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Systematic, well-designed research provides the most 
effective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
These problems are best studied through a coordinated 
program of cooperative research. 

In recognition of these needs, the highway administrators 
of the American Association of State Highway Officials 
initiated in 1962 an objective national highway research 
program employing modern scientific techniques. This 
program is supported on a continuing basis by Highway 
Planning and Research funds from participating member 
states of the Association and it receives the full cooperation 
and support of the Bureau of Public Roads, United States 
Department of Commerce. 

The Highway Research Board of the National Academy 
of Sciences-National Research Council was requested by 
the Association to administer the research program because 
of the Board's recognized objectivity and understanding of 
modern research practices. The Board is uniquely suited 
for this purpose as: it maintains an extensive committee 
structure from which authorities on any highway transpor
tation subject may be drawn; it possesses avenues of com
munications and cooperation with federal, state, and local 
governmental agencies, universities, and industry; its rela
tionship to its parent organization, the National Academy 
of Sciences, a private, nonprofit institution, is an insurance 
of objectivity; it maintains a full-time research correlation 
staff of specialists in highway transportation matters to 
bring the findings of research directly to those who are in 
a position to use them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway depart
ments and by committees of AASHO. Each year, specific 
areas of research needs to be included in the program are 
proposed to the Academy and the Board by the American 
Association of State Highway Officials. Research projects 
to fulfill these needs are defined by the Board, and qualified 
research agencies are selected from those that have sub
mitted proposals. Administration and surveillance of re
search contracts are responsibilities of the Academy and 
its Highway Research Board. 

The needs for highway research are many, and the 
National Cooperative Highway Research Program can 
make significant contributions to the solution of highway 
transportation problems of mutual concern to many re
sponsible groups. The program, however, is intended to 
complement rather than to substitute for or duplicate other 
highway research programs. 

This report is one of a series of reports issued from a continuing 
research program conducted under a three-way agreement entered 
into in June 1962 by and among the National Academy of Sciences
National Research Council, the American Association of State High
way Officials, and the U. S. Bureau of Public Roads. Individual fiscal 
agreements are executed annually by the Academy-Research Council, 
the Bureau of Public Roads, and participating state highway depart
ments, members of the American Association of State Highway 
Officials. 

This report was prepared by the contracting research agency. It has 
been reviewed by the appropriate Advisory Panel for clarity, docu
mentation, and fulfillment of the contract. It has been accepted by 
the Highway Research Board and published in the interest of an 
effectu al dissemination of findings and their application in the for
mulation of policies, procedures, and practices in the subject 
problem area. 

The opinions and conclusions expressed or implied in these reports 
are those of the research agencies that performed the research. They 
are not necessarily those of the Highway Research Board, the Na
tional Academy of Sciences, the Bureau of Public Roads, the Ameri
can Association of State Highway Officials, nor of the individual 
states participating in the Program. 
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FOREWORD 
By Staff 

Highway Research Board 

The contents of this report will be of particular interest to the transportation 
planner and of substantial interest to the highway administrator, the legal specialist, 
the traffic engineer, and the highway design engineer. The results of this research 
will provide the reader with a better understanding of the effectiveness of existing 
land-use controls and of other techniques which may be considered for insuring 
the continuing utility of the transportation system. 

It is believed that land-use controls, properly administered, should protect and 
enhance the public investment in transportation. Zoning, subdivision regulations, 
and all other land-use controls are intended to shape the pattern of urban develop
ment. As a result, they affect the utility of the transportation system. If land-use 
control decisions are made without understanding and considering their effect on 
transportation, the results may be harmful to the community and the area as a 
whole. Inasmuch as transportation facilities have long development times, the 
stability of land-use controls and land-use plans are key factors which influence 
the validity of the transportation plans. 

The study reported herein was concerned primarily with a literature search 
and a canvass of selected highway departments and other agencies concerned with 
transportation planning. The primary objective of the research was to provide a 
better understanding of the effectiveness of existing land-use controls and to draft 
an outline for feasible further study to establish principles or guidelines for develop
ing controls that will be effective in protecting the utility of the present and future 
transportation investments in urban areas. 

The urban structure is reviewed in this report to illustrate how the framework 
changes over time. It is noted that the transportation system, which is a basic part 
of a region, can survive several cycles of land use. An analysis is made of existing 
land-use controls with their objectives, limitations, and stability. The highway sys
tem is studied with regard to access control and its design in relation with land uses 
and their respective traffic generation characteristics. 

The study concludes that many of the existing land-use controls are dynamic 
and changing, and that further evaluation of the significance of these changes on 
the transportation facilities is needed. Because of the comprehensive nature of 
recent planning programs, future community plans and land-use controls may be 
more realistic and stable than in the past. 

A balance is required between traffic movement and land service to provide 
maximum transportation capability without impairing necessary access. Design of 
the highway facilities should be coordinated with land development and the land-use 



decisions should be accompanied by an assessment of the transportation improve
ments needed to provide the required service. Land-use controls could be used to 
achieve a mix of land uses with complementary traffic generation characteristics 
and also to distribute major generators to minimize traffic concentrations. How
ever, over-all community objectives, including non-transportation factors, must be 
evaluated in the development of workable principles and guidelines. 

Major problems with most existing highways can often be traced directly to 
the lack of access control. This is particularly true in the vicinity of freeway inter
changes. Through the expanded use of land access controls and special geometric 
design, protection can be built in the highway which may be more dependable than 
existing land-use controls in preserving the utility of the transportation system. 

This report presents a research outline for further study of the transportation 
aspects of land-use controls. The next step seems to be the establishing of principles 
and guidelines for developing land-use controls and other techniques that will be 
effective in preserving the utility of transportation systems. 
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SUMMARY 

A REVIEW OF 
TRANSPORTATION ASPECTS 

OF LAND-USE CONTROL 

An urban region has an identifiable physical structure that changes slowly over time. 
Its basic elements are the physiography, major public activity centers, and the 
transportation system. These elements shape the area with long-term influences 
which are not necessarily permanent, but often survive with minor change through 
several cycles of land use. In contrast, land use is relatively dynamic and ultimately 
reflects the market place. The transportation system as a structural element must, 
therefore, ultimately accommodate unpr~dictable future land uses. 

Normal land-use control techniques fall into four major groups-eminent domain, 
police power, contractual agreements, and nuisance law. Land-use controls have 
both a positive and a negative application. The positive application attempts to 
effectuate a desired land-use plan. It is an implementation device to achieve given 
community objectives. The negative application prevents hazards to the public 
health, welfare, and safety. 

Zoning is the police power which attempts to control the location, size, and in
tensity of development as well as the type of land use. It reflects short-term land
use desires of the community. It is not commonly intended to establish permanence, 
but rather to stabilize land use for reasonable periods. The basic disadvantage of a 
police power is instability, because it is subject to variance as economic and political 
pressures develop. Currently, zoning has only limited value in providing stable land 
development practices. Because the time scale of a highway plan may encompass 
40 years, the zoning at the time of planning may exercise little influence over the 
long run. 

A general plan permits a more positive approach to land-use control. It outlines 
the future needs of the community and can reflect dynamic and changing land uses 
in predicting future transportation needs. The general plan is effective only if it is 
based on realistic community goals and economics, and is subject to modification 
and adjustment as community goals change. It is not a precise document and is not 
designed specifically for stability. Zoning, which should not be confused with the 
general plan, provides one of the means whereby the general plan is implemented. 

In addition to the common land-use control devices, there are two other tech
niques-geometric design of the highway and access control-which can greatly 
affect the relationship of land use to the highway. With these techniques highway 
systems can be designed with intrinsic protection, and self-integrity is usually more 
valuable than reliance upon external controls which may have less long-term 
stability. 

Establishment of stable land-use controls is theoretically attainable in a controlled 
economy, as in European countries where governmental control is more stringent. 
In a free economy, however, such control cannot usually be realized because of 
economic and political pressures which frequently upset the stability of an over-all 
plan. The only stability that has been observed is in those communities where no 
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appreciable growth is taking place-where land-use controls simply mirror the 
status quo. In larger communities most land-use controls prove to be dynamic and 
constantly changing. The market place will eventually assert itself, and the signifi
cance of zoning diminishes when it grows distant from economic reality. In most 
areas studied, this is reflected in the prevalence of rezoning, which has reached 80 
to 90 percent of the requests in some communities. However, further study of the 

. significance of these changes is needed before an evaluation can be made as to their 
over-all effect on transportation facilities. 

Where land-use controls are utilized as a means of implementing community 
objectives, they frequently prove ineffe<:tive if the goals are not realistic. Frequently, 
economic determinants are of greater importance than land-use controls in deter
mining the actual intensity of development. Although land-use controls foster 
stability by damping rapid changes in land utilization, they frequently do not reflect 
economic reality in the normal competitive situation. 

Recent widespread interest and activity in transportation studies and planning 
programs for all larger urban areas indicates that future community plans, and 
land-use controls which are intended to effectuate them, will be much more realistic 
and stable than in the past. Further development of principles and guidelines to 
foster economically sound and practical planning programs to implement realizable 
community objectives can improve stability materially. 

In actual practice, land-use developments may be justified by the community on 
the basis of over-all values created; the highway, as a service facility, may then be 
required to accommodate the transportation demand. However, land-use decisions 
should not be made without assessing the improvements that may be required to 
provide the needed service. Quantitative and qualitative relationships appear to 
be needed by which the effects of specific land-use decisions on transportation can 
be determined. 

Although transportation systems were formerly considered largely as service 
facilitfes, they have more recently become one of the active elements which control 
and direct growth. The freeway is proving to be one of the most potent implemen
tation tools available to change the face of the community. The use of highway 
location and design controls as a device to control land-use development appears 
to offer valuable opportunities to effectuate desirable practices. 

New circulation system trends indicate that future facilities will have greater 
capacity and efficiency, while using a lesser proportion of the land area for public 
streets. In contrast, more land will be needed for terminal facilities, private internal 
circulation, and other elements of the transportation system which have previously 
not received adequate attention. 

The highway often appears to be a more permanent part of the community than 
the land use or the controls that are exercised. The life of transportation facilities 
implies that greater flexibility should be built into the network to accommodate un
known future conditions and changing requirements. A program of highway devel
opment staging could thus correspond with changes in land use that occur during 
the life of the system. Some of the implementation tools which can provide design 
flexibility and intrinsic protection for the highway include right-of-way reservation, 
an expanded concept of access control, and highway design controls. The preserva
tion of transport utility seems to lie only partially in the control of development, and 
more in physical design controls. 

Current circulation systems consist of a composite of three separate systems 
which were developed at different stages in the growth of the communities. This 
historic composite has not been developed on the basis of detailed functional analy-
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sis. The absence of functional distinction among circulation facilities in the past has 
resulted in premature obsolescence of many existing facilities. 

The two major functions of land service and traffic movement are accommodated 
to varying degrees by each of the common highway functional classifications in use 
today, including the freeway, arterial, collector, and local service street. The radical 
change now taking place in travel patterns, resulting from the freeway system, em
phasizes the need for re-evaluation of the functional utilization of various facilities. 
Little guidance is currently available as to what should constitute an optimum mix 
of these facilities for a balanced highway system. The objective of balance between 
controlled-access and free-access facilities would be to provide maximum trans
portation capability and safety without impairing necessary land service. The con
cept of optimization could be extended to seek the combination of circulation and 
terminal facilities that would provide maximum access and circulation capacity with 
intrinsic protection at minimum cost, and still provide the required access to abutting 
properties. The weakest links in the system appear to be between different types 
of facilities. One of the keys to developing improved transportation systems without 
sacrificing accessibility is the development of a design methodology and controls 
which will assure successful operation of these critical linkages. 

Most of the problems of existing highways can be traced directly to the lack of 
access control. The deterioration and functional obsolescence of relatively new 
arterial facilities is largely caused by uncontrolled abutting developments. The 
objective of access control is to protect the utility of the highway and both inade
quate and excessive access can be detrimental to that utility. Frequently the prob
lem is not so much the number of vehicles entering as the number of points of 
entry and their design. 

Access prohibitions to freeways are a general fact; however, access restrictions 
on other highways and streets have not been generally accepted as yet. Some states 
have extended the acquisition of full access rights to almost all new facilities. In 
most cases, however, control of access is exercised under the police power. Some 
authorities consider the application of access controls as a governmental police 
power comparable to zoning, which is likewise intended for the protection of health, 
safety, and welfare. The exercise of design and geometric control of access acts in 
the same manner as land-use zoning protects the public interest. 

Design standards and controls are needed which would provide maximum high
way efficiency and safety, and still offer adequate land access opportunities. Some 
agencies have developed standards of geometric design for the purpose of exercising 
access control on local arterial systems as well as on state highways. Frequently, 
direct vehicular access is prohibited between residences and arterial highways, and 
there are often stringent controls on driveway location for other land uses. Many 
agencies consider that good sense in highway development control can be beneficial 
to the land developer as well as to the community and the highway user. 

Presently, the degree of control exercised by governmental agencies varies con
siderably between jurisdictions and is largely based on precedent rather than a sound 
analytical basis. One of the problems is how to achieve stable control of access 
whereby built-in safety and capacity will not be curtailed as pressure for additional 
access develops. A balance must be achieved between over-control and under
control, in order to be reasonable and acceptable and to remain as a stable and 
effective device. It is necessary to establish the relative effectiveness and applicability 
of each type of control with relationship to each type of land use. 

Another vital need is to minimize the effects of existing deteriorating conditions 
with regard to current facilities. The development of procedural methods and 
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acceptable practices for access control techniques in conjunction with ex1stmg 
facilities could significantly improve route capacity and efficiency without seriously 
curtailing access to abutting properties. 

