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Introduction

Highvay planning is a process wherein a highvay network considered
adequate to meet both the present and fubure traffic demands of an auto-
oriented, ever-growing populace is visualized. It is also the process
in which a procedure designed to implement the plen should be formulated.

The first step in the planning process is the determination of
highvay needs, the elimination of shich result in stmcturally sound,
gafe systems of highways. BSuch systsins must be capable of bandling
large volumes of traffic efficiently, if this is to be their function,
or of providing adequate access to the land, if that 1s to be their
function.

The tat:hnigl._le by vhich each highwvay segment is placed in one of
the several highvay systems is knowvn as highvay classification. Most often,
clasgification is accomplished by coasidering the relative degree to
which a highway segment performs the two services of traffic movement
and land access. A highay providing primardily for traffic movement
must be characterized by Ligh gecmetric design standards, an example
of vhich is the Interstate System. Those highwveys providing primar-
ily land access service may have comparatively lover design standards.

The purpose of this paper is to describe a planning tool vhich
may be utilized in the classification of higmmys and, more specifi-
cally, an application of the tocl in the selection of important high-
vays in Indiana. These important highways, or at lsast traffic cor-
ridors, were deemed, by virtwre of their anticipated traffic volumes,
worthy of consideration for construction to high design standerds.

They supplement the Interstete System in the handling of large wvolumes
of high speed traffic.



Conceptual Approach

Two important factors led to the selsction of the methods em-
ployed in the research discussed in this paper. Traffic patterns as
they nov exist on the state highuwey system will undoubtedly change
as more drivers are able to take advantage of the fast developicg
Interstate System. There are, of course, seversl other constantly
changing phenosena which influence traffic patterns, such Bs popu-
latice growth, land use changes, industrial development, and the loca-
tion of pev major parks and reserwoirs.

The second factor vhich dictated the methods t0 be used is that
highwmy improvements need to be comcentrated om exlsting routes.
Highwy improvesent programs are not generally necessary to obtain
more highwvays. They are necessary o improve and make more adequate
existing highvays.

With these factors in mind, a statevide study of intercity tre-
vel desire was performed using the present Indiana state highway
system in the analysis but with one very significant alteration., This
vas the aspumption that the entire Interstate Eystem was complete and
fully coperational. Thus, all changes in travel patterns resulting
from motorists' utilization of & completed Interstate Bystem are re-
flected in the amalysis. It is exciremely important to recognize that
any recommendations regarding system decigmation mnde as & result of
this otudy are besed on the fact theti the presently proposed Interstate
Systen is complete.

The basis of the study was to predict intercity trawvel patterns
as they would exist today, if the Interstate System existed todey,
and then to project these travel patterns to future years.



Intercity travel movements were symthesized by use of & model
which estimated intorcity travel desire. The only wariables in the
selected model were the populations of the two cities and the distance
betueon them for any city pair for which a peasure of intercity tra-
vel desire was needed. These items of data are readily avallable
and may be updated on & regular basis. Tius, it would De a relatively
simple matter to re-perform the amelysis on a continuing besis and
maks changes in the highuay classifications to reflect changes in
population and in the state highwey system.

Eistorical Bsckpround

At this point, it may be of interest to discuss briefly the In-
diane state highway system and how it got that way. The Indiana State
Highway Comission Lew of 1919 charged the neuly created Commission
to lay out a gystem of state highways to reach each and every county
geat and each and every city of over 5000 populatlicn and to provide
connecticna to the main trunk highways of adjecent states such that
a continous system of improved highuways would be formed. The Indiana
legislature has seen fit to give the Highway Commdssion much of the
authority vith regard to highvays and has provided only generel gulde-
lines concerning designation of highwmy systems. Subject basically
to restrictions that funds are awmilable and thet any changes mede are
in the public interest, the Highway Commission has the following au-
thority concerning system designation:

1. It my add routes to the siate system,
2. It may take over rosds of cther systems,

3. It may subclagsify the state system into tw or more
classes,



b, It may relocate existing highays,
5. It may delete or abandom highways and

6. It my designate mmicipal comnecting links and add to,
relocate, or delete them.

Over the years, the Indiana State Highway Commisalon and the sys-
tem of roads for uhich i1t is respomsible have enjoyed substantisl
growth. The total length of the stats highuey system, limited to a
mximm of 12,000 miles by a 1937 statute, reached about 11,500 miles
in 1966. About 4,200 miles of this total are Federal-Ald Primary
routes and 5,800 miles axe Federsl Ald Secondary routes. A total of
1,115 miles of Interstate routes ic scheduled for Indiana.

