANE PAVEMENT AND 
Green Book THE CENTERLINE 

f _ _ _ _ - _ _ _ _ _ - _ _ - _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - l  

I 20 1 : I 3 3  
0 
I 
I 3 0 1 : I 5 0  
! 



- 
LAYOUT DATA: 

Figure 17. (continued) 

OUTSIDE EDGE ------------ 
Offference in 

I elevation from 
center1 fne Cross Slope 

Stat f on (in feet) Elevation (in percent) 
t lEG I NN I NG ----------------------------------------------------..-- 

I OF CURVE: 
Section from = >  98.1352 -0.240 897.90 -2.00 
beginning to 98.2500 -0.188 898.06 -1.57 
the station at 98.5000 -0.076 898.42 -0.63 
a di stance ' Y '  98.7500 0.037 898.79 0.31 

99.0000 0.150 899.15 1.25 
99.2008 0.240 899.44 2.00 
0.0000 0.000 0.00 0.00 
0.0000 0.000 0.00 0.00 

:,cction from => 99.2008 
the station at 99.2500 
3 di  st-once ' Y '  99.5000 
to the P.C. 99.7500 

100.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

Sertion from = >  100.0000 
the P.C. to 100.2500 
t t i e  end of 100.5000 
the runoff 100.7500 

100.7992 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

END OF CURVE: 
iection from = >  109.2008 
t n e  beginning 109.2500 
O F  the runoff 109.5000 
ro the P.T. 109.7500 

110.0000 
0,0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 



Figure 17.  (continued) 

LAYOUT DATA: (continued) 
, . ,..--- 

OUTSIDE EDGE 

Difference in 
e 1 evet i on from 
centerline Cross Slope 

I 
Stat ion (in feet) Elevation (in percent) 

--------------_---I------*-*----------,-A.----- -------.---. I 
Section from => 110.0000 0.600 890.60 5.00 
the P.T. t o  the 110.2500 0.487 889.99 4.06 
station a t  a 110.5000 0.375 889.37 3.12 
distance ' Y o  110.7500 0.262 888.76 2.18 1 

110.7992 0.240 888.64 2.00 
0.0000 0.000 0.00 0.00 
0.0000 0.000 0.00 0.00 I 
0.0000 0.000 0.00 0.00 ! 
0.0000 0.000 0.00 0.00 
0.0000 0.000 0.00 0.00 
0.0000 0.000 0.00 0.00 

section from = >  110.7992 
the station at 111.0000 
a distance 'Y '  1 1  1.2500 
to the end 11 1.5000 

1 1  1.7500 
1 1 1.8648 

0.0000 
0.0000 
0.0000 



Figure 17. (continued) 

LAYOUT OATA:(contlnued) 
-----",----- 

INSIDE EDGE ----------- 
Difference in 
elevation from 
center I ine Cross Slope CENTERLINE 

Stat ion (in feet) E l evat ion (in percent) ELEVATION -----."----------*--"-----------------------------------------------*-- 



Figure 17. (continued) 

LAYOUT OATA:(continued) 
--*-*------ 

INSIDE EDGE ----------- 
Difference in 
elevation from 

centerline Cross Slope CENTERLINE 
Stat ion (in feet) Eievetion (in percent) ELEVATION 

..,-, <.-.*.--.----**-w-------------*-------w-----e------------------w-----*- 

I 



Figure 17. (continued) 

STATIONING DETAILS: 
---.-.---*---------- 

A t  the Beginning of the Curve: 
* Beginning of superelevation 

runoff. P.C.- 70% of runoff = 98.1352 

* Station at a distance 'X' from 
beginning of superelevation runoff = 98.6680 

* Station at a distance 'Y' from 
beginnlng of superelevation runoff = 99.2008 

* Point of Curvature. P.C. = 100.0000 

End of superelevatfon 
runoff. P.C.+ 30% of runoff = 100.7992 

First even lncremental statlon after 
beginnfog of superelevation runoff = 98.2500 

First even incremental station after 
a distance ' Y e  from the beginning = 99.2500 

First even lncremental station 
after the point of curvature, P.C. = 100.2500 

At the End of the Curve: 
Beginning of superelevatfon 

runoff. P.T.- 30% of runoff = 109.2008 

Point of Tangency, P.T. = 110.0000 

* Station at a distance ' Y e  from 
end of superelevation runoff = 110.7992 

* Station at a distance 'X' from 
end of superelevation runoff = 111.3320 

End of superelevation 
runoff. P.T.+  702 of runoff = 111.8648 

First even lncremental statlon after 
beginning of superelevatlon runoff = 109.2500 

First even incremental station 
after the point of tangency. P.T. = 110.2500 

First even incremental station after 
a distance 'Y' from the beginning = 111.0000 



2.1.6. BXONINV and MAINTREC 



SIGNINV and MAINTREC 

2.1.6.1. Introduct ion kg BlfjtjLtjY 

SIGNINV i s  a spreadsheet i l l u s t r a t i n g  one (of many) 

approach t o  creatxng a t r a f f i c  cont ro l  device inventory 

using a spreadsheet program. A microcomputer data base 

program w i l l  permit c reat ion of a t r a f f i c  cont ro l  device 

inventory system with more flexibility i n  manipulating 

the information contained i n  the f i l e .  However, i f  the 

need i s  f o r  a systematic record from which repor ts  may be 

generated per iod ica l l y ,  then i t  i s  possible t o  create a 

workable and e f f ec t i ve  inventory system wi th  a 

spreadsheet program. This spreadsheet i s  organized wi th 

the variaus t r a f f i c  cont ro l  device parameters entered i n  

columns across the tab le  and each cont ro l  device occupies 

a row. Thus, as many t r a f f i c  cont ro l  devices can be 

entered as there are rows i n  a spreadsheet. For the 

smallest versions of Mul t ip lan tha t  operate on an Apple 

I I e  computer, the spreadsheet contains 254 rows. For the 

lnryest  versions f o r  MS-DOS computers the spreadsheet 

contains over 4000 rows. I n  a p rac t i ca l  sense, the 

number o i  rows tha t  may be f i l l e d  i s  dependent upon the 

computer memory s ize  i n s t a l l e d  and the e f f i c i ency  of the 

computer i n  a l loca t ing  memory. ThereSore, i n  t h i s  and 

s imi la r  appl icat ions, the user should prepare a SIGNINV1, 



SPGNINVZ, etc., t o  handle any massive data base. 

The user should change the column headings t o  s u i t  h15 

or her needs i n  i den t i f y i ng  t r a f f i c  cont ro l  devices. 

This i 1 l u s t r a t i v e  design resu l ted f ram several 

consultat ions wi th  county o f f  ices, the Iowa Div is ion of 

the Federal t-lighway Administration and the Iowa 

Department of Transportation Of f i ce  of Local Systems. It 

i s  intended, however, t o  be a guide t o  ass is t  the user i n  

generating appl icat ion concepts t o  move beyond the scope 

oC t h i s  report  i n  using Mul t ip lan (or any spreadsheet). 

MAINTHEC i s  a spreadsheet designed t o  work wi th  

SIGNINV t o  estab l ish a record of the maintenance h i s to ry  

f o r  a t ra fS ic  cont ro l  device. I t  i s  designed t o  have a 

pa r t i cu la r  t r a f f i c  con t ro l  device occupy an e n t i r e  row i n  

the? table. Note tha t  the column headings contain 

i d e n t i f i c a t i o n  information i n  the f i r s t  few columns which 

i s  t o  correspond t o  the s ign i d e n t i f i c a t i o n  i n  SIGNINV. 

Subsequent columns i n  the tab le  are a repeating pat tern 

of recording a no t ice  of need f o r  maintenance and act ion 

taken. This permits establ ishing a record base of the 

maintenance h i s to ry  of the t r a f f i c  cont ro l  device. There 

are su f f i c i en t  columns i n  the spreadsheet t o  permit 

re ta in ing  what i s  expected t o  be about 10 years a c t i v i t y  

on a t r a f f i c  cont ro l  device. 



There i s  an advantage t o  having something such as a 

maintenance record i n  a separate f i l e  from an inventory. 

The maintenance record i n  the case of t r a f f i c  control  

devices may be considered a sens i t i ve  record. I n  t h i s  

manner, i t  i s  possible t o  keep d i f f e r e n t  secur i ty  l eve ls  

f o r  the inventory and the maintenance record. Someone 

looking a t  the inventory w i l l  not immediately f i n d  the 

maintenance h is tory .  I n  fac t ,  i t  may be desirable t o  

have f i l e s  such as these on two completely d i f f e ren t  

disks. Access t o  data and f i l e  secur i t y  i s  always a 

concern i n  computer systems. Planning f o r  i t  should be 

considered a t  the time records are established. 

2.1.6.3. general &fcg@ucf&g~ 

SIGNINV and MGINTHEC are two spreadsheets developed t o  

be used as a t r a f f i c  cont ro l  device inventory. SIGNINV 

can be used t o  s tore the locat ion,  type, and condi t ion of 

the t r a f f i c  cont ro l  devices w i th in  an engineer's 

~ u r i s d i c t i o n .  MAINTREC can be used t o  s tore a record of 

the maintenance performed on each t r a f f i c  control  device. 

The input data f o r  SIGNINV includes s ign number, s ign 

loca t ion  (township number, range number, sect ion number, 

township name, and the engineer's choice f o r  the exact 

loca t ion  of the s ign) ,  s ign legend, MUTCD number, sign 

pos i t ion  (d i rec t i on  s ign i s  facing, l a t e r a l  pos i t ion  such 



as distance from roadway and s ide of road), number i n  

assembly, sign character is t ics  (shape, color ,  s ize i n  

hor izonta l  and ve r t i ca l  dimensiona, height, s ign 

condit ion, sign r e f l e c t i v i t y ,  and s ign v i s i b i l i t y ) ,  post 

character is t ics  (post type and post condi t ion) ,  inventory 

d i rec t ion ,  inventory date, l a s t  date checked, maintenance 

record sheet, and remarks. 

The input data f o r  WAINTREC include: sign number (same 

as i n  SIGNINV), date reported, s ign condit ion, 

recommended improvements, and date inhta l led/serv iced f o r  

each time a sign i s  repaired. 

These spreadsheets were developed using the Trgffhc 

SFQQ l ~ ~ g n t e ~ y  Sy&en developed f o r  the Iowa Department 

of Transportation by Johnson, B r i c ke l l ,  Mulcahy and 

Associates as a reference and a guide. The spreadsheets 

are s imi la r  t o  the sign inventory and maintenance record 

forms included i n  t h i s  document. 

The best way t o  begin using a spreadsheet i s  t o  obtain 

a l l  per t inent  data, record the data i n  a form tha t  i s  

eas i l y  t ransferred onto the spreadsheet, and then input 
I 

the data i n t o  the spreadsheet. The data obtained i n  the I 

I 
f i e l d  should be co l lec ted on an input  form. The form can 

1 
be made up by the engineer or i t  can be s imi la r  t o  the I 

examples i n  the IcgffL~ Sigg lgygafgry Bygfg@ document. I 
I 
I 



Once the data have been col lected,  the user can proceed 

t o  use the spreadsheet. 

The f i r s t  step i s  t o  load e i ther  f i l e  from the disk 

I n t o  the computer operating i n  Multiplan. The f i l e s  are 

assumed t o  be stored on disk i n  Normal Mode as SIGNINV.NP 

and WAIWTREC.MP, respectively. Once the spreadsheet t o  

be used i s  loaded i n t o  the  computer, the data can be 

input from the appropriate f i e l d  input  form (examples 

shown i n  Figure 18). 

Hefore entering data, the engineer should decide upon 

a method t o  be used f o r  the  exact loca t ion  of the  s ign to 

put i n t o  columns 7 and 8 (see Figure 18). Some 

suggestions f o r  t h i s  include references t o  sect ion 

corners and quarter-section corners, reference t o  the 

Iowa Department of Transportat ion's road number system, 

the ALAS linh-node i nden t i f i ca t i on  system used f o r  

accident locat ion,  or by rou te  number and referenced t o  

section l ines.  These are only a few of the possible 

methods, The engineer may have another one he or she 

prefers. The most important th ing  t o  remember i s  the  

system must be inderstood and applied by a l l  personnel 

who are involved i n  the  s ign inventory. 

Once the user i s  prepared t o  begin, he or she should 

then input the data i n t o  the spreadsheet. These data f o r  



SIGNINV include the s ign number, sign locat ion, sign 

legend, MUTCD number, d i rec t i on  facing, l a t e r a l  posi t ion,  

number i n  assembly, sign character ist ics,  post 

character is t ics ,  inventory d i rect ion,  inventory date, 

l a s t  date checked, maintenance record sheet number, ahd 

any remarks (see Figure LEI ) ,  A l l  of these data izan be 

obtained i n  a f i e l d  inspection of t r a f f i c  cont ro l  

devices, except f o r  the MUTCD number which can be 

obtained from the t4apgaL gn Mnhfgc@ LfaffL~ Control 

QevLceq. Once the data have been entered, the 

spreadsheet should be saved wi th  a filename ; 

character is t ic  of the pos i t ion  of the spreadsheet w i th in  

the inventory (i.e., SIGNINV!, SIQNINV2, etc.) .  

One problem i n  using a spreadsheet t o  develop t h i s  

inventory system i s  not being able t o  eas i l y  obtain a 

l i s t  of a l l  signs of a spec i f i c  type of  a speci4ic 

loca t ion  unless the  data i s  input  i n  tha t  fashion. This 

means, i f  the engineer wanted a l i s t  of  a l l  the STOP 

signs w i th in  h i s  o r  her j u r i sd i c t i on ,  i t  would be 

cumbersome t o  accomplish. 

When the user i s  prepared t o  begin using MAINTREC, the 

engineer should then input  the data i n t o  the spreadsheet. 

These data include the s ign number, date s ign condi t ion 

reported, condit ion, recommended improvements, and date 



i n s t a l l e d  or repaired (see Figure I S ) .  A l l  of these data 

can be obtained from e i the r  a f i e l d  inspect ion or a 

c i t i z e n  c a l l l i n g  i n  a problem wi th  a sign. The s ign 

number should be the same number as tha t  used i n  SIGNlNV 

f o r  the srgn i n  question. Once the data have been 

entered, the spreadsheet should be saved w i th  a filename 

charac te r is t i c  of the pos i t ion  of the spreadsheet w i  thsn 

the inventory (i.e., MAINTRECI, MAINTRECZ, etc.) .  The 

spreadsheet should also be labeled wi th  a l e t t e r  (1 .e., 

A, 5 ,  C, etc.) i n  row 13 column Z a t  the top of the sheet 

correspondrng t o  i t s  pos i t ion  i n  the inventory. 

No example problem was developed f o r  t h i s  spreadsheet 

due t o  the wide range of opinion on exact ly  how i t  should 

be applied. 



Figure 18. Form of SIGNINV 

1 ? 3  4 5 6 7 W :-) 
I * * * * ~ X * * * " X X X . " * * X " * * * X * * X * * * * I I * * * * * * * ~ * * * * * " * * " * " ~ ~ * * * * * * * ~ * * " ~ *  

I 
.7 
i TRAFF i C CONTROI.. OEV l CE INVENTORY 
3 ~ x ~ * i r r x * * r r x * ~ x r r + * . x * * ~ t t * * * ~ ~ ~ ~ ~ ~ ~ ~ * ~ * ~ * ~ * ~ * * * ~ * ~ * ~ ~ ~ * * ~ ~ * * * ~ * ~ ~  

..................................................... 
+ Multiplan Microcomputer Spreaclsheets for County + 
+ Hydraulic and Highway Engineering Computations + 
i- Copyright by Kent L. Ahrenholtz + 
+ Vers ion 1 .0 + 
+ 1986 + 
..................................................... 

SIGN LOCATION 
S I G N  I 
NO. I Twns Range Sect Township Name ? ? ................................................................ 

I I 
Z I 
3 I 
4 1 
5 I 
6 f 
7 ; 
8 I 
9 ! 

10 r 
I1 I 
I% i 
13 i 



Figure 18. (continued) 

i (:I I I 1, 2 1 .3 1 '1 
* X . X . X X ' * X X * X " * X * * X X * * X X * * * X * C * * * * * * " * * * * ~ " * ~ * * ~ * " * * * " * * * * " ~ * * "  

TRAFF IC  CONTROL DEVICE INVENTORY 
9 . .  " * " ' ~ X . . . * * l * l * * t * * * Z * * * * * * " * * ~ * * " * * " * * * * ~ * * * * * * . " * . * * * . " * * "  

LATERAL. P D S l  T I O N  
D I R E C T I O N  D i s t a n c e  Side o f  

SIGN LEGEND MIJTCD NUMBER S I G N  FACING ( f e e t )  Rnaci .............................................................. 



Figure 18. (continued) 
I 

! ?, I ii 1 7  l i'! j 6; 2 (1) .: i. I i I 
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I 
I 

5 
6 
7 I 
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9 

I (7 
1 I ! 
I ? 
! 3 SIGN CHARACTERISTICS 
14 1.II.IMRER I N  I S i z e  1 
I S  ASSEMRLY f Shape C o l o r  H o r i z  V c r t  Height 
16 .................................................................... 
17 t 

18 I 
19 
2 0  I 



Figure 18. (continued) 
- - .,., L '_ 7 3 2 4  
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! 2 
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Figure 18. (continued) 
25  2 (5 2 7 26 ;7 13 :5 - .  1.1 
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Figure 18. (continued) 

3 i 3 2  ? 3 
1 * * * * . * * * * " X * " " * * * I * " " ~ ~ " * * * * * * * * * * " * * * C " * * * ~ ~ " " * * * " *  
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Figure 19. Form of MAINTREC 
1 

I ,? -. 4 5 
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...................................................... 
+ M u  It iplan Microcomputer Spl-eadsheets fnt- County + 
+ Hycit-au l i c and Hi ghway Eng i neer i ng Comp~~tat ions + 
+ Copyright by Kent I.. Ahrenho 1 tz + 
+ Vcrsion, 1.0 + 
+ . I  986 + 
...................................................... 
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13 SHEET A 
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17 .................................................................... 
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Figure 19. (continued) 
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* Figure 19. (continued) 
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Figure 19. (continued) 
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2.2. Hydraulic Engineering Spreadsheets 



2.2.1. DITCHFL 



DlTCHFL 

MANNING'S EQUATION - OPEN CHANNEL GEOMETRICAL SECTIONS 

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, design 

flow, and initial trial depth. Once the initial data are 

entered, the Iteration option is invoked and depth of 

flow for a given design will be calculated. The output 

consist only of the calculated flow depth. 

The best way to begin using this or any spreadsheet 

template is to collect all the pertinent data, record the 

data in a form that is easily transferred into the 

spreadsheet, and then enter the data into the 

spreadsheet. The first step is, thus, to collect the 

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



accompl~shed, a person can brg in  t o  use the spreadsheet 

template. 

The f i r s t  step a f t e r  completing the input form i s  t o  
I 

load the spreadsheet i n t o  the  computer. The master 1 
template i s  assumed t o  be stored on a disk i n  the Normal I 

I 
Mode under the filename DITCHFL.MP. Once the master 

template i s  loaded i n t o  the  computer, use the Options 

command from the Mul t ip lan menu t o  t u rn  OFF both the 

I 
Recalculation opt ion and the I t e r a t i o n  opt ion f o r  i n i t i a l  I 

data entry. A t  t h i s  t ime the user can enter the data fo r  I 
p r o ~ e c t  number, p ro jec t  name, preparer, checker and dates 

prepared and checked. These entry l i n e s  are found i n  I 
rows 14 through 17 (see Figure 20). 

After  items have been entered i n  rows 14 through 17, 1 
enter the design parameters located i n  column 6 i n  rows I 
23 through 29 (see Figure 20). These items include: the 

d i t ch  bottom width, f oreslope, backslope, Manning's n, 

d i t ch  slope, design f low t o  be accommodated, and the 

i n i t l a 1  t r i a l  depth. 
I 
I 

The d i t ch  bottom width i s  entered i n  feet .  For 

t r iangu la r  cross-sections, the d i t ch  bottom width should 
i 

be 0.0 feet.  The foreslope i s  the slope from the d i t ch  I 
bottom t o  the edge of the roadway shoulder. The 

backslope i s  tha t  from the  d i t ch  bottom t o  the i 
in tercept ion of natura l  ground surface a t  the outer r i g h t  

of way edge. The backslope and the foreslope are entered 
I 

i n  the form Z : l  where Z i s  a hor izonta l  distance i n  fee t  



(see Figure 21). The d i t ch  slope i s  the average slope a t  

the loca t ion  fo r  which the data apply and i s  entered i n  

feet  per feet .  Manning's n should be thfa one t ha t  i s  

best su i ted a t  the channel loca t ion  where the f low depth 

i s  t o  be calculated. The design f low i s  the f low f o r  

which the normal depth i s  t o  be calculated. Design f low 

i s  entered i n  cubic fee t  per second (c fs )  . The f i n a l  

input parameter i s  the i n i t i a l  t r i a l  depth. The 

spreadsheet w i l l  work f o r  any i n i t i a l  t r i a l  depth thaV i s  

less than or near ly equal t o  the f i n a l  depth. A value of 

0.10 feet  i s  recommehded aa a s t a r t i ng  value f o r  most 

condit ions. 

Once a l l  the data are entered, the Recalculation 

opt ion and the I t e r a t i o n  opt ion are turned ON. A t  t h i s  

time the spreadsheet w i l l  begin the reca lcu la t ion  and 

i t e r a t i o n  t o  converge on a f law depth. When the 

i t e r a t i o n  i s  complete the r esu l t s  are found i n  row 33 

(see Figure 20). 

Before making changes t o  more than one c e l l  i n  the 

spreadsheet, t o rn  the I t e r a t i o n  and the Recalculation 

options OFF. Af ter  making the changes i n  design 

parameters, then tu rn  I t e r a t i o n  and Recalculation back 

ON. I F  ANY RESULTS OF AN ITERATION ARE NEEDED FOR LATER 

USE, BE CERTAIN TO SAVE THE SPREADSHEET ON DISK AT THAT 

POINT BEFDRE BAKING FURTHER CHANGES. 



A d i t ch  located along a county road has deteriorated I 
t o  the po in t  where i t  needs t o  be regraded t o  adequately 

dra in  the water. The f i n a l  d i t ch  design i s  one which I 
requires the road t o  be located f i v e  fee t  above the 

bottom of the di tch.  Three a l te rna t i ve  designs havs been 

proposed. These are shown i n  Figure 22. Table 1 shows I 
the design parameters f o r  each cross-aection. Which 

d i t ch  design should be used so tha t  the water dapth 
I I 

remains below the elevat ion of the roadway f o r  the I 
100--year storm'? 

The data are taken from Table 1 and recorded onto 1 
I 

input  forms. These completed forms are shown i n  Figure 
I 
i 

23. From the input forms, the data are input  i n t o  the I 

spreadsheet template. The r esu l t s  of each of the three I i 
examples are shown i n  Figures 24, 25 and 26. 

One can now look a t  and compare the resu l ts .  From 

t h i %  example i t  appears tha t  the only d i t ch  tha t  w i l l  

g ive a water depth below the roadway surface i s  1 

cr-05s-section 1 which has a water depth of 4.8 feet .  The I 
water depths f o r  cross-sections 2 and 3 are 5.4 feet  and 

6.8 feet  respect ively which exceeds the design 

specif  cation of 5.0 fee t  maximum depth of flow. 

