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

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

staff identified that Multiplan had the most powerful

-

equation capability which was critical in same of iheiﬁ

hydraulic enginaerihg spreadsheets.

2.2, Development Sources




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

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

¥ A Policy on Geometric Design gf Highways and

Streets, 1984, American Association of State

Highway and Transpnrtatinn'D%ficials.”

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

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

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

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

Other sources include consultations with Mr. Phillip

Thompson of the Federal Highway Administration in



“MWastiington, DC, and staff personnel of the lowa

Department of Transportation Office of Preliminary Bridge

Design.

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

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

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

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

It was determined after testing thoroughly that




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

microcomputers.
2=% Computer to Computer Communication Solution

With the assistance of the lowa State University

Computation Center Microcomputer ?rudutts Cenﬁer it was

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

format code betwesn, for example, I1BM computers and APPLE



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

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

directly read each others disks.

2.6, Spreadsheets Devel gped

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

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

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

will then calculate the vertical profile elevations.



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

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

define a maximum length of tangent that can be

- accepted in a curve relocation as curve design

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

the mass diagram and a character plot of a mass

. diagram for preliminary adjustment of the design

gradeline. This effort was not very successful .

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

student special topic effort rather than this contract



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

developing other similar applications.

The following hydraulic engineering spreadsheets were

developed:

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

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

used for trapezoidal cross section roadside ditches

and for lined channels were the depth of flow is not

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

spreadsheet can be updated to reflect any changes and

a new spreadsheet revision issued.
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WSGEOM is a spreadsheet developed to calculate the
water surface profile along a section of a trapezoidal

channel. If the trapezoid is defined with a zero

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

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

CULVERT is a spreadshaet'devéloped to perform the

necassary steps to size a culvert at a site. The

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

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

microcomputer spreadsheet.

ii



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

af most county projects,

- 2.7 Recommendations for Further Developments and

Refinemants

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

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