Transportation studies have concluded that traffic generation for various types of 
land uses and for adjoining large areas is surprisingly similar. Some authorities 

_have concluded that it is possible to provide optimum mixtures of land uses to pro
vide more balanced utilization of the transportation system by taking advantage of 
dovetailing directional orientations and peak-hour generation characteristics. Com
plementary types of land uses could be located in adjoining areas around freeway 
interchanges and along major arterials. A better understanding of the differing 
traffic flow characteristics for different land uses could provide a valuable aid for 
guiding locational practices in order to achieve balanced traffic flows. 

The theory of optimization of traffic flow might conclude that the most efficient 
city form, from a transportation viewpoint, is the spread city where uniform den
sities and disturbances of land-use types would result in a uniform pattern of traffic 
flow and an equalization of loads. Communities are currently developing a relatively 
uniform spread in suburban areas so that in the future there should be a more 
efficient utilization of the over-all transportation system. This may not, however, 
represent the most effective community from a planning standpoint. For local 
planning purposes there are obvious advantages in considering a balance of land uses 
in localized areas in order to achieve complementary traffic flow patterns, if this 
can be made compatible with over-all community objectives. 

Techniques developed for estimating future traffic generation are based on 
relatively consistent total trip generation for adjoining large land areas, based on 
the conclusions of available transportation studies. Most researchers have con
cluded that, on a gross basis, population, commercial centers, and industrial em
ployment will be consistently distributed. It is, therefore, possible to predict over-all 
circulation requirements for most communities and to design a transportation system 
which will accommodate the demands. With the possibility of increased densities 
in the future in some areas, it is appropriate to determine the factor of safety that 
is built into the system as a guide to permissible densities or, alternately, what addi
tions or improvements may be needed to accommodate additional demands in the 
future in these particular areas. 

Individual major traffic generators may create excessive traffic demands on high
ways in their immediate vicinity, but the eff1:cts on the over-all system decrease 
rapidly beyond the immediate point of contact with the highway. The principal 
design concern is, therefore, the ability of a specific highway section to absorb 
traffic concentrations at points of access with the development. Another valid con
sideration is the possibility of traffic overlap between adjoining developments, 
whereby traffic concentrations would become cumulative. A basic design problem 
is the accommodation of traffic generators of the future, the locations of which can
not be readily predicted, but whose effects are generally localized. This implies a 
solution whereby the highway system is sufficiently flexible to accommodate such 
unknown future demands, with sufficient intrinsic protection built into the highway 
so that such concentrations can be accommodated. 

Over-concentration of particular land uses can overload the system beyond the 
ability of the network to absorb the traffic generated. Criteria are needed to estab
lish limits of concentration for each type of land use to determine what size devel
opment units can be absorbed into different types of abutting highway facilities. 
Land-use controls would then have added significance in governing permissible 
development densities in direct relationship to the capabilities of abutting highways. 

l 
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Such controls could also provide guidance in regard to a suitable mix of land uses 
which would be complementary in traffic generation characteristics. More sophisti
cated zoning practices could correlate and optimize land-use locational distributions 
t.o minimize traffic concentrations and achieve greater balance. 

There is a wide difference between practices of the various States in regard to 
the treatment of freeway interchange areas. The interchange area is not necessarily 
a physical dimension, but a functional area which includes that portion of the 
community that is directly affected by the existence of the interchange. The various 
States have extended access controls beyond the ramp terminals for distances 
ranging from 100 to 1,000 ft, but such extension along intersecting highways is 
subject to controversy. Most officials believe that the extension of some type of 
access restriction should be considered. The number of access points should be 
minimized and special design consideration given to points of entry, so that con
centrations of traffic entry are properly spaced in relation to interchange ramps. 

Although the prevailing belief is that heavy traffic generators should be located 
farther away from the interchange area, there is some question as to the desirability 
of such practice. The principal concern is with the location of access points and the 
intensity of the generator, rather than with the physical location of the facility itself. 
The absence of effective implementation devices at this time to control access loca
tion and development intensity, is the principal basis for the desire to locate the 
facility farther away from the interchange. 

The land-use controls within the entire functional interchange area, including the 
land-use mixture, the intensity, and relative placement, affect the efficiency of free
way interchange operation. The development of access and design controls would 
help eliminate current problems in the vicinity of freeway interchanges. The ca
pacity of the interchange and of the cross street within the functional interchange 
area is also of major influence. 

Studies of premature obsolescence of freeway interchange areas have concluded 
that particular design types provide greater flexibility in accommodating future de
velopment. Although the problem is usually attributed to the development that 
takes place around the interchange, the problem can sometimes be avoided through 
design methodology. Particular interchange designs ( such as the expanded dia
mond, partial cloverleaf, and one-way frontage roads with slip ramps) appear to 
provide greater flexibility to accommodate future development and resolve some 
of the access problems normally encountered at interchanges. Many effective solu
tions require coordinated design of both the highway facility and the land develop
ment, whereby built-in protection is provided for the highway and effective access 
is provided for the development. This can eliminate the imposition of stringent 
restrictions on the land use itself which frequently prove impracticable. 

New approaches have been developed in dealing with the interchange problem, 
one being the special interchange zone established in some States. The bbjective is 
the protection of the freeway interchange from excessive traffic generation, and the 
control of access location and volume of entering traffic. Some States are seeking 
similar controls along all state highways to permit the exercise of access and design 
controls. There is also concern with the internal design of high-intensity generators 
which affect traffic acceptance rates and can have a considerable effect on the utility 
of the system. 

Some authorities would like to view the transportation function in broader per
spective, including the terminal facilities and the highway as an integrated system. 
Another new concept would extend the highway functional area to include the 
corridor of influence. The new scenic highway program establishes functional zones 



,cyond the right-of-way which are subject to various types of control. Some 

1i ualize an e:xten. ion of this functiona l concept of the highway which could ulti
nately correct many present deficiencies. 

Administration of land-use controls, access controls, and design controls which 
will effectively preserve the uti lity of the highway is ultimately involved with imple
mentation techniques. All p ssible tools and implementation device which can 
effectuate stable practices should be reviewed. 

Because many nontransportation factors have a substantial influence on decision 
making, it is essential that over-all community objectives be adequately evaluated in 
the development of principles and guidelines or thei r ultimate value will be limited. 

CHAPTER ONE 

INTRODUCTION 

The problem statement for this project states: 

"Proper land-use controls, properly administered, protect 
and enhance the public inve tment in transportation. 
Zoning, subdivision regulations, and all other land-use 
controls are intended to shape the pattern of urban d vel
opment; they thereby can affect the tran portal i n system. 
If land-use c nLrol decisions are made without under
standing and considering their effect on transporlalion, Lhe 
results may be harmful to the community. 

"Since transportation facilities have long development 
times, the stability of land-use controls and land-use plans 
are key factors influencing the validity of transportation 
plans." 

STUDY OBJECTIVES 

The study reported on here was to be concerned primarily 
with Objective Number I, "To provide a better under
standing of the effectiveness of existing land-use controls 
on the continuing utility of transportation systems," and 
to draft outlines for feasible further study in the area of 
Objective Number 2, "To establish principles or guidelines 
for developing land-use controls that will be stable and 
effective in preserving the investment in transportation 
sy t ms." 

The current study was "to consist of a literature search 
and canvass of selected highway departments and other 
agencies concerned with transportation planning." 

RESEARCH APPROACH 

The research plan for the project contemplated a number 
of work categories, consisting primarily of a literature 

• --"----~-r ,.,:,hnut " l<pv letter will be found 

search and canva for the purpo e of compiling all the 
currently available informali n and knowledge concerning 
this problem. Based on the information gathered and an 
analy i of Lhe conclu. ions reached, another study to be 
conducted ubsequcntly would attempt to establi h prin
cipl s or guidelines. 

The literature search included more than JOO book , 
periodicals, and research papers, which were reviewed for 
the purpose of extracting information that would be rele
vant Lo the ·tudy. An abstract prepared for each major 
item covered in the literature search contained a digest of 
the basic conclu ·ion and other relevant findings. These 
digests provided the basi • for an analy ·is of the problem. 

onsiderable material has been written on various phases 
of this ubjecl. but relatively few of the items provide 
definitive principle:; or guidelines that can readily be ap
plied at thi time. Much background information is now 
available, but considera le effort will be required lo con
vert this information into a useful methodology. 

The other principal phase of the study involved a can
vass of elected highway departments planning agen ie 
private organizations, univer. iLy researchers, Federal tale 
and loca l agencies, and knowledgeable individual who 
c uld contribute to an understanding of the problem. The 
canvas. normally involved a visit with members of the 
agency or organization, wherein the objectives of the tudy 
were outlined and a di cus ·ion wa ·· held with regard lo their 
experience. with this particu lar pr blcm. Of particular in
terest were the ca ·c hi lories and 1 cal experiences that 
itlu trntcd variou components or the problem . Legislative 
tool. available in particular States as well as agency 
p licics, were of special con<.:ern a· being indicative f the 
erTectivcne s or deficiencie of current programs. A con
siderable discrepancy in practices between the various 
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trol rh an others in preserving the utility of lhe highway 
system. New devices and techn.iqu for implemenling 
desirable objectives, as propo ed by some agenci~ , were 
especially valnable. 

The early phase of the canva$ concentrated on the 
effectivenes of land-u ·e control and their interrelationship 
wilh transportation . Afler a number of discussion with 
various agencies and professional disciplines, it became 
apparent that the fundamental objective wa the continuing 
utility of Iran portation systems and that there were many 
other fac tors be ide..~ land-use controls that were closely 
related with this objective, To establish fundamental re
lation hips whi.ch could ultimately lead to practicable solu
tions .it was found neces ary lo expand the scope of the 
study to include other related tcchffiques in addition to 
land-use controls, that could prove stable and effective in 
preserving the ulilily of lran. portation ystem . The study 
ha , therefore, included other factors in analyzing the in
terrelationships between land use and transportation 
whereby the problem could be inve tigaled in a broader 
con(ext than was originally specified . These other major 
implications could not be deleted without hindering the 
broader objectives of the ludy. 

The bro11dening of the work scope was decided upon 
afrer con ultalion with the administrators of the program. 
The effcclivene • of this broadened approach wa later con
firmed by discussions wherein the objectives of the project 
were full)' explored, concluding that the broader view was 
both necessary and desirable. 

In keeping with the broadened scope of the study, a 
revisi n of the study objectives could be stated as follows: 

1. To provide a helter under tanding of the effectiveness 
of existing land-use controls and other techniques on the 
continuing utility of transportation systems. 

2. To est'11bli h principles or guidelines for developing 
land-u c controls and ot!ier 1ec/111iq11es that wi ll be stable 
and effective in preserving the inv tment in transportation 
systems. 

The re earch approach in the study of this broadened 
objecLive include a number of work item beyond lhc 
c pc of the original re carch plan. The study deals first 

with urban tructurc lo establish a framework within which 
the Iran portation system and land use can be properly 
viewed. This is followed by analy i of existi ng land-u ·e 
controls, their objective and limitations, and their tability. 
The historic deve'lo1>me·111 of the highway system, cnrren l 
trend · in highway pattern. , and variou methods f classi
fying highway functions arc then analyzed. and access 
controls and de ign controls are uggested as effective 
impl mentation techniques to provide intrinsic protection 
for the highway facility. Traffic generation characteristic 
provide an 0pportunily for load balancing. The freeway 
interchange problem is analyzed specifically and new con
cepts arc reviewed which provide new opportunities for 
the future. 

The ba. ic intent of this first study wa not to provide 
quantit ative or qualitative olutions to the problems un
covered, but rather to attain a belier under landing of all 
Lhe factors involved, An analysi of lhe interactions be-
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tween land use and transportation would then provide a 
general direction for further detailed investigaLions, from 
which guidelines and principles could be developed to 
provide working solutions. 

The title of the study implies that il deals with all phase 
of transportation. This portion, however, has concentrated 
on highway transportation because lhi represents the most 
significant and widespread problem. By understanding the 
interrelation hips between highway transportation and land 
use, it will set the basic framework for analyzing lhe 
effects on other transportation modes. Nonhighway trans
porL modes arc also intimately related with land use and 
significantly affect the utility of highway sy tems. 

Future consideration of these other modes should evalu
ate their potential effect on land use and on the highway 
system in tho e areas where they are appli.cable, and their 
interrelationships with land-use controls. In this way the 
transportation sy 'tem can be considered as a related nel
work withoul i olating the highway and nonhighway cle
ments. 

SIGNIFICANCE OF THE PROBLEM 

One of the greatest concerns of the transportation specialist 
is that circulation systems currently being con tructed may 
not be adequate to handle future transportation demands 
in rapidly growing urban areas. The possible breakdown 
of the freeway-arterial system due to urban traffic concen
trations is a specter that haunts much of the current thought 
on transportation needs of the future. This fear is prob
ably one of the underlying reason. for the current con
sideration of the potential value of land-use controls to 
provide a urance that the transportation network will re
main operative. Undue concentrations of traffic genera
tion might result in the breakdown of circulation networks 
now being developed, and the most obvious approach to 
this problem is to avoid uch concentrations. Thus, one 
of the principal con iderations mentioned in the problem 
statement is the feasibility of minimizing such concentra
tions. 

However, another prevailing viewpoint is Lhat planning 
con iderations which reflect community objectives should 
provide the principa.l determinant with regard to develop
ment concentrations. This view stresses that transportation 
is a service function and that the transportation system 
should serve whatever concentrations the community may 
wish to develop. The major objective of all planning is to 
develop an urban design which provides maximum oppor
tunities for the organization of city living. The develop
ment of transportation efficiency is one element of this ulti
mate objective. Although these two views are based on 
different premises, they both have validity. The current 
study has both philosophical and practical overtones and 
it is especially important to maintain a balance between 
the theoretical and the attainable so that a useful product 
can result. It is of equal significance to reflect the various 
professional disciplines that are involved with this problem 
to assure validity and acceptance of the results. 

There should actually be no basic conflict in the achieve
ment of good transportation and good community planning. 
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beyond the right-of-way which are subject to various types of control. Some 
visualize an extension of this functional concept of the highway which could ulti
mately correct many present deficiencies. 