I 
I 



Table 1. Input data for example problem 

Design parmeter Cross - section 
1 2 3 

Ditch bottom (ft) 30 20 0 
Foreslope (ft:l) 1:l 2:l 4:l 
Backslope (ft:l) 1:l 2:l 4:l 
Manning's N 0.02 0.02 0.02 
Ditch slope (ft/ft) 0.01 0.01 0.01 
100-year design flow (cfs) 3000 3000 3000 
Initial trial depth (ft) 0.1 0.1 0.1 



Figure 20. Input Template for Manning's Equation - Open Channel 
1 Geome ric Section 5 3 4 5 6 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 MANNING'S EQUATION - OPEN CHANNEL GEOMETRIC SECT10 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 
5 tttttttttttttttttttttttttttttttttttttttttttttttttt 
6 t Multiplan Applications in Civil Engineering + 
7 t November 21, 1984 t 
8 t Copyright by Kenneth A. Brewer t 
9 t All Rights Reserved, 1984 t 
10 t Version 1.4 t 
11 t Revised March 27, 1987 t 
12 tttttttttttttttttttttttttttttttttttttttt+ttttttttt 
13 
14 Project Number 
15 Project Name 
16 Prepared By Date: 
17 Checked By Date: 
18 
19 ............................................................ 
20 
21 INPUT - Design Parameters 22 ......................... 

2 3 Ditch bottom (FT) ----------- > 
24 Foreslope (FT:l) ------------ > 
2 5 Backslope (FT:l) ------------ > 
2 6 N ----------------- > 
2 7 Ditch slope (FT/FT) ---------> 
2 8 Design flow (cfs) ----------- > 
29 Initial trial depth (FT) ----> 
30 
31 ............................................................ 
32 OUTPUT 
33 """""" Calculated Flow Depth (FT) = CVALUE! 
34 
35 ............................................................ 
3 6 
37 CALCULATIONS 38 """""""""""" 

39 1.486/Mannning1s N = #DIV/O! 
40 Calculated Flow Depth (FT) = #VALUE! 
4 1 Flow Area (SQ FT) = #VALUE! 
42 Wetted Perlmeter (FT) = #VALUE! 
43 Hydraulic Radius (FT) = XVALUEI 
44 Calculated Velocity (FPS) = CVALUEI 
4 5 Test to Design Flow (cfs) = #VALUE! 
4 6 Delta Flow (cfs) = #VALUE1 
4 7 Initial Delta - - 
4 8 Delta Change = #VALUE! 
49 Delta Check to Stop = TRUE 
50 Test for end: #VALUE! 
51 
52 ............................................................ 
53 
5 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 5 * COPYRIGHT 1984, 1985, BY K. A .  BREWER * 
56 * * * * ~ * * * * * * * t * * * t * * * * * * * * * * * * * * * ~ * ~ x * * t * * * * * * a * * * *  
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ditch bottom 

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

bottom widths 

Figure 22-  Cross-section for the three example problems. 



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: 

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

INPUT - Design Parameters - Option 1 
Ditch bottom .......................... > 3 feet 

Foreslope ............................. > ft:l 

Backslope ............................. > 1 ft:l 

Manning's roughness coefficient (n) --- > o , o ~  
Ditch Slope ........................... > J ,@/  ft/ft 
Design flow ........................... > 300C) .fs 

Initial trial depth ------------------- > feet 

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

iNPUT - Design Parameters - Option 2 

~ i t ~ h  bottom .......................... > feet 

Foreslope > ft:l 

Backslope ............................. > ft:l 

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

Design flow > cf 5 

lnit-ial trial depth > feet 



Figure 23. (continued) 

INPUT FORM - (continued) - Page - of - 
MANNING'S EQUATION - OPEN CHANNEL GEOMETRICAL SECTION 

Input Design Parameters - Option - 
Ditch bottom .......................... > feet 

Foreslope ............................. > Et:l 

Backslope ............................. > ft:l 

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

,,itch Slope ........................... > ft/ft 

Design flow ........................... > cfs 

Initial trial depth ------------------- > feet 

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

INPUT - Design Parameters - Option - 
Ditch bottom .......................... > feet 

Foreslope ............................. > ft:l 

Backslope ............................. > ft:l 

Manning's roughness coefficient (n) - - - >  
Ditch Slope ........................... > ft/ft 

Design flow ........................... > cfri 

Initial trial depth ------------------- > feet 

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

INPUT - Design Parameters - Option - 
Ditch bottom .......................... > feet 

Foreslope ............................. > ft:l 

Backslope . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  > ft:l 

Manning's roughness coefficient (n) - - ->  
Ditch Slope . . . . . . . . . . . . . . . . . . . . . . . . . . .  > £t/ft 

Design flow > cfs 

Initial trial depth - - - - - - - - - - - - - - - - - - - >  feet 



Figure 24. Example Problem 1 Template 

******************************::****:x:a***xx*:$*~~******l***'t:t. '$: 
MANNING'S EQUATION - OPEN CHANNEL TRAFEZOIDAL SECTION 

************X***x*'**r**l***********f:x 

.................................................. 
+ Multiplan Applications xn Civil Engineering + 
+ November 21, 1984 + 
+ Copywrite by Kenneth A. Brewer + 
+ Version 1.2 + 
+ Revised August 19. 1986 + 
.................................................. 

Project Number : 1 
Project Name :Example problem 1 
Prepared By :Rocky Keehn Date:9/9/86 
Checked By :Rocky Keehn Date:9/9/86 

INPUT - Design Parameters 
*****************%+****** 

Ditch bottom (FT) -----------> 30 
Foreslope (FT: 1 ) ------------> 1 
Backslope (FT:l) ------------? 1 

N ----------------- > 0.02 
Ditch slope (FT/FT) ---------> 0.01 
Design flow (c fs) -----------> 3000 
Initial trial depth (FT) ----? 0. 10 

CALCULATIONS 
******.,~**** 

1.486/Mannning's N .; 74.m 
Calculated Flow Depth (FTl = 4.76 
Flow Area (SO FT) = 165.45 
Wetted Perimeter (FT) = 43.46 
Hydraulic Radlus (FT) - - 3.81 
Calculated Veloczty (FPS) = 18.12 
Test t o  Dssipn Flow tcfs) = 2998.41 
Delta Flow tcfs) = 1.5896 
Inltral Delta = 
Delta Change = 0.00 
Delta Check t o  Stop = TRUE 
Test for end: CONTINUE ITERATION 

OUTPUT 
****.,* Calculated Flow Depth (FT) = 4.76 

. . . . ~  
:X COPYRIGHT 1984, 1985, BY K. A. BREWER * 
******:$*****:$****X******x*****1*X***********:$**:x* 



Figure 25. Example Problem 2 Template 

i i * $ v 8 X X L I X * * * 4 * I ~ V X * * * X C S L X X * : 1  S X X ~ ~ i ~ L t i X V X X X V ~ C K ~ C X t t * ~  & * V  

MANNING'S EQUATION - OPEN CHANNEL TRAPEZOIDAL SEI'TION 
*****X******************************m********~*~******~******xm*~ 

.................................................. 
+ M u l t i p l a n  A p p l i c a t i o n s  i n  C i v i l  Engineering + 
+ November 21. 1984 + 
+ Copywr i t e  b y  ~ e n k t h  A. Brewer + 
+ Ve rs i on  1.2 + 
+ Rev ised  August 19, 1986 + 
.................................................. 

P r o j e c t  Number 1 
P r o j e c t  Nan. rEx.mp1e p rob lem 2 
Prepared By i Roc k y  Keehn Date: 9 /9/86 
Checked By rRocky Keehn Date: 9 /9/86 

INPUT - Desxgn Parameters 
......................... 

D i t c h  bo t tom (FT) -----------\ 20 
Fo res lope  (FTr 1 )  ------------> 2 
Backs lope ( F T t l )  ------------> 2 
Ma,mingvS ,., -----------------, 0.02 
D i t c h  s l o p e  (FT/FT) --------- > 0.01 
Design f l o w  (c fs) -----------> 3000 
I n i t i a l  t r i a l  d e p t h  (FT) ----> 0.10 

CALCULATIONS 
**+********* 

1.486/MannnlngVs N = 74.30 
C a l c u l a t e d  F low Depth (FT) 5 5.40 
F low Area (SO FT) .i 166.52 
Wet t e d  Per imeter  (FT) = 44.17 
H y d r a u l i c  Radxus (FT) = 3.77 
C a l c u l a t e d  V e l o c i t y  (FPS) 18.01 
Test t o  Design F low  f c f s )  = 2998.26 
D e l t a  F low ( c f e )  = 1.737'3 
I n i t i a l  D e l t a  = 
D e l t a  Change m 0.00 
D e l t a  Check t o  S top  = TRUE 
Test f o r  end: CONTINUE ITERATION 

OUTPUT 
**..*** C a l c u l a t e d  F low Depth (FT) = 5.40 

* * * * * * * * * * * * ~ * * * * * * * * * * r l r * * * * * * $ * * * * * 4 * ~ I * V * * * * * * ~ V  
* COPYRIGHT 1384. 1989. BY K. A. BREWER * 
*****************X******************I****X****** 



Figure 26. Example Problem 3 Template 

~ * : * : t * * ' k * : I : e X * * * ~ * X S * * * * * * l * * * * * * * ~ : C X ~ * x * * x * * * ~ * * : e * : X X * * * 1 : ~ * X * . t :  *:# I 
MANNING'S EQUATION - OPEN CHANNEL TRAPEZOIDAL SECTION 

******************:****:tX**:C**********x*******:X:*x:********x******:K* 

.................................................. 
+ M u l t i p l a n  Applications i n  C l v i l  E n g l n e e r l n g  + 
+ November  21, 1 9 8 4  + 
+ C o p y w r r t o  by K e n n e t h  A. B r e w e r  + 
+ V e r s i o n  1.2 + 
+ R e v i w o d  A u g u s t  19, 1986 + 
.................................................. 

P r o j e c t  Number 1 
P r o j e c t  Name : E k a n ~ p l e  p r u b l e n ~  3 
P r e p a r e d  By, : R o c k y  K e e h n  D a t e :  9/9/86 
C h e c k e d  B y  : R o c k y  K e e h n  D a t e : 9 / 9 / 8 6  

INPUT - D e s r g n  P a r a m e t e r s  
......................... 

D l  t c h  bot ton, (FT)  -----------> 0 
F o r e s l o p e  (FT: 1) ------------> 4 
B a c k s l o p e  (FT : l )  ------------> 4 
"annxng's N -----------------> 0.02 
D i t c h  s l o p e  (FT /FT)  ---------> 0.01 
D e s r g n  f l o w  (c fs) -----------> 3000 
I n i t i a l  t r r a l  d e p t h  (FT)  ----> 0.10 

CALCULATIONS 
*..*****--*** 

1 . 4 8 6 / M a n n n l n g ' s  N 
C a l c u l a t e d  F l o w  D e p t h  (FT)  
F l o w  A r e a  (SC! F T )  
W e t t e d  P e r i m e t e r  (FT)  
H y d r a u l r c  R a d l u s  (FT)  
C a l c u l a t e d  V e l o c x t y  (FPS) 
T e s t  t o  D e s l g n  F l o w  ( c f 6 )  
D e l t a  F l o w  ( c f s )  
I n i t l a 1  D e l t a  
D e l t a  C h a n g e  
D e l t a  C h e c k  t o  S t o p  
T e s t  f u r  e n d r  CONT I NUE 

= 0. 00 
= TRUE 
ITERATION 

OtJTPUT 
*****- C a l c u l a t e d  F l o w  D e p t h  (FT)  = 6.76 

* L I * * X * k * * * * * * : L * * * * X s * X * * * * I * * d * *  * COPYRIGHT 1984.  1985, BY K. A. BREWER ‘r 
****f**x:*S*X***:*********************:*:*:u*~*x* 



2.2-2. RUNOFF 



RUNOFF 

2 . 2 . 2 .  1. Ir i troductiori 

I 
RUNOFF is a spreadsheet developed t o  estimate the 1 

I 

amount of runoff from most a l l  watersheds i n  Iowa. The 

spreadsheet can be used t o  ca lcu la te  runoff  based on the I 
"lowa Runoff Chart" and the "Iowa Natural Resources 

Counci 1 Bu l l  e t  i n Number 11 " . I 
I 

Input f o r  the Iowa RunofS Chart consist of the I 
drainage area and the land use fac to r  (LF). For B u l l e t i n  

11, a person needs t o  input  the drainage area, the Iowa 

hydrologic region i n  which the watershed i s  located, 

made1 number i f  the watershed i s  i n  Regibn I, and slope 1 
i f  the watershed i s  i n  Region I and Model 2 i s  used. I 

I 

The output generated f o r  both methods i s  the peak 

discharges fo r  the 2-, 5-, lo-, 25-, 50-, loo-, and I 
300-year recurrence i n t e r va l s  f o r  storms. 

The best way t o  begin using a spreadsheet i s  t o  obtain I 
a l l  per t inent  data, record the data i n  a form tha t  i s  

I 
eas i l y  t ransferred i n t o  the spreadsheet, and then input 1 

the data i n t o  the spreadsheet. The data obtained i n  the I 

f i e l d ,  from topographic maps, and engineering p r inc ip les  
I 



can be t ransferred t o  an input  form. Once t h i s  i s  done, 

a person can proceed t o  use the spreadsheet. 

The f i r s t  step i n  spreadsheet use i s  t o  load the 

master spreadsheet as a f i l e  from a disk d r i ve  t o  place 

i t  under the cont ro l  of the Mul t ip lan program. A66~me 

the spreadsheet i s  stored on disk i n  the Normal Mode and 

i% named RUNOFF.MP. Once the spreadsheet i s  loaded i n t o  

the computer, enter the Mul t ip lan command menu Options 

command and tu rn  the RecaLculation option OFF. Then 

enter the informative data i n  rows 13 through 16 (see 

Figure 27). This data includes the pro jec t  number, 

p ro jec t  name, preparer, checker, and dates the pro jec t  

was prepared and checked. 

Once the informat ive data are input ,  the user needs t o  

enter the method t o  be used by the spreadsheet and the 

u n i t s  of the drainage area as i t  i s  tabulated. The f i r s t  

choice the user must make i s  whether t o  use the Iowa 

Runoff Chart ( input  a number I ) ,  B u l l e t i n  11 ( input  a 

number 2) ,  or both ( input  a number 3) t o  ca lcu la te  the 

peak r a t e  of runoff .  The input  f o r  t h i s  choice i s  

located i n  row 23, column 5 (see Figure 27). Af ter  the 

meChod(s) are chosen, the user must enter the u n i t s  f o r  

the drainage area datum. I f  the area i s  t o  entered as 

square miles, put a number 1 i n  row 35, column 6 (see 

Figure 27). I f  the area i s  i n  acres, enter a number 2 i n  

row 35, column 6. Once these two steps are complete, 

enter the Mult ip lan command f o r  Options and tu rn  



Recalculat ion ON. Wait u n t i l  the computer has 

recalculated the spreadsheet, and then enter the drainage 

area i n  row 41, column 6 (see Figure 27). 

I f  the user se lects  choice 1 or 3 i n  row 55,  column 6 

he or she can f i n d  the peak discharges using the Iowa 

Runoff Chart. The on1 y datum the user needs t o  enter i s  

the land use fac to r  (LF)  i n  row 67, column 2  (see Figure 

2 7 ) .  The user can "unlock" c e l l  R36Ci if he or she 

wishes t o  enter a descr ipt ion of the land use f o r  l a t e r  

reference. 

The values f o r  LF can be found i n  one of three 

sources. These are: the o r i g i n a l  paper, Tablet 2 ,  and by 

entering " IOWA" i n  the Boto Name command i n  the Mul t ip lan 

command menu. 

Table 2. Values f o r  LF 

Land Description 
Very H i l l y  Rol l ing F l a t  Very F la t  

Land Use Hllly No Ponds 
------------------ 
Nixed Cover  1.00 0.80 0.60 0.40 0.20 
Permanent Pasture 0.60 0.50 0.40 0.20 0.10 
Permanent Woods 0.30 0.25 0.20 0.10 0.05 

Once the LF fac tor  has bean entered, the r e s u l t s  f o r  



several recurrence i n t e r va l s  are calculated. A l l  the 

r esu l t s  are based on the equation f o r  a d i r ec t  

ca lcu la t ion of a peak i2 except the 2-year and the 

SOO-year i n te rva l  which are based on a l i nea r  regression 

equation developed from the other recurrence in terva ls .  

Xf the user spec i f ies  using only the Iowa Runoff 

Chart, the output data can be examined beginning i n  row 

74, column 2. I f  B u l l e t i n  11 output i s  a lso desired, 

then the user should now enter the date f o r  t h i s  method 

of calculat ion.  I f  only the Iowa Runoff Chart i s  t o  be 

used, the spreadsheet r esu l t s  should now he saved wi th a 

filename so le ly  charac ter is t i c  of  the watershed, f o r  

l a t e r  use and reference i n  design. 

Since discharges are calculated by equations, there 

w i l l  always be r esu l t s  no matter what input  i s  used. 

However, there are appl icat ion l i m i t s  t o  the variables. 

These l i m i t s  are given i n  Table 3. If the drainage arca 

or the LF factor  does not $ a l l  w i th in  the spec i f ied 

l xw i t s ,  the ou tp~ t t  f o r  the Iowa Runoff Chart w i l l  be 

suppressed. To warn users of problems wi th  the input, 

special " f lags"  were included (see Figure 2 6 ) .  

I f  a value of 2 or 3 i s  entered i n  row 23, column 7, 

r esu l t s  from B u l l e t i n  11 can be calculated. The data 

needed f o r  B u l l e t i n  11 may vary depending upon what pa r t  



of Iowa the drainage area i s  located, and whether the I 
I 

slope of the main channel can be calculated. The 

B u l l e t i n  $1  por t ion  of the spreadsheet works be t te r  i f  i 
I 

the  Recalculation opt ion i s  ON a t  a l l  times. 
I 
! 

The segregation f o  Iowa i n t o  regions ?or runof f  

analysis i s  depicted i n  Figure 29. The slashed area can 1 
i 

be e i ther  i n  Region I or 11. I n  the input  box f o r  

"Region I ( 1 )  or I I ( 2 ) "  f i n  row 67, column 7) ,  input  

e i ther  the number 1 f o r  Region I or a number 2 f o r  Region 

I 

X I  (BE CEHTCIIN THAT THE RECALCULATION I S  ON!). I f  Region i 
I 1  i s  used, the data inputs  are complete. The r esu l t s  I 
are then displayed beginning i n  row 74, columns 6 and 7. 

I f  Hegi on I contains the watershed, the spreadsheet 

w i l l  prompt the user f o r  which model i s  t o  be used (row 

I 
I 

68, column 7 ) .  Model 1 i s  t o  be used when a good I 

determination of the main channel slope CANNOT be made, 

1 
otherwise Model 2 i s  t o  be ~(sed. I f  Model 1 ( input  a 

number 1 when the spreadsheet prompts f o r  se lect ing a 
I 

model ) 1% chosen, then the ca lcu la t ians w i l l  be complete 
l 

a% tha t  paint .  The r esu l t s  may be reviewed beginning i n  i 
row 74, column 6. I f  Model 2 i s  u t i l i z e d ,  then one more 

i tem of information must be entered. 
i 

Once a number 2 i s  entered i n  response t o  "Model l ( 1 )  l 
or 2(2) " i n  row 68, column 7, the slope input  w i l l  appear 

on the screen. The slope should be the 10/85 slope 1 

( re fe r  t o  Bu l l e t i n  11, page 41, f o r  the procedure t o  i 
1 

ca lcu la te  the 10/85 slope) and i t  i s  input  i n  fee t  per 



mile. Once t h i s  item i s  entered, the computational 

r esu l t s  are again found i n  row 74, columns 4 and 7. 

The output f o r  t h i s  method includes an estimation f o r  

the 500-year storm. This value i s  based on a Linear 

regression equation calculated from the other recurrence 

in te rva ls .  I f  the user i s  s a t i s f i e d  wi th  the resu l ts ,  

the spreadsheet should be saved on disk under a unique 

name f o r  l a t e r  reference. 

As was the case wi th  the Iowa Runoff Chart, l i m i t s  are 

needed on the variables so t ha t  the equations are not  

misused. These l i m i t s  are given i n  Table 3. I f  these 

l i m l t s  are exceeded the spreadsheet w i l l  not d isplay the 

output data f o r  B u l l e t i n  11 (except e r ro rs  i n  the slope). 

I f  an er ro r  occurs, the user i s  warned and should then 

make the necessary adjustments (Figure 28 i l l u s t r a t e s  the  

er ro r  messages). 

The output can be set  t o  be rounded t o  a spec i f ied 

precision. The output data are broken i n t o  two sets. 

The f i r s t  set  consists of output values less than 1000. 

The second set  consists of those values greater than or . 
equal t o  1000. The c e l l s  t ha t  contain the loca t ion  f o r  

enter ing the rounding l i m i t s  are located t o  the r i g h t  of  

the f i n a l  peak discharge output beginning i n  c e l l  R74Cll 

and ending in c e l l  R80C17. 



The user s p e c i f i e s  t h e  range f o r  rounding by en te r ing  I l 

a  s p e c i f i c  va lue i n  row 78, column 12 f o r  number l e s s  

than 10(:)0 and row 79, column 12 f o r  value% g rea te r  than 1 
o r  equal t o  1000. The f o l l o w i n g  va lues can be entered: 

(3 f o r  i n t ege r  r e s u l t ,  

-1 f o r  rounding t o  tens, I 
-2 f o r  roundxng t o  hundreds, e tc .  

For example, i f  t h e  ca lcu la ted  r u n o f f  was 4215.6 c f s ,  I 
then a va lue o f  0 would cause t h e  output  t o  r e p o r t  4216 

cf s, a  va lue o f  -1 would r e s u l t  i n  an output  o f  4220 c f s ,  
I 
l 

a value of  -2 would y i e l d  an output  o f  4200 c f  s, and a 

value o f  -5 would produce an output  o f  4000 c fs .  I t  i s  
! 

recommended t h a t  a  v r l u e  o f  -1 be used f o r  output  of l e s s  I 
I 

than lO00 c f s  and a va lue of  -2 be entered f o r  output  

g rea te r  than o r  equal t o  1000 c fs .  

Table S. L i m i t s  on va r i ab l es  f o r  RUNOFF 
I 

Variable Range of  values 

I o w a  Runoff Chart 
I 

Recurrence i n t e r va l s  (years) 2*, 5, 10, 25, 50, 100, o r  500*  
Area (acres) 1 <= area <=  70,000 
LF (un i t l ess )  0.05 <= LF <= 1 . 0 0  I 

B u l l e t i n  11 
Recurrence in te rva ls  (years) 2, 5, 10, 25, 50, 100, o r  500*  I 
Area (square mi les)  2 < =  area <= 14,038 I 
10/85 Slope ( f t / m i )  1 <= slope <= 100 

I * Estimated by l l nea r  regression 



One i tem t h a t  may concern o r  confuse t h e  user i e  t h e  

numbers remaining i n  t h e  spreadsheet f rom prev ious  

ca1,culations. The bes t  way t o  demonstrate t h i s  problem 

i s  by t h e  f o l l o w i n g  a p p l i c a t i o n  example. 

A cu lver t .  i .s  t,u be constructed under acrorrnty highway 

i n  cen t r a l  Iowa. The drainage area i s  t o t a l l y  permanent 

pasture and i s  loc:ated i n  Story C o ~ ~ n t y  ( there fore ,  i.t i s  

Region I or Region II) and has topography t h a t  can be 

described as r o l l l i n g .  The design st,orm i s  SO years; t he  

major storm i s  100 years; t h e  area i s  10,008 acres 

(15.625 square m i l es ) ;  and t h e  s lope of  t h e  main channel 

i s  V f e e t  per mi le .  Check t h e  I*-unoff .for bo th  B u l l e t i n  

11 arid f o r  t h e  Iowa Runof f Chart. 