Some idea of the grovth of the highwmy system and the reasons for
its development moy be cbtained by comparing some statistics for 1920
and 1965. Total miles of road in Indiane increased from 72,000 to
91,000, state system mileage from 3,200 to 11,200, motor vehicle regis-
tration from 0.33 million to 2.4 million, population Trom 2.9 million
to 4.9 million, and receipts of the Highwny Commission from $4.14 mil-
lion to $176.8 million with Federal-Aid from half a million dollars
to $88.6 million.

Tt is interesting to note that in the 13 year span from 1941 to
1953, total Federnl Aid to Indiana for highways amounted to $59.3 mil-
1lion while Federnl-Ald in 1565 alore amounted to $88.6 mullion of which
$66.3 million was allocsted to the Interstate system. At jwesent, Fed-
eral-Ald accounts for abou: one-half of the Commission's total receipts.

Intereity Travel Desive

A statevide study of intercity travel desire was selected, pri-

marily because its use would result in the assigmment of a mmerical



factor to each highwey section in the State. It was hoped that the
mgnitude of the factor would not only be a measurcoof intercity tre-
vel deaire but also a measure of the anticipated traffic wvolume.

The intercity travel desire factor model used in this study is
based on the gravity concept of hnman interaction. The form of the
model used was the product of the square roots of the populations of
a city pair divided by the square of the minimm distance between the
two citles.

The first step in the anelysis uas the coding of the highusy net-
vork and the locations of &ll cities. A highwmy mystem can readily
be vismlized as & netwvork congisting of A set of nodes representing
highwey intersections eand & set of links representing the portiom of
a highwy coanecting two nodes or two highway intersections. By pro-
perly mmbering the nodes end generating a table comtaining all the
links and their lengths, & complete numerical description of a high-
way system can be amde availeble for computer operations. Through
the use of an approprinte algorithm, it is then possible to determine
the minioum path distance between any two cities located anypnhere in
the network as well as the route employed in achieving this minimm
path distance. This vas important as it ves the minimm path gistance
between a city pair vhich was used in measuring the intercity trawvel
desire between each city pair.

The highway netvork as used in this study was quite largs, con-
sisting of approxisately 4,560 ncdes and cities and approximmtely 6,34%0
links. In fact, the network was so large that a Tree Type Decamposition
Algre-ithe for Mindsum Paths in Large Netvorks had to be developed in
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The delimited ares in which & fine degree of network detaill was
required is iliustrated in Figere 1. All state highways within Indiana
were coded except for some short access routes to public installations.
Alsc coded were the major routes in states adjacent to Indians for a
distance of 100 miles. DFeyond this distance, only interstate routes
were condidered.

The ten nodes shoun at or psar the peripbery of the delimited area
of Pigure 1 inficate intersinte highuey intersections through which
long distance travel, neither origipsting nor termimmting within the
delimited area, must pass if travelers utilize any Indiana highvays
during thelr journey.

The next step in the procedure wes the determimation of the mini-
mum path distance and route between all city pairs. The intercity
travel desire foctor wvas then calculated for a city pair and this valune
essigned to each link of the minimum path. A cumdative total of
these desire factors wus kept for each of the 1,800 linke contained
in the Indians highvay netvork. The nmber of desire factors dester-
mined and assigned to the vericus links for the portiop of the amaly-
gis being connidered here was about 311,500. Of course, the Furdue
University computer facility was used in making all of these calcula-
tions.

At this point, it may be significant to point out the fact that
the 1ipk lengths as used in the petwork description were not true dis-
tance measures but wvers time measures with micutes as umits. Eecause

it was estimmtsd thet interstate highneys could be negotiated at a

Valter E., "Subclessification of the State Highway System
of Indiana Based on Sypthesis of Intercity Trewvel', Ph.D. Dissertatition
Purdue University, Iafayette, Indians, Jume, 1965.
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speed of 60 MPH, the length of an inmterstate link in miles vas Dumeri-
cally equal to the travel time in mimites. All other highwmy link
lengths were multiplied by & retio to comvert miles to mimutes. The
speed on & belane rural highay wes estimated to be 50 MPH and 0 ma-
+io of 1.2 was used to make the comversion. The speeds estimated for
2-lane rural, b-lans wban, apd 2-lane urban highuays were respectively
b5, 30, and 15 MPH with retios of 1.33, 2.0, and h.0.