Administration of land-use controls, access controls, and design controls which 
~ill effectively preserve the utility of the highway is ultimately involved with imple
mentation techniques. All possible tools and implementation devices which can 
effectuate stable practices should be reviewed. 

Because many nontransportation factors have a substantial influence on decision 
making, it is essential that over-all community objectives be adequately evaluated in 
the development of principles and guidelines or their ultimate value will be limited. 

CHAPTER ONE 

INTRODUCTION 

The problem statement for this project states: 

"Proper land-use controls, properly administered, protect 
and enhance the public investment in transportation. 
Zoning, subdivision regulations, and all other land-use 
controls are intended to shape the pattern of urban devel
opment; they thereby can affect the transportation system. 
If land-use control decisions are made without under
standing and considering their effect on transportation, the 
re ults may be harmful to the communi ty. 

"'Since tr:'111. porlalion facilities have long development 
tim s the stabi lity of land-use controls and lancl-u c plans 
arc key factors influencing the validity of transpor tation 
plans." 

STUDY OBJECTIVES 

The st udy reported on here wa to be concerned primarily 
with Objective Number I. 'To provide u better under
standing of the effectiveness of ex i ting land-u ·e control 

n the con tinuing utility f transportation sy. terns," and 
to draft outlines for fca. ible fur ther tudy in the area of 
Objective Number 2, "To establish principles or guidelines 
for developing land-use controls that will be stable and 
effe live in preserving the investment in transportation 
systems." 

The current study was "Lo consist of a literature search 
and canvass of selected highway departments and other 
agencies concerned with transportation planning." 

RESEARCH APPROACH 

The research plan for the project contemplated a number 
of work categories, consisting primarily of a literature 

* In this report, references without a key letter will be found 
in Appendix A; those with the key letter "B," in Appendix B. 

search and canvass, for the purpose of compiling all the 
currently available information and knowledge concerning 
this problem. Ba ed on the information gathered and an 
analysi of lhe conclusions reached, another tudy to be 
c nducted sub e 1uently would allemp~ to establish prin
ciples or guidelines. 

The literature search included more than 100 books, 
periodical and research papers which were reviewed for 
the purpo e of extracting information that would be rele
van t to the study. An ab. tract prepared for each major 
item covered in the litera ture sea rch contained a digest of 
the basic conclusions and other relevant findings. These 
digests provided the basis for an analysis of the problem. 

Considerable material has been written on various phases 
of this subject, but relatively few of the items provide 
definitive principles or guidelines that can readily be ap
plied at this time. Much background information is now 
available, but considerable effort will be required to con
vert this information into a useful methodology. 

The other principal phase of the study involved a can
vass of selected highway departments, planning agencies, 
private organizations, university re earchers, Pcderal, State 
and local agencies, and knowledgeable individual who 
could contribute to an understanding of the problem. The 
canvass normally involved a visit with members of the 
agency or organization, wherein the objectives of the study 
were outlined and a discussion was held with regard to their 
experiences with this particular problem. Of partic ular in
terest were the case histories and local experiences that 
illustrated various components of the problem. Legislative 
tools available in particular States, as well as agency 
policies, were of special concern as being indicative of the 
effectiveness or deficiencies of current programs. A con
siderable discrepancy in practices between the various 
States was found, with many States having far greater con-



trol than others in preserving the utility of the highway 
system. New devices and techniques for implementing 
desirable objectives, as proposed by some agencies, were 
especially valuable. 

The early phase of the · canvass concentrated on the 
effectiveness of land-use controls and their interrelationship 
with transportation. After a number of discussions with 
various agencies and professional disciplines, it became 
apparent that the fundamental objective was the continuing 
utility of transportation systems, and that there were many 
other factors besides land-use controls that were closely 
related with this objective. To establish fundamental re
lationships which could ultimately lead to practicable solu
tions, it was found nece ary to expand the scope of the 
study to include other related techniques, in addition to 
land-use controls, that could prove stable and effective in 
preserving the utility of transportation sy lems. The study 
has, therefore, included other factors in analyzing the in
terrelationships between land use and transportation, 
whereby the problem could be investigated in a broader 
context than wa originally specified. These other major 
implications could not be deleted without hindering the 
broader objectives of the study. 

The broadening of the work scope was decided upon 
after consultation with the administrators of the program. 
The effectiveness of this broadened approach was later con
firmed by discussions wherein the objectives of the project 
were fully explored, concluding that the broader view was 
both necessary and desirable. 

In keeping with the broadened scope of the study, a 
revision of the study objectives could be stated as follows: 

1. To provide a better understanding of the effectiveness 
of existing land-use controls and oilier techniques on the 
continuing utility of transportation systems. 

2. To establish principles or guidelines for developing 
land-use controls and other techniques that will be stable 
and effective in preserving the investment in transportation 
systems. 

The· research approach in the study of this broadened 
objective includes a number of work items beyond the 
scope of the original re earcl, plan. The tudy deals fir t 
with urban structure to e.st'ablish a framework within which 
the transportation ystem and la.nd use can be properly 
viewed. This is followed by analysis of existing land-use 
controls, their objectives and limitations, and their stability. 
The historic development of the highway system, current 
trends in highway patterns, and various methods of classi
fying highway functions are then analyzed. Land access 
controls and design controls are sugge led as effective 
implementation techniques to provide intrinsic protection 
for the highway facility. Traffic generation characteristics 
provide an opportunity fol' load balancing. The freeway 
interchange problem is analyzed specifically and new con
cepts arc reviewed which provide new opportunities for 
the future. 

The basic intent of this first study was not to provide 
quantitative or qualitative solutions to the problems un
covered, but rather to allain a better understanding of all 
the factors involved. An analysis of the interactions be-
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tween land use and transportation would then provide a 
general direction for further detailed investigations, from 
which guidelines and principles could be developed to 
provide working solutions. 

The title of the study implies that it deals with all phases 
of transportalion. Thi ' portion, however has concentrated 
on highway Iran p rtation because this represents the mo t 
significant and widespread problem. By under tanding the 
interrelalio11Ships between highway transportation and land 
use, it will set the basic framework for analyzing the 
effects on other transportation modes. Nonhighway trans
port modes are also intimately related with land use and 
significantly affect the utility of highway systems. 

Future consideration of these other modes should evalu
ate their potential effect on land use and on the highway 
sy !cm in tho e areas where they arc applicable, and their 
interrelation hips with land-use control . ln this way the 
Iran portation system can be con idered a a related net
work without isolaling the highway and nonhighway ele
ments. 

SIGNIFICANCE OF THE PROBLEM 

One of the greatc t concerns of the transportation speciali t 
is that circulation systems currently being constructed may 
not be adequate lo handle future transportation demand 
in rapidly growing urban areas. The po sible breakdown 
of the freeway-arterial ystem due to urban traffic concen
tration · i • a peeler that haunt· much of the current thought 
on tran portation need of the future . This fear i prob
ably one of the underlying reasons for the current con
sideration of the potential value of land-u e control to 
provide assurance that the transportation network will re
main operative. Undue concentrations of traffic genera
tion might result in the breakdown of circulati n networks 
now being developed, and the mo, t obvious approach to 
this problem is to avoid uch concentrations. Thus, one 
of the principal con ·iderations mentioned in the problem 
statement is the fea ibility of minimizing such concentra
tions. 

However, another prevailing viewpoint is that planning 
consideratjons which reflect community objectives should 
provide the principal determinant with regard to develop
ment concentration . Thi view stresses that transportation 
is a service function and that the transportation system 
should serve whatever concentrations the community may 
wish to develop. The major objective of all planning is to 
develop an urban de. ign which provides maximum oppor
tunities for the organization of city living. The develop
ment of transportation efficiency is one element of this ulti
mate objective. Although these two views are based on 
different premises, they both have validity. The current 
study has both philo. ophical and practical overtones and 
it is pecially important to maintain a balance between 
the theoretical and the attainable so that a useful product 
can result. It is of equal significance to reflect the various 
professional disciplines that are involved with this problem 
to assure validity and acceptance of the results. 

There should actually be no basic conflict in the achieve
ment of good transportation and good community planning. 
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However, before meaningful policies, principles, or meth
ods can be developed, it is necessary to establish what the 
basic objectives are, in regard to both transportation and 
community planning goals. 

STUDY NEED 

It has long been recognized that there is a strong inter
relationship between land use and transportation . How
ever, until recently few data have been av·ailable concern
ing the quantitative relationships involved. In many cases 
even the qualitative relationships appear to be misunder
stood and conclusions have been developed which may not 
be justified after careful examination. Recent transporta
tion studies have established some of the relationships 
which are necessary, particularly with regard to traffic gen
eration characteristics and traffic patterns within a metro
politan area. However, little has yet been done in affecting 
decision making by governmental agencies with regard to 
these relationships. 

In view of the rapid urbanization of land currently under 
way and the large-scale program of highway construction, 

CHAPTER TWO 

URBAN STRUCTURE 

An urban region has an identifiable physical structure, an 
essential framework that changes slowly over time. The 
basic elements of that structure are given by Row and 
Levinson (J 80) as the physiography, major public activity 
centers, and the transportation system. 

PHYSIOGRAPHY 

The physical geography, topography, land and water forms, 
etc., are readily recognized as basic controls of the urban 
structure. Many of the important urban regions of the 
world owe their initial existence to natural features. Cities 
were founded where rivers joined oceans or provided 
water for life. Other cities grew around terrain providing 
good military defensive positions. Even railhead cities re
flect the facts of natural geography in the location of the 
rail lines. And today's new cities, even with man's amazing 
ability to reform nature, still show adaptation to topography 
in their physical form. In fact, as man learns more about 
nature he tends to realize that the more his cities conform 
to the physiography he finds, the more likely they are to 
provide the best service for their residents, including the 
most beauty. 

the need for understanding the interrelationships between 
land use and transportation is quite critical. The current 
construction of new communities and reconstruction of 
old ones makes it essential that the principles that govern 
this rapid growth be carefully analyzed to assure that ade
quate provision is being made for transportation needs. 
The normal method of circulation design is to extend tra
ditional principles and design standards into newly devel
oping areas. However, much of the new urban growth is 
radically different from anything that preceded it and the 
travel patterns are also vastly different. It is necessary 
that principles and guidelines be developed based on the 
factual evidence that can be gathered to assure the con
tinuing utility of the transportation systems. 

New opportunities are also presented by the current 
trend to revitalization of central urban areas. New rede
velopment projects offer the rare opportunity to completely 
redesign obsolete circulation systems with major re-use of 
the land. This opportunity must be taken advantage of to 
develop proper relationships between land use and trans
portation, or one of the best opportunities will have been 
lost. 

MAJOR PUBLIC ACTIVITY CENTERS 

The next shapers of the urban structure are the important 
public places; the parks, the forests, the squares, the cen
ters of government and culture and recreation, the educa
tional centers, the community gathering places-called the 
major public activity centers. These are fundamental 
structural elements-privately owned or government owned 
-which endure with the growth of urbanization. Perhaps 
not as stable or permanent as physiographic features, they 
are, nevertheless, structural elements. 

These are, outside of work places and dwelling places, 
the focal points of the region or community. They are fun
damental features once established, and carry great weight 
in relation to some dynamic features. Research industries 
will tie to the universities, cities grope toward the recreation 
areas, offices spring up near the civic centers. Before 
personal transport was available to virtually all, urban areas 
clustered tightly around these focal points. Today the 
clustering is less, but the transportation systems still lead 

to the foci. 



THE TRANSPORTATION SYSTEM 

The third fundamental aspect of the urban structure frame
work is the transportation system. Localing ci tie n rivers 
harbors rai lheads, canals, wagon trails, and o forth, has 
always been an ex pre sion of civilization'· demands for 
trade and communication-and resultant need for trans
portation. Prior to the railroad, cities were high-den ' ity 
clu ters tied to water routes and harbors, with much smaller 
nucleations at crossroads. Railroads not only brought new 
cities into being, but also changed the shape of the old 
ones. 

By the end of the 19th century the concentration of 
industry and commerce in urban region , and the develop
ment of high-rise buildings, permitted techniques or land 
u e to widen the gap between transportation needs and 
faci lilie. The central cities became, as Netherton (152) 
has staled, " ... characterized by the crowding of popu
lation and economic activity into small are. s where the 
arrangemen ts of land use often showed no logical relation
ship to the factors entering into the conduct of bu iness
among them the urban area int·ernal transportation sys
tem . . . by 1905, traffic congestion at rush hours was 
described as the foremost problem of the major cities in 
the United States." 

Between 1 870 and 1910 there were tremendous changes 
in urban areas to provide for Iran portati n needs, mainly 
through ma s transit surface railways Md elevated lines . 
In the day· of horsecars and foot tran porlation, limiting 
commuting distance to perhaps 2 or 3 mile , urbnn areas 
rarely exceeded about 20 square miles. With the new 
method of mass transportation , 1.hc radius of urban move
ment was increa ·ed t more than 5 miles and rhc ize of 
major citie.,; to about 80 square miles. Because of the 
fixed channels for this form of transportation, a relatively 
rigid pattern of urban development resulted. The regular 
street systems of the city were used mainly for purposes 
of land service and land access. 

The automobile, however, changed all this quite dras
tically by providing a tremendous expansion of per onal 
mobility. Along with the increasing number of vehicles and 
th ir increasing u e, came increasing distances and better 
acce sibi lity. The radius of movement in a modern city 
is 25 miles or more and some of the larger urban areas 
cover up to 2,000 square miles. Even more important, the 
automobile has changed the demands of travelers for trans
portation facilities as they maximized their use of the new 
freedom of movement. Homes no longer had to be close 
to the railroad or streetcar for those who could afford auto
mobiles. When the motor bus brought this expanded choice 
to those who had no autos as well, the previously open 
areas between the arms of the rails filled in, and made 
possible the current city form. 