Since the  l o c a t i o n  of  the  watershed i s  i n  Region I and 

the  s lope of  the  main stream i s  known, Region I Model 2 

i s  used f u r  Rul.i.e't in 11. The data are  f i r s t  entered an 

an inpu t  -1:(:,rm. An *:.:ample o f  t he  inpu t  form i s  shown i n  

F igu re  3(5. 

'Thc? comp1.eted spreadsheet i s  shown i n  Figr.tre 31. 

Af te r  . t h i s  compulration, t h e  user des i red  t o  check Wegiori 

I 1  r e s u l t s  against  those a l ready ca lcu la ted .  Since t h e  

values .for t h e  Iowa Runof f Chart were a l ready ca lcu la ted ,  

on ly  Bul l .et i ,n 11. data were input .  



The number 2 i s  i npu t  i n  t h e  c e l l  t o  change t h e  ! 
spreadsheet t o  output  on l y  data f o r  B u l l e t i n  1 1 ,  Orlce 

t h i s  task  i s  complete, t h e  r e c a l c u l a t i o n  takes place. I 
Wlien t h e  r e c a l c u l ~ x t ~ . o n  i s  complete, t h e  number 2 i s  

I 
entered i n t o  t h e  c e l l  t h a t  conta ins  t h e  " region opt ion" .  I 

The r e s u l t s  of t h i s  computation are  shown i n  F igu re  32. 

The user can now see t h e  e x t r a  values i n  t h e  c e l l s  
1 

below where the  reg ion  op t i on  i s  entered f o r  B u l l e t i n  11, l 
and t o  t h e  l e f t  o f  these c e l l s ,  i npu t  l e f t o v e r  f ram 

app ly ing  t h e  Iowa Runoff Chart. These data  are  from t h r  

p rev ious  computation us ing  B u l l e t i n  11 and the  Iowa I 
Ftuno,Ff Clhart. The number's, have no e f f e c t  on the  

1 

computational r e s u l t s  (compare t h e  r e s u l t s  shown i n  I 
F iqures  32 and 33),  bu t  a re  a b i t  confusing as a pereon 

I 
views t h e  spreadsheet. To co r rec t  t h i s  conf~ksion, a user 1 
needs t o  move the  c e l l  p o i n t e r  t o  the  c e l l s  i n  t h e  

spreadsheet conta i  n ing  t h e  "ex t r a  o r  unneces.sary" va l  ues 

and blank them out  w i t h  t h e  Blank command fram t h e  i 
Mult:iplan menu. F igu re  33 i l l u s t r a t e s  the  spreadsheet 

a f t e r  the  " l e f t o v e r "  data a re  blankced out. I 
I 

The r e s u l t s  fram t h e  spreadsheet i n d i c a t e  t h a t  i f  t h e  

Iowa Runoff Chart i s  used t o  c a l c u l a t e  t h e  r u n o f f ,  t he  

design discharge i s  1100 c f s  and t h e  major discharge i s  

1300 cfsj. For B u l  L e t i n  11, Rc?glon I I  Model 2, the  values 
I 

a re  3700 c f  s f o r  t h e  design r uno f f  and 4700 cf  s f o r  t h e  1 
major storm. And f i n a l l y ,  f o r  B u l l e t i n  :L1, Region I I  t h e  

r e s u l t s  a re  11:1(:)0 c f s  f o r  t h e  design storm and 1200 c f s  
I I 



for the major storm. 



Figure 27. L o c a t i o n  of I n p u t  Data for RUNOFF 1 
1 

1 2 3 4 5 b 7 8 
I I.,. *.*...**" ..**.**I(*.~*.***.1..".**..****~****.C.**I.***.**.******.*.*.**** 

, > ,. RLINOFF 
3 .+~rr*rrcrrr~s~~.r**c*rrrrccrrcrra114~r*r*+*rr.*c+~rc*rr***xc**arra**+ru* 
4 .> 
- 6  +.c 1 t. C +  ~ . + + + c + c I . c . c + + + +  1..+.+.+..1 I 8 .r + 6 t . r + . ~ - + c . i  .+ c.c* . ~ . c t  . c .+r# + + c++.  r 
L, + r l u l t i p l a n  Plicrocomputer Sp readshee t s  f o r  County + 
'7 t t lydrau l ic  and Highway Engitworirrq Ccemputations t. 

0 + Copyright  by RacCy J. Keuhn 4. 

9 + Versicgn 3.0 + 
1,:) b. 1986 + 
L L + I  *, , I +,++++ ++++++++*'+-C.C*.).(..+++++++.++++.C+++ C + + C + + + + + + +  

I ; !  
I:> p, -o jec t  Numberr 1 
I 4  P,-4 j e c t  Name :E::ample Problem 
i? .  Prepared  Hy :Rocb:y 3. Kechn Dater l l -13-86 
16 Checked Lty :Rocky J. Keehn Dater l l -15-86 
1 5 ' &j ..---.-....--.---c----.--.-----------. 

1 V IPIPUT 
2?:> *---- +++++++++++++*.++.C ~+~++.C+++++++++C++++~++.+.C.C+.C++++ I + + C  

21 + METHOD USED TO CALCULATE RUtIOFF + 
"2 *. + ***s**r**C*s*sc****-**-******** + 
->s + Chaose one  from below (1-3) ---> 3 + 
a?+ + 1 - Iowa Runoff Char t  + 
25 + 2 - B u l l e t i n  No. 11 + 
2!b + 3 - bo th  methods c 
27 . . . . . . . . . . . . . . . . . . . . . . . . . .  

tEl  + TO BET HELP ,: 

ilT9 4 2****.,**n** , 
30 + For bo th  method6 + 
3 1 + Boto IOl-1A OR BULL11 + 
:ii? . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ~ 

3 3  + UNITS USED WHEN INPUTTING THE AREA + 
3'1 + **..***s****s***e*************-c*** + 
>I5 + Choc,ee 1 or 2 ----.-----> 2 + 
36 4. 1 - nquere  m i l e s  + 
3'7 + e - acres + 
3 H  . . . . . . . . . . . . . . . . . . . . . . . . . .  
3') + INPUT THE AREA + 
t,+:, + *..-.%.******c*** + 
4 1 + A~~~ -.----.---------we--) 7 0 0 ~ 0  ac,-es + 
,,2 + + 
'+:I + + 
',O + + 
'4 3 + + 
4& + + 
47 + --- Helpfu l  Output  --- 4 .  

~ $ 8  + A~~~ -.-----------------)109.375 sq a, + 
49 + + 
50 + + + + + + + + + + + + + + . C + . + + . L + + + + + . + . t + + + + + P + + + . + + + + + + + + + + + + + + + +  

5 1 
=. , ,? - - 
5 3  riEsuLrs 
"t C*"'c-"* ,.. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
56 P r o j e c t  Number: 1 
97 P r o j e c t  N#.>rne :Enample Problem 
53 P r rpa r ed  Dy rRacky J. Keehn Date:ll-15-86 
59 Checked By :Rocky 3 .  Eeehn Dateall-15-.86 
!,O 
hl  + + + 4  r C . C + + + + + + + + + + + + + + + + + + + + + + + + . , , . + +  

t .2 * . W  IOLlA lil.lNOFF 1 1  * r r  * * a  ULILI ET I N  1 J. c+* 
":I - H:*lpfuI o u t p u t  --- bielpful Output  --- 
A4 Area ( a c r e s )  > 70000 Area ( s q  m i  ) ------.-->109.375 
<> 5 

1 2 3 4 S 6 7 
, 

8 
P l e a s e  i npu t  --- P l e a s e  i n p u t  --- ,;; LF .. 1 Region I ( 1 )  OR I I ( 2 )  -> 1 

& 3 Model 1 ( 1 )  OR 2 ( 2 )  ---.> 2 
-9 O o t a  LF FOR HELP lOl83 s l o p e  ( f t / m i )  --> l ClO 
'10 
- 8  I 



Figure 28. Input Template with Error Message for RUNOFF 

t t t t t t t t t t t t t t t t t t t t t t t t t +  
INPUT THE AREA t  + 
"""-"-"""""e*" t  

t ~  * lrrea -------------- ----> 15001 sq mi t  t  
t  t  
t  
t  NOTE: AREA TOO LARGE TO US& IOWA RUNOFF CHART t  

t  
t  
t  NOTE: AREA TOO LARGE TO USE BULLETIN 11 t  

--- Helpful Output --- t  
t  
t  ------------------> 15001 sq ml t  t  

19 INPUT 
20 -"""- tttttttttttttttttttttttttttttttttttttttt+tttttt4ttt 

t  METHOD USED TO CALCULATE RUNOFF t  
2 1 """1"""""""""""""""*""""""""-"" + 
22 t  

Choose one from below (1-3) ---> 4  t  
2 3 t  

1 - Iowa Runoff Chart t  
2 4 t  

2 - Bulletin No. 11 t  
25 t  

3 - both methods t  
26 t  

2 7  t t t * t t t t t t t t t t t t t t t t t t t t t t  
TO GET HELP t  

28 t  """""".""-"- t  
29 i 

3 t i ERROR - method used number incorrect+ 
or area out-of-range t  

3 1 t  

32 + + + + t + t + t t t t t t t t t t t t t t + t t +  
t  UNITS USED WHEN INPUTTING THE AREA t  

3 3 _"""""""-"*_"_""""-"-"""""*""""-"" t  
34 t  

Choose 1 or 2 ---------> 2 t  35 t  
1 - square mlles t  

36 t  
2 - acres t  

37 t  

38 + + + + + t t + t + t t t + t t + t + t t t t t t t  
INPUT THE AREA t  

39 t  
"-"1"""""*"""" t  

40 t  

4 1 t  A,.ea ------------------) lacres t  t  

42 t  

43 t  NOTE: AREA TOO s n u ~  TO USE IOWA RUNOFF CHART 
t  t  

4 4 t  
t  NOTE: AREA TOO SMALL TO USE BULLETIN 11 t  

4 5 t  
46 t  --- Helpful Output --- t  
47 + 
4 8 t  uea ------------------>0.00156 sq ml t  t  

49 t  

50 +ttt+tt+t+t++t+ttttttttttttttttttt~tttttttttttttttt 

61 t + t t + t t + t t t t t t t t t t + t t t t t t t + t t t ~ ~ ~ t  
62 *** IOWA RUNOPP CHART .** *** BULLETIN 11 *** 
63 --- Helpful Output --- --- Helpful Output --- 
64 Area (acres) > 10000 hrea lsq ---------> 15.625 

--- Please input --- 
~p ----------> 0.04 

*** ERROR "'* 
LP lncorrect-Help at Goto LF 

t t t t , t t t t + t t t t  *.. 
IOWA RUNOFF CHART """".,*""""""""".," 

NOT USED 

--- please input --- 
Reqlon 111) OR XI(2) -> 1 
Hodel l(1) OR 2(2) ---> 2 
io/8s slope (ft/mi).;;> 10% 
**R POSSIBLE ERROR 
check your Reglon number, 
nodel number, or slope value 

+ t t t + t t t t t t t t t t t t t  
PEAK DISCHARGES '** 

BULLETIN 11 .,""""""".."" 
02 -----> 2100 
05 -----> 3900 
03.0 - - - - ->  5200 
Q25 -----> 7000 
050 - - - - -> 8400 
0100 ----- > 9900 

cfs 
cfs 
cfs 
cfs 
cfs 
cf s 



Figure 29. Hydrologic Regions of Iowa 



Figure 30. Input Form for RUNOFF 

INPUT FORM - FOX RUNOFF 
Project Number: 

Project Name : 

Prepared By : Date: 

Checked By Date: 

................................................... 
METHOD: 1 Iowa Runoff Chart, 2 = Bclletin 11, OK 3 Both 

(Circle) 1, 2 or 3 

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

Area ......................... > 
................................................... 

METHOD 1: 1 - Iowa Runoff Chart 
INPUT DATA: Land use (optional) 

Topography (optional) 

LF ............................ > unitless 

................................................... 
METHOD 2: 2 - Bulletln 11 (Circle one) 

INPUT DATA: Region I (11 or 11 (2) ---------- > 1 or 2 

Model 1 or 2 (if Reglon is I1 ---> 1 or 2 

Slope (if Model is 2) ----------- > f t/mi 



F i g u r e  31, RUNOFF C o m p l e t e d  

1 
19 INPUT 
20 "---- 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
3 3 
34 
35 
36 
37 
38 
39 
4 0 
4 1 
42 
,# 3 
4 4 
45 
46 
47 
48 
49 
50 
51 

t+tttttttttttttttttttttttttttttttt+tt+i+ttt+ttttti* 
t  METHOD USED TO CALCULATE RUNOFF + 
+ ............................... - 

Choose one from below (1-3) -. 
1 - Iowa Runoff Chazt 
2 - Bulletin NO. 11 
3 - both methods 

t + t + t + t t t + t t t t t t t t  
TO GET HELP 
-"w-"--""-- 

For both methods 
Got0 IOWA OR BULL11 

t t t * + t * t + t t t + + t t + t  
UNITS USED WHEN INPUTTING THE AREA 
"*1----1-"-"~""------"--*---"""""- 

Choose 1 or 2 ---------> 
1 - square mlles 
2 - acres . .- . 

4 t t t t t t t t t t t t t t t t t t t t t t t t t  
t  INPUT THE AREA -------------- t  
+ * 
+ ~ ~ e a  ..----------------- > 10000 acres t  
t  + 
t  t  
t  t 
+ 
t  t  
t --- Helpful Output --- t  
t  A~~~ > 15.625sqml t 
t  t  
ttt+*tt+tttt+tttttttttttttt*ttttttttttttttttttttttt 

53 RESULTS 
54 ------ 
55 t + + t t + + t t + + t t + t + t t t t t t + *  
56 Project Numbez:l 
57 Project Name :Example Problem 
58 Prepared By :Rocky J .  Keehn Date:ll-15-86 
59 Checked By :Rocky J. Keehn 0ate:ll-15-86 
6 0  
61 t t + + t t t t + + t t + t t + + + t t t t t t t t t t t t t t t t t  
62 *** IOWA RUNOFF CHART *** *** BULLETIN 11 *** 
63 --- Helpful output --- --- Helpful output --- I 
64 Area (acres) > lOOOO Area (sq mi) ---------> 15.625 
65 

I 
66 --- Please lnput --- --- Please lnput --- 
67 LF ----------> 0.2 Reglon I(1) OR 1112) -> 1 
68 Rolllng pasture land Uodel l(1) OR 2(2) ---> 2 
69 Qoto LF FOR HELP l0/85 slope lEt/ml) --> 
7n 

9 . - 
71 + * t t + t t * t t t t t t t t t t t + * t t + t + t +  I 

72 *** P E W  DlSCHARGES *** 
73 IOWA RUNOFF CHART 

---------,.-*,.---- BULLETIN 11 
7 4 .?---------- 

i 
75 02 --> 360 cfs* 02 ----- 
76 

> 630 cfs 
05 --> 560 cfs 05 ----- 

77 
> 1300 cfa 

010 - ->  780 cfs 010 -----> 
78 

1900 cfs 
025 - -> 890 cfa 025 - - - - ->  

79 
2900 cfs 

450 --> 1100 cfs 050 ----- > 3700 cfs 
i 

8 0 PI00 --> 1300 cfs 0100 ----- 
81 > 4700 cfs 

0500 --> 1000 cfv* 
d 2 

0500 -----> 7800 cfs* - - -*.. , . .. * estimated by llneor reqresalon 
-,--,-,, . . . ..-.. -- ,- ^ I , . A  I . - 



Figure 32. Leftover Input in RUNOFF 

83 ...................................................................... 
1 2 3 4 5 6 7 8 

19 INPUT 
20 """- ++++t++++it+++tt**ttttttttttt+ttttttti++ttttttttttt 
21 + METHOD USED TO CALCULATE RUNOFF t 
22 + -'-"--"-"""--"--"---------"--- 

t 
23 + Choose one Ezom below (1-3) ---> 2 t 
24 i 1 - IoVa Runoff Chart t 
25 + 2 - Bulletln No. 11 t 
26 t 3 - both methods i 
27 i + t i i t t + t i + i + + t t t t t t + t t t t t  
28 t TO GET HELP 

-"--*-"---- + 
29 + * 

+ For Bulletin No. 11 t 
+ Got0 BULL11 i 
+ + i + i t t * * t + i + + + + ~ + * t t t t t t t  
+ UNITS USED WHEN INPUTTINO THE AREA 
+ -'---"-'"-------"--"-*-""------X- t 

t 
t Choose 1 or 2 --------- > 2 t 
t 1 - square mlles t 
t 2 - acres t 
* ~ t + * t t + * i + + + + + + * + + t t t t t t t  
i INPUT THE AREA 

"a*".,-"-"----- 
+ 

t t 
t hLea ------------------ > 10000 acres + 
i t 
t t 
i t 
C t 
t + + --- Helpful Output --- t 
t A~~~ --..----------..---- > 15.625 sq mi t 
+ + 
t*+titti+i+t+it++ttt+itt+t+tttt+t++tt+tiiiCttttittt 

- - 
52 ...................................................................... 
53 RESULTS 
54 --'"--- 
55 t + * + + + * + t t + + t i * + * i * i t t t t + i i i + t i t t i t  
56 Project Hu&ex:l 
57 Project Name :Example Problem 
58 Prepared By :Rocky J. Keehn Date:ll-15-86 
59 Checked By :Rocky J. Keehn Date:ll-15-86 
60 
61 t t t t + + + + + i * * t + t + i t t t t i t i t t t t t t t t t t t  
62 *a *  BULLETIN 11 *** 
6 3 --- Helpful output --- 
6 4 Area (sq ml) --------- 
6 5 

> 15.625 
66 --- Please input --- 
67 0.2 Reglon I(1) OR II(2) -> 2 
68 Rolllng pasture land 
69 

2 

70 9 

71 ~ * t * t * t t t t t + t t t * C + + t t t t t t t t t t t t t t t t  
7 2 * a *  PERK DISCHARGES *** 
73 IOWA RUNOFF CHART 
74 "-"""-.,-"""------ BULLETIN 11 ---."-*--*-., 
75 NOT USED ~2 -----> 
76 

270 cfs 
Q5 -----> 

77 
480 cfs 

a10 -----> 
78 025 ----- 650 cfs > 070 cfs 
79 a50 -----> 
80 1000 cfs 

a100 - - - - ->  1200 cfs 
81 0500 -----> 1800 cfs* 
82 estlnated by linear regresolon -- - 



Figure 33. RUNOFF Example - Bulletin 11, Region I1 1 

I 
1 9  INPUT 
20 ----- 
2 1  

5 3  RESULTS 
54  -----,.- 

+++t+tt++t++t++t+i++++++tttt+++ttt+t++tttt++++++++t 
+  METHOD USED TO CALCULATE RUNOFF + '----*-----------,---"----*---- + 
+ t  Choose  o n e  f rom be low (1-3)  ---> + 1 - Iowa Runoff C h a r t  2 t  
t  + 2 - B u l l e t l n  No. 11 
t  3 - b o t h  methods  

t 
t 

* + + t + + + + + + + + + + t + + + t t t t t t t +  
+ TO GET HELP 
t  --1-------1 

t  

For  B u l l e t l n  No. 11 
Got0  BULL11 

+ t + t + + + + t + + t + + + + + +  
UNITS USED WHEN INPUTTING THE AREA 
--------------"--^----*---"------- 

Choose 1 o r  2 --------- > 
1 - s q u a r e  mlles 
2 - acres 

+ t + + + + + + + + + + t + + + + +  
1NPVT T ~ E  AREA 
1-"---"------- 

+ t  Area ------------------ 
+ > 10000 acres t  

t  + 
t  t  
+ t  
t  + 
+ -..- H e l p f u l  O u t p u t  --- + 
t  Area ------------------ + 

> 15.625 sq ml r + t  
*++*+t+++++tt++++t*ti+t+++t++tt+tt+t+++tttt+++t+t++ 

.-----------_---- ............................................. 

+ + + t t + t * + t c t t + *  
P r o j e c t  Numbar:l 
P r o j e c t  Name  :Example P rob lem 
P r e p a r e d  BY :Rocky J .  Keehn 
Checked BY :Rocky J. Keehn 

t + + t + + * t * + + + + + t + +  

--- *** BULLETIN 11 *** 
H e l p f u l  O u t p u t  --- 

Area ( s q  mi)  ---- -----> 15.625 

--- P l e a s e  i n p u t  --- 
R e g l e n  I t 1 )  OR 1 1 ~ 2 )  -> 2 

+ * + + + + t + + * + t + + t * t t + + t + + + t t + + t t  
*** PEAK DISCHARGES *** 

IOWA RUNOFF CHART 
------I-*-L'---'- BULLETIN 11 

, *-----"."--,. 
NOT USED 0 2  ----- > 270 

0 5  ----- 480 
010  ----- > 650 
0 2 5  ----- > 870 
050  ----- > 1000 
0 1 0 0  - - - - ->  1200 
0500  -----> 1800 

. es t - lmated b y  l l n e a r  r e g r e s s i o n  
'--- - . .  - - . , 





WSGEOH I 
WATER SURFACE PROFILE 1 

I 
OPEN CHANNEL TRAPEZOIDAL SECTION 

I 

The "Water Surface P r o f i l e  - Open Channel Trapezoidal 

Section" spreadsheet was developoed t o  ca lcu la te  the 

I 
water depth along a sect ion of a trapezoidal channel. I 

This type of channel i s  t y p i c a l l y  located along a section I 
! 

of highway t o  dra in  water from the roadway and adjacent 

1 and. 

This spreadsheet i s  very useful i n  answering "What 

i f ? "  questions i n  regard t o  modifying the channel located 1 
newt t o  the road. Various bottom widths, channel slopes, I 
foreslopes and backelopes can be t r i e d  t o  obtain the I 

optimal design. 1 
I 

The input consists of the water e levat ion a t  the l a s t  
I 

downstream cross-section (usual ly  the design headwater- 1 
deptt, a t  a cu l ve r t ) ,  design f low, channel bottom 

elevat ion a t  the 'last downstream cross-section, the 

energy coe f f i c i en t ,  and cross-section data f o r  up t o  20 I 
I 

cross-sections. For each cross-section, a person needs 

t o  input the distance from the s t a r t i ng  s ta t ion ,  the 
I 
I 
I 

width of the d i t ch  bottom, foreelope, backslope, d i t ch  or 
I 



channel slope, and Manning's roughness coef f i c ien t .  

Once the data are input ,  the user must then i t e r a t e  

the water surface elevat ion a t  each cross-section. This 

i s  done by enter ing a t r i a l  depth, checking whether or 

not i t  i s  an acceptable value, i f  not, input  a new 

elevat ion and recalcu la te  at  t ha t  stat ion.  I f  the t r i a l  

depth i s  acceptable, then proceed t o  the next s ta t i on  f o r  

fur ther  calculat ion.  The program contains a c e l l  t ha t  

informs the user whether t o  increase or decrease the 

elevation. A check value i s  also output f o r  each 

i t e ra t i on .  This check value should approach 0,001 as the 

i t e ra t i ons  are performed (seeking convergence). 

Once a1 l the cross-sections' water elevation% have 

been in terated by the user, the f i n a l  output can be 

printed. Included i n  the output data are the channel 

bottom elevation, water surface elevation, energy l i n e  

elevation, water depth, and f r i c t i o n  loss. From t h i s  

data, a water surface p r o f i l e  can be drawn and the water 

depths caused by the headwater can be observed. I f  the 

user- has Microsoft  Chart which i s  a companion soCtware 

package t o  Microsoft  Mul t ip lan,  t h i s  spreadsheet can be 

used as an input  f i l e  t o  Chart and p l o t  the water sur f  ace 

p r o f i l e  d i r e c t l y  t o  the computer monitor screen or dump 

i t  out t o  a dot-matrix p r in te r .  