The adequacy of the intercity travel desire model to synthesize
travel was demonstreted by an amalysis of the link factors and the
actial 1962 traffic volumes oo thoss links directly commected to a
;=1t:'. I+ uns ressonsed that even though traffic patterns would be dif-
ferent (because of the essumed completeness of the Iaterstate Systenm)
the relstive magnitude of such traffic entering and leaving a city
would not be greatly affected. This implies that the traffic att-
racted to a city would be essentially the same even though it may enter
the city on different links or highwey semments. The traffic volume
counts of 1962 were used because 1960 population figures were used in
estimating desire factors.

A regression amalysis was performed to test this reasoning. On
the basis of the results, it wvas concluded that the intercity travel
dagire model used in this study wes an adequate measurs of intercity
travel.

It remained then to develop & relationship betwveen the travel de-
sire factor associated vith an individuel link and the fyaffic wvolume
on that segaent of highmy. To evalusts this relationship, link travel
dasire factors wvere cospared with 1962 link traffic volumes.



Iinks to be used in developing this relationship vere selected
to meet one of two criteria: the link was located in an area remote
from interstate highwmy rights-of-way or the link wms located near
portions of the Interstate System completed prior to 1952. This was
done to insure that travel patterns in the areas of the selected linke
would not be significantly affected by the assumption of a completed
Interstate System.

The model, as developed by a regression amalysis, for the rela-
tionship Detveen travel degire factor and traffic volume was:

Y = 8977 + 5523 Log,, (X)
shere Y represente the traffic wvolume and X the link travel desire fac-
tor. A plot of this expression is shoum in Figure 2. This model bhad
an B of 92%. This was considered quite good for this type of an an-
alysis.

The model vas concluded to be & good means of predicting traffic
volumes associated with caleulated link fuctors for rural sections of
the state highway system. However, the model wvas judged to be most
adequate for link desire factors of sbout 65 or greeter, the walus for
a traffic volume of about 1,000 vehicles per day.

Principel State High:ay System

The proposed Principal State High-ay System of Indiana, as re-
commended by the results of this study, is shown in Figure 3. The
dotted lines represent the pressntly proposed Ioterstate System. The
dashed lines indicate the approximate routes (or Traffic corridors)
proposed to supplement the Interstate System and vhich will reguire
development to high standards of sultilans design soom after 1972, given
that the presently proposed Interstate Systes is completed. Those
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highvays represented by the combination dash-dot lines will require
similar development soon after 1582.

The selection of these routes was based on & projected minimm
volume of about T,500 vehicles per dey sssuming an annual average
grovth rate of four percent. A wvolume of 7,500 was chosen because it
is at about this daily volume that the hourly capacity of a geo-
metrically ideal 2-lane rurel highwmy cperating at level of service
C 4s reached. This capacity or service wolume is about 1,200 wehicles
per hour with 10 percent trucks.

HEghways in Indiana which will probably be carrying at lsast
7,500 vehicles per day by 1972 are those ihich had a link factor of
350 or more as calculated in this stuly. The most important highweys
in this group, in their approximate order of importance based on the
magnitude of the calculated factors, are:

U. 8. 31 from Indianapolis to the Michigan border,

U. 8. 35 from Jet. I-TO to Jet. I-59,

Ind. 37 North of Indianapclis,

U. 8. 24 between Fort Wayne and U, 8. 31,

U. 8. 30 from Fort Wayne to Jet. I-80 and 90 near Gary,

Ind. 67 south of Indiamapolis,

Ind. 9 from Jet. I-65 to I-Th,

U. 5. k1 from Kentucky border to Terre Haute,

Ind. 26 froa Jet. I-65 to Jet. I-69,

U. 8. 27 south of Richmond.

Scme other highwmys in this group include: a short section of Ind.
ST north of Evansville; Ird. 256 from Jet. I-65 to Madison; Ind. &6
from Columbus to Greensburg; and Ind. 32 from Jet. I-65 to I-Th.
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These then represent those Indiana highways which are important
to the future of Indiana for purposes of imtercity travel and vhich
should be considered for reconsturcticn to high standards of multi-
lane design socn after 1972 or earlier. The degree of access control
tc be employed in the design of these routes should be based on indi-
vidual study.