LAND USE 

/\II of the previous facets of the urban struct ure are rela
tively permanent and stable, fixed in locali n. In reality, 
even they change. bur slowly in comparison I the dynamic 
and growing elements of the city called land use. 

A study of the history of urban areas shows that much 
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of the land use is dynamic and even seemingly permanent 
land uses have, as time progresses, given way to others 
without seriously changing the ·lructure of the region. 
Ullimately perhaps, land use reflects the market place. 
'But the market it elf is changing. To some extent these 
changes reflect or arc reflected by changes in transporta
tion modes and facilities, but for the most part the public 
rights-of-way remain where, and often what they were 
when the now defunct land uses were first e tablished. 

Outside of cities the highways were originally meant to 
be entries to the country ide for the city dwellers and 
bridges between cities. They are now alignments along 
which the city has penetrated into the agricultural and 
forest land. and de eris. The highways are being u cd as 
if they were the streets and boulevards of one huge, di -
persed city (168). 1 n doing so they have taken away 
much of the internal pressure of growth and c.hange in the 
central cities. As the structure has grown, the body has 
filled in and show every evidence of continuing to do so. 

Just as the el vated and ubway transit yslem in the 
largest cities of the past enabled these cities to grow beyond 
the limited crvice area pos iblc through walking, the 
tran 'portation systems of today- the freeway and highway 
- permit new areas to come lo the fore and nol only pro
vide bedro ms and cu tomer sources for the c lablished 
downtown , but also physically expand the size of the com
munity to encompass new bu in · • areas, new indu trial 
and residential areas, and new recreational areas in the dis
persed city. The cxpan i n of these urban land uses is in
separably linked with the pattern f highway . The boule
vards of yesterday, holding together and uniting the 
di perscd portion of ciiie , have become the regional 
ex pre · way of today holding together and uniting the 
di ·per ed portion of metropolitan region , often encom
pa sing major portions of State . 

A city is mo t II cfu!ly viewed a containing both struc
tural und dynamic clements where, in reality all the cle
ments are dynamic but th - structural ones are the slowe l 
to change. They will have a longer and more stable influ
cnc on many of the characteristics of a region than the 
mor rapidly changing dynamic feature. of an area. The 
transportation system a basic par! of the structure of a 
region , can survive ·evcral cycles of land use although 
whatever pro.dictions can be made today would apply only 
to the firsL cycle. 

For the city to grow and develop in its dynamic char
acteristic: t its utmost capabilities, the transportation 
structure must be carefully controlled and designed. This 
aim st permanent feature should be subject to the most 
dcrniled and intensive consideration and study in its place
ment, planning, and design. In this way transportation can 
be made to provide its maximum value to the dynamic 
factors of the region. 

SPATIAL ARRANGEMENT OF CITIES 

Mayer ( 135) in speaking of the interaction of cities and 
transportation, said: 'The multiplicity and vari ty f func
ti n and activities of modern !tics would be impo siblc 
without adequate transportat ion facilities and services; 
transportation furni shes acce s to the. hinterlands and to 

1 
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trade areas, the sizes of which, in turn, are functions of 
relative accessibility." The human desire for privacy, for 
individual pieces of land, for personal expression in homes, 
has in many parts of the country been counterbalanced by 
the need for employment, for social interchange, for ac
cess to those things only the urban conglomerations can 
offer. But the recent extension of roads and the almost 
universal availability of automobiles and trucks in this 
country have provided a solution to conflicting needs 
and desires by expanding the "city" to cover huge areas 
of low-density use with higher-intensity nodes. The 
automobile has made possible multiple concentrations and 
nucleations spaced farther apart, more effectively serving 
the large areas of land which are today's metropolitan 
regions. 

The high-density city dwelling places are no longer the 
sole source of labor for industry, nor of customers for 
the products offered. The need to locate on high-capacity 
transportation corridors no longer limits industry to rail
road sidings or harbors or river ports. The transport 
advantages of the concentrated city, which at one time 
were critical in industrial and business location, are rapidly 
being minimized with good road systems in low-density 
areas. Workers have been moving into the suburbs and 
surburban industrial plants have followed. The Massa
chusetts Route 128 development which rings Boston is an 
example of this type of spread from the high-intensity 
city to the dispersed city. 

In the modern dispersed regional city covering thou
sands of square miles many of the older traditions of 
concentration of industry and commerce in areas easily 
accessible to employees and customers by the old methods 
of' transportation are no longer valid. Carroll ( 42) said: 
"It is· the spatial arrangement of human activities which 
the transportation system must serve. The spatial pattern 
for most cities has evolved slowly and has been influenced 
by a variety of factors such as transmission of power, 
construction technology, terrain, and the transportation 
system itself. A factor which is often overlooked or dis
missed as not being amenable to measurement, is that of 
personal values. This factor is much too important to 
ignore." 

People do not wish to travel too long to work. Yet, 
they have not necessarily chosen residences or work places 
which minimize the time that they actually travel. It is 
clear that the work-trip travel time is only one of many 
values which people weigh in their decision as to where 
to live or where to work. Things such as the neighbor
hood, schools, cost, transportation facilities, or any other 
peculiar factor which may have value to the individual 
decision maker will be included in the over-all decision. 
In many modern low-density urban areas the work trip 
has turned out to be relatively low on the scale of human 
values. It would appear, then, that a pattern of land use 
or land-use controls must carefully consider the conflict 
of desires to live near the work place but far from indus
trial areas, near shopping but far from traffic concentra
tion, etc. One way in which some of the conflict can be 
resolved is through inclusion of transportation facilities 

which counteract great physical distances with speed, mak
ing time distances small. 

In the older, high-density cities, rapid transit facilities 
provide much of the "shrinking" effect of speed on 
distance. The newer, low-density cities have relied more 
on motor vehicle transportation and express highways 
to achieve this end. Both techniques work with other 
forces, especially the economic market forces, as growth 
of the urban area continues, modifying initial ideas of 
land use as land development overtly demonstrates the 
desires of the residents and the business and industrial 
community. 

COMMERCIAL DEVELOPMENT GROUPING 

Garrison (81) describes the spatial structure and confor
mation of business enterprises in urban areas in four 
classifications-nucleations, urban arterials, automobile 
rows, and highway-oriented. Another set of terms to 
express his groupings are shopping centers, business dis
trict fringes, and highway-oriented. In the older urban 
areas the pattern is much more sharply defined than in 
many of the newer, auto-oriented areas. In both, shop
ping centers of various sizes (from community to regional) 
stand out fairly clearly with regard to the general nature 
of their location, adjacent to major arterials or freeways. 

The trend in many smaller business district cores is a 
form of nucleation, extending for a relatively short dis
tance perpendicular to the urban arterials and for a long 
distance along the arterials. Some of this is due to zoning 
restrictions, but much of it, apparently, is due to economic 
tendencies to associate in this manner. A more recent 
trend in this type of development appears to be the very 
small shopping center. In these installations, as opposed 
to the community or regional shopping centers, the basic 
occupants are small, privately-owned shops which, in time 
past, would have located somewhere along the main street 
of the town. These miniature nucleations provide for 
the parking needs of a number of small shops, without 
relying on the highway for storage. Because of their 
relatively small size, they do not ordinarily penetrate into 
the surrounding area, and their physical form can be 
either lateral or longitudinal-in the latter case the physi
cal characteristic is similar to a series of shops along a 
frontage road. 

Many business district fringe developments, called auto
mobile rows by Garrison (81), exist throughout the urban 
region. They do not mix into shopping centers, they do 
not mix into central business districts, they do not exist 
away from the main highway. Flaherty (70) would prob
ably include this group in his "highway service district." 
These are not specifically service areas, nor are they 
highway-oriented usages in particular, but are fundamen
tally automobile dealers for new and used cars with cer
tain other uses mixed in. More closely related to Flaherty's 
usage are the actual highway-oriented activities. 

Certain business types are successful only when high
way-oriented. They exist not only between urban nuclea
tions, but are scattered within urban areas of all types, 
at intersections of arterials. Some find theiF way into 



shopping centers, others rely solely on major intersections, 
while still others move outside the dense areas onto the 
inter-nucleation highways. Included in this group are 
not only gasoline stations, restaurants, motels, etc., but 
such businesses as building supplies, radio and TV sales 
and repair, lumber yards, and miscellaneous repair facili
ties. The physical size distribution in this group of com
mercial activities covers an extremely wide range, indicat
ing a broad range of rent-paying ability per unit of land 
area. 

Most highway administrators and land-use planners tend 
to deplore the practice of strip commercial development 
along major highways. However, Garrison (81), Creighton 
(Bl 0) *, and others believe that such development serves 
a necessary function by providing locations for highway
oriented business which cannot be accommodated else-

* References with B numbers will be found in Appendix B. 

CHAPTER THREE 

LAND-USE CONTROLS 

TYPES OF CONTROLS 

The normally accepted land-use control techniques fall 
into four major groups ( 40). Eminent domain involves 
actual acquisition of land, ordinarily through purchase. 
Police power regulates land use through zoning, sub
division regulation, licenses, etc. Contractual agreements, 
which may or may not involve direct money transfers, 
are often entered into by the highway department to 
minimize adverse development of land. The fourth, the 
doctrine of nuisance law, relies on legal interpretation 
to prevent or eliminate land uses which damage the 
community. 

Land-use controls have both a positive and a negative 
application. The positive application is an attempt to 
effectuate a desired land-use plan, or general plan, pre
viously established. Such applications of land-use con
trols represent an implementation device to achieve given 
community objectives. The negative application is as a 
police power to prevent damage to public health , welfare, 
and safety. 

EMINENT DOMAIN 

The eminent domain technique, which involves actual 
acquisition of land by the governmental agency, is clearly 
the most effective way to control use of land. It is also 
by far the most expensive. Thiel (201) wrote, "Since 
an agreement by which land owners transfer redevelop-
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where, at least partly because they depend on traffic ex
posure for their existence. 

It is possible, however, to limit the amount of such 
land use and its location. If the design is developed as 
a nucleation in the form of a linear shopping center 
with access to off-street parking restricted to select loca
tions, the development could become no more objectionable 
than other forms of commercial development. 

Although specific businesses exhibit fairly specific con
tiguity and occupy relatively clear portions of the city 
form, their spatial distribution when considered on a 
regional basis is undergoing considerable change. The 
change is clearly associated with the improvement of 
personal transportation facilities. The extension of high
speed freeways and other arterials permits location of 
commercial enterprises in areas of relatively low rent costs 
without loss of accessibility. Although the location of 
the four classifications may be changing, their organiza
tion is relatively consistent. 

ment or other rights has the power of a contract, violations 
of these rights are not likely to occur." However, eminent 
domain involves the payment of public monies for the 
property rights acquired. 

Considering the thousands of miles of arterial and 
express highways that could require protection, it can 
be readily seen that the cost of applying eminent domain 
procedures at all locations where problems might arise 
would be prohibitive. But there have been and will con
tinue to be cases where purchase, excess condemnation, 
leaseback, acquisition of development or conservation 
easements, and especially acquisition of access rights, will 
be applicable in the development of an adequate and 
adequately protected transportation system. Extensive use 
of this procedure, however, would be economically and 
politically impossible. 

POLICE POWER 

The land-use control devices of the police power have 
been tested in the courts and found to be enforceable 
without compensation to the affected landowner. They 
are much less restrictive than the eminent domain powers, 
allow for consideration of local special needs, and their 
cost is only that of administration if an enforcing organiza
tion exists. The basic disadvantage is their potential 
instability, particularly excessive flexibility dependent on 
local whims and lay officials. 
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Zoning, by far the most widely known land-use con
trol, reflects short-range land-use desires of the com
munity. It was originally established to solve problems 
of incompatible land use and the protection of the public 
health, welfare, and safety. Zoning controls the location, 
size, and intensity of development, as well as the type of 
land use. It is not intended to establish permanence, but 
to stabilize land uses for reasonable periods. 

Zoning is not the only police power available for con
trolling land use. Campbell ( 40) lists additional police 
powers such as licenses and permits, mapped streets, 
development control, and subdivision regulation. Whereas 
zoning is fundamentally an attempt to control the type 
and quantity of development, these other aspects, partic
ularly in their relation to traffic and transportation, attempt 
to control the quality of the development. Thus, the 
mapped street can prevent construction of permanent or 
semi-permanent buildings or other improvements on prop
erty which will ultimately be required for public highway 
purposes, and subdivision regulation can minimize inter
ference with arterial streets by controlling points of access 
to the highway system as to quantity and location. 

Police power can be an effective device if used, but 
in many communities its application is either limited or 
subject to considerable variance as pressures develop, 
both politically and economically. 

OTHER CONTROLS 

Contractual agreements, which may or may not involve 
direct money transfers, are sometimes entered into by 
highw!ly departments to minimize adverse development of 
land. The doctrine of nuisance law relies on legal interpre
tations to prevent or eliminate land uses which damage the 
highways. Use of these devices is seldom found, and it is 
clear ~hat the two basic aspects of governmental control 
are the police power and the eminent domain power. 

PREVALENCE OF ZONING 

Zoning is actually an uncommon device in many areas 
of the country. The Bureau of Public Roads reported 
in 1963 (209) that only 17 percent of all the counties in 
the United States had adopted zoning ordinances. Even 
fewer of these counties had any long-range land-use 
plans, and a sizeable proportion of those counties that 
actually had zoning ordinances or land-use plans did not 
have any paid planning staffs to carry out the objectives 
of the plans or the ordinances. To further emphasize 
this lack, the Bureau report separated out those counties 
which either contain or abut a portion of an Interstate 
Highway route, where less than one-half were so equipped. 

Although there are many areas of the country where 
land-use controls do not exist, most of the growing metro
politan areas where problems of growth are most signifi
cant are regulated by formal land-use controls . One 
notable exception is Houston, Texas, where no public 
controls exist, although some controls are exercised through 
private covenants . A detailed analysis of the history of 

land-use development in Houston as contrasted with other 
major metropolitan areas, would be of considerable interest 
and value for this study. 