The best way t o  begin using a spreadsheet i s  t o  obtain 1 
all. per t inent  data, record the data i n  a form tha t  i s  

e a s i . 1 ~  transferred i n t o  the  spreadsheet, and then input 
I 

the data i n t o  the spreadsheet. The data obtained i n  the 

f i e l d ,  ,from topographic maps, and engineering p r inc ip les  

I 

can be transferred t o  an input form. Once t h i s  i s  1 
f in ished, a user can begin t o  apply the spreadsheet. I 

I 
The f i r s t  step i s  t o  load the master spreadsheet f i l e  

from the disk. T t  i s  assumed f o r  discussion purposes I 
here tha t  the fi1.e i s  stored on disk i n  Normal Mode and 

i s  named WSGEOM.MP. Once the f i l e  has been loaded i n t o  1 
the computer memory operating under the cont ro l  o+ the I 
Mul t ip lan program, select  the Options command from the 

Mult ip lan menu and tu rn  the Recalculation OFF. Next 

enter the pro ject  number, pro ject  name, preparer, 

checl::er, and dates prepared and checked. These are i 
located i n  rows 12-13 (see Figure 34). Once these e n t r i e  I 

I 
have been made, the constant variables i n  column 8, rows 

21-24 (see Figure 34) are entered. These constant values I 
should per ta in  t o  cross-section number 1 ( the l a s t  

downstream cross-section where the i n i t i a l  water depth i s  

known). Typical ly ,  t h i s  i n i t i a l  water depth w i l l  be the 1 
i 

headwater depth calculated during the analysis of a 

cu lver t  or br idge located a t  t h i s  cross-section. Values 1 
f o r  the energy coe f f i c i en t ,  entered i n  row 22, column 8 

(see Figure 34), are given i n  Table 4. 



Table 4. Various values f o r  the energy coe f f i c i en t  

(according t o  f ind ing  of Chow, 1999) 

Channels 
Value of the energy coeeficient 

................................... 
H i  n i  mum Average Maximum 

............................................................. 
Regular channels, flumes, spillways 1-10 1.15 1.20 
Natural streams, and torrent5 1.15 1.30 1.50 
R i  vers under i ce  cover 1.20 1.50 2.00 
River valleys, over flood& 1. SO 1.75 2.00 
............................................................. 

The next step i s  t o  enter the data for  each 

cross-section. The maximum number of cross-sections i s  

20. The s ta t i on  distance from the s t a r t i ng  cross-section 

should be entered i n  feet ,  not i n  stat ions. The d i t ch  

bottom width, foreslope, backslope, and Manning's 

roughness coe f f i c i en t  should be values t ha t  are 

assbciated with the cross-section under ca lcu la t ion  

consideration a t  the moment. The foreslope i s  the slope 

from the d i t ch  bottom t o  the edge of the roadway 

shoulder. The backalope i s  the slope from the d i t ch  

bottom t o  the intercepted natural  ground surface near the 

outer r i g h t  of way boundary. The backslope and .foreslope 

are entered as Z, where Z i s  the hor izonta l  distance i n  

the slope r a t i o n  Z: 1 (see Figure 35). The d i t ch  slope is 

the average slope of the channel from the  previous 

s ta t i on  cross--section t o  the current s ta t i on  



1 
cross-section i n  .feet per feet .  For the i n i t i a l  s ta t ion,  I 

enter the average slope a t  tha t  s ta t i on  between an 

, upstream and downstream location. 

The s i x  variab1.e~ for  each cross-section are entered 

i n  rows 3' through 36, beginning i n  column 8 f o r  

cross-section i and ending i n  column 31 f o r  cross-section 

20 (exc1,uding columns 9, 11, 13, and 15). (Refer t o  

Figure 36 which shows the template f o r  cross-sections 1, 

2, 9, and 4.) A person does not need t o  enter a l l  20 

cross-sections f o r  the spreadsheet t o  work. Once the 

cross-section data are entered, the user may begin 1 
i t e r a t i n g  the water surface elevations. BEFORE BEGINNIND I 

THE ITERATIONS, ENTER THE MULTIPLAN COMMAND Options TO 
I 

TURN Recalculation ON. i 
The water surface elevat ion f o r  the f i r s t  

I 
I 

cross-section i s  automatical 1 y t ransferred from the I 

cons,tant var iab le  previously entered i n  row 24, column 8 I 
(see Figure 34). The user then begins the i t e r a t i o n  

I 

process a t  cr-oss-section 2. A person enters a t r i a l  1 
1 

depth i n  row 42, column 10 (see Figure 34). This depth 

should be s l i g h t l y  greater than the i n i t i a l  water surface i 
elevat ior~ i n  column 8. Once a depth i s  entered, a " (+ ) "  I 
or a " ( - ) "  w i l l  appear i n  row 46 below the water surface I 

e levat ion number j us t  entered. IC i t  i s  a " (+> ", then I 
I 

the water surface elevat ion should be INCREASED3 i f  the 
1 

spreadsheet displays a " 1 - ) " ,  then the water surface i 
i 

elevat ion should be decreased. I 



The method f o r  f i nd ing  the water surface i s  based on 

the standard step method presented by Chow (1959). This 

method u t i l i z e s  the fac t  t ha t  the t o t a l  head a t  the 

current cross-section i s  equal t o  the t o t a l  head a t  the 

previous cross-section p lus the f r i c t i o n  head p lus thd 

eddy losses. For convenience of computation, the eddy 

losses can be considered par t  of the f r i c t i o n  losses 

(Chow, 1959). The check value i n  row 47 i s  the 

d i f ference between the t o t a l  head a t  the current s 

cross-,sect,ion and the t o t a l  head p lus the f r i c t i o n  loss 

at  the previous cross-section. As the check value 

becomes small,er, the precis ion of the method increases. 

Far t h i s  spreadsheet, the recommended precis ion i s  such 

tha t  the value i n  row 47 became 0.000. 

Once the  water surface depth i s  a t  a desirable 

precision, the user i s  t o  continue t o  cross-section 2 

(row 42, column t2) and repeat the process. The user 

continues u t i l  a l l  the cross-sections have been 

campleted. USERS ARE TO REMEMBER THAT DATA CANNOT BE 

ENTERED IN COLUMNS 9, 11, 15, AND 13 I N  ROW 42. 

Once a l l  the cross-sections have been entered, the 

output data can be reviewed i n  rows 69 through 96. The 

user can "jump" t o  t h i s  loca t ion  w i th in  the spreadsheet 

by se lect ing the Goto command from the Mult ip lan command 

menu. The procedure i s  t o  select  "Goto", then se lect  the 

"Name" subcommand, then enter the word OUTPUT, and press 

the (return) key or the <enter> key. This w i l l  jump the 



spreadsheet control  d i r e c t l y  t o  the output area. 

A t  t h i s  time the spreadsheet should be saved f o r  l a t e r  

rev is ion  and edi t ing.  

Figure 97 show a  road sect ion wi th  a  cu lver t  located 

a t  s t a t i on  .+ 00. The calculated headwater depth f o r  

the 50-year storm i s  f i v e  feet .  The discharge i n  the.  

d i t ch  f o r  t h i s  recurrence in te rva l  was ,400 c fs .  The road 

elevat ion a t  the cu lver t  i s  605.4 feet .  The road 

elevat ion dips t o  605.2 f ee t  a t  s ta t i on  6'+ 79, which i s  

located upstream from the cu lver t .  I n  addi t ion t o  

s ta t ions  O + 00 and 6  + 79, data were co l lec ted f o r  

s ta t ions  1 + 55, S + 18, and4 + ,19. It was concluded 
. . ..; . . ., 

t ha t  the channel i s  constructed such tha t  the Z value f a r  

foreslope and backslope i s  2; the d i t ch  bottom i s  20 

+eet; the channel slope i s  a constant O.OOl6 fee t  per 

feet;  and Manning's n i s  0.025. These values per ta in  t o  

a l l  s ta t ions.  The question i s :  W i l l  the water f low over 

the road a t  s ta t i on  6  + 797 

From the data given above, the input  forms fo r  the 

spreadsheet were completed using forms l i k e  those shown 

i n  Figure 38 and 39. I t e r a t i o n  and Recalculation were 

switched OFF by using the Mul t ip lan command menu choice 

of Options. From an input form, the spreadsheet was 

f i l l e d  i n  s t a r t i ng  wi th l. ines 12 through 15; then lanes 



21, through 24 were completed ( the energy coe f f i c i en t  was 

assumed t o  be 1.1 ) .  F ina l l y ,  the cross-section data were 

entered i n  l i n e s  31 through 36 s t a r t i ng  i n  column 8. 

Figure 40 depicts the input  template f o r  t h i s  example 

problem. 

Once the i n i t i a l  input  was recorded, the I t e r a t i o n  and 

Recalculation funct ions were turned back ON. Following 

the closure of recalculat ion,  an input i s  needed f o r  row 

42, column 10. This i s  the  i t e r a t i o n  c e l l  t o  get the get 

thw water surface elevat ion a t  cross-section 2. The 

i t e r a t i o n  continued a t  t h i s  cross-section u n t i l  the check 

value reached 0.000. Once t h i s  cross-section was 

complete, cruss-section 3 was i terated;  then 

rross-section 4; and f i n a l l y ,  cross-section 5. 

The output (see Figure 41) shows tha t  the water 

surf ace elevat,ion a t  cross-section J i s  605.29 feet  which 

i s  0.09 feel: above the road s~tr face.  To correct  the 

problem, the engineer may decide t o  change the Z value i n  

the foreslope and backs1,ope t o  1.0, and t o  change the 

di,tch bottom t o  30 feet .  I f  these changes are made i n  

the spread!stieet, the computational r esu l t s  would be those 
a 

shown i n  Figirre 42. The new water surf  ace elevat ion a t  

cr-ass--!$ectiori 5 worsld be 605. 18 feet ,  which i s  0 . 0 2  fee t  

belaw the elevat ion of the road. 



C ~ O W ,  Ven  Te , CJeen-Changgl H_yd_t-a_~&&ig, M c G r a w - H i  I I. , 
Inc., New York, 1959, pp. 27-28, 249-289. 



Figure 34. Input Template for WSGEOM (Part 1) 

1 2 3 4 5 6 7 8 9 10 
1 ****:**X********X****************X*****~************w*:c****:#*x 
2 WATER SURFACE PROFILE - OPEN CHANNEL TRAPEZOIDAL SECTION 
a *:cu****xrx*********x***x**x********t***x************************w** 
4 ...................................................... 
S + Multiplan Microcomputer Spreadsheets for County + 
6 + Hydraulic and Highway Engineering Computations + 
7 + Copyright by Rocky J. Keehn + 
8 + Version 1.0 + 
9 + July, 1986 + 
10 ...................................................... 
1 1  
12 Project Number : 
13 Project Name 
14 Prepared By Date: 
15 Checked By Date: 
16 
17 ................................................................... 
18 INPUT - constant varibles 
19 -********~**~****CS*C*.y** 

20 Elevation at 
2 1 anitial ditch bottom E feet 
22 Energy coefficient 
23 Design Flow - cfs - 
24 Starting water depth elevat i on= feet 
35 ................................................................ - 





Figure 36. Input Template for WSGEOM 

1 2 3 4 5  6 7  8 9 I 0  11 12 13 14 
25 -------------------------------------------*.-----.------------- 
26 INPUT - Crosrscction data 
27 .*.CIIII...W....b*.I5%**+* 

28 CROSS-SECTIOIIS --) 1 2 
29 
30 Station distance from 
31 start ing point ( f ret)  = 
32 Ditch bottom f f t )  a 

33 Foreslope ( f t : l )  3 

34 Backslope (ft: l) D 

35 Ditch Slope ( f t l f t )  D 

36 Imningls n o 
37 -------------------------------------------*-------.----------------------------------------- 

30 INPUT - Self-interation 
39 ....................... 
40 CROSS-SECTIDYS ---) 1 2 3 4 
41 44 Input yourself tt 
42 Yater surfact elevrtion (FT) = 0 
43 
44 tt Helpful Output t 4  

45 Increase (4) or d tc r t r s t  (-1 
46 Uater surface *lev. start  at (VALUE! OVALIE! #VALUE! 
47 Check value tot  i f  ( a  tl-.OOt)* X-section 2 #VALUE! (VALUE! IVMUE! 
48 
49 -------------------------------------------------------*-------*------------------------ 
50 ChLClllATIONS 
J* .*...-.*..I 

5% Delta X (FT) = 0.000 0.000 0.000 0.000 
53 Length t Slope (FT) 5 0.000 0.000 0.000 0.000 
54 Accumlativt channel r i se  = 0 0 0 0 
55 Calculrttd F l w  Depth (FI) = 0.000 0.006 0.000 0.000 
56 r l o v  Area (SO FT) = 0.000 0.000 0.000 0.000 
57 Yetted P t r i ~ e t e r  (FT) = 0.000 0.000 0,000 0.000 
58 Hydraulic Radius (FT) = #DIVIO! #DIVIO! IDIVIO! #DIVIO! 
59 Caltulated Velocity (FPS) = I D I V I O !  I D I V I O !  #DIVIO! #DIVIO! 
60 alpha t Va2 1 29 = IVALUE! #VALUE! (VALUE! #VALUE! 
61 HI r t tvat ion (FT) = #VALUE! IVMUE! IVALUE! #VALUE! 
62 Hydraulic Radius ' 413 = IVdLlE! ?VALUE! #VALUE! (VALUE! 
63 f r i c t i on  Slope, Sf = IVALUE! IVALUE! IVALUE! #VALUE! 
64 Average Sf 0.000000 #VALUE! IVALUE! #VALUE ! 
65 Frict ion head loss, h f  (FT) = 0.000000 IVALUE! #VALUE! IVALUE! 
66 H2 elevation ( fT)  IVMUE! #VALUE! #VALUE! #VALUE! 
67 
68 ------------------------------------------------------------------------------------- 





Figure 38. Input Form for WSGEOM 

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

Project Number: 

Project Name : 

Prepared By : Date: 

Checked By Date: 

INPUT - constant varibles 
Elevation at lnitial ditch bottom ----- > feet 

Energy coefficient .................... > 

Design Flow ........................... > cfs 

Starting water depth elevation -------- > feet 

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

INPUT - Cross-section data for cross section number 1 

Station dlstance from startln point ---> feet 

Ditch bottom .......................... > feet 

Foreslope ............................. > ft:l 

Beckslope ............................. > ft:l 

Ditch Slope ........................... > ft/ft 

Manning's roughness coefficient (n) ---> 
................................................... 

INPUT - Cross-section data for cross section number 2 

Station distance from startin point ---> feet 

Ditch bottom .......................... > feet 

Foreslope ............................. > ft:l 

Backslope ............................. > ft:l 

Ditch Slope ........................... > ft/ft 

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



Figure 39. Input Form Continuation for WSGEOM 

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

Project no. Page of- 

INPUT - Cross-section data for cross section number 
Station distance from startin point - - ->  feet 

Ditch bottom .......................... > feet 

Foreslope ............................. > ft:l 

Backslope ............................. > f t : 1 

Ditch Slope ........................... > ft/ft 

Manning's roughness coefficient (n) ---> 
................................................... 

INPUT - Cross-sectlon data for cross section number 
Station distance from startin point ---> feet 

Ditch bottom em------------------------ > feet 

Foreslope ............................. > ft:l 

Backslope ............................. > ft:l 

Ditch slope ........................... > ft/ft 

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

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

Station distance from startin point ---> feet 

Ditch bottom .......................... > feet 

Foreslope ............................. > ft : 1 

Backslope ............................. > ft:l 

Ditch Slope ........................... > ft/ft 

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



Figure 40. Example Problem Template for First Cross Section 

I 2 3 4 5  6 7  8 9 10 11 12 13 14 15 
I t t t tS t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t~ t t t t t t~  
2 UATER SURFACE PROFILE - OPEN CHANNEL TRAPEZOIDAL SECTION 
3 tttlltttttttt3ttttttttttttt~ttttttttttttt~ttttttttttttttttttl~~t~t~ 
4 t t t t t t t t t t t t t t t t t t t t t t+ t t t t t t~+t t+ t t t t t t t t t t  

5 t Nult iplan Nicrocomputer Spreadsheets for County + 
6 t Hydraulic and Highuiy Engineering Conputrtioas + 
7 t Copyright by Rocky J. Kethn t 

8 t Version 1.0 t 

9 4 July, 19% t 
10 ttttttttttttttttttt+ttttttitttttttttttttttttttttHtttt 
I I 
12 Project llurber : 1 
13 Project Wale :Exalple p r o b l t l  
14 Prepared By :Rocky Keehn Date:9/9/86 
IS Checked By :Rocky Ktehn Datc8919186 
16 
17 *--------------------------------------------------------------- 

18 INPUT - constant varibles 
19 .... H C I I . . . C H I I I I I * % * *  

20 Elevation a t  
21 i n i t i a l  d i tch bottom = 600 feet 
22 Energy coef f ic icn t  = 1.1 
23 Design Flov 8 400 c f r  
24 Starting vater depth elevation= 605 fret  
25 --------------------------------*-----*--------*---------*---- 
26 INPUT - Cross-section data 
27 .w..~....+.........I.I... 
28 CROSS-SECTIONS ----) 1 2 3 4 
29 
30 Station distance from 
31 start ing point (feet) = 0 155 318 491 
32 Ditch bottom (It) 20 20 20 20 - 
33 Foreslope ( f t : l )  = 2 2 2 2 
34 Backstopt ( f t : l )  a 2 2 2 2 
35 Dltch Slope ( f t l f t )  = 0.0016 0.0016 0.0016 0.0016 
36 Manning's n = 0.025 0.025 0,025 0.025 
37 ------------------------------------------*--.--------------*-------------------------- 
38 IWT - Se l f - i n t t r r t i on  
39 ....................... 

40 CROSS-SECTIONS ----) 1 2 3 4 
41 t* Input yourself tt 

42 Uatrr surface elevation (FT) = 605 605.048 605.109 605.185 
43 
44 t i  Helpful output t i  

45 Increast (0 or decrease (-) 
46 Uattr surface clev. = start  at (t) 1-1 
47 Chtck value (ok i f  ( 8  *I-.001)= I-section 2 0.000 0.000 0.000 
48 
49 ................................................................................................ 



Figure 41. Output for Example Problem (for First Cross Section) 

------------------------------------------------------*------------------------*----------------------- I 
WTPUT 
.....I tt Results tt : Channel I Hater ! Energy : Hater : Friction 

Cross- t Botto~ : Surface I Line : Depth I Loss 1 I 

section Station t Elevation : Elevation l Elevation : (feet) : (feet) 
nuabrr : (fert) I (frrt) 1 (feet) : ----- ----..------ ; --------- ; ---------- 1 ---------- ; ---------- ; I 

1 0 + 0 : 600.00 1 605.00 : 605.12 : 5.00 1 0.000 
2 1 *  5 5 1  600.25: 605.05 : 605.18 : 4.80 1 0.062 
3 3 t 18 : Woo.31 : 605.11 t 605.26 I 4 0.077 
4 4 t 91 t 600.79 t 605.18 t 605.36 : 4.40 : 0.095 i 
5 6 79 : 601.09 1 605.29 : 605.48 I 4.20 0.123 

-------------------------------------------------------------------------------*--------------------- 

I 
I 

Figure 42. Output for Example Problem (for Second Cross Section) 

________---_-______---------*------------------------------------.---~------*--------------------- 

OUTPUT ..... C tt Rrrlts St : Channel t Hater I Energy : Hater I Friction 
Cross- I Bottor : Surfwe : Line I Depth : Loss 
section Station : Elevation : Elevation : Elevation 1 (feet) 1 (feet) 
nurbtr I (fret) : (ftrt) : (feet) : 0 ------- ----------- : --------- --------- : ---------- ---------- 

I O +  0 1  600.00: 603.00 1 605.09 : 5.00 : 0.000 
2 1 + 55 i 600.25 : 605.03 1 605.13 I 4.78 1 0.040 
3 3 + 18 : 600.51 I 605.07 1 605.18 : 4.56 1 0.048 
4 4 + 91 1 600.79 ! 605.11 : 603.24 : 4.33 : 0.061 
5 6 t 79 : 601.09 I 605.18 1 605.32 1 4.09 1 0.079 



2.2.4. CULVERT 



CULVERT 

CIJL.VER'T i s  a  spreadsheet developed t o  es t i sa te  the 1 
necessary s ize c3.f a  cu lver t  used t o  convey a given amount 1 
of waker. The spreadsheet has a menu of several box and 

I 

pipe cu lver ts  from which the user can make a select ion. I 
The ca1c:ulations are based on the Federal Highway 

Admini s t r a t i on  (FHWA) methodology. I 
Inputs f o r  the spreadsheet consist of the s i t e  data, 

s t ructure data, ta i lwater  depth, and design f low rates. I 
The s i t e  data include the roadway elevat ion or allowable I 
headwater e levat ion f o r  larger storm events, the 

allowable headwater f o r  the design storm, pipe i nve r t  

e levat ion a t  the i n l e t ,  e levat ion of  the streambed a t  the 

pipe i n l e t ,  s ta t i on  distance a t  i n l e t ,  e levat ion of the I 
. , 

p ipe a t  the ou t l e t  i nve r t ,  and s t a t i on  of the ou t le t  I 
i nver t .  

The s t ructure data needed are the s t ructure type 

(se1,ecteci from the menu of pos i i b l e  a l te rna t ives) ,  

I 
I 

diameter (or height)  i f  i t  i s  a  c i r c u l a r  conduit, width l 

and height i f  i t  i s  a  rectangular box, number of barrels,  1 
whether or not the cu lver t  has a mitered end, Manning's 

roughness c:oefficient, and the i n l e t  loss  coe f f i c i en t  I 
(tee). The ta i lwater  depth i s  a lso entered. The f i n a l  I 



items of information needed are the peak discharges f o r  

the design and major storms. 

There are two sections of output i n  the cu lver t  

spreadsheet. The f i r s t  sect ion contains the cu lver t  data 

Inputs and outputs t ha t  are necessary t o  make i n i t i d  

checks of the headwater depths. I n  some cases, the pipe 

i s  i n  i n l e t  control .  When t h i s  occurs, the normal depth 

of water i n  the pipe needs t o  be fo~tnd (if the pipe i s  

not f lowing f u l l )  so tha t  an estimation of the o u t l e t  

ve loc i ty  can be calculated. 

The normal depth i s  Cound by an i n t e ra t i ve  process i n  

which the user inputs an estimation of the water depth i n  

the cu lver t .  Based on t h i s  depth, the f low i n  the p ipe .  

i s  calculated. The design (or major) storm discharge i s  

then compared against t h i s  calculated discharge. Once 

the two discharges are near ly equal, the ou t l e t  ve loc i ty  

due t o  riormal depth can be estimated. 

The second sect ion of output comes from saving the 

data calculated i n  the f i r s t  output section. The user 

can save up t o  s i x  d i f f e r e n t  cu lver t  options i n  the 

second output section. The second output sect ion of the 

spreadsheet includes a l l  the information that. i s  given on 

the FHWA input form f o r  cu lver t  analysis. 

The best way t o  begin using the spreadsheet i s  t o  



obtaln a l l  per t inent  data, record the data i n  a form tha t  

i s  eas i l y  t ransferred i n t o  the spreadsheet, and then I 
I 

enter the data i n t o  the spreadsheet. The data obtained 

i n  the fxeld,  from topographic maps, and engineering I 
p r inc ip les  can be t ransferred t o  an input  form. Once 

I 

t h i s  i s  done, a person can proceed t o  use the 1 

spreadsheet. I 
The f i r s t  st.ep i s  t o  load the f i l e  from the disk t o  

the computer memory so t ha t  the8 spreadsheet w i l l  be I 
operating under the cont ro l  of Mult iplan. For purposes 

of dxscussjon here, assume the master spreadsheet i s  1 
strwed as a f i l e  on disk under the filename CULVERT.MP i n  I 
Normal Mode. Once the program i s  loaded, tu rn  the 

Recalculation and I t e r a t i o n  funct ions OFF by se lect ing 

the Options command from the Mult ip lan command menu, and 

then enter the informat ive data i n  rows' 13 through 16 

(see Figure 43).  These data include the pro jec t  number, 

project  name, preparer, checker, and date9 the pro ject  

was prepared and checked. 