The link factors of the above routes should be compared with suf-
ficiency ratings of these same routes. This will enable the establish-
ment of wviser priorities for improvesent or reconstruction to adegquate
standards and lead to the orderly development of the Otate Highuay
System.

It is important to emphasize thet while several specific routes
were listed for improvement, these routes are more indicative of traf-
fic corridors requiring improved highvay comnections. A good example
of this concerns the parallelism of U. 5. 31 and Ind. 15 exterding
north of Indianapolis to the Michigan border as shown in Figure 3.
It may prove more advantageous to relocate a route souevhere between
these two routes vhich can adeguately perform the intercity travel
services required of both U. 8. 31 and Ind. 15.

Figure 3 also serves to illustrate that with the addition of
cnly & few more highuay sections, a complete outer circumflerential
route arcund Indianapolis can be mede available. In addition, some
very significant traffic generators were not specially considered in
this study, for example, Indians University located at Hloomingtom.
Considerstion of the traffic generation characteristics of Indiana
University would probably prove the desirability of multilaning an
Indianapolis - Hloomington highway at an early date rather than by
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1982 as indicated by the intercity travel desires evaluated in this
research.
Subclassification of the State Highway System

It is proposed that the State Highuay Stystem of Indispa be

subclassified into four designated subsystems. These four subsystems
are!

1. Principal State Highwmy System. This system should include
the presently designatsd Interstate System and those highumys
shich should be recomstructad to freewmy standards by 1552,
as illustrated in Figure 3.

2. Frimary State Highuay System. This system should be composed
of the additiopal highweys required to provide for the ipter-
connection with the Principal State Highwmy System of all In-
diana cities over 5,000 population and should also include

those highways wvith a link intercity travel desire factor of

at least 125.
3. BSecondary Btate Highway Sygtem. This system should include
those highwvays having & link factor of at least 50 and should

also provide for the intercomnection of all still unconnected
county seats.

k., Collector State Highwey System. This system should include
the remainder of the present State Highwey System not already
in a previously desigmated subsystem.

The four subsystems as suggasted by the results of this study are

shown in Figwre &.

The Primary State Highway System includes those highuays with link

factors between 125 and 350. The lower value is representative of &
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1962 traffic volume of about 2,600 vehicles per day eo that, with a
four per cent anmual growih rate, the 1972 volume vould be about b,000
vehicles per day.

This projected volume of 4,000 sas used becaune it represents the
volume at vhich high standsrds for tuo-lame rurel highway design are
often recommended by state highwey depariments. This proposed system
for 1972 also includes those highways with link fmctors between 180
and 350 vhich are suggested for transfer to the Principal System be-
twesn 1072 and 1982.

The Secondary State Highway System was selected to provide for
the intercomnection of all county sests end also to provide a general
coverage of all areas of Indians. A minimm link factor of 50 was
used because its use appeared to provide good overall service to most
areas of the state and included most highwvays with a 1972 projected
volume of about 1000 wehicles per dey or more.

It 1s important to note that link factor limits as noted above
vere not strictly sdhered to in all cases. Each subsystem vas selected
so that it wvas intergrated with previocusly designated subsystems, and
g0 that there vere no isolated sections uncomnected to either an equal
or higher system. Thus some flexibility in selecting the subsystems
vas necessary to achieve an integrated, intercommected highway system
serving all areas of the state.

The Collector State Highwey System includes some highway sections
shich should be considered for deletion from the state highuwey system.
Their low, in some cases zero, link factor suggests that the service
they provide is entirely local in character and that the counties, ra-
ther than the state, should be responsible for them.
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Conclusion
It is suggested that the validity of the method has been demon-

strated and that consideration be given to the proposed classification
of state highwmys. Serious consideration should alsc be given to re-
calculating the factors in 1970 vhen up-to-date population figures and
traffic volume data will be available.

Bothing is more important in the field of planning than the con-
tinuing evmlumtion of plans as up-to-date informmtion becomes avail-
able on the ever-changing conditions of a viable society.
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