ZONING OBJECTIVES 

A confirmation of the legality of zoning occurred in 1926 
when the United States Supreme Court settled that the 
concept of a police power has a positive aspect which 
enables the community to act before private land use 
injures its public interest. This opinion stated : "The pri
mary objective of modern zoning under the police power 
is to lessen or prevent those private uses of land which, if 
allowed, would depreciate the value of all surrounding 
land through practical restriction of its usefulness." This 
early opinion has been vastly expanded during the past 40 
years through practice, to cover incompatibility; nuisances; 
public health, safety, and welfare; and other influences. 
Of particular interest is the possibility expressed by some 
authorities that zoning could conceivably apply just as well 
to the case where private uses of land which, if allowed, 
would depreciate the value of surrounding land through 
the damaging of the transportation system, inasmuch as 
transportation is a fundamental need for land to retain 
value. 

The objectives and limitations of zoning are expressed 
most authoritatively by practicing planners (Bl 8) whose 
typical comments include: "Controls on land must apply 
to a realistic situation, or in the long run the controls 
will fail ," and, "Land use forms a viable and dynamic, 
constantly changing situation." Zoning, as Thiel (201) 
has said, requires "constant attention which is difficult to 
sustain over a long period of time . .. zoning is vulner
able to review, change, and pressure from special interests." 
Sussna (l 95) commented that we should not " . . . make 
the mistake of attempting to cure all of our municipal 
ills through zoning." 

Kent (227) points out that zoning is not long-run and 
should not be regarded as predictive. Zoning is an attempt 
to stabilize economic influences for successive short runs. 
But the time scale of a highway plan may encompass 40 
years, or more. Over such a period the zoning at the time 
of planning may not exercise much influence. 

THE GENERAL PLAN 

Zoning is often confused with a general plan. The general 
plan, however, is not a precise document, but is a guide 
to the community, outlining the needs of the future and 
the magnitude of those needs. It is designed for growth 
and is aimed at community goals . Zoning, on the other 
hand, is the means whereby certain phases of the general 
plan are implemented. 

The general plan, if properly done, will be founded on 
realistic community goals and realistic economic factors, 
in combination. It will include consideration of all those 
things which go to make up a community-the structural 
elements such as parks, major public open spaces, and 
transportation systems, and the dynamic elements such 
as land use, social and sociological factors, political and 
educational factors . As with most plans, unless it is 



founded realistically it will not succeed in its task. In the 
case of the general plan, the foundation is community 
goals and economic factors, both of which are dynamic 
rather than stable. 

The general plan, in the context in which professional 
planners use that term, is never a final document. It should 
be reassessed and adjusted on a continuing basis as com
munity goals change or the economic pattern changes 
within the community. 

It usually has no legal standing in most communities, 
but represents the objective toward which land-use controls 
strive. It must be accepted and utilized or it will exercise 
little influence on the development pattern of the com
munity. 

If the plan is realistic and is understood, it becomes a 
picture of what the future would look like if there were 
no change in the foundations upon which it is built. As 
the foundations exercise their dynamic characteristics it 
will be continually subject to revision, but a properly drawn 
general plan allows for modifications and is flexible enough 
to accept them without creating drastic structural changes. 

The general plan, in which future land use and future 
transportation are fundamental factors, must be developed 
around the combination of the two rather than allowing 
one to take precedence over the other. These two factors 
must be developed together, with constant communication 
and continuous interaction, until the optimum combination 
for the physical and social characteristics of the com
munity is reached. 

CONFLICTING VIEWPOINTS IN ZONING 

The power to zone resides with the local authority and 
the interest such authority represents is the local interest. 

CHAPTER FOUR 

LAND-USE STABILITY 

STABLE LAND-USE CONTROLS 

Establishment of stable land-use controls is theoretically 
attainable in a controlled economy. Effective controls are 
available in many European countries where governments 
exercise considerably more power than in the United 
States. City planners in the Scandinavian countries, Great 
Britain, and elsewhere, exercise firm control over the types 
of land uses that are developed. New towns have been 
constructed through governmental authorities in the sub
urbs where master plans were firmly adhered to. This 
type of governmental restriction over development can 
permit relatively reliable estimates of transportation 
demands. 
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The interests of a city or county and the interests of a 
highway planner can be rather different. The benefit that 
a city perceives when it zones near a highway is different 
when it considers itself acting singly, from when some 
agency regulates zoning near highways by all municipalities. 
Frequently, it is to a single municipality's immediate finan
cial benefit to develop intense uses in its area adjacent to 
a highway. For, although the benefits are received by this 
municipality alone, the costs are shared by all those using 
the highway; that is, by the people of other municipalities 
and with other destinations. Therefore, the costs perceived 
by the municipality are less than the cost to the community 
as a whole. 

The highway planner can evaluate the costs to the entire 
community. But the highway planner does not have the 
power to zone or to enforce zoning, so that the over-all 
interest is frequently not represented in the decision making 
process. The more enlightened community will attempt to 
take these other viewpoints into consideration, but there 
are few guidelines available to assist them in their evalua
tion. This need for procedural guidance is a basic problem 
at the present time. 

Some States attempt to provide guidance to local juris
dictions in an advisory capacity. Others have sought to 
obtain the zoning power around freeway interchanges and 
State highways to exercise firmer controls in protecting the 
utility of the highway facility. Wisconsin has probably 
proceeded as far as any State in attempting to achieve 
such legislation, but the question of State control of land 
use is a highly controversial on.e and most States prefer to 
avoid such controls at the State level in favor of strengthen
ing local land-use controls. 

In a free economy, however, such degree of control 
cannot be realistically exercised. Economic and political 
pressures, as well as changing community objectives, may 
alter an over-all plan. In fact, the newer approaches to 
city and regional planning are based on a degree of 
flexibility which can accommodate dynamic change. 

Some communities in the United States have attempted 
to exercise strong control over local development. De
tailed land-use plans have been prepared which zone virtu
ally every parcel for a specific land use, even though only a 
small proportion of the area has yet been developed. This 
practice has not proved successful in some rapidly grow
ing areas where controls alone could not implement the 
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community objectives. Some new plans have only recently 
been developed, and it is too early to predict their degree 
of success in stabilizing land development. Further de
tailed study of the history of land development in these 
areas should prove quite valuable. 

The only real stability that has been observed to date 
is in those areas where no appreciable growth is taking 
place, particularly in smaller communities. In most cases 
their land-use controls reflect stability because they simply 
mirror the status quo, which is unchanging. In the larger 
metropolitan areas change is apparently inevitable, and 
these are the areas where most of the current problems are 
being experienced. 

MARKETPLACE CONTROLS 

Land-use controls must weigh all the benefits which might 
accrue to the community through more intensive land 
uses and densities, as well as the detrimental consequences, 
if they are to be realistic. The marketplace will usually 
assert itself, and a plan or program which recognizes that 
this will occur and plans for it has a much greater op
portunity to succeed. The value of zoning diminishes 
when it grows distant from the economic realities of a 
community. 

The literature on this subject emphasizes that it is 
improper to equate land use and controls. Thiel (201), 
for example, reported that in most of the areas he has 
investigated, economic forces assert themselves in the 
prevalence of rezoning. As examples he reported that 
some 90 percent of nearly 1,000 requests for rezoning 
zoning appeals, exceptions, special use permits, etc., were 
granted in New Orleans; and in Philadelphia more than 80 
perce·nt of the requests for rezoning were accepted. Because 
most requests for rezoning involve a change from a more 
restrictive to a less restrictive zone (such as from residential 
to commercial or from low-density residential to high
density residential), the control value of zoning is lessened 
by this succession of zone changes, variances, conditional 
use permits, etc. 

However, the large proportion of zoning change requests 
which are granted may not be as significant as they at 
first appear. Many of the granted changes may be of 
little consequence, representing minor variances rather 
than major land-use modifications. Although it is likely 
that the zoning changes that are granted affect only a 
minor proportion of the total land zones, some of the 
changes can be of major local significance. Conclusions 
based on available zoning history must be further analyzed 
to evaluate the over-all extent of zoning changes with 
regard to their effects on transportation facilities. 

UNREALISTIC LAND-USE GOALS 

Where land-use controls are utilized as a means of imple
menting community objectives, they frequently prove in
effective if the goals are not readily attainable. One 
example of unrealistic zoning is excessive zoning for 
industry, common in many communities. Industry nor
mally provides a desirable tax base from which the com
munity derives substantial support. It is natural, therefore, 

for most communities to offer major incentives to attract 
industry into the community. One element of this com
petition is the reservation of substantial parcels of land 
for industrial purposes, even though there may not be any 
immediate market for such development. With each com
munity competing for the limited amount of industry, it 
is customary for a region to optimistically reserve a quan
tity of land for industrial use many times greater than 
the absorption potential within the foreseeable or even 
distant future. 

In some rapidly growing metropolitan areas it has been 
found that industrial land has a lower valuation than 
residential land, due to the lack of market potential for 
industry. The effect has been a mounting pressure for 
rezoning of such land to uses which can be more readily 
marketed. These pressures are frequently resisted in the 
optimistic hope that the community will ultimately be 
successful in attracting industry and thus improve its tax 
structure. 

In the interim, however, the land may lie fallow for 
decades. This example of land-use controls reflecting 
community aspirations rather than realistic economic po
tential illustrates the lack of realism in some of the zoning 
practices. A transportation plan based on such unrealizable 
potential is unsound. 

Land-use controls should also reflect a viable and 
dynamic economy in commercial zoning, rather than pre
established criteria which break down under political and 
economic pressures. In many communities the current 
general plan specifies commercial development in specific 
areas. This may have resulted in development of some 
isolated business structures, without the areas ever reaching 
their full potential. In the interim, development of new 
transportation facilities may offer new commercial oppor
tunities on larger and less expensive tracts of land more 
accessible to regional facilities and located in a superior 
environment. Although the community may have sufficient 
land zoned for commercial uses to theoretically accom
modate any anticipated demands, the locations may be 
obsolete with regard to current standards for large-scale 
development and not reflect the latest economic trends. 
Other elements that can inhibit development at such 
locations include high land cost, multiplicity of owner
ship, and difficulties of land assembly. The inertia and 
stability of the current plan may represent community 
objectives, but not necessarily economic reality; hence, the 
overwhelming pressures for the zoning of additional com
mercial acreage. 

As a result, there has been a tendency for other factors 
to be the principal determinants in regard to locational 
decisions. The new shopping center will most frequently 
develop where land values have not yet risen beyond the 
acceptable range feasible for such development. With 
the wide choice usually available in a large geographic 
area, it is frequently the entrepreneur who determines the 
location of the facility rather than the land-use planner. 
With the prevailing competition that exists between adjoin
ing communities, each community will vie for the oppor
tunity to attract the development into its area and to 
obtain the sales tax advantages and employmenf opportuni-



ties that accompany this type of development. In effect, 
the larger the development the more desirable it appears 
to the community. The problem of stable land-use controls 
is thus compounded by conflicting community desires and 
interests as a development becomes larger in scope. 

DEVELOPMENT PREDICTABILITY 

The many individual parcels of land which make up a 
region are not mutually exclusive of each other. Instead, 
each land holding is dependent on every other land hold
ing when a new land use is considered. For example, 
before commencing on a major commercial development, 
the potential investor will carefully consider the uses of 
the land holdings in the vicinity to atteinpt to establish 
the potential economic validity of the investment. If he 
finds that the market is already saturated with that type of 
development he will not proceed, or perhaps may reduce 
the size of the proposed investment. A similar case could 
be presented for a proposed apartment development or an 
industrial tract. 

This type of analysis is a relatively powerful tool, and 
the results of such economic analyses are often better 
determinants of potential development than existing land
use plans or zoning ordinances, as can be seen by compar
ing the actual intensity of development with the permitted 
intensity in most communities. The real estate economist 
can estimate the expected total quantity of commercial, 
residential, and industrial land in a given portion of the 
community, based on market analysis. He cannot, how
ever, specify location of these various uses. 

Many land-use changes take place as a result of eco
nomic obsolescence as well as physical obsolescence. The 
succession of land-use cycles that takes place in rapidly 
growing communities represents a phase of economic 
obsolescence resulting from location. The conversion of 
a single-family neighborhood into medium-density apart
ments represents one recognizable cycle in the evolution 
of an urban area. In a more advanced stage the area may 
further evolve into high-rise residential or commercial. 
Land-use controls generally foster stability by damping 
rapid changes in land utilization, but they do not change 
economic reality in the normal competitive situation. When 
an oversupply of any form of land use occurs, some of it 
will demonstrate economic failure and land use will 
change to better fit the demands and needs of the com
munity. 

If a large enough area is considered, the land uses and, 
to a great extent their intensity, can be predicted within 
limits, based on population predictions which have demon
strated a fairly high reliability. From the aspect of traffic 
generation, the total needs of the transportation system 
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serving a community or large portions of urban areas can 
probably be predicted within reasonably narrow ranges. On 
the other hand, the potential development and, therefore, 
generation of traffic for any given location is much less 
predictive. 

FUTURE LAND-USE STABILITY 

Land-use controls are becoming more realistic and more 
nearly reflect what is likely to happen. Unrealistic -goals 
of the past often succumbed to market place pressures. 
With this experience as a guide, newer plans attempt to 
establish plans that consider and respond to economic 
determinants. The reported frequency of rezoning often 
reflects the obsolescence of many of the older land-use 
plans, which had not been updated for many years. 

The current availability of Federal and State funds for 
planning purposes and the tremendous interest at the 
Federal level in planning programs, indicate that the plan
ning programs now being developed will not knowingly be 
permitted to become obsolete. The continuing transporta
tion planning program, which is required to be based on 
over-all community land-use plans, has stimulated the de
velopment of general plans and land-use controls in all 
larger communities. Provision is made for periodic up
dating of these plans, and the land-use controls that are 
intended to effectuate them. This has inaugurated a new 
era in planning programs, in which future land-use plans 
will be far more reliable and realistic than in the past. 
Hopefully, this will permit control which is not as subject 
to short-term variations in the market place and political 
climate, because the plans will have a sounder basis in fact. 