Once a l l  the informat ive data are input, the user 

needs t o  enter the s i t e  data. The s i t e  data begins i n  

row 73, column 6, and continues t o  row 79, column 6 (see 

Figure 44) .  The roadway elevat ion i s  the minimum 

e l ~ v a t i o n  oC the roadway before overtopping occurs or i s  

the maximum allowable headwater e levat ion f o r  the major 

storm event. This e levat ion may be located a t  the po in t  

of the structure,  or due t o  the geometries of the I 



roadway, may be located a distance up the road (or down 

the road) from the structure. The allowable headwater i s  

the maximum elevat ion the headwater can reach for  the 

deslgn storm. The res t  of the ent ry  information should 

be self-explanatory. Figure 45 i n  the repor t  t e x t  or 

Figure 1 displayed i n  the spreadsheet may be he lp fu l  

since both f igures  i l l u s t r a t e  a  cu l ve r t  s i t e  and have 

labels  f o r  the locat ion f o  the various inputs. 

The t o t a l  number of bar re ls  goes i n  c e l l  R82Cb. The 

methodology f o r  t h i s  spreadsheet i s  such tha t  the t o t a l  

+].ow i s  d iv ided by the number of barrels.  The design i s  

then based on one cu lver t  and t h i s  p a r t i a l  flow. I n  the 

f i n a l  construction, a  p ro jec t  designed w i th  a  42 inch 

diameter p ipe and two barre ls  would need two 42 inch 

pipes placed a t  the s i t e  

The user should now go t o  the s t ruc tu re  data (which 

s t a r t s  a t  row 88, column 18) and inbut the type of 

cu lver t  t ha t  w i l l  be used i n  the i n i t i a l  ca lcu la t ion (see 

Figure 44 f o r  the locat ion of the inputs  described 

hereaf ter) .  The c e l l  f o r  the cu lver t  type i s  located i n  

row 88, column 6. The user chooses one of the values 

(from 1 t o  8  or from 20 t o  57) as shown i n  Table 5 and 

enters i t  i n  the appropriate spreadsheet c e l l .  Table 5 

i s  also found i n  the spreadsheet s t a r t l ng  i n  row 19 and 

ending i n  row 52. Once t h i s  se lect ion i s  made, reenter 

the Options command i n  the Mul t ip lan command menu and 

tu rn  the Recalculation Mode back ON t o  l e t  the program 



reca lcu la te  a11 the spreadsheet ce l l s .  The user may hear 

a "BEEP! " and the message "Circular  reference unresolved" 

may appear- as a warning. Ignore t h i s  message; enter the 

Options command once more t o  tu rn  OFF the Recalculation 

Mode; and canti.nue entering your data. 

I f  a c i r cu l a r  pipe has been selected as the cu lver t  

st ructure,  enter the height of the culver-t i n  INCHES. 

This input goes i n t o  c e l l  R91C6 (row 91, column 6). Cel l  

R90C6 (above the c e l l  where the cu lver t  height was 

entered) can have any value since i t  i s  not used f o r  

c i r cu l a r  pipes. If a box culver-t has been selected, the 

user enters the width of the bow i n  c e l l  R90C6 and the 

height i n  c e l l  R91C6. Both the width and the height of a 

bo:.: cu lver t  are entered i n  FEET. 

'The tai1wat.er e levat ion i s  entered i n  c e l l  R100C6. If 

the pipe i s  mitered, enter a number 1 i n  c e l l  R93C6, and 

i f  i t  i s  not mitered enter a number 2. 

Manning's roughness coef f i c ien t  and the entrance l oss ,  

coefqic ient  may or may not need t o  be entered. For both 
, .  . 

these variables de+aul t values have been establ ishkd. If 

the user wishes t o  u t i l i z e  the defau l t  values displayed 

i n  c e l l s  R93C8 and R96C8, enter a number 1 i n  the column 

6 or each respective row (R95C6 and R96C6). I f  the user 

wants t o  enter h i s  or her own value, enter the required 

value i n  place of the number 1 (i .e. , i n  R95C6 and ,, . 
,,-. . . ... ;... - ,,, *. . .*., . ..... 

R96C6) . 
Once a l l  p ipe data have been entered, the user needs 



t o  enter the design storm discharge and the major storm 

discharge. The design storm discharge i s  the one f o r  

which the s t ructure i s  i n i t i a l 1  y constructed. Depending 

upon the loca l  design po l i cy ,  t h i s  storm may be the LO-, 

25-, or 50-year storm. The headwater f o r  a major stOVm, 

recurrence in te rva l  should also be examined t o  check fo r  

problems tha t  may occur as a consequence of  a la rge  

r a i n f a l l  event. For example, a requirement may be tha t  

the design storm headwater be three fee t  below the 

center l ine pavement e levat ion of the highway a t  the 

cu lver t  stat ion.  However, f o r  the major storm the 

required headwater must be such tha t  overtopping of the 

highway does not occur. I n  t h i s  case, bath discharges 

need t o  be checked. The CULVERT spreadsheet i s  designed 

t o  do both tasks. 

Enter the design storm i n  c e l l  Ri04C6 and enter the 

major stol-m i n  c e l l  R193C6. 

The f i n a l  two en t r ies  are the storage loca t ion  of the 

comp~cted resu l t s  and a c e l l  t o  enter the descr ip t ion of 

the type of cu lver t  being considered. The user needs t o  

enter i n  ce.l l  R109C6 the loca t ion  (designate the por t ion  

of the ~preadsheetf where the ouptput i s  t o  be stored i n  

the completed output form. A number from 2 t o  6 can be 

used t o  specify which of f i v e  locat ions w i th in  the 

spreadsheet i s  t a  be used f o r  storage of resu l ts .  The 

engineer or analyst should be careful  when using t h i s  

ce l  I, since whenever a number i s  entered, wi th  the 



Recalculation turned ON, a l l  previous r esu l t s  (o~ttput. 

data) stored i n  the block of spreadsheet c e l l s  designated 

by the select ion of a number t o  be entered are l o s t  and 

are replaced by the values of  the most recent 

computation. 

There i s  one way i n  which a spreadsheet user can s tore 

computational output from up t o  s i x  d i f f e ren t  cu lver t  

analysis scenarios. I f  any number except 2 ,  3, 4, 5, or 

6 i s  entered c e l l  i n  Wi09C6, then the spreadsheet w i l l  

place the current computation r esu l t s  i n  the f i r s t  row of 

the f i n a l  autput data block and r e t a i n  a l l  previous 

resu l t s  stored i n  the output data block. Thus, t h i s  

re ta ins  up t o  s i x  completed computations a t  once. 

To a i d  i n  descr ip t ive output, the type of cu lver t  can 

be i d e n t i f i e d  on the f i n a l  output sheet. To reproduce 

any of the descr ipt ions of cu lver ts  l i s t e d  i n  Table 5, 

the user can type =CT? i n  c e l l  R11OC6. The ? i s  replaced 

by the s t ructure type already entered i n  c e l l  R9OC2. Far 

e:.:ample, i f  a person used a CMP pipe wi th  a headwall : 

(opt ion 4 from Table 31, the user could type mCT4 i n  c e l l '  

RllOCb and "CMP p ipe w i th  a headwall" w i l l  appear i n  the 

output bl.ock of the spreadsheet. I f  the user types mCT6, 

the output waold contain the message "CMF p ipe 

pro ject iny" .  I f  the user wishes t o  output h i s  or her own 

descript ion, i t  can be typed i n  c e l l  KllOCb using the 

Alpha command from the Mult ip lan command menu, However, 

only par t  of i t  may be displayed due t o  the width of the 



screen. It w i l l  a l l  be p r i n t e d  out  i n  t h e  f i n a l  

spreadsheet d i sp l ay  as l ong  as i t  does n o t  exceed 61 

characters.  

The i npu t  i s  now complete. The user should t u r n  t h e  

Reca lcu la t ion  Mode back on by en te r i ng  t h e  Options 

ComrIIand from t h e  Mu l t i p l an  command menu again. A s  was 

t h e  case e a r l i e r ,  ignore  t h e  a l e r t i n g  "BEEP! " sounds and 

t h e  e r r o r  message "C i rcu la r  re fe rences unresolved" which 

w i l l  be d isp layed a t  t h e  bottom of t h e  screen. Once t h e  

r e c a l c u l a t i o n  i s  complete, check t h e  headwater e leva t ions  

i n  c e l l s  R117CB and R117C12. If &he yslgga gr-g ~ p &  

accgp&s$&g and fhg PIkn dggg egg oggd tp be %@yea, make 

t h e  necessary changes t o  seek a b e t t e r  s o l u t i o n  and check 

t h e  r e s u l t s  again. ***HELPFUL HINT: I f  on l y  one c e l l  

needs t o  be changed ( l i k e  t h e  p i p e  diameter)  i t  works 

f i n e  t o  leave t h e  Reca lcu la t ion  Mode ON. However, i f  

severa l  changes a re  t o  be made, t h e  user should probably  

t u r n  t h e  Reca lcu la t ion  Mode OFF, make t h e  changes, and 

then t u r n  t h e  Reca lcu la t ion  Mode back ON.*** I f  the  

r e s u l t s  a re  acceptable and t h e  c u l v e r t  i s  i n  o u t l e t  

c o n t r o l ,  t u r n  the  I t e r a t i o n  Made of computation ON by 

en te r ing  t h e  Opt ions command from t h e  Mu1 t i  p l an  command 

menu. The opera t ion  o f  t h e  spreadsheet i s  now complete 

and t h e  user can t r y  another a l t e r n a t i v e ,  save t h e  

spreadsheet f o r  f u t u r e  reference,  o r  p r i n t  t h e  r e s u l t s  

out on a  p r i n t e r  f o r  a  paper record. I f  t h e  c u l v e r t  is 
under i n l e t  c o n t r o l  and t h e  headwaters a re  acceptable, 



the normal depth needs t o  he determined i f  the pipe i s  I 

not running f u l l .  I f  the pipe i s  running f u l l  a message i 
! 

w i l l  appear i n  c e l l  R135C8 f o r  the design storm and i n  

c e l l  R135CfZ fo r  the major storm tha t  displays "FULL%". ! 
The normal depth i s  found by changing the water depths 

i n  c e l l s  R130C8 and K130C12 u n t i l  the Design Discharge 

and the Calculated Discharge are close or match. I t  i s  

recommended tha t  depths be entered t o  the nearest 

one-tenth. This procedure calculates the ou t le t  ve loc i t y  

f o r  normal depth which i s  the maximum ve loc i t y  possible 

i n  the pipe. Once the cu lver t  inputs and the headwaters 

are acceptable, the user should enter the Options command 

i n  the Mult ip lan command menu t o  tu rn  the I t e ra t i on  Mode 

ON. When the i t e r a t i o n  i s  completed the user can p r i n t  

out the spreadsheet resu l ts ,  save the spreadsheet as a 

data f i l e  on disk, or analyze another conduit. I 
I f  the user continues by analyzing another conduit, 

the user MUST reenter the Options command and tu rn  OFF I 
the Recalculation Mode and the I t e ra t i on .  Mode. After I I 
making these operational changes i n  the spreadsheet, move 

! 

the c e l l  pointer  t o  the c e l l s  needing changed en t r ies  and 1 
I 

enter the new values. MAKE CERTAIN THAT THE CELL THAT 

DETERMINES THE STORAGE LOCATION OF THE OUTPUT DATA I S  

CHANGED f i .e. ,  c e l l  Ri09Cb). I F  THIS CELL I S  NOT 

CHANGED, THEN THE MOST RECENT OUTPUT DATA RESULTS WILL HE 
I 

ERASED AND REPLACED BY THE RESULTS OF THE ANALYSIS I 
UNDERWAY,, Once the changes are completed, enter the 

I 



Options command once more and t u r n  the  Recalculat ion Mode 

back ON before checking t he  computational r esu l t s .  

When the  user i s  ready t o  q u i t ,  the f i n a l  r e s u l t s  are  

tabulated s t a r t i n g  i n  row 144, column 1, and cont inue t o  

row 178, column 35. I T  I S  NOW A OOOD IDEA .TO SAVE THE 

SPREADSHEET A9 A DATA FILE I F  NOT ALREADY DONE SO TO 

ENSURE THAT THE DATA ARE NOT ERASED AND LOST! Before 

p r i n t i n g ,  the user has t he  opt ion of  enter ing some 

in format ive  data about t he  s i t e  beginning i n  c e l l  R142C48 

(see Figure 4 h ) .  This inc ludes such i tems as the  

drainage area, channel shape, rout ing,  stream slope, and 

any other comments about the  s i t e .  I n  add i t i on  t o  these 

informat ion c e l l s ,  comments about each soenar-io can be 

entered s t a r t i n g  i n  c e l l  R158C49 (see Figure' 46). 

Once a l l  the in format ion i s  entered, t he  P r i n t  command 

and i t s  subcommands permi t  s e t t i n g  up t he  p r i n t e d  output 

t o  match the  width and s t y l e  of the  p r i n t e r  ava i l ab le  t o  

produce p r i n ted  records. The number of  pages of output 

t h a t  are requ i red i s  based on the  p r i n t e r  c a p a b i l i t y  and 

the  s t y l e  of p r i n t  used. The user should u t i l i z e  a se t  

up wi th  named grouping of  c e l l s  t o  be p r i n t e d  out f o r  

minimum confusion dur ing the  p r i n t i n g  process. (Consult 

the  software manual f o r  Microsof t  Mu l t ip lan  on how t o  

Name c e l l  b1oc:ks and on how t o  P r i n t  w i t h  the  var ious 

options w i t h i n  the P r i n t  command.) 



The highway plans are complete f o r  a pavedcounty road 

except f o r  the design of a cu lver t  which i s  t o  be placed 

under the road. The top of the roadway pavement 

e levat ion a t  the cu l ve r t  loca t ion  i s  110.00 fee t  and the 

cu lver t  i n l e t  i n v e r t  e levat ion i q  100.00 feet .  The pipe 

length needs t o  be approximately 100 fee t  long. The 

maximum allowable headwater e levat ion fo r  the 25 year 

storm i s  107 feet .  For the 100-year storm the water 

cannot overtop the roadway. Due t o  the loca t ion  of the 

structure,  there i s  no ta i lwater .  

The i n l e t  i n v e r t  w i l l  be put a t  100 feet  and the 

o u t l e t  i nve r t  a t  94 fee t  elevations. The county has i n  

i t ' s  maintenance and mater ia ls yard three 48 inch 

diameter CMP pipes, each 100 fee t  long. The county 

engineer has decided tha t ,  i f  possible, these pipes w i l l  

be placed a t  the s i t e  w i th  a headwall. 
.,.. 
. ~ .  . 

Two other opt ions t h a t  are being considered are t o  

place a square edged concrete pipe wi th a headwall and t o  

construct a box cu lver t  w i th  no wingwall f la res .  I n  a l l  

cases the cu lver ts  w i l l  not be mitered, w i l l  be assumed 

t o  be 100 feet  long, and cannot be over s i x  f ee t  high. 

An engineering sketch of the s i t e  condi t ions i s  shown i n  

Figure 47. 

The design and major storm discharges f o r  t h i s  

s t ruc tu re  were found using the RUNOFF spreadsheet. The 

Iowa Runoff Chart was used wi th  a drainage area of 2400 



acres and an L.F of 0.2. The discharge under these 

condit ions was estimated a t  350 c:fs f o r  the design storm 

(25-year) and 530 c f s  f o r  the major storm (100-year). 

The Iowa Runoff Chart r esu l t s  are shown i n  Figure 48. 

Rased on the s i t e  data and the calculated discharges, 

the input  form was f i l l e d  out. As was the case i n  the 

example problem and i n  almost a l l  instances i n  c ~ t l v e r t  

design, the heights and/or widths can only be estimated 

u n t i l  the compcctations are performed. From the input 

form (see Figure 49) i n i t i a l  data was entered i n t o  the 

spreadsheet and the ca lcu la t ions completed. 

The f i n a l  r e ~ ~ 1 . t ~  are shown i n  Figure 50. The por t ion  

of the octtput displayed i n  columns I through 22 contains 

a basic summary f o r  comparing f o r  adequate design flow 

while the output i n  columns 22 through 55 displays the 

computational de ta i l s  i n  the t r a d i t i o n a l  format. I t  can 

be seen from t h i s  information tha t  the 10 fee t  by 6 feet  

box cu lver t  w i l l  work but tha t  the other a l ternat ives 

v io la te  the minimum headwater depth requirement. 



Table 5. Culvert Types Available 

I 
ID 

Number Description 1 
1 Concrete pipe - Square edge with headwall 
2 Concrete pipe - Groove end with headwall 1 
3 Concrete pipe - Groove end projecting 
4 CMP * - Headwall 
5 CMP - Mitered to slope 
6 CMP - Projecting 
7 Circular - Beveled ring, 45 degree bevels 

! 
8 Circular - Beveled ring, 33.7 degree bevels 
20 RCB ** - 30 to 75 degree wingwall flares i 
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=.083D I 
25 RCB - 90 degree headwall with 3/4" chamfers 
26 RCB - 90 degree headwall with 45 degree bevels 
27 RCB - 90 degree headwall with 1 

33.7 degree bevels 
28 RCB - 3/4" chamfers; 45 degree shewed headwall 
29 RCB - 3/4" chamfers; 30 degree shewed headwall 
30 RCB - 3/4" chamfers; 15 degree shewed headwall 
31 RCB - 45 degree bevels; 

I 
10 to 45 degree skewed headwall 

32 RCB 
3/4" chamfers - 45 degree non-offset wingwall flares I 

33 RCB 
3/4" chamfers - 18.4 degree non-offset wingwall flares 

34 RCB I 
3/4" chamfers - 18.4 degree non-offset wingwall flares 

30 degree skewed barrel 
35 RCB 

Top Bevels - 45 degree wingwall flares - offset I 
36 RCB 

Top Bevels - 45 degree wingwall flares - offset 
37 RCB 1 

Top Bevels - 45 degree wingwall flares - offset 

* CMP = Corrugated Metel Pipes 
** RCB = Reinforced Concrete Box 
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pigure 44. ~ ~ ~ ~ t i ~ n  of the Culvert Input Data in the CULVERT Spreadsheet 

1 2 3 4 5  6 7 8 9 10 11 12 13 14 
63 ........................................................................... 
64 RESULTS: 
65 -""-"-"- 
66 Project Number : 0 
67 Project Name : 0 
68 Prepared By : 0 Date: 0 
69 Checked By : 0 Date: 0 
7 0 
71 INPUT - SITE DATA (see Flgure 11 
72 "-""""-"--"""""""""~-"""""'- 

7 3 Roadway Elevation - - >  110 ft, or major storm headwater 
74 EL (hdl ------------> 107 ft, allowable headwater 
7 5 
7 6 EL ( 1 )  -------------> 100 ft, pipe Invert elev. - inlet 
7 7 EL (I) station -----> 0 Et, pipe invert statlon - inlet 
7 8 ELO --------......-----> 94 ft, pipe lnvert elev. - outlet 
7 9 EL0 station --------> 100 ft, plpe Invert station - outlet 
8 0 
8 1 
8 2 NuDber of barrels --> 1 
8 3 
84 El (sf) ------------> 100 ft, elev. of stream bed the inlet 
8 5 
86 INPUT - STRUCTURE DATA 
87 ""-"-""""*-"""""""'""" 

8 8 Type --------------- > 22 See Table 1 
89 
90 width ......-....-..------) 10 feet 
91 ,,might -------------> 6 feet 
9 2 
93 Mltered 7 ----------> 2 1 = yes, 2 = no 
94 
9 5 Roughness (nl ------> a. 0.012 <- default value (if n=l) 
9 6 Entrance loss (Ke) ->  1 0.7 <-  default value (If Ke=l) 
9 7 
98 INPUT TAILWATER DEPTH: 
99 ""-"""-""-""-"""""""*- 

100 Tailwater elevation > 0 ft 
101 
102 INPUT FLOW RATES: 
103 """""-"""'""""""" 

104 Design storm (1 ----> 350 cfs 25-year 
105 Ma5or storm Q -----> 530 cfs 100-year 
106 
107 INPUT DATA STORAGE FOR SUMMARY TABLE: 
108 """""""""'"""""-""""--"""-**-"~-""""- 

109 store at (2-61 -----> 3 
110 Label structure ---->RCB no wingwall flares (extension of sides) 
111 
1 1 7  ........................................................................... --- 
113 OUTPUT: 
114 "-*"""" 1 Design I Major 
115 I storm I storm 
116 -----------------------------------------------+------------------ 

117 Headwater elevat ion 1 105.6 ft 1 108.0ft 
118 Control ? I Inlet I Inlet 
119 Below allowable ? I Yes I yes 
120 Maximum outlet velocity 1 35.0ft/sec 1 40.8ft/sec 
121 .................................................................. 

1 2 3 4 5  6 7 8 9 10 11 12 13 14 
122 **  ~f pipe is In inlet control need to find normal depth 
123 below to get outlet velocity ** 
124 
125 MANUAL INTERATION TO GET NORMAL DEPTH: 
126 l"""-""""""-""-"""----*-*"""-""m""*"~" 

127 I Des lgn I najor 
128 I storm I storm 
129 .................................................................. 
130 INPUT: Water depth I 1 ft 1 1.3 ft 
1 7 1  I I -.- 
132 OUTPUT: Design dicharge 1 350.0 cfs 1 530.0cfs 
133 Calculated discharge I 352.9 cfs I 520.8 cfa 
134 Difference 1 -2.9 cfs 1 9.2 cfs 
135 Error in percent I 0.8 0 1 -1.7 8 
136 .................................................................. 
137 * * *  Needed to get outlet velocity when pipe is in inlet control **+ 
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Figure 46. Display of Informative Record Por t ion  of CULVERT Spreadsheet 

140 
1tt1 ' 
142 1 rr Ik4YI)I";OLOGICAL.. DATA (Opt  ior ia l  inprt t  u* 
143  : I'lethctd: 
144 : D r a i n a g e  a r e a :  2400 a c r e s  
145  : Chaiinel shape :  n / a  I 
:L4h 1 Rout ing ;  t i / *  i 
147 1 S t r eam s l o p e :  "01 f t / f t  
145  1 t 

140  I L 
1 5 C l  I Other :  
151 I 
152  1 ** SITE DATA OUTPUT ** 
I;53 a , Roadway E lev . :  I !.:I f t EL ( h d ) :  1 f t  
1 5 . ~ ~  : EL ( i ) :  1 !:l .F t ELo : O f t / f t  I 
155  I E L i i )  s % a t i o n :  O f t  ELo s t a :  O f t 
156 I No. b a r r e l s :  EL (sf):  f 

! 157 1 +x COMMENTS +* ' 
:i5Ei I 

j 1SCj : 
1 ! I 1 

i %b:L I l.ar.g@r p i p e  r~eedecl b u t  c:lue t o  6 f o o t  l i m i t  c a n n o t  : 
16% i jnc:l-.ease p i p e  d i a m e t e r  

1 163 1 
1.64 1 e x c e p t a b l e  d e s i g n  
l h 5  I 
I bh  I 
167 1 t r y  two p i p e s  
1.63 : 
169 1 
170 I t'i-y t h r e e  p i p e s  
1 7 1  I 



Figure 47. Example Problem Site Description 
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Figure 49. Input Data Form for use with CULVERT Spreadsheet 

INPUT FORM - For CULVERT - Page 1 
Project Number: 

Project Name : 

Prepared By : Date: 

Checked By Date : 

................................................... 
HYDROLOGICAL DATA (optional): 

Method --------> 

Drainage area ->  

Channel shape - >  

Routing ------- > 

Stream slope - ->  
Other --------- > 

SITE DATA: 

Roadway elevation -> ft 

EL (hd) ----------- > ft - Allowable headwater 
EL ( i )  ------------ ? ft - Pipe invert elev. - inlet 
EL (sf) -..---------> ft - Elev. stream bed at invert 
so ---------------- > ft/ft - Pipe slope 

DESIGN FLOW RATES: 

Recurrence interval Peak Flow rate (Q) 

Odes ign year cf s 

Qmajor year cfs 

* * * * *  More input data on addltlonal page(s) *******  
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2.2.5.  XSECT 



XSECT 

HYDRAULICS - STREAM CROSS-SECTIONS 

The "Hydraulrcs - Stream Cross-sections" spreadsheet 

was developed t o  give the same resu l t s  as the Iowa 

Department of Transportation VAL program. The 

spreadsheet uses the i t e r a t i o n  made t o  give a discharge 

in a natural  cross-section f o r  each incremental depth. 