There will, undoubtedly, still be zoning changes and 
other modifications in many locations. Such changes will 
occur in those rapidly growing areas where detailed pre
dictions of land use cannot be made with any great assur
ance. Most areas, however, will probably adhere to the 
land-use plan so that the proportion of land affected by 
land-use control changes may be relatively minor. 

Regional planning, conducted on a comprehensive basis 
with meaningful goals and based on economic reality, can 
develop a realistic plan. Realistic land-use controls based 
on a realistic general plan can provide some degree of 
stability. However, these planning tools must be re-evalu
ated periodically to reflect changing objectives and situa
tions. 

Future study must examine these trends in greater detail, 
to determine whether land-use controls in the future will, 
in fact, be more reliable and stable than in the past. 
Methods must also be sought to correct some of the de
ficiencies that have been found, and others that will be 
uncovered in future studies. 
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CHAPTER FIVE 

THE HIGHWAY SYSTEM 

LEGAL CONCEPT OF HIGHWAYS 

In its legal definition the public highway is a public way 
for the use of the public in general for passage without 
distinction . This concept has been expressed by Netherton 
(/ 52) as a "generic name for all kinds of public ways
ways common to all the people of the State having occa
sion to pass over them ... to constitute a highway it must 
be one over which all the people of the State have a com
mon and equal right to travel, and in which they have a 
common, or at least a general, interest to keep unobstructed. 
. .. Today, public interest in a highway still consists 
basically of the right to travel upon the land of another 
freely and without interference .... " 

It is important to recognize that the legal concept of a 
highway deals with rights-privileges and powers to act 
in a certain manner-rather than matters of substance. 
Actually, there appear to be two sets of rights involved in 
this legal concept. The right of the public to travel un
restricted reflects the basic reason for building any high
way. The use of a strip of land for the public, however, 
creates a unique feature in a community wherein the im
pact of the highway created is felt not only by the land 
owner of the property traversed, but also throughout the 
entire economic and social life of the surrounding region. 
The ~ther set of highway rights involves those persons 
whose land abuts the highway, and of these probably the 
most important in terms of this study are the legal rela
tionships dealing with control of access to and from the 
highway. 

In England the history of highways began with the 
power of the Crown- the concept of the "king's highway." 
The intensive enforcement of the public right-of-passage 
over these king's highways was undoubtedly bound up in 
the early political and economic development of the nation. 

In American law, which is based to a very great extent 
on English law, the taking of land for highways was largely 
uncompensated in Colonial times. When roads or streets 
were laid out through privately owned land, the owners 
generally valued the benefits of these highways much more 
highly than the duties which the highway laws imposed on 
them. In some colonies the original land grants specifically 
reserved portions of each grant, in terms of percentage, for 
future use as highways, whereas in other colonies the Con
tinental concept of eminent domain was brought from 
Europe. 

HIGHWAY DEVELOPMENT 

Considerable insight can be derived from a review of how 
the current circulation system developed historically. The 
first attempts to create over-all street master plans for 
American cities occurred more than a century ago, es
pecially in the newly developing midwestern cities. These 
cities were limited in area, and lot sizes were small. There 

was little distinction in street width, spacing, or function, 
and the streets usually formed a grid pattern. This was a 
tremendous step forward from older communities where 
most streets had neither continuity nor uniform width, 
with alignments largely derived from historical accident. 
A relatively small-scale community served by this grid 
network did not generate any substantial traffic volumes, 
so that land uses could be adequately served with little con
flict between transportation and land access service. 

To minimize walking distances, most urban patterns 
were designed to provide maximum frontage on the access 
streets, tempered to some extent by the economic necessity 
to maintain blocks of adequate size for development. So 
long as complementary activities remained close together, 
they were reasonably successful in meeting these objectives. 
Thus the physical ground level shape of the older sections 
of cities was formed and these areas developed 100 years 
ago and more have survived, with little basic change, out
living several cycles of land use. 

In more recent years cities began to develop a hierarchy 
of arterial streets which was usually superimposed on the 
older small grid pattern. This new system was based on the 
grid of mile section lines, and a new type of circulation 
system was developed that corresponded more closely with 
the increasing movement demands. 

This new plan of arterial highways provided a general 
guide for locating major highway facilities in newly ur
banized areas, which established continuity and consistency 
of the circulation network. A few routes, which provided 
the greatest continuity for through traffic, were then in
corporated into the newly developing State highway net
works and became the principal circulation facilities of 
the area. 

It soon became apparent that the concentration of 
traffic on these highways was capitalized upon by devel
opers of commercial facilities. The proliferation of such 
development along the entire length of the arterial soon 
diminished its usefulness for non-local traffic service. Faced 
with premature obsolescence of the highways for the ser
vice of through traffic, officials sought solutions to ward 
off the problem and guarantee that repetition would not 
occur. 

This initiated a third phase in development of the high
way system, superimposing a controlled-access freeway 
network over the existing system. Current circulation net
works, therefore, consist of a composite of three separate 
systems, developed at three different times to serve different 
stages in the growth of the cities. The resulting composite 
is largely a result of historical accident. 

The freeway system is now being expanded to accom
modate the need for rapid movement over longer distances 
to serve the mushrooming growth of the urban areas. 
However, this does not necessarily represent the ultimate 
system, and this process may be repeated in the future with 



still another system (perhaps initiated by the automated 
highway concept) to permit even greater speeds and capa
bility for even greater travel distances. 

CIRCULATION SYSTEM TRENDS 

A century ago it was commonplace to devote up to one
third of the land in a development to public rights-of-way 
and streets. In recent developments this reservation is 
often only one-half that amount, while still maintaining 
adequate access and circulation, There has been a de
parture from the pedestrian scale and a start on reflecting 
automobile-scale mobility, which permits longer blocks 
and fewer intersections. This trend has greatly eased the 
problem of traffic control and has improved street efficiency 
by reducing the number of major conflict points. 

Examples of this trend can also be observed in other 
land uses. Many urban renewal projects are creating 
"superblocks," which drastically reduce the area devoted to 
streets. Regional shopping centers utilize large sites sur
rounded by freeways and arterial highways, and com
pletely void themselves of internal public streets. Large 
industrial developments often consist of superblocks with 
few interior public streets. 

There is also a discernible trend toward removing trans
portation facilities from the immediate vicinity of the 
pedestrian activity area, whether the land use is residential, 
industrial, or commercial. Many new living, working, and 
shopping facilities are being developed in relatively large 
units without internal streets. Automobile access is pro
vided to parking facilities surrounding the development, in 
preference to a penetration of the development. Thus the 
trend to a larger-grained pattern in the transportation sys
tem has its parallel in land use. Small lots and small hold
ings are no longer easily marketable. The trends in both 
transportation and land use have followed the same pattern, 
and this is not coincidence. They have both begun to re
flect the automobile scale and this trend is continuing. 

This has great significance in transportation require
ments. The new circulation system must have greater 
capacity, greater efficiency, and provide for higher speeds 
with increased safety. Although a lesser proportion of the 
land area may be devoted to public streets, much more land 
will be required for terminal facilities , private internal cir
culation, and other auxiliary needs which must be consid
ered as elements of the transportation system. These ele
ments, frequently ignored or at least overlooked in the 
over-all system, must now receive greater attention. 

It may at first appear paradoxical that there is currently 
a reduction of area devoted to public streets in the face of 
increasing traffic requirements. This is a result of increased 
personal mobility and increased efficiency of the road 
facilities being provided. It can be shown that a freeway 
lane can provide the capacity of three surface street Janes. 
Lanes on new arterial highways, with some access control 
and effective geometric design , have considerably greater 
~apacity than ordinary surface street lanes on older facili
ties. Predictions of the land required for an ultimate free
way network in a typical metropolitan area indicate that 
no more than 2 to 3 percent of the total area will be 
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needed. Yet the freeway network is expected to handle up 
to 50 percent of the total travel. This is indicative of the 
tremendous efficiency that is being developed for the new 
transportation facilities as contrasted with previous sys
tems. 

OPTIMUM HIGHWAY SPACING 

Positive criteria for achievement of an optimum transpor
tation network have not yet been fully developed, although 
much useful research has been done. Most existing re
search studies have been based on the user-benefit ration
ale, whi h at pre ent. i the only sy temalic approach to 
thi prob lem. An analytic tudy for c lablishing the spacing 
of expressways and arterial streets was developed in con
junction wi th the hicago Arca Transporlation tudy. By 
traffic . imulation and assignment method -, the rclical ex
pre sway and a rteria l highway spacing were developed to 
minimize the combined costs of construction and travel. 
This minimum cost methodology is consistent with normal 
highway engineering criteria. 

In addition to highway user and construction cost con
siderations, however, there are many other elements which 
have a bearing on expressway and arterial street spacing. 
These planning elements, dealing with community values, 
have not yet been sufficiently analyzed for an bjective 
method to be developed t inc rporate them int the 
evaluation process. 

One useful approach might be the development of an 
optimum size theory for various land-use development 
units. If a range of sizes could be established for self-con
tained units, arterial highways could be spaced to circum
scribe these units without interfering with their internal 
operation. The arteri als could be designed to accommodate 
the trnffic demand with a flexible capacity achieved by vary
ing the number of lanes. Access from individual develop
ment unit · lo the perimeter arterials could be limited to 
optimum intersectional spacings to provide maximum ca
pacity cn1cicncy on the arterial network. 

One interesting factor in relating transportation facilities 
to land use is the constancy of this relationship. Carroll 
(B09) emphasized the uniformity of the cost-benefit rela
tionship that results with almost any density of develop
ment. The cost per mile for development of a new high
way facility varies directly with the density of development 
within the area affected. However, the utilization of the 
facility also varies directly with density of development, 
and the benefits to users, accruing from the development 
of a new facility, will vary directly with the utilization of 
the facility. Such analysis would indicate that the ratio of 
user benefits to development cost is practically constant, 
inasmuch as the more expensive facility will be utilized 
more intensively. 

HIGHWAY ADEQUACY 

The fear that the highway transportation network may 
experience overload and obsolescence in the future appears 
to recur constantly. This is largely based on the experiences 

f the past, where traffic congestion appeared to continually 
increase despite the investment of billions of dollars in 
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new highway and freeway systems. Predictions of system 
failure are prevalent, and there appears to be little factual 
evidence available either to prove or disprove the validity 
of these contentions. 

Methodology is available to determine the adequacy of 
the highway and freeway networks, based on various den
sities of land-use development. These interrelationships 
can be used to determine what factor of safety is provided 
in the current patterns of highway development in relation 
to varying land-use densities. It can, therefore, be estab
lished whether increased densities could be accommodated, 
if considered desirable, and, alternatively, what modifica
tions might be necessary in the transportation network to 
accommodate higher densities. In the case of high-density 
corridors, non-highway transportation systems may be 
justified. 

Another alternative is to balance out higher densities 
with additional open space to reduce over-all density to a 
level that can be efficiently accommodated by the highway 
system. 

The parameters of alternative courses of action have not 
yet been fully developed, although transportation studies 
have developed criteria for specific communities. It is 
necessary that the findings of various transportation studies 
in regard to the interrelationship between land-use densi
ties and the transportation system be correlated in order 
to develop generally applicable conclusions and guidelines. 

HIGHWAYS AS DEVELOPMENT TOOLS 

Highways were formerly considered primarily as service 
facilities to provide access for abutting land developments. 
More· recently, however, the highway facility has been 
recognized as one of the active elements which controls 
and directs growth, and as one of the forces that shapes 
the community. 

One of the greatest causes of pressure for rezoning is 
the accessibility created by new freeways in larger metro
politan areas. A general plan developed prior to the free
way system cannot reflect the changing land economics 
which follow the introduction of a freeway. The usual 
effect of the new transportation facility on adjoining land 
is to promote rapid development because of improved 
accessibility, visibility, and exposure. The freeway itself 
can be a most potent implementation tool in furthering 
community objectives. This has not yet been fully recog
nized in many communities, where stability and inertia 
impede necessary changes. In most cases no consistent 
policy has been developed to reflect the radically new situ
ation that has been created. 

Community impact studies have indicated that new 
highway facilities create new land values, illustrating phe
nomenal increases in land values for most uses adjoining 
new freeways and especially around the vicinity of inter
changes. Some authorities believe that this reported in
crease of land values actually represents a transfer of values 
more than an actual creation of additional values. In some 
cases these new values around new highway facilities have 
been created to the detriment of existing values around 
older transportation facilities which have been superseded. 

New opportunities around freeway interchanges are taken 
advantage of by the development of new commercial and 
industrial sites which are better located with respect to 
transportation facilities, and have the advantage of a new 
environment freed from the blighting influences of existing 
older developments. The achievement of a proper balance 
between the creation of new opportunities and the preser
vation of existing community values provides one of the 
most difficult problems with relationship to new facility 
location. 

In some areas the obtaining of access rights along a high
way has the auxiliary effect of eliminating development 
which would occur along the new route if access were 
permitted, and would become competition to existing de
velopments. This is considered justified as a useful by
product, on the basis that new competing development 
would divert business from existing commercial develop
ments and would prove detrimental to existing communi
ties. Thus, one of the beneficial effects of obtaining access 
rights is the controlling of development, permitting the 
revitalization of existing commercial developments rather 
than encouraging new development along new routes. Such 
access controls also have the corollary advantage of elimi
nating interchange and intersectional traffic problems which 
would accompany new development along the route. The 
practice of using access control primarily as a means of 
eliminating competition to existing developments may be 
questionable with regard to the intent of the legislation, but 
as an auxiliary effect it apparently has proved valuable in 
some areas. 