The spreadsheet w i l l  handle overbank f looding on one or 

both banl:s. 

T h e  input  consiqsts of the cross-section shots across 

the channel, The distance from the s t a r t i ng  po in t ,  the 

elevat ion of the shot, and the Manning's n between the 

previous shot and the current shot are a l l  input  

parameters. The user a lso enters the s t a r t i ng  depth and 

incremental depths f o r  which the  depths are t o  be 

calculated. The output consists of the depth elevation, 

discharge, ve loc i ty ,  and conveyance. 

The best way t o  begin using t h i s  or any spreadsheet 

program i s  t o  co l l e c t  all per t inent  data, record the data 



i n  a form tha t  i s  eas i l y  transferred i n t o  the 

spreadsheet, and then t o  enter the data i n t o  the 

spreadsheet. The f i r s t  step i s ,  thus, t o  co l l e c t  the 

data and record i t  onto an input form. Once t h i s  i s  

done, a user can begin t o  manipulate the spreadsheet I 
I 

temp1 ate. 

The f i r s t  step a f t e r  completing the input  form i s  t o  

load the spreadsheet i n t o  the computer t o  operate i t  

under the cont ro l  of Microsoft  Mult iplan. Assume tha t  

t h i s  spreadsheet i s  stored on disk as a data f i l e  under I 
the f iler~ame XSECT.MP i n  the Normal Mode. Once the 

program 's loaded i n t o  the computer, t u rn  both the 

Recalculation Mode and the I t e r a t i o n  Mode of operation 

OFF by se lect ing the Options command from the Mult ip lan I 

command menu. Then the user enters the  data f o r  pro ject  I 
number, p ro jec t  name, preparer name, checker name, and 

dates prepared and checked, The ent ry  l i n e s  f o r  these 

data are found i n  rows 12 through 15 (see Figure 51). 

The user now enters the "Star t ing elevat ion of depth I 
computations ( f  t f  " ( i n  R2OCS), "Ending elevat ion of depth I 
computations ( f t ) "  ( i n  R22C51, "Slope ( f t / m i f l '  ( i n  

R23C5) , and "Depth increment (+t) " ( i n  R24C5). The I 
spreadsheet can ca lcu la te  up t o  32 depth increments. The 

user can qu ick ly  check t o  see i f  a l l  the po in ts  w i l l  be 1 
calculated by f i r s t  subtract ing the maximum depth from I 
the minimum depth, and then, d i v id ing  by the depth 

i ncr ement . I 



The next step i s  t o  choose whether or not any bank 

overflow should be considered. If the option the user 

wants t o  choose i s  not already ex is t ing  i n  c e l l  R27C5, 

thc value w i l l  need t o  be changed. Change the value i n  

H27C5 ( i f  needed) and t u rn  the Recalculat in Mode ON by 

pressing the .Cshif tl. key and the ,::exclamation mark) key 

together (usual ly t h i s  i s  a SWIFT-1). Af ter  the 

recalculation begins, press the <ESC> key (escape key), 

This w i l l  cancel the reca lcu la t ion so the user can 

continue t o  enter mare data tha t  i s  needed i n  order t o  

complete the e n t i r e  computation process. 

I f  one or both bank overflows are desired, enter the 

shot distances and elevations fo r  each overbink. The 

shot data f o r  the l e f t  bank are entered i n  row 35, 

columns 5 and 6, and the data f o r  the r i g h t  bank i s  

entered i n  row 36, columns 5 and 6 (see Figure 52). The 

banks are oriented as i f  the user i s  looking upstream ,for 

" l e f t '  and " r i gh t " .  An example of a stream cross-section 

i s  shown i n  Figure 53 wi th  overbank shots labeled. 

The next set of data t o  enter i s  the shot distances 

and elevations tha t  describe the cross-section. Figure 

52 shows a cross-section wi th these values. 

The shot po in ts  are then entered beginning i n  R56C5 

and R56Cb. I n  R56C5 the f i r s t  distance i s  entered 

(always should be 0.0). Cel l  R5hC5 i s  the elevat ion of 

the f i r s t  shot point.  Af ter  the f i rs t  shot i s  entered, 

the second shot i s  entered beginning wi th  the Manning's 



roughness coeff iczent between the f i r s t  shot and the 

second shot i n  c e l l  R57C4. The distance from the f i r s t  

shot t o  the second shot i s  entered i n  c e l l  R57C5 and the 

correspondxny elevat ion of the second shot entered i n  

RJ7Cb. The data f o r  the t h i r d  shot i s  then entered i n  

row 36. Two things t o  remember f o r  each shot are: ( 1 )  

The distance i s  always tha t  distance between the current 

shot and the f l r s t  shot. (2) The Manning's n value 

describes the channel condi t ion between the previous shot 

and the current one. R t o t a l  of 24 shots can be input 

f o r  each cross-section. The minimum number i s  3 shots. 

**u*** IMFORTRNT NOTE: The spreadsheet has a problem 

when two successive shots have exact ly the same 

elevation. To avoid t h i s  problem, enter one of  the shots 

wi th  a value s l i y h t l y  higher or lower than the other one. 

For example, i f  two successive shots have an elevat ion of 

910.00, then one shot could be entered as 910.00 and the 

other could be entered as 910.001. This w i l l  have no 

e f f ec t  on the accuracy of  the r esu l t s  since the numbers 

are, f o r  a l l  p rac t i ca l  purposes, equal. *****it 

Once t h i s  data i s  entered, a user can move down the 
\ 

spreadsheet t o  view the output beginning i n  row 84. 

Select the Options command from the MultipLan command 

menu and tu rn  both the Recalculation Node and the 

I t e r a t i o n  Mode ON f o r  the r esu l t s  t o  be computed f o r  



viewing. 

To show how the program works, a sample problem given 

i n  an Iowa State Univers i ty  Short Course on the use of 

the V A L  program a t  the Iowa Department 0 4  Transportation 

w i l l  be used. The input form i s  shown i n  Figure 54 tha t  

the Iowa Department of Transportation has a county 

engineer o f f i c e  submit when describing cross-sections. 

The data from t h i s  sheet i s  then entered i n t o  the 

spreadsheet and the r esu l t s  calculated. The input sheet 

i s  shown as Figure 51 and the output sheet i s  shown here 

as Figure 55. The output from the V A L  program i s  also 

inc-luded as Figure 56. 



Figure 51. Data Input for XSECT Example Problem 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
HYDRAULICS - STREAM CROSS-SECTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

tttttttttttttttttttttttttttttttttttttttttttttttttttttt 
t Multiplan Microcomputer Spreadsheets for County t 
t Hydraulic and Highway Engineering Computations t 
t Copyright by Rocky J. Keehn t 
t Version 1.1 t 
t 1986 t 
ttttttttttttttttttttttttttttttttttttttttttttttttttttt* 

I 
Project Number: Date: 1 
Project Name : Date: 
Prepared By : 
Checked By .............................................................. I 
INPUT DATA "'"..""..--."" 

1 

Starting elevation of 
depth computations (ft)= 987 
Ending elevation of 
depth computations (ft)= 997 
Slope (ft/mi) = 4.75 
Depth increment (ft) = 1 

Input one of the following options: 
Input (0-3) ---- > 0 

0 - no overbank flow 
1 - overbank flow both banks 
2 - overbank flow left bank 
3 - overbank flow right bank ! 

.............................................................. 
OUTPUT: ""..,"""" 

S 1 ope = 0.0009 ft/ft 
Number of iterations - - 9 .............................................................. 

ITERATION: *..,"""""""" 
OUTPUT: 
"""""-" 

Water depth = 17.5 feet 
Water elevation - - 997 feet 

INPUT - Cross-section information: 
*-"---""""""*-----"""""..,"""*"..,"""" I 

I 
Distance Elev I 

Data (feet) (feet) I 
Manning's n I 

1 --> I 0 997.00 I 
2 --> 0.07 92 995.00 I 



Figure 51. (Continued) 

sum : ....................... I 
> I 



Figure 52. Example When Inputting Overbank Data in XSECT 

1 2 3 4 5 6 7 
1 .............................................................. 
2 HYDRAULICS - STREAM CROSS-SECTIONS 
3 n*ntnnnxnnnntnnnn***nnn*****I***nnnnnnnnnnn*nnnnnnn*n*nn*nn*nnnn 
4 tttttttttttttttttttttttttttttttttttttttttttttttttttttt 
5 t Multiplan Microcomputer Spreadsheets for County + 
6 t Hydraulic and Highway Engineering Computations t 
7 t Copyright by Rocky J. Keehn t 
8 i Version 1.1 t 
9 t 1986 t 
10 ttttttttttttttttttttt ittt itt ittttttttt ittttttttt ittttt  
II 

12 Project Number: Date: 
13 Project Name : Date: 
14 Prepared By : 
15 Checked By 
16 .............................................................. 
17 INPUT DATA 
18 """""""""" 
19 Starting elevation of 
20 depth computations (ft)= 987 
21 Ending elevation of 
2 2 depth computations (ft)= 997 
2 3 Slope ( ft/mi ) = 4.75 
24 Depth increment (ft) - - 1 
2 5 
26 Input one of the following options: 
27 Input (0-31 ----> 1 
2 8 0 - no overbank flow 
29 1 - overbank flow both banks 
30 2 - overbank flow left bank 
31 3 - overbank flow right bank 
32 Input location of overflow bank: 
3 3 dist. elev. 
3 4 (it) (it). . 
3 5 Overflow left bank 220 qq+ 
36 Overflow right bank = 600 
3 7 976 
38 .............................................................. 
39 OUTPUT: 
40 """"""" 
4 1 Slope = 0.0009 ft/ft 
4 2 Number of iterations = 9 
43 .............................................................. 
44 ITERATION: 
45 """""""""" 
46 OUTPUT: 
47 """"""" 
48 Water depth - - 7.5 feet 
49 Water elevation - - 987 feet 
50 
51 INPUT - Cross-section information: 52 .................................... I 

I 
5 3 Distance Elev I 
5 4 Data (feet) (feet) I 
55 Manning's n I 
56 1 - ->  I 0 997.00 
57 

I 
2 - ->  0.07 92 995.00 I 

5 8 3 - ->  0.07 145 993.00 I 
59 4 --> 0.07 275 9S1.00 I 



Figure 53. XSECT Example Cross-Section 

DATE 
FILE NO. 
PREP. BY 



Figure 54. VAL Program Data Input Form 

VALLEV CROSS SECTION DATA 

Tne ruom~ltal of a oriJge I fpe rlrdc1,re wi l l  n o i d e  a ,.go1 ang e .a ley sect.oo Thlr roc1 on mo,sd oa lawn 
aownslredm lrom In+ cro$*ng .t$nati benolea wnetner t ran  average recl.an or aconlrol reclion E n ~ ~ g n g r o ~ n a  
S~OIO *a11 08 taken l o o ~ t l m e  lne vallsv lo an ele,al.on Hell abms e*treme n.ahr.aler Soeczal cate *#I1 De tamn lo 
accuralely outline the main c?snnel..Each $hot should be idenlilied: that is (FP) flood Plain. (TE) too 01 ba"k. 
(ES) edge of stream, elc. Manntngs equation roughness lectors will be assigned each shol. Include slle photas wllh 
tnir iolormation~ 

~ u m b e i  7. 

REMARKS: 

Give additional io!ormalion by reference l o  msrglnsl number on reverse slde Of this sheel. 

I Mlpin(il I I 

. 
REHARLD; Section taken 100' downstream from crossing. I t  i s  an averaqe sect ion.  

There are no con t ro l  sect ions downstrea:n from the br idge t h a t  e f f e c t  

the br idge hydrau l ics .  

5 1 M r .  Doe has been l i v i n g  i n  t h i s  area a l l  h i s  l i f e  (62 years.) 

I 

I 
8 Oasfaoc* 

o 

IMPORTANT NOTE 

Tn~inlormationglvenonlnirtoimrr~stinali~asesbesupplemented by completeplalandprolil~ol:. . i'C,diawnto 
a convenient scale on S\?Sara!e Sheet. 
7% ~n!ormal#on as rnown on ihistorm i ~e r~en t i a l ana  mus: boruppiied in detail belorethcplPnsCan boprepared or 
i2proved. I1 wll: be nocerrary lo :elurr. :h,s lorm lor cocrec18on unless the dala supplied is complele. 

Eisretion 

997.0 

Oistan~v 

807 

iW'1 I 
1 745 995.0 FP 

PLAT OF DRAINAGE AREA 

IN1 
~ o v n h n a l l  

11-0.07 

900 

I 

/ 92 , 995.0 
I 

1 145 I 993.0 

~smark. 

Fp 

, 

n-0.07 
nm0.03 

";0.03 
n=0.27 

I 
[ 275 

! 
! 
i 

EB 

E S  

E s 
is - 
TB 

, 
~smarkr  

FP i 
~taraiioo 

1ooo.g 

991.0 

FP 1 

IN1 
R O U O ~ O ~ W  

0.07 

1003.0 0.07 ---- 

---- 

1 430 , 990.0 
6 I 
! 462 i 982.5 

/ 472 

: 437 

i 510 

979.5 

982.5 -- 
990,0 

i 



Figure 55. Output Table from XSECT Spreadsheet 

OUTPUT: 
++*n,+n,n, 

Water Water 
Data E l rv .  Depth G! Veloc i ty  Cunveyance 

Point ( f r e t )  ( f e e t )  ( c fs )  ( f t / s e c )  (sq. f t . )  ----- ------- ----------- ------- -------- ---------- 
1 987 7.5 805 3.6 224 
2 388 8.5 1114 3.9 286 
3 989 9.5 1488 4.2 355 
4 990 10.5 1930 4.5 43 1 
5 99 1 11.5 2635 4.0 665 
6 992 12.5 3613 3.4 1055 
7 993 13.5 4890 3.1 1559 
8 994 14.5 6566 3.1 2142 
9 995 15.5 . 8557 3.1 2772 

10 996 16.5 10835 3.1 3453 
11 997 17.5 13442 3.2 4191 



Figure 56. VAL Program Output 

I,,"" L . l 8 ' i l . , . l t C . l  1.I , < . " , 4 > , * , ~ , " , , , p , ,  

SlSlLt !  ~ V a I L l ) b l h l l l  ExCEVT AS HUlLD b f L 0 U  ? OI)?SIYELI. I4 MW#E,U&v ! 
FOR HELP. OR 1 0  REPORT A 7ERMlWM PROBLEM: 

CALL D.O.T. NEIY0I)K HELP DESK: %IS-239-IB75. 
TER~IWAL 10: o r t u n 2  -------------. LOCO" ,,EN" ----------.-.- 

SELECT ONE. IREPLACE - WITH LNY CHARACTER OR PRSSS THE INDIC&TEO PI. KEY) - I P F l I I 3 1  PROFCSSION*L W F I C E  svt-rEh tPRoFS) +GeS.Meru on Screen 
l D r 2 / 1 ~ ~  TIHE S n M I U C  SvSlEM (TSO) - WFJIIS) CUSIONER imoarurron conraoL svsrcn . l * F 1 / $ 6 1  C.D.P. PROFS . IPFS117) C.D.P. OTHER APPLICL.IONS 

- I P F 7 / I P I  HCCF --- FOR 1.S. INTERNAL USE OWL" --- - I P F h / l B )  TEST C.1.C.S. -- 1.S. INTERNAL USE O * C I  --- 
- IPFB12Bl  OTACICSl --- 1.S. INTCRH&L U IC  OWL* --- r f iy ;,,, ir hr*.atk* 

fist rs u~derlrMed 
i 

ENTER 1x0 U INFO AND P U S S  E 
USERID mB ~ e s s w ~ ~ $ k o c : @  

accr p SIZE:  
XECONNECT fO DISCOWN 1 D SESSION- I V  OR LEAVE BLUIK) 

IF rou WISH ro RETURN TO THE DOT IIEIU.PRESS AMY PI I F 1  

. 
8RO3 LOGON IN PnOCRESI 01 1 2 3 9 2 7  on flanc" IS, less 
NO BROaDCAST IIESSAGES I 

. *RE IOU USlwC A CRT? ( Y m I  . ..................... w.......... 
*> L@ kS5 @ 94 4hese 3/ocsf!+ , 
ENTER JOB 10EWTIFICAlION 
M~XIHUII OF 6 3  CHARACTERS' y ~ o b  nuc*ibe:i 5 

C-- - -. - . . -- . . . . ' I 1 

I 

. .? i 

X (  b l  Y( 6 )  4b2 9 8 2 . 1  
X I  7 )  71 7)  472 979.5 

i 
X L  Ub 1 ,  8 )  4U7 983.11 
X I  9 )  * I  Y 1  $90 Pee 
X I  3 0 )  V (  $0 ,  562 990 
X I 1 1 1  l r ! o  7059.3 
XI 1 2 )  1, 12, . 7.5 P9S 
X (  I31 ?( 13) 807 IO0B.P 

I 
- hgiue 4% each Sc&;o*, 

Di  3 )  N1 3 %  4 
&Nl CHANCES7 

/ ---./. / ..-- 
I S  !HEKC h LOU P01.7 ON IME FLOOD PL I IW? I v  OR N l  4 @ 

- 
58978 
CROSS S r c r r o N  s"ars 

"0. X , 7 4- 
0 9 9 7 . 0  5 

4 -7s .  99,  .O 
-t. 

5 ;30 /. 9W.0  (S 
6 <62 W3.5  
7 7 9 7 9 . 5  
B ,4R7 "82.5 

I 

P 5 i O  PYO.O V, 



Figure 56. (Continued) 

( 0  562 Vvolo 
I *  T O  VV3.0 ... @ 
$ 2  7 973.0 
$1 80, IOOO.9 !* PO0 1003.0 

SLOPE IN  FEETIPIILL . .  6.750 
SECTIOH DIST. N VALUE . 

I '20 0.070 
2 510 0.010 
3 900 0.070 

STAGE OAT6 
MICU ELEV. LOU ELEY. IYCHEIIEWI 

PPT.00 967.00 <.OB 
SBP78 

SEClIOW DISCHARGE VELOCITI CONVEVWCE N 
VALUE 
S T G E  ELEV. 907.00 ...@ ' 0 c is  0.0  FPS 0 $9. FT. -'... 

0 0.0700 
2 eds c i s  3.6 FPS 221 so. ~ 7 . '  

2LB1: 0.0300 
1 0 CFS 0.0 FPS ,. 0 SO. FT. 

0 0.0700 
TOTAL , 605 CFS 3.6  FPS 224 59. FT. 

26832 
STaGE ELEV. VBB.00 .. - \. . 

I 0 c i s  0 . 0  FPS I 0 54. FT. 
D 0.0700 

2 ($0 CFS 3.9 FPS 206 5.3. FT. 
37146 0.0300 

3 OCFS 0.OFPS 0 59. F l .  
0 0.0700 

TOTAL I s $ +  CFS 3.9 FPS 2 8 1  59. F I .  
17146 

STffiE ELEV. PB9.BB 
I 0 CFf , 0;O FPS 0 59. FT. 

...@ 
0 0.0100 

2 tese c is  . a.2 FPS 355 19. FT. 
W 6 8 1  O.OJB0 

3 0 CFS 0 . 0  FPS 0 59. F l .  
0 0.8700 

TOfOL ,408 CFS 4.2 FPS 35s SU. FT. 
49603 

IrOCE (LEY. 9'0-00 
I 0 CFS 8 . 0  FPS 0 SP. F l .  

0 0.0700 
2 lp30  CFS 4.3 FPS 131 $9. FT. 

61150 0.0300 
3 B CFS 0.0 FPS 0 59. F l .  

0 0.0700 
TOT1L $910 CFS 4.5 FPS 131 SO. FT. r ' ?  

64lSB 
STOLE ELEV. V9l.OQ 

8 31 CFS 0.4 FPf 77 SO. F l .  , 0.0700 

2 2563 CCS 5.0  FPS Ill $0. PI. 
05163 0.0100 

3 40 CFS 0.5 FPS 76 SO. FT. 
3 5  0.0700 

rO7AL 2635 CFS 4.0  FPS 66% SO. F l .  
07847 

SThGE ELEV. VV2.00 
$ 192 CFS 8.7  FPS 2e.5 SO. FT. 

6186 0.e700 
2 3266 CIS , 5.7  FPf 591 5.3. F l .  

IOBBVS 0.0300 
3 166 CFS 0 . 0  FPS IYV $9. F l .  

5190 0.8700 -- 
TOlAL 3bt3 CFS 3.4 FPS 1056 SO. f?. 

$20110 
STACE ELEV. 991.09 

s 492 CFS $ .O FPS 517 SO. FT. 
< b l V +  0.0100 

2 *03$ CFS 6 . 0  FYI  671 SU. F l .  .... 0 
t34YI. Q.0300  

1 163 CFS I .O F l S  170 SO. F l .  
12097 B.0700 

TOT&' I 4670 CFS 3 . (  FPS I559  SO. FT. 
$63014 

STAGE FLEV. PPI.00 
% PO9 CFS I . 2  FPS 816 $9. FT.  

3 3 9 8 7  B.Oi .00  
2 46bB CFS 6.5  FPS 7111 59. F l .  

16-1117 0.0100 
3 708 CFS l . 2  FPS 575 SO. F l .  

2 l b ' L  0.0100 
TOTAL 6566 CTS 3.1 FYI  2112 SO. FT. 

2 , B P O  



Figure 56. (Continued) 

STAGE (LEV. YPS.00 
$638 CFS I . 4  FPS 1140 SP. $1. 

54608 0.0700 
z 5761 crs  6 .9  ~ r s  811 so. FT. 

I92136 0.0300 ... @ , 
1 ( 1 5 7 C F S  l . 4 F P S  800 $9. F l .  

38566 0.0700 
TOT*L U558 CFS 3.1 FPS 

285110 
SlAGE ELEY. Q96.00 

$ 2179 CFS 1 . 6  FPS 
79315 0.0708 

1 6711 CFS 7.1 FPS 
22191+ 0.0300 

1 I740 CFS I . 7  FPS 
SBOOL 0.0700 

TOTAL I0835 C I S  3.1 FPS 
36125.1 

STAGE ELEV. 997.00 
6 1290 CFS 3.7 FPS 

I0970$ 0.07BO 
2 7728 CFS 7.8 FPS 

257649 0.0100 
3 2.24 CFS l . 9  FPS 

'''@24 0.BTOO 
TOTAL 11442 CFS 1.2  FPS 

4.8174 
I S  DESIGN STAGE CONPUTATION DESIRED7 ENTER 

CFEI. a (6 OR 
@ 

ONI CHANGE* 

STAGE ELEY. VVl.2I  
$ 584 CFS 1.8 FPS 

1v.81 a . o m e  
2 4207 CFS 6.1 FPS 

$40250 0.0300 
3 +27 CFS 1.0 FPS 

14246 8.0700 
TOTAL 5218 CFS 3.1 FPS 

$501 SO., F l .  

911 SO. F1. 

$041 SO. F l .  

1.51 so. FT. 

$908 SO. F l .  

991 SQ. FT. 

I 2 9 2  SO. FT. 

4 l 9 l  SO. FT. 

578 SO. FT. 

688 SO. F l .  

6'2 SP. FT. 

I679  SP. F1. ..!4J7' 
I S  D SIC" ST6GE COIIPUTOTION DESIRED7 EMTER I OR N & (g 
ENlER DESIGN DISCHhRC ( I l l  CFSI. @ 
eWI CHAWLE, &. d 
DESIGN DISCHAGRE 4200 
STAGE ELEV. ev?.so 

I 324 CFS 0.8  FPS 304 SP. F1. 
I0791 0.0700 

2' 164s CFS 5.8  FPS 631 SO. FT. 
l2tSOP 0.0500 

1 247 CCS 0.9 FPS 219 SO. F l .  
8219 0.0700 

TDTrL 4215 CFS 3 . 1  FPS 1,295 $4. FT. 
I *OSl9 

I S  DESICU STeCE COIIPUTATION DESIREU7 ENTER V MI N (fP 
DO IOU YAHT 10 CHANCE N VALUES? EWTER I OR H 3 & 
as'€ aDDIl1ONAL S l A t E S  DESIRED7 & @ 
DO YOU YAY1 TO CHANCE THE SLOPE" I V  OR N l  

@ 
%O YOU U W T  7 0  CHANGE A Y I  X-SECT. SHOTS7 I I  OR N ) :  5 

DO IOU YAM1 TO RERUN FRO* THE BECINNIK?  : A @ 
END OF Job 
+) EMTER B I F  r 0 U U I S H  TO BROYSE THE PRINT DAIASCT Ob 
0. ENTER R I F  YOU WISH TO RFSTARI A1 THE BEGINNIIIC b b  
$0 ESIC1  P I F  YOU WISH 1 0  PRINT THE LISTING 1) ' a0 ENTER E I F  "(1" VISH TO END THf PROGRAII AND NO1 be 

- - > A  

I 

You cou Broc~se 
i 

Sj  p u s k ~ * g  a, 
I 



Figure 56. (Continued) 

CROSS SECTION 
NO. X 

SHOTS " 

SLOPE IN FEET/HILE ..... 4.750 

SECTION DIST. N VALUE 
1 430 0.070 
7 510 0.030 

STAGE DATA 
HIGH ELEV. LOW ELEV. INCRENENT 

997.00 987.00 1.00 

50978 

SECTION DlSCHRREE VSLOCITY CONVEYLNCE N VALUE 

STAGE ELEV. 987.00 
1 0 CFS 0.0 FPS 0 SQ. Fr. 0 0.0700 
2 BOS CFS 3.6 FPS 224 SO. FT. 26832 0.0300 
3 0 CFS 0.0 FPS 0 SQ. FT. 0 0.0700 

TOTAL 805 CFS 3.6 FPS 224 SQ. FT. 26832 

STAGE ELEV. 988.00 
1 0 CFS 0.0 FPS 0 SU. FT. 0 0.0700 
2 ($14 CFS 3.9 FPS 286 SQ. FT. 37146 0.0300 
3 0 CFS 0.0 FPS 0 S9. FT. 0 0.0700 

TOTAL 1114 CFS 3.9 FPS 286 SP. FT. 37146 

STAGE ELEV. 989.00 
1 0 CFS 0.0 FPS 0 SQ. FT. 0 0.0700 

2 1488 CFS 4.2 FPS 355 SQ. FT. 49603 0.0300 
3 o CFS ' 0.0 FPS 0 SQ. FT. 0 0.0700 

TOT& 1488 CFS 4.2 FPS 355 SQ. FT. 49603 

STAGE ELEV. P90.00 
1 0 CFS 0.0 FPS 0 SQ. FT. 0 0.0700 

2 1930 CFS 4.5 FPS 431 SQ. FT. 64358 0.0:100 
3 0 CFS 0.0 FPS 0 54. FT. 0 0.0700 

TOTAL 1930 CFS 4.5 FPS 431 SQ. FT. 64358 ' 

STAGE ELEV. 991.00 
31 CFS 0.4 FPS 77 $9. FT. tO3B 0.0'100 

1 
2 2563 CFS 5.0 FPS 514 $9. FT. 8544'3 0.0300 
3 40 CFS 0.5 FPS 76 SQ. FT. 1345 0.0700 

TOTAL 2635 CFS 4.0 FPS 665 SQ. FT. 878.87 

SThGi ELEV. 992.00 
I 192 CFS 0.7 FPS 265 SQ. FT. 6306 O.O'IGO 
2 3266 CFS 5.5 FPS 591 S9. FT. 108895 0.0JOO 
3 I56 CFS 0.8 FPS 199 SQ. FT. 5190 0.07r)O 

TOTAL 3613 CFS 3.4 FPS I056 SQ. FT. I20470 

STAGE ELEV. VY3.00 
$ 492 CTS , 1.0 FPS 517 SQ. FT. 1'394 0.0':00 
Z W 3 5  CI:S 6.0 FPS 671 $9. Ff. 134594 0.OJOO 
3 363 CFS 1.0 FPS 370 SI2. FT. 12097 0.0700 

TO1 AL 4U90 CFS 3.1 FPS 1559 SU. FT. 163034. 



Figure 56. (Continued) 

1 492 CFS , I .0 FPS 517 SP: FT. 16394 0.0700 
2 4035 CFS 6.0 FPS 671 SQ. FT. 134544 0.0J00 
3 363 CFS 1.0 FPS 370 SQ. FT. 12097 0.0700 

TOTAL 4090 CFS 3.1 FPS 1559 SQ. FT. 163034 
i 

STAGE ELEV. 994.00 
' I 989 CFS 1.2 FPS 816 SQ. FT. 32Y81 0.0700 
2 4868 CFS 6.5 FPS 751 $9. FT. 162317 0.0300 
3 708 CFS 1 .2 FPS 575 SQ. FT. 23612 0.0700 

TOTAL 6566 CFS 3.1 FPS 2142 SQ. FT. . 218915 

i 
I 

STAGE ELEV. 995.00 ! 
+ 1138 CFS 1.4 FPS 1140 $9. FT. 54608 0.0100 
2 5763 CFS 6.9 FPS 831 SQ. FT. 192136 O.OJO0 
3 I157 CFS 1.4 FPS 800 SQ. FT. 38S66 0.0700 

TOTAL 8558 CFS 3.1 FPS 2772 SQ. FT. 28531 0 

STAGE ELEV. 996.00 
I 2379 CFS 1.6 FPS I501 SQ. FT. 79315 0.0700 

: 6717 CFS 7.4 FPS 911 SQ. FT. 223934 0.0300 
I740 CFS 1.7 FPS 1041 SO. FT. 58006 0.0700 

TOTAL 10835 CFS 3.1 FPS 3453 SO. FT. 361255 I 
SlAGE ELEV. 997.00 

1 3290 CFS 1.7 FPS I908 SQ. FT. 109701 0.0100 
2 7728 CFS 7.8 FPS 991 S9. FT. 251649 0.0300 
3 2424 CFS 1.9 FPS 1292 SQ. FT. 80824 0.0700 I 

TOTAL 13442 CFS 3.2 FPS 4191 SQ. FT. 4481 74 

DESIGN DISCHAGHE 5200 
STAGE ELLV. 9YJ.21 

I 584 CFS 1.0 FPS 578 SP. F T >  10481 0.0700 
2 4207 CFS 6.1 FPS 688 SQ. FT. I40250 0.0300 
3 427 CFS 1.0 FPS 412 SQ. FT. I4246 0.0700 

TOTAL 5218 CFS 3.1 FPS 1679 SQ. FT. 173977 

DEXZGN DISCHAGLE 4200 
SIAGE ELEV. 992.50 

I 324 CFS 0.8 FPS 384 SQ. FT. 10791 0.0700 

I 
2 3645 CFS 5.8 FPS 631 SQ. FT. $24509 0.0300 
3 247 CFS 0.9 FPS 279 SQ. FT. 82.39 0.0700 

TOTAL 4215 CFS 3.3 FPS 1295 SQ. FT. 140539 
I 

I 



2.2.6. WSNAT 

WSNAT 

WATER SURFACE PRDFILES 

NATURAL CHANNEL CROSS-SECTIONS 

The "Water Surface P r o f i l e s  - Natura l  Channel 
. , 

Cross-sect ion" spreadsheet was developed t o  c a l c u l a t e  t h e  . . 

water depth along a n a t u r a l  channel. Th is  t ype  o f  

cross-sect ion i s  normal ly  associated w i t h  creeks, streams 

and r i v e r s .  

Th is  spreadsheet a l l ows  t h e  user t o  c a l c u l a t e  t h e  

backwater e f f e c t s  af s t r u c t u r e s  loca ted  along t h e  channel 

reach. It perm i t s  t h e  user t o  c a l c u l a t e  t h e  t a i l w a t e r  

depths of  upstream s t r uc tu res .  



The i n i t i a l  input  consists of the eneryy coef f i c ien t ,  

design flow, and the s t a r t i ng  water depth elevation. One 

also needs t o  input  a descr ipt ion of the channel 

cross-section. This ent ry  data includesn the s ta t i on  

distance from the f i r s t  s ta t ion,  minimum channel 

elevation, maximum channel elevation, whether or not 

there i s  overbanking (on the l e f t  bank, on the r i g h t  bank 

or on both banks), distance and e levat ion of the 

overbanking from a datum ( i f  overbanking ex i s t s ) ,  and 

values tha t  ou t l i ne  the channel. The channel i s  

described as s t a r t i ng  a t  a po in t  on the le . f t  bank,. . .  

se t t ing  tha t  distance equal t o  zero and recording the 

elevat ion a t  t ha t  point .  There i s  no l i m i t  t o  the number 

of cross-sections permitted. . , .. 

Once the data are entered, the user must then in te ra te  

the water surface elevat ion a t  each cross-section. This 

i s  done by enter ing a t r i a l  depth and checking whether or 

not i t  i s  an acceptable value ( i f  not  acceptable then 

Inpu,t a new elevationg i f  acceptable then go t o  newt 

s ta t ion) .  The spreadsheet contains a c e l l  t ha t  t e l l s  the 

user whether t o  increase or decrease the elevation. A 

check value i s  a lso entered f o r  each i t e ra t i on .  This 

check value ~ h o u l d  approach 0.001 as the i t e ra t i ons  are 

performed . 
After a l l  the cross-sections' water e levat ions have 

been i ' terated by the user, the f i n a l  output can be. c 

pr in ted f o r  a paper record. Included i n  the output data 



are the channel bottom elevation, water surface 

elevation, energy l i n e  elevation, water depth, and 

f r i c t i o n  1095. From these data a water surface p r o f i l e  

can be drawn and the water depths caused by the  headwater 

can be evaluated. 

The best way t o  begin using a spreadsheet i s  t o  obtain 

a l l  per t inent  data, record the data i n  a form tha t  i s  

eas i ly  t ransferred i n t o  the spreadsheet, and then input 

the data i n t o  the spreadsheet. The data obtained i n  the 

f i e l d ,  from topographic maps, and engineering pr inc ip les  

can be t ransferred t o  an input form. Once t h i s  i s  done 

the user can begin t o  manipulate the spreadsheet. 

The f i r s t  step i n  using the spreadsheet i s  t o  load i t  

i n t o  the computer memory so tha t  i t  can be operated under 

the control  of Microsoft  Mult iplan. Assume t ha t  t h i s  

spreadsheet resides on disk as a data f i l e  under the 

filename of WSTKRP1.MP and has been saved t o  disk i n  the 

Normal Mode. Once the f i l e  has been loaded i n t o  the 

computer, select  the Options command from the Mult ip lan 

command menu and t u rn  the Recalculation Mode of  operation 

OFF. Next enter the pro ject  number, pro ject  name, 

preparer 's name, checker's name, and dates prepared and 

checked. These ent ry  items are located i n  rows 13 

through 16 (see Figure 5 7 ) .  Once these administrat ive 



d a t a  have  been e n t e r e d ,  t h e  c o n s t a n t  v a l u e s  i n  column 8, 

rows  20 t h r o u g h  22 (see F i g u r e  57) can  b e  e n t e r e d .  

Va lues  f o r  t h e  e n e r g y  c o e f f i c i e n t ,  e n t e r e d  i n  row 20, 

column 7 ,  (see F i g u r e  57) are g i v e n  i n  T a b l e  6. The 

s t a r t i n g  water d e p t h  is t y p i c a l l y  headwater  d e p t h  of t h e  

s t r u c t u r e  l o c a t e d  where t h e  f i r s t  c r o s s - s e c t i o n  is 

1 o c a t e d .  

T a b l e  6. V a r i o u s  v a l u e s  f o r  t h e  e n e r g y  c o e f f i c i e n t  ( a f t e r  

Chow, 1959). 

~ 
- , ~ .. . 

Channels Value of  t h e  energy c o e f f i c i e n t  

Minimum Average Maximum 

Regular  channels ,  flumes, s p i l l w a y s  1.10 1 .15  1.20 
Na tu ra l  streams, and t o r r e n t s  1 .15 1.30 1.50 
R ive r s  under  ice cover  1.20 1.50 2.00 
River  v a l l e y s  overf looded 1.50 1.75 2.00 

The n e x t  s t e p  is t o  i n p u t  t h e  d a t a  f o r  e a c h  

c r o s s - s e c , t i o n .  The number of  c r o s s - s e c t i o n s  are 

l i m i t l e s s .  T h i s  is accompl i shed  by a l l o w i n g  a newly 

c r e a t e d  s p r e a d s h e e t  t o  copy  d a t a  f rom a p r e v i o u s  

s p r e a d s h e e t  which c o n t a i n s  t h e  d a t a  f rom t h e  p r e v i o u s  

downstream c r o s s - s e o t i o n .  Once a series of s p r e a d s h e e t s  



have been c:reated, t h e  ou tput  f rom each i s  copied onto a  

summary output: spreadsheet. The da ta  needed t o  begin 

enter- i  ng t h e  c:ross-section i s  t h e  cross-sect ion shots.  

An example o f  cross-sect ion shots i s  depic ted i n  

F igu re  50. The in fo rmat ion  t h e r e i n  i l l u s t r a t e h ;  h o w a  

per..sc:)ri f i n d s  t h e  o f f s e t  and e l eva t i on  a t  each shot. I n  

a d d i t i o n  t o  the  e l eva t i on  a t  each shot,  a  personneeds t o  

determine what i s  the  Warbning 's roughness coeff  i c i e n t  .for 

each shot.  The ra~tghnerss c o e f f i c i e n t  i s  t h e  cine i n  t h e  

reach from t h e  prev ious shot t o  t h e  cu r ren t  shot. 

Besides t h e  shot diata, t h e  user tias t o  i n p ~ r t  t he  distal-bce 

from t h e  s t a r t i n g  e t a t i o n  t o  t h e  s t a t i o n  f o r  which t h e  

data  i s  be ing inpu t ,  t h e  minimum e leva t i on  of t h e  channel 

cro?ds-section, and the  maximum e leva t i on  of t h e  channel 

cross-sect i on. 

The i n p u t  data f o r  t h e  s t a t i o n  d is tance from t h e  

s t a r t i n g  po i n t ,  m i r i i m u m  e leva t ion ,  maximum e leva t i on  f o r  

the  f i r s t  cros?;-section a re  i n p u t  i n  column 6 ,  rows 61, 

62, 63 r espec t i ve l y  (see F igu re  3 9 ) .  The data f a r  t h e  

cross-,section shots begin i n  row 63, columns l i  and 12, 

arid end a t  row 03, columns'li3, 11, and 12, W Manning's - 

roughness coef f ic : ient  i s  no t  needed f o r  the  f i r s t  shot. 

I f  overbank f l ow  i s  a  problem, an add i t i ona l  i t em  o f  

i n fo rmat ion  i s  needed. Rn example o f  what i s  meant by 

overbank:: f low i s  i l l u s t r a . t e d  i n  F i y u r e  50. Clsers need t o  

spcci  f y  whether t h e  overbanki,ng w i  L 1  no t  occur, w i  11 

occur an .the l e f t  bank on ly ,  w i l l  occur on t h e  r i g h t  



bank, or w i l l  occur on both banks. The overbanking 

condi t ion i s  i den t i f i ed  by entering a O f o r  no 

overbanking, a 1 fo r  overbank f low on both banks, a 2 f o r  

overbank flow on l e f t  bank only, or a 3 fo r  overbank f low 

on r i g h t  bank only. This " f l ag "  i s  entered i n  row 68, 

column 6 ( f o r  cross-section 1 on ly) .  The or ien ta t ion  of 

l e f t  and r i g h t  i s  based upon the user looking upstream of 

the flow. 

The highest cross-section shot i n  the channel reach 

before overtopping can occur needs t o  be entered. This 

input  data inlcudes the o f f se t  distance and elevat ion at  

the po in t  of overtopping. The data input  f o r  

cross-secti.on 1 i s  entered i n  columns 6 and 7, rows 76 

and 77. 

Once a l l  the data l i s t e d  above have been entered f o r  

cross-section I ,  repeat the input  process f o r  

crass-section 2 (sed Figure 59). The basic input i s  

entered i n  rows 90 through 92, column 6. For the 

cross-.section, begin entering data i n  row 92, columns 11 

and 12. The overbanking ent ry  begins i n  column 6, row 

97. Once t h i s  process i s  complete f o r  cross-section 2, 

proceed t o  cr-oss-section 3. The data input  f o r  the t h i r d  

cross-.section i s  located between rows 115 and 14.3 i n  a 

s im i la r  fashion t o  cross-section 2. (Addit ional 

cross-sections are entered by creat ing more spreadsheets, 

such as WSNAT2.MP, which can contain three more 

cross-,sections each and continuing on wi th an "external 



copy" c a p a b i l i t y .  Consul t  t h e  M ic roso f t  MuL t i p l an  

INar~ual. ) 

When all. t h e  cross-sect ions have been entered, the  

spv-eadkheet i s  ready f o r  computntior? an'd t h e  i t e ' r a t i o n  

process can begin. The water sur face e l eva t i on  f o r  t h e  

. f i r s t  cross-sect ion i s  au tomat i ca l l y  t r ana f  er-red f ram t h e  

constant valcte p rev i ous l y  entered j .n ' row 22,  coumn 8 (see 

F igure  5 7 ) .  The user then begins t h e  i t e r a t i o n  process 

a,t cross-sect ion 2. f3 person f i r s t  en te rs  a t r i a l  water 

e l eva t i on  i n  coLumn 8, row 28 (aee F igu re  60). Once a 

water. elevat.ion i s  entered a " (+ ) "  o r  a " (-.)" w i l l  appear 

i.n row :31 below t h e  water sur face number - just entered. 

If i . t  i s  a " ( + ) "  then t h e  water su r f  ace e l eva t i on  should 

be increased t o  achieve c lasu re  i n  t h e  i t e r a t i o n  process. 

1.1: t h e  i n d i c a t o r  i s  a " (-) " then the  water sur face 

e l e v a t i  on slhould be decreased. 

The mei:.hod for' f i n d i n g  t h e  water s c r r f  ace i s  based on 

t h e  standard s tep  method presented by Chow (1759). Th is  

method i s  based an t h e  f a c t  t h a t  the  t o t a l  head a t  the  

cu r ren t  c ross-sec t ion  i s  equal t o  t h e  t o t a l  head a t  the  

pr-evi.ous cross-.section p l u s  t h e  f r i c t i o n  head plrrs the  

eddy losses. For convenience of  computation, t h e  eddy 

losset; can be considered p a r t  o f  t h e  C r i c t i o n  1.oss (Chow, 

:L937). The check va1.ue i.n row 32 i s  t h e  dif ferenct; 

between the  ' t o t a l  head a t  t h e  ct.trrerit c ross-sect ion and 

the  t o t a l  head p l u s  t h e  f r i c t i o n  l o s s  a t  t he  prev ious 

cross-.sectic~n. As t h e  ctieck va lue becomes smal le r ,  t h e  



precis ion of the method increases. For t h i s  spreadsheet, 

the recommtnded precis ion i s  such tha t  the value i n  row 

47 becomes O. 000 or a very small minimum value. 

Once the water surface elevat ion i s  a t  a sa t is fac to ry  

precis ion leve l ,  proceed t o  cross-section 3 (row 28, 

column 9) and repeat the process. For aproblem 

encompassing three cross-sections, t h i s  would complete 

the spreadsheet. To continue on t o  more cross-sections 

beyond three, the user @ill have t o  use a second 

spreadsheet f i l e ,  such as WSN&T2.MP1 and employ the  

Mult ip lan "entenal copy'' capab i l i t y  t o  b r ing  the 

intermediate resu l t s  from WSNAT1.MP i n t o  WSNATZ.HP. I n  

t h i s  fashion, the process can be extended i nde f i n i t e l y .  

I f  only three cross-sections are needed t o  sa t i s f y  the 

hyraul ic  analysis for  t h i s  p ro jec t ,  the user can review 

the output a t  t h i s  time. 

The output data f o r  cross-sections 1, 2, and 3 can be 

found i n  rows 143 through 153. To "jump" t o  t h i s  por t ion  

of the spreadsheet., se lect  the Goto command from the 

Mult ip lan command menu, then select  the Name subcdmmand 

wi th in  the Goto command, and f i n a l l y  enter the name 

OUTPIJT (press iretctrn3 or <enter> key t o  complete the 

command). This w i l l  move the c e l l  po in ter  d i r e c t l y  t o  

the output area of the spreadsheet. 

The spreadsheet should now be saved as a data f i l e  fo r  

l a t e r  use. If addi t ional  crass-sections are t o  be 

incorporated i n  t h i s  analysis, name the spreadsheet when 



saving i t  i n  some fash ion  t h a t  i c l e r i t i f i e s  the  spreadsheet 

as con ta in ing  cr-ass,-.sectic,ns 1-9. 

For pttrpoge of  e:cpl aj. ni. ng how t o  tron'tinuf.? on t a  

cr-wss-section% 4 through h ,  %he da ta  .Fur- t h e  C i r s t  t h r ee  

cr-c:)sri--sect 5. ons w i  I. 1 tre ass~tmecl t.o be :saved its IXAMf3LE. 

The . f i r ?= t  step i n  r::r:?n~ti,nt.ti.ng t o  cr-055s-section LC i s  t o  

Icstrd the  zipreat:J.;heet WSNAT2.MP i .n to  memory t o  b r i n g  i t  

uricler the  o p e r a t i o l ~ a l  c o n t r o l  o f  t h e  Mu l t i p l an  program. 