A more comprehensive planning philosophy with regard 
to highway location is actively pursued by some States, 
which carefully analyze all of the planning aspects of al
ternative highway locations. In Michigan, for example, 
an attempt is often made to locate freeways close to the 
central area of a community, rather than as a more dis
tant bypass route which avoids the central city. The ob
jective is to provide improved accessibility to the central 
area .and create new development potential immediately 
adjacent to the downtown core, which will tend to stabilize 
and strengthen the central area. 

In contrast, the alternative of locating the freeway more 
distant from the central area creates opportunities for com
petition and draws much of the commercial vitality to new 
locations around freeway interchanges. This type of by
pass frequently results in a deterioration of the central 
area, particularly with regard to commercial and office 
facilities. 

In one Michigan city a new freeway that was located 
immediately adjoining the downtown area resulted in a 
new department store being developed in the central area 
to complement and strengthen existing commercial devel
opments, rather than in some suburban location where it 
would have created severe competition with the central 
core. 

The use of highway location and access controls as an 
effective implementation device to encourage desirable 
land-use development practices appears to offer a valuable 
tool and further exploration of this device should prove 
rewarding. 

' i 
'\ 



THE HIGHWAY IN THE URBAN LANDSCAPE 

In addition to the new role of the highway as a tool in 
shaping metropolitan area growth, it has achieved addi
tional prominence in affecting the visual structure of the 
city. Freeways have become one of the most dominant 
elements of the urban landscape, rivaling natural topogra
phy. An individual's perception of a metropolitan area is 
largely developed through his daily visual contact with the 
community as he drives along the freeway. The highway 
has, therefore, assumed a much greater significance than 
as a transportation device alone. The land use immediately 
abutting the highway has also become part of the urban 
landscape, achieving a prominence which is unparalleled. 

Land-use controls must now take into consideration the 
aesthetic and visual opportunities presented by the highway 
in the urban landscape. This is an area where little has yet 
been done, although programs such as the Scenic Highway 
Program have brought this new element into sharper focus . 

A few instances have arisen recently where the need for 
relating land uses to the freeway system has received spe
cial recognition. Fresno, Calif., has initiated a project to 
analyze the implications of its new freeway locations on 
the land uses immediately abutting the routes. The acqui
sition of various properties in conjunction with the free
way right-of-way requires a study of relocation potentials. 
The study would ascertain the most appropriate locations 
for various types of land uses in relationship to the free
way. It would establish new commercial and industrial 
sites and attempt to integrate these land uses and their 
access with the interchange designs. Recommended con
trols of land use, property subdivision, and design adjoin
ing the freeway would be developed. The freeway design 
would also be correlated with the land development im
mediately adjoining, taking into consideration the visual 
opportunities afforded and possible joint utilization of 
rights-of-way for multiple land uses. 

CHAPTER SIX 
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Similar studies have been undertaken in Pasadena and 
other California communities. Multiple use of rights-of
way, including the use of air rights over and under free
ways for parking and other purposes, has introduced a 
new dimension in the integration of the transportation 
facility into the community, whereby both the transporta
tion and land-use functions can complement each other 
most satisfactorily. 

THE HIGHWAY CORRIDOR CONCEPT 

According to Levin (B01) there is need for a wider con
cept of the highway based on functional considerations 
rather than physical limitations. 

The corridor concept of the highway facility is dealt with 
specifically in the new scenic roads legislation. The pri
mary purpose of the law is to permanently protect the high
way corridor with regard to scenic values, even though this 
might involve considerable additional cost. It deals with 
various zones within the corridor that are affected by the 
highway, as follows: 

l. The immediate zone is the actual right-of-way occu
pied by the highway. 

2. The inner zone beyond the right-of-way has a legal 
and functional status where controls are exercised. 

3. The outer zone is largely defined for purposes of 
protecting the view and is subject to somewhat lesser con
trols. 

Some authorities anticipate that this functional concept 
of the highway can also be extended in other directions to 
correct some of the deficiencies of current highways. An 
expansion of controls for the purpose of protecting the 
functional and safety aspects of the highway is an interest
ing concept that should be thoroughly examined for possi
ble application with regard to stabilizing highway utility. 

HIGHWAY FUNCTIONAL CLASSIFICATION 

HIGHWAY FUNCTIONS 

The functional classification of highways is of relatively 
recent origin. The idea that a highway system could 
consist of a hierarchy of roads was advanced in the early 
part of the present century in an attempt to apply the 
principle of division of labor which had proved so suc
cessful in industrialization. The intent was to organize 
travel and transportation facilities so as to multiply the 
capacity of highways. It was stated that three distinct 

types of movement could be identified on the roads, which 
would reflect three purposes of highway function: access 
to land, service of various objectives of travel within the 
community , and intercommunity travel and transportation. 

At that time most of the highway systems had the 
primary function of furnishing land access and, without 
the streets and highways, land development would have 
been almost impossible. At the same time, simply living 
within the community led to development of certain 
transportation activities requiring the traversal of these 
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land access areas and the mobility function became impor
tant on some of the roads involved. This access function 
was even more stressed in urban areas, where land holdings 
were relatively small in size and each parcel required its 
own access. In retrospect, the tremendous highway build
ing program of the 1930's and 1940's, where well-built 
highways provided extensive land service, has resulted in 

. much premature obsolescence due to a failure of recogni
tion of functional distinction. Even today, the importance 
of this mobility portion of the highway function as a 
factor in community service, as opposed to land service, 
is not fully recognized by the general public. 

FUNCTIONAL CATEGORIES 

Since the early portion of the present century, several 
proposed breakdowns by functional classification have 
been made. Each had its own peculiarities, but all are 
basically similar in some respects. The major differences 
are in the number of levels of classification and mixture 
of function, but all of the schemes recognize the two 
extreme functions of land service and through highway 
mobility or movement. 

In any modern consideration of a functional classifica
tion of roads, there are two categories of public ways which 
are always present. One serves movement almost exclu
sively, while the other is almost wholly oriented to land 
access. The modern freeway is distinguished by two 
features which are always present-controlled access and 
grade separation. Freeways do not normally provide 
access to abutting land in any direct way. Their purpose 
is area accessibility and "the intent is to make it possible 
for highway transport to get to and from an area safely, 
conveniently, and economically. 

Freeways have proved their ability to carry out this 
intent. It is the short trip from freeway to destination 
that is becoming the problem. Just as air travel for many 
trips takes less time between airports than to and from 
airports, inadequate cross-highways seem to add an in
ordinate travel time to the trip. It is on these cross-high
ways in urban areas that the functional classification ap
pears to break down. 

These cross-highways can, of course, be permitted to 
serve any level of land access that is desired . In most 
of the extreme examples of congestion in the vicinity of 
freeway interchanges, it will be observed that no control of 
land access has been exercised on the cross-highways, 
thereby converting them to land access streets. This, of 
course, is the other extreme in functional classification. 
These are the local land service streets available for access 
to all abutting property. The streets are lined with drive
ways, alleys, curb cuts of all sorts, and curb parking is 
normally a major obstacle to traffic flow. Such streets 
cannot move large quantities of traffic for any distance. 
Because of the lack of land service from freeways and 
inadequacy of transportation service from access streets, 
it is extremely doubtful that a total highway system made 
up of only these two components can provide an optimum 
under normal conditions. 

Thus, two or more additional functional levels are 

ordinarily included in highway systems. The higher order 
of these is the arterial (sometimes called primary, trunk 
highway, major highway, etc.), which can provide excel
lent service between areas of a community. In order to 
have this capability, however, it cannot provide a high 
level of land service and, in fact, should not provide any 
direct land service at all where possible. Its function is 
generally two-fold-to provide a high-capacity connec
tion between the long-haul freeways and the land service 
street pattern, and to provide for relatively fast transporta
tion within a community when the trip lengths do not 
warrant use of freeways themselves. 

Occasionally arterials feed directly into land service 
streets. In many cases, particularly in small communities, 
this arrangement is satisfactory. In larger communities, 
where the arterials carry heavy traffic volumes and where 
direct distribution into land service streets creates too 
much friction and conflict with these larger volumes, there 
is a second level, generally known as a collector (secon
dary highway, connector, etc.) 

This category forms the transition from the minimum 
access of the arterial to the almost complete access of 
the land service street. The collector provides occasional 
access points into abutting property, but its main function 
is to provide frequent contact with numerous local streets 
at public street intersections. The limited number of 
intersections with arterials permitted by the use of collec
tors helps to maintain arterial flow at a reasonable level 
while at the same time collectors provide a convenient 
distribution system into the direct land service roadways. 

Under most circumstances, a highway functional clas
sification system can be reduced to the four levels indi
cated-freeway, arterial, collector, and local service. In
termediate classifications or subcategories for any of these 
can be introduced, simply by choosing a somewhat dif
ferent mix of movement versus access, but the introduction 
of additional classifications rarely clarifies and usually 
confuses the system. Some systems of functional classifi
cation have broken each of the lower classifications into 
a number of subclassifications. Such extensive specialization 
may be useful in special cases, but it would appear that 
a more limited classification scheme would provide ade
quate flexibility for most occasions, as well as greater 
simplicity in its application. 

Numerous categories of highway facilities are now in 
use with little uniformity among agencies. Further study 
is needed of the exact role and function to be served by 
each type of facility, and especially the geometric design 
characteristics which differentiate them. Each category 
should be evaluated for the particular characteristics that 
would be most suitable for each type of abutting land use. 

HIGHWAY FUNCTIONAL CHANGES 

The radical changes that have taken place in the functions 
and use patterns of some of the highway classifications 
with the advent of the freeway emphasize the need for 
re-evaluation of highway planning practices. Previously, 
trips of any substantial distance were served by the arterial 
street system, which provided the only continuous, regional 
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linkage. With a relatively uniform distribution of develop
ment intensity in large suburban areas, traffic flow patterns 
were often relatively uniform and continuous throughout 
much of the network of grid arterials, with exceptions on 
the approaches to central areas. Upon completion of the 
freeway network, most trips of substantial distance are 
diverted to the new system. The arterial network then 
serves principally as feeders for the freeways and for 
shorter trips which would not benefit by using the freeways. 

A number of significant pattern changes take place 
when this occurs. Major traffic flows that formerly paral
leled a freeway route re-orient themselves in a direction 
perpendicular to the freeway. Arterial traffic flows that 
were relatively uniform before, greatly increase in intensity 
approaching freeway interchanges, and experience lower 
traffic intensity in the area between freeways. This variable 
demand placed on different arterials and on different 
portions of the same arteriai' would indicate that a pattern 
of uniform arterial spacing and uniform cross-section is 
not necessarily consistent with the demands being imposed. 
The possibility of varying highway width in accordance 
with traffic demand may provide a new opportunity for 
greater transportation balance in accordance with the 
needs of development. 

Commercial development which proliferated around the 
arterial highway has reduced the utility of the highway 
for through traffic. However, the facility itself can continue 
to serve a useful although changed function. It now pro
vides land access as well as serving the shorter trip which 
remains on the highway. Wherever its former function 
has been absorbed by a new freeway facility, the highway 
now performs other types of service to accommodate 
changing conditions. Although its function may have been 
impermanent, the physical structure can continue to serve 
the community in a useful manner. 

This change has usually taken place in an unplanned 
fashion. The access function has been thrust on the facility 
with few controls, and the result is a facility which cannot 
serve its current functions efficiently. The objective in 
the future should be to anticipate that change will occur, 
and to build in those controls which will minimize the 
effects of disruptive influences. 

HIGHWAY PATTERN CHANGES 

Many changes have taken place in street and highway 
patterns in new areas to correspond with functional 
changes. However, the pattern of arterial highways 
has generally remained the same. In many metro
politan areas the grid system of arterial roads is main
tained al the same general spacing as before, and the 
proportion of land area devoted to arterial streets has 
remained the same. The additional land devoted to free
ways has increased the total land potentially reserved 
primarily for the through traffic function by between 2 
and 3 percent. 

Considering the radical changes that have taken place 
in the arterial function with the advent of the freeway, 
it is appropriate to analyze the new role of the arterial 
highway after comp!etion of the freeway network. PriOJ 

21 

to the freeway concept, when the arterial street formed 
the highest class of highway, lengthy continuity was re
quired to allow it to serve its purpose. This principle 
was carried down to the lowest level and resulted in the 
typical grid patterns of most of our metropolitan areas. 
With the advent of the private automobile as a primary 
transport mode, the acceptability of increased travel dis
tances permitted development of residential areas served 
by discontinuous street patterns for local access roads. 
Today it is uncommon to find modern residential sub
divisions ( or industrial parks or regional shopping centers, 
for that matter) with continuous internal street systems. 

With this precedent, and with the freeways as a back
bone system, serious consideration might be given to 
raising the level of street on which discontinuous operation 
would be acceptable. There may be a need for a duplicate 
system of continuous arterials at lower service levels for 
those persons who do not wish to use freeways, and for 
emergency or peak conditions when the freeway is inade
quate to meet demand. It would seem, however, that the 
need for long-distance continuity at the collector level, 
and even for minor arterials, may be subject to review. 

In the development of new facilities it is no longer 
essential for origin and destination to be connected by a 
straight line to provide effective traffic service. Most 
motorists today measure their driving distance and con
venience in terms of travel time rather than physical 
distance. There is less concern with travel mileage than 
with travel ease and clarity, and especially with time. 
Freedom of movement is considered more desirable than 
directness of movement, as long as clarity is maintained. 
This concept offers much greater flexibility than when an 
optimum highway was equated with a straight highway. 
Further exploration of this basic concept may produce 
valuable results in developing effective transportation fa
cilities for the future. 

Major changes in street area and in street pattern have 
occurred on the local streets. In many current develop
ments the land devoted to local and access streets is only 
about one-half that required in the old gridiron-type pat
tern. The reduction in total street area which has been 
noted historically has been accomplished by an increase 
of block sizes and the introduction of curvilinear-type de
signs in the newer residential areas. There has actually 
been a net increase in area devoted to the movement func
tion of arterials and freeways, but this has been .more than 
compensated for by the reduction in local street area. 