Orice th i .  :3 i . s  elorre, enter  t h e  identi:t:ic:;itj.on c;lati\ i n  rows 

13 through l.6. Then muve t o  .the c e l l  1.oca.irecl i n  irow 2 6 ,  

column 7,, Thi.~3 c:e:l.1 (K26C7) i s  1oc:ated j u s t  below where 

the spreacl.jhee c!it;pl.ays t h e  message ""rranrrfered C:el ls"l  

'The t..tser. cart now copy t h e  rtecessary data from t h e  

... ..I.. ,.,u"rade.t . . ..i&t, ,, .at tem~:rl.ate created f o r  cross-scsctions 1 through 

..., 
.A m , . . i .s ac,c,otnpl i s h e  by us ing  t h e  X'TERWAL/CWF'Y 

crofntnand sequence from 'the M u l t i p l a n  commancl menu. While 

the  Mult5.pl.an command menu i s  di.splayed on t h e  screen, 

)>s-a?%s X o r  move .the command cursas- aver t o  XTEHNAL and 

prasr; .<rett..tu.n:>. Mu l t ip la r t  w i l l  then d i sp l ay  t h e  

sut>ct>mmands under t h e  XTERNRL command. One o f  these 

st.ttrc:ontmands ind ica ted  w i  l 1 be COPY. As bef ore, e i t h e r  

pre55s C o r  move t h e  command cursor  t o  COPY and press 

.itc.-eturn::.; Mul.tipl.an w i l l  then b r i n g  up t h e  prompts t o  

id~.?nti:fy f irom where t h e  "ex te rna l  copying" i s  t o  be done. 

TI,@! user must enter  t h e  name o f  t h e  spreadsheet f rom 

which t h e  data  i s  t o  be pul , led and t h e  name o f  t h e  b lock  

of  c e l l s  for the  rowncolumn range) i n  which t h e  data  



resides. 

I t  was assumed f o r  t h i s  discussion tha t  the f i r s t  

three cross-sections were saved as a data f i l e  named 

EXAMPLE. Thus, f o r  naming the spreadsheet from which 

data i s  t o  be copied, the user would enter EXAMPLE i f  the 

f i l e  i s  stored i n  the defau l t  dr ive, enter BtEXAMPLE i f  

the f i l e  i s  stored on a disk i n  Dr ive B, o r  enter 

pathname\EXAMPLE i s  the f i l e  i s  located i n  a hard disk 

di rectory.  The name of the c e l l s  where the  data t o  be 

copied i s  located has already been "named" TRGNSFER, 

hence the user w i l l  always enter the name of the c e l l s  as 

TRANSFER t o  complete the "external" reference. Once t h i s  

i s  done, tab twice t o  the " l inked" subsubcommand prompt 

and set i t  t o  NO. This completes the set  up f o r  copying 

the previous output data as i n i t i a l  s t a r t i n g  data i n t o  

the continuation spreadsheet, so press <return> t o  begin 

the t ransfer  nf  data from EXAMPLE i n t o  WSN6T2.MF. 

Once the t ransfer  i s  complete, the user then enters 

the cross-section data f o r  the next three cross-sections. 

This data input  begins i n  row 56. The input requirements 

and loca t ion  of data ent ry  i s  exact ly the same as tha t  

f o r  cross-sections 1 through 3, gx~gR% tb9 f  QEe geed8 fo 

eafgr fhe g@gug~fLgl  crgss-secthgg ~ g g $ e r  "'fgf&pn 

dLsfaase fcQm fhc zfarkhas sfafhgn" LQ rpws %@, ZQ, 9nd 

88. When a11 the cross-sectional en t r i es  are complete go 

t o  row 27, column 8 and i t e r a t e  the water surface 

elevat ion fo r  each of  the three cross-sections i n  t h i s  



spreadsheet. Th is  procedure i s  t h e  same a% t h a t  which 

was employed f o r  t h e  f i r s t  t h ree  cross-sect ions. 

A f te r  complet ing t h e  spreadsheet f o r  cross-..sections 4 

through 6, t h e  user sho~ r l d  save t h e  f i l e .  I f  add i t i ona l  

crass-section?+ a re  t o  be analyzed, make a no te  of  t,he 

f i lename ( i nc l ude  a coded re ference t o  sec t ions  4-61, 

load a copy of  WSNAT2.MP again t o  repeat  t h e  da ta  e n t r y  

process f a r  cro!3s-sections 7-9, Now t h e  data i s  copied 

frc:rtrr t he  .f i. l e  con ta i n i ng  cross-sect ions 4-6. I n  t h i s  

manner t h e  process can be extended i n d e f i n i t e l y .  An 

e:.:ample a f  a spreadsheet created t o  p rov ide  t h e  summary 

output  i s  shown i n  F igu re  61. 

Chaw, Ven 're, Op_e_n__Ch_g~ge_l gyyaglj !g~;, PIcGraw-..Hi l 1 , 
Inc.  New York, 1999, pp. 27-28, 249-289. 



Figure 57. Input of Administrative Data for WSNAT 

1 2 3 4 5 6 7 8 
1 ***********$*******:C*:C*:~******Y'***********'*Y'********x****** 
2 WATER SURFACE PROFILES - NATURAL CHANNEL CROSS-SECTIONS 
3 STARTER SHEET 
4 **********************m****x************'*******'******** 
5 ...................................................... 
6 + H u l t  i p l a t i  M i c r o c o m p u t e r  S p r e a d s h e e t s  for C o u n t y  + 
7 + H y d r a u l i c  and  H ighway  E n g i n e e r i n g  C o m p u t a t i o n s  + 
8 + C o p y r i g h t  b y  Rocky  3. Keehn + 
9 + A l l  R i g h t s  Reserved ,  1386 + '  

10 + V e r s i o n  1.1 + 
1 1  ...................................................... 
12 
13 P r o j e c t  Number: 
14 P r o j e c t  Name : 
15 P r e p a r e d  B y  : D a t e r  
16 Checked B y  : Date:  
17 ............................................................. 
18 INPUT - c o n s t a n t  v a r i a b l e s  
19 """"""""""""""""""""""""W" 

20 E n e r g y  c o e f f i c i e n t ,  uni t less - - 
2 1 D e s i g n  f l o w ,  c f s  - - 
22 S t a r t i n g  w a t e r  d e p t h  e l e v a t i o n ,  f e e t  , .:= 



Figure 58. Example Cross-Section 



Figure 59. WSNAT Spreadsheet Format 

I 2 3 4  5 6 7 8 9 LO I1 12 13 
56 ......................................................................................................... 
57 CROSS-SECTION 1 CROSS-SECTION I 
58 INPUT DATA - BASIC'S INPUT - Cross-section infor@ 
59 "'...~.."......'*.' ............................ 1 
60 Station distance fro* Distance Elev I 
61 starting point (ft) = 0 Data point (feet) (feet) : 
62 ~iiniaun elevation (ft) = 882 *anningPs --------- ------- : 
63 Naxiru8 elevation (It) = 900 1 --) ------- 0 900.00 1 
64 Slope (Itlei) = 42.24 2 - 0.03 20 890.00 I 
65 : 3 - 0.03 80 882.00 I 
66 4 - -  0.03 220 890.00 I 
67 Input on of the following options: 5 - 0.03 270 900.00 1 
68 Input (0-3) ----) 0 6 --) I 
69 0 - no overbank flov 7 --) 
70 I - ovtrbank flov both banb 8 --) 
71 2 - overbank flow left bank 9 --) 
72 3 - overbank llov right bank I0 --) 
73 11 --) 
74 I2 --) 
75 13 --) 
76 14 --) 1 
77 15 --1 : 
78 OUTPUT: 16 --) 
79 **'C"L' 17 --) 
80 Hydraulic radius = 3.0 feet 18 --1 I 
81 Uater depth = 6.0 feet 19 --) 
82 Hater elevation = 888 feet 20 --) 
83 Slope = 0.008 ft~ft : 
84 Utighted ilanninr)'~ n a 0.030 suss: -----.-----------.----- ) 1 
85 --------------------------------------------------------.---------------.------------------------------*- 
86 CROSS-SECTION 2 CROSS-SECTION 2 
87 INPUT DATA - BASIC'S I W l  - Cross-swtion infor* : 
88 .....*.............. ...... ncn.....~.......... 

r 't 

89 Station distance Iron Distance Elev I 
90 starting point (It) = 170 Data point (feet) (feet) 4 
91 nininua elevation (ft) = 883 flanning's --------- - -  I 
92 Maxiaua elevation (It) = 900 1. --) --am-m 0 9W.00 : 
93 2 - -  0.03 20 a9o.00 1 
94 3 - 0.03 55 883.64 : 
95 4 - 0.03 1% 890.00 I 
96 Input on of the following options: 5 - 0.03 200 900.W I 
97 Input (0-3) ----) 0 6 --) ! 
98 0 - no overbank flow 7 --) I 
99 I - overbank flou both banks 8 --1 
100 2 - overbank flow left bank 9 --) 
101 3 - overbank flov right bank 10 --) 
102 11 --) 
103 12 --) 
104 13 --) 
105 14 --) 
106 IS --) 
107 OUTPUT: 16 --) 
108 +"*.*- 17 --) 
109 Hydraulic radius = 2.5 feet 18 --) 
110 Uater depth : 5.0 feet 19 --) 

j 111 Water elevation = 888 feet 20 --) 
Slope =0.00588 f t ~ f t  

+ Ueighted Nanning's n = 0.030 suns: ....................... ) : 
114 ......................................................................................................... 



Figure 59. (Continued) 

I 2 3 4  5 6 7 
115 CROSS-SECTION 3 
116 INPUT DATA - BASIC'S 
117 ,... ..ICCC.~.CS....... 

118 Stat ion distance fro& 
119 s ta r t ing  point (It) = 360 
120 ll inieue elevation ( f t )  . 884 
121 R a x i ~ u r  elevation ( f t )  = 890 
122 
123 
124 
125 Input on of the following options: 
126 Input (0-3) ----> 0 
127 0 - no overbank flow 
128 I - overbank flow both banks 
129 2 - overbank f l ov  l e f t  bank 
130 3 - overbank flow r i gh t  bank 
131 
132 
133 
134 
135 
136 OUTPUT: 
137 ""'C. 

138 Hydraulic radius = 1.7 feet 
139 Yater depth : 3.4 feet 
140 Water elevation = 887.4 feet 
141 Slope =0.00588 l t l f t  
142 Yeighted llanning's n = 0.030 

8 9 10 11 12 
CROSS-SECTION 3 
INPUT - Cross-sect ion i n f o r ~  
..+...I... 555.............~+ 

Distance Elev 
Data uoint ( feet)  ( feet) 



Figure 60. WSNAT Iteration Illustration 

1 2 3 4  5 6 7 8 9 10 11 
23 .......................................................................................... 
24 I W U T  - Self-interation : Transfer 
25 .e*+*.CI I I I I I I I ISI I .e .+ I Cells 
26 CROSS-SECTIONS -- 1 2 3 1 3 
27 44 Input yourself 44 
28 Hater surface elevation (FT) = 888 888 887.4 f 887.4 
29 
30 ti Helpful Output 44 
31 Increase (4) or decrease (-1 I 
32 Hater surface cltv. = start at (-) (-) : (-1 
33 Check value (ok if (= 41-.001)a X-section 0.001 0.144 : 0.1436316 
34 
35 ------------------------------------------------------*---------------- a 

I ---------- 
36 CALCULATIONS I 
37 I........... 

38 X accurlative (Fll 0 170 360 1 360 - 
39 Delta X (FT) = 0.0 170.0 190.0 1 190 
40 Channel bottom tlcvation = 882.000 883.000 884.000 I 884 
41 Channel rise = 0.000 1.000 1.000 : 1 
42 Accurtativr chrnncl rise = 0.000 1.000 2.000 1 2 
43 Average channel slope (ftlft) = 0.0059 0.0059 0.0053 : 0.0052632 
44 Calculated Flov Depth (FT) = 6.00 5.00 3.40 : 3.4 
45 Flow area (sq. ft.) = 450.0 232.1 6 7 4  : 67.433333 
46 Hydraulic Radius tFT) = 3.0 2.5 1.7 : 1.6750746 
47 Calculated Velocity (FPS) = 1.1 2.2 7.4 1 7.4147396 
48 alpha 1 VA2 / 29 = 0.0 0.1 0.9 0.93de28 
49 HI elevation (FT) = 888.021 888.079 888.340 1 888.33983 
50 Hydraulic Radius * 413 = 4.3 3.4 2.0 1 1.9893545 
51 Ycighted Nanning's n = 0.030 0.030 0.030 : 0.03 
52 Friction Slopc, Sf = 0.00012 0.000560 0.011204 0.0112039 
53 Average Sf = 0.00012 0.000338 0.005882 : 0.0058818 
54 Friction head loss, hf (F1) = 0.000 0.057 0.118 : 0.1176357 
55 H2 elevation (FT) = 888.021 888.079 888.196 : 888.1962 
56 .......................................................................................... 
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URM: USERS' REFERENCE MEMO 

URM 142 Using KERMIT 

March 1987 (revised) By Jeff Balvanz and Ruth 
Schlotfeldt 
(Revised by Jeff Balvanz) 

Overview 

KERMIT is a communications protocol originally developed at Columbia University. 
This protocol has been incorporated into public domain communications programs 
for  a wide variety o f  microcomputers. minicomputers, and mainframes. At ISU, 
versions o f  KERMIT are available for  the NAS ASl9160. VAX, Apple I le.  Zenith 
2-100. IBM 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 ailow~ng 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 reliable. . 

Copyright @ 1987 by lowa State University 

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

Some material in this publication has been adapted f rom the KERMIT User's Guide 
prepared by Columbia University and the KERMIT-65 documentation prepared by 
Stevens Institute of Technology. 

KERMIT is a registered trademark o f  Henson Associates, Inc.. and is used in this 
context by permission. 
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I 
1. GETTING STARTED i 

Note: All commands must be followed by pressing the <return> key. 

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

CP/M or MS-DOS: KERMIT 

Apple 1 [: RUN KERMIT 

Commodore 64: LOAD "KERMIT",8 
RUN 

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

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. C o m n d s  can be 
abbreviated to any prefix that is unique. (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. 

r 
Version 

MS-DOS 
CPIM-80 
Apple l l e  
Commodore 64 

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

SET PARITY NONE 

Prompt 

KERMIT-MS 
KERMIT-80 
KERMIT-65 
KERMIT-65 

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

SET HANDSHAKE NONE 
SET FLOW-CONTROL NONE 

to get ftle 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 dtal the 
phone or give dialing commands to a direct-connect modem and log in as usual. 
For more details on logglng in to WYLBUR or VAX. see URM 39 "Login Procedure 
for VAX. EVAX and WYLBUR". 



Uslng KERMIT URM 142 
Page 3 

Before you can transfer files, you must leave connect mode. Do thls by 
enterlng a specla1 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: <ctrl l]> 
Apple CPIM: <ctrl/ l> 
Other CP/M: <ctrll\> 
Apple I I: <ctrll@> 
Commodore 64: <ctrllY> 

To leave connect mode on an MS-DOS machlne, for example, you would press 
<ctrl/]>C. The escape character also performs other functions. To send a break, 
enter the escape character followed by the letter B. If you need to send the 
escape character to the remote computer, press the escape character twlce. 

2. TRANSFERRING FILES 

To transfer ftles between two computers ustng KERMIT, both computers must 
be runnlng a KERMIT program. There are two  ways to transfer flles. The flrst 
uses the SEND and RECEIVE commands, and the second uses the SERVER mode and 
the SEND and GET commands. Uslng the server mode IS easler, but not all 
KERMlTs can act as or work wlth a server. 

2.1 Using KERMIT wi th the AS/9160 - -  SEND and RECEIVE . ., 
KERMIT on the AS19160 runs under the ORVYL file system. As a result. it 

cannot directly transfer WYLBUR edit format files, but can transfer ORVYL files and 
the active file. To run KERMIT on the ASl9160. enter: 

KERMIT 

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

Not all micr~computer files can be uploaded t o  WYLBUR. Files t o  be uploaded 
must have lines no more than 235 characters long. Also. ORVYL KERMIT cannot 
transfer non-text or binary files. WARNING: Because it runs under the ORVYL 
system, using ORVYL KERMIT is expensive. If there is another error-checking 
method o f  transferring files to WYLBUR available for your microcomputer (such as 
SAMSON) we recommend that you use it. 

2.1.1 Davnlaading a WYLBUR File 

To download a WYLBUR file, follow these steps: 

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

WYLBUR USE filename CLEAR 
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where "filename" 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 enter: 

RECEIVE 

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

4. When the transfer is completed, enter CONNECT to return to connect mode. 

2.12 Transferring a Microcomputer File 

To transfer a microcomputer file to the WYLBUR active file, follow these steps: 

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

, '. 
WYLBUR CLEAR ACTlVE 

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 file.) 

2. Enter: 

RECEIVE 

3. Exlt to local mode and enter: 

SEND filename 

where "filename" is the name of the microcomputer file to  be transferred. 
You will see the status screen dlsplay ~nformation 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 ftle and may be SAVEd or PUT as usual. 
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2.1.3 Transferring ORVYL Files Directly 

ORVYL KERMIT can be used t o  transfer ORVYL files directly. Glve ORVYL 
KERMIT the command: 

SET FILE-MODE ORVYL 

Now the KERMIT-ORV command "SEND filename" can be used to transfer the 
ORVYL file named "filename". The RECEIVE command stores the file as an 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 i 
On VAX. KERMIT is located in TESTLIB:. To run it, enter: 

RUN TESTL1B:KERMIT 

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 t o  VAX. enter EXIT. 

WARNING: VAX KERMIT has not yet been updated t o  allow the extended 
filenames that can be used in VMS Verston 4. As a result, files to be transmitted 

I must have a filename no more than elght characters long and a file type no more 
than three characters long. + ,  

VAX KERMIT can act as a KERMIT server. You can SEND files to the server or 
i GET files f rom the server without having t o  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 flnished transferr~ng flies, enter the microcomputer KERMIT 
command: FINISH. CONNECTing now returns you t o  the KERMIT-32 command 
prompt. Enter the EXIT command to return t o  the VAX "$" prompt. 

If your microcomputer's KERMIT is not capable o f  sending server commands. 
you can use SEND and RECEIVE commands to VAX KERMIT t o  transfer VAX files in 
the same way that ORVYL KERMIT transfers ORVYL flies. 
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2.3 Microcomputer-to-Microcomputer Transfers 

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

SEND filename 

KERMIT dlsplays a runnlng total of the packets transferred along wlth any errors 
encountered. When the transfer IS complete, both m~crocomputers return to local 
mode. 

MS-DOS KERMIT can act as a server. Put KERMIT-MS Into server mode by 
enterlng the SERVER command. You can then use the same commands to transfer 
flles to and from that mlcrocomputer that you would use wlth the VAX KERMIT 
server. You can elther enter FINISH on the other mlcrocomputer 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 useful 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 "Illegal command or "Not implemented." For a 
complete list of microcomputer KERMIT commands, see your microcomputer's 
KERMIT documentation. 

DIR [drive]: Displays the d~rectory of the diskette in "drlve". This is not 
ava~lable in Apple KERMIT. In C-64 KERMIT, you must enter "DIR *". 

HELP: Displays a summary of KERMIT commands. 

EXIT: Ex~ts from KERMIT to your operating system. QUIT is a synonym for 
EXIT. 

SET: Modifies varlous file transfer and terminal parameters. The following 
parameters can be set: 

DEFAULT-DISK parameter: Tells KERMIT whlch d~sk drlve should be used 
for flle transfers. Apple KERMIT allows you to set default SLOT and 
DRIVE. 

DEVICE-DRIVER parameter: Tells Apple KERMIT-65 what type of commu- 
nlcatlon card 1s be~ng used. The following are valid parameters: 

APPLE-COM-CARD Apple communications card (or compat~ble) 
DC-HAYES D. C. Hayes Micromodem I1 
SUPER-SERIAL-CARD Apple Super Serial Card 
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FILE-BYTE-SIZE parameter: Sets the byte size (SEVEN-BIT or EIGHT-BIT) 
for file transfers with KERMIT-65. 

FILE-TYPE parameter: Tells KERMIT-65 what type o f  file 1s being trans- 
ferred so it can do any character conversion necessary. Apple KERMIT 
accepts the following types: 

TEXT ASCII text file (the default) 
APPLESOFT Applesoft Basic program 
INTEGER Integer Basic program 
BINARY Binary image 

C-64 KERMIT accepts the following types: 

PETASCI 
ASCll 
SCRIPT 
BINARY 

CBM ASCll f ~ l e  (the default) 
True ASCll file 
Speedscript document file 
Program file (BASIC or machine language) 

e 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 t o  change the filename slightly to avoid the conflict. 

e DISPLAY parameter: Tells Apple KERMIT-65 whether you have an Apple 
] [ +  (parameter = 2P) or Apple / /e  (parameter = 2E) monitor. Only the 
40-column display is supported. 

e KEYBOARD parameter: Same as DISPLAY command above + fo r  the Apple 
keyboard. 

LOCAL-ECHO parameter: Sets full duplex (LOCAL-ECHO ON) or half duplex 
(LOCAL-ECHO OFF). 

0 PARITY: Sets parity to NONE. EVEN, 000. MARK. or SPACE. 

RECEIVE: Sets various parameters for receiving files. 

0 SEND: Sets various parameters for sending files. 

0 SLOT parameter: Tells Apple KERMIT-65 In which slot the communications 
card is located (normally 2). The range for the parameter is 1-7. 

SHOW parametec Examines the current parameter values. You can SHOW the 
value o f  any parameter which can be SET. In addition. SHOW ALL shows the 
current settings of all parameters in KERMIT-65. 

STATUS: Gives statistics about the most recent file transfer (KERMIT-65). or 
shows the current parameter settlngs (MS-DOS). 
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4. HELP 

Sometimes KERMIT doesn't work. If your KERMIT can time out automatically, 
you'll see the number of retries increasing on the screen as it tries to send to the 
remote KERMIT and can't get a response: or, as the remote KERMIT repeatedly 
sends what your local KERMIT thinks are bad packets. If your KERMIT can't 
automatically time out (KERMIT-65 is 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 each. 

Parity Set Inmrrectly: 

VAX KERMIT. ORVYL KERMIT, and most of the microcomputer KERMITs 
expect no parity by default. The ISN system is an eight-bit, no parity system, 
and this normally works fine. However, i f  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 KERMlTs agree to use it. 

Parity errors can also occur on micro-to-micro transfers (between two micro- 
computers). especially on KERMlTs that cannot set parity and baud rates. In this 
case you must set the parity from the operating system: Apple and CP/M 
KERMlTs are like thrs. Use SET PARITY to tell KERMIT about 'tHe panty the 
operating system has set. 

4 Broken 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 cords, and cables can be wired wrong. Check and be sure! 

4 Message Interference: 

If 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 th~s except start over. 

If an error occurs in VAX or ORVYL KERMIT, an error packet is transmitted 
to interrupt the transmission. Some microcomputer KERMITs know what to do 
with error packets and some don't. If you timeout manually and return to 
command mode, CONNECT and see if you receive the "KERMIT-xx>" prompt. If 
you do, this is what has happened. Entering STATUS displays a message telling 
you what happened. 
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Transmission Delays: 

Microcomputer KERMITs that timeout automatically may become impatient when 
VAX or WYLBUR is heavily loaded. If the microcomputer doesn't receive a 
packet in N seconds, it tells the host to resend the packet that hasn't been sent 
yet. This can confuse both sides and may result in termination.. If this occurs, 
use SET DELAY on the microcomputer side to increase the time the local KERMIT 
will wait for the host to send a packet. 

Noise ~orr~prion: 

If your phone connection is very noisy, you may see KERMIT requesting a lot 
of retries. and it may abandon the transmission altogether. If this happens. first 
try dialing a new connection. If that doesn't help, use SET PACKET-LENGTH on 
the transmitting end to decrease the packet size (normally 80 characters) and SET 
RETRY on both ends to increase the number of times KERMIT will try to send a 
packet. If your KERMIT permits it, try switching to a two or three-character 
checksum with SET BLOCK-CHECK. 

Extra Characters at End of File: 

On microcomputers with block-oriented disk structures (like CP/M). KERMIT 
sends whole blocks to the remote system. not recognizing an end-of-file 
character (<ctrl/z>). When this occurs you may see an extra line of garbled 
characters a t  the end of the file when you edit it on the remote system. 
Remove these from the file with an editor. 