The trend in renewal of older areas is to reduce street 
area by the creation of superblocks and the elimination of 
unnecessary local streets. In most cases, however, some of 
the old streets must be retained for service and access, even 
though they may not be needed for movement. 

Another factor which often discourages the abandon
ment of ·older streets is the need for maintaining utilities 
and easements within these rights-of-way when excessive 
costs do not permit their relocation or abandonment. Only 
in the case of total renewal has it generally been feasible 
to materially reduce street areas in older neighborhoods. 

Although a greater proportion of the land was devoted 
to streets in older urban areas, development intensities were 
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usually higher, so that the ratio of street area per resident 
was about the same as in newer developments with less 
street area. There were, of course, fewer vehicles on the 
streets, but those vehicles could not be moved as efficiently 
and congestion was apparently just as prevalent as today. 

Obviously, today's conditions are vastly different from 
those of previous eras, and the circulation requirements 
are quite dissimilar. The need for a re-evaluation of circu
lation requirements is clear. The interrelationships be
tween the transportation facilities provided and the land 
uses served must be analyzed in the light of the new con
ditions and opportunities that are currently provided; even 
those practices of two decades ago are questionable when 
examined from the viewpoint of the post-freeway era. 

OPTIMUM HIGHWAY BALANCE 

Accepting the premise that a modern highway system must 
be comprised of several different functional types of facil
ity, the question arises as to what would constitute an 
optimum mix of these facilities for a balanced highway 
system. One of the elements of balance is between con
trolled-access and free-access highways to provide maxi
mum transportation capability and safety without impairs 
ing land service. The objective of balance would be to 
achieve an optimum mix between freeways, arterials, col
lectors, and local streets, which would provide maximum 
capacity and safety, minimum land utilization and cost, 
and adequate land service. 

These new concepts may have only limited applicability 
for some time in areas that are already fully developed. 

CHAPTER SEVEN 

ACCESS CONTROLS 

EFFECTS OF UNCONTROLLED ACCESS 

Many of the problems of existing surface highways can 
be traced directly to the lack of access control. Prior to 
extensive application of the freeway concept, most arterial 
highways were developed with little control of direct land 
access. The high traffic volumes (representing potential 
customers) along such routes created a demand for com
mercial development, which resulted in a proliferation of 
commercial uses along the facility. The most profitable 
marketing of adjoining properties was achieved by sub
dividing the highway frontage into the largest number of 
frontage units, which were then sold to individual owners. 
When the need for parking and servicing became obvious, 
individual property owners sought individual driveways, 
resulting in highways with an endless series of access 
points. Each of these represents an intersection with the 

There is already a tremendous investment in the street and 
highway network which must be maintained with minimum 
change. The greatest challenge and opportunity lie in 
those areas where no commitments presently exist. Be
cause the urbanized areas will virtually double in size 
during the next 20 years, a very sizeable portion of the 
land that will be in use in the next generation is not pres
ently committed. A re-evaluation of transportation require
ments in these newly developing areas could result in a 
more balanced transportation pattern, providing better 
service both to the highway user and to the community. 

The concept of optimization could be carried even far
ther in seeking the combination of circulation and terminal 
facilities that would provide maximum capacity and mini
mum cost. The most economical transportation system 
would provide the greatest transportation capacity and the 
shortest travel distance. Relating this principle to a free
way system, the least over-all investment may be a system 
whereby the freeway and terminal facility are contiguous, 
so that the driver can terminate his trip without entering 
any intermediate surface highway facility. Discussions with 
various highway officials have disclosed that there is an 
increasing trend in transportation system design to con
sider the terminal facility as well as the travel facility, in 
order to provide optimum service for the highway user. 
The complete circulation function includes both traffic 
terminals. Examples of such systems have already ap
peared, where direct connections have been provided from 
a freeway facility to a parking facility, although such 
examples are still relatively rare. 

highway, and their proximity is a prime cause of the chaotic 
situation so widely condemned by highway administrators. 

The highway administrator is only too conscious of the 
deterioration and functional obsolescence of an entire 
generation of new arterial facilities which were built only 
a few decades ago. The huge investment that was intended 
to develop much needed highway capacity was largely dis
sipated through the premature obsolescence of these facili
ties as abutting developments grew along the entire length. 
Most of these older main roads are structurally adequate, 
but operationally deficient as arterial routes. The cost of 
improving these facilities to regenerate their traffic utility 
is often so great that it is generally less expensive to build 
a new facility than to salvage the old one, and a com
pletely new facility is built, paralleling the old one but in 
a different location. 

In many instances highway administrators condemn the 



land-use practices which permitted the problem to develop. 
Obviously, if commercial development had not been per
mitted to expand along the highway, this obsolescence 
would not have taken place. This explains the specific 
interest in an analysis of land-use control practices to de
termine how and where such practices have been faulty in 
the past, as a guide toward avoiding a recurrence of the 
current situation. Or perhaps the problem lies not so much 
with the development as with the lack of other controls 
that could have prevented the problem. 

It is essential that the basic problem be correctly ana
lyzed so as to avoid a repetition of the same problems that 
caused the demise of the old highway. Most agencies ap
pear to be well aware of the inherent dangers. However, 
there are some cases where adequate protection for the 
new facility has not been built into the new route. 

CAPACITY VERSUS ACCESS 

The objective of access control is to protect the utility of 
the highway. It is apparent that the land service function 
decreases the capacity of a facility. But little is known as 
to the quantitative effects, or of the effect of different 
designs of land service. The capacity of a highway is 
normally expressed in terms of number of vehicles per 
hour for unrestricted flow conditions. This number is 
modified through the application of various factors to ac
count for the actual existing conditions. These modifiers 
normally include such things as commercial vehicle traffic, 
lane widths, grades, curvature, etc., but do not normally 
take into account conflicting vehicular traffic in terms of 
number and pattern of cross streets, driveways, etc. 

Under conditions of light to_ moderate traffic flow along 
the arterial, and without an excessive number of points of 
entry, there will be adequate gaps in the arterial traffic to 
permit the side traffic to enter without major disruption. 
Under conditions of heavy traffic, however, relatively few 
entries from each of many driveways can create serious 
problems for the arterial, and for the side traffic itself, in 
terms of excessive delay. Often, attempts to solye these 
problems consist of the installation of traffic control devices 
at street intersections, and occasionally at major driveways. 
In many business districts the excessive number of signals 
installed has contributed much to the over-all congestion 
and low service levels experienced in those areas. 

Although the effect of driveway access points has usually 
been considered and recognized as detrimental to a major 
highway, the effect of numerous street intersections has not 
received the same consideration. There is, of course, little 
physical difference between an entering stream of traffic 
from a street and from a driveway. Quite often it is clearly 
evident that the problem is not so much the number of 
vehicles entering as the number of points of entry and 
their design. 

A study by Major and Buckley (228) of access point 
spacing along an arterial stream of traffic considered the 
problem from the point of view of the abutting property 
in calculating arrangements to provide for minimum delay 
to entering traffic and, alternatively, maximum capacity 
for the entering traffic. Their results, however, are also 
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applicable to the highway itself. They found that a multi
plicity of driveways or access points at close intervals pro
duced not only undue conflict with the arterial, but mutual 
conflict with each other, resulting in lower capacity and 
increased delays for traffic from abutting property enter
ing the highway. On the other hand, spacing those drive
ways adequately distant from one another to permit the 
highway traffic to regain its random flow characteristics 
between driveways proved to be the most satisfactory 
arrangement to minimize delay to the entering traffic, as 
well as to maximize the arterial flow. 

If a method were developed to predict the amount by 
which highway capacity is reduced by various types of 
land service, a valuable tool could be made available to 
governmental agencies, because it would be possible to 
demonstrate the effectiveness of various degrees of access 
control in the increase of highway capacity. 

ACCESS CONTROL EFFECTIVENESS 

In almost every reference where the question of protection 
of interchange areas or protection of main highways of 
any sort was considered, the use of access control as a 
fundamental tool was emphasized. Of course, the greater 
the demand on an arterial, the more important this con
trol becomes. In the immediate vicinity of interchanges, 
where the most intense traffic volumes will normally be 
encountered, the need for access control is of greatest 
importance. 

Acceptance, both by the public and by the courts, of 
access prohibitions to certain highways and to freeways, 
is a general fact throughout the country. However, ac
ceptance of access control and limitation for other high
ways and streets has not been generally reported. There 
are many reasons for this situation. In some communities 
the land ownership breakdown is such that prohibition of 
a driveway on an arterial street to a given parcel of land 
would often be equivalent to total denial of access to that 
land, a situation which would require utilization of eminent 
domain powers and compensation to the landowner, rather 
than police powers. Other com.munities have found that 
the potential tax revenue from proposed developments was 
just too tempting to lose because of a battle over access to 
a major highway, a very common demand of large devel
opments. Many cities have rarely had sufficient staff 
to convince the developer either of the impropriety and 
detrimental effects of that access upon the development 
itself, or to analyze the situation adequately enough to 
develop access which would not be so damaging. From the 
point of view of the developer, limited access often creates 
limitations that would not otherwise exist. If the limitations 
that access control puts on the potential land use are un
reasonable, access control will prove unstable and ineffec
tive in protecting the utility of the highway. 

ACCESS CONTROL FOR NEW FACILITIES 

Freeway facilities provide the principal example of preser
vation of transportation capacity through elimination of 
all access rights. Some States have extended this principle 
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to include many other new State highways. Connecticut 
has found that purchase of full access rights in conjunc
tion with new rights-of-way is only slightly more expensive 
than to acquire the right-of-way without such access con
trols. Therefore, they have established a policy of usually 
purchasing access rights whenever new rights-of-way are 
acquired. This is particularly applicable in rural areas, 
where the low additional cost makes this policy economi
cally feasible. In more urbanized areas obtaining access 
rights along new highways is frequently prohibitively ex
pensive. New Jersey indicates that a general policy of ob
taining access rights with new highway .alignment rights
of-way would not be practicable in an urban area, due to 
cost considerations, except in the case of freeways. 

Discussions with land-use attorneys (B11, Bl 4, Bl 5, 
B 16) indicate that reasonable control of access can gen
erally be exercised by the State under the police power. 
However, unreasonable controls are compensable and the 
principal area to be resolved is what constitutes reasonable 
access control. Carroll (B9) considers the application of 
access controls to highways as a police power that is 
exercised in a manner similar to zoning. It is intended for 
the protection of health, safety, and welfare through the 
exercise of design and geometric control of access privi
leges in the same manner that land-use zoning protects the 
public interest. 

Some States exercise such control in the review of all 
subdivision plats abutting State highways and through 
driveway ordinances. Wisconsin attempts to limit access 
to the highway to minimum 1,000-ft distances between 
intersections. Michigan attempts to achieve access control 
by proper design on a cooperative basis; wherever possible, 
an attempt is made to have all driveway access from a 
cross street rather than directly from the State highway. 

Although many agencies have been successful in exer
cising access control through subdivision ordinances, there 
is sometimes a loophole available to developers which has 
created serious problems. Subdivision ordinances often 
control division of land only when five or more parcels 
result. The local governmental agency can then exercise 
control. In many States, however, land splits resulting in 
four or fewer parcels are not subject to subdivision con
trols. Some developers have used this loophole to subdivide 
land into four parcels, and then later to re-subdivide each 
parcel into four more, thereby evading the intent of the 
ordinance. This device can then be used to justify the need 
for additional driveways. 

Michigan is attempting to combat this practice with a 
new Jaw that makes any land parcel subdivided into five or 
more sub parcels within a 10-year period subject to the 
subdivision ordinance. This will extend the controls to 

cover most cases of attempted evasion of subdivision re
quirements, so that improved access control will be possi
ble in the future. Many cities and counties have ordinances 
which must be adhered to for any Jot split to combat this 
practice. 

The application of access controls under the police 
power, rather than acquisition of access rights through 
purchase, appears to offer a significant tool with many 
long-range opportunities. 

ACCESS CONTROL FOR EXISTING FACILITIES 

Wisconsin has the power to impose effective access con
trols for existing State highways. A trunk highway above 
a specified traffic volume is declared a controlled-access 
facility and a public hearing is held which results in a 
freeze of existing access conditions, taking into considera
tion requests of adjoining property owners for additional 
access. After that no additional intersections are autho
rized unless they can be individually justified and fit the 
State's policies with regard to access along the particular 
route. Access controls are exercised under the police 
power, based on public health and safety considerations. 

Wisconsin has also extended the controlled-access high
way law to cover county trunk highways. The County 
Board holds hearings where access locations are fixed and 
maps are prepared showing official locations of highway 
entrances. These access restrictions cannot be removed 
without another public hearing, although property owners 
can resort to the courts to obtain additional access within 
30 days of the hearing and prior to adoption of the official 
map. The only legal requirement appears to be that prop
erties are entitled to direct access from a highway, but the 
courts have held that the property owner suffers no com
pensable loss when a frontage road is constructed, even 
though this may incur additional travel. 

One of the most serious problems in most States is the 
achievement of stable controls with regard to access re
strictions. In the case of freeways, the acquisition of all 
access rights provides permanent protection which is not 
subject to deterioration over the years. However, in the 
case of restricted-access highways there is the danger that 
restrictions may be diminished over long periods of time. 
Eventually, the built-in capacity and safety may be seri
ously curtailed as the pressure for additional access points 
is increased. 

The method of fixing access locations by law is a useful 
method to establish controls which are not readily subject 
to local pressures, and to assure that political expediency 
has minimum effect on the highway facility. These and 
other tools for implementing restricted access control 
should be studied for wider application. 



CHAPTER EIGHT 

HIGHWAY DESIGN CONTROLS 

DESIGN FLEXIBILITY 

If the highway is not to become prematurely obsolete, it 
must serve changing requirements. A greater degree of 
flexibility in design may be able to accommodate a changed 
demand that might be imposed in the unknown future. 
Many existing road facilities are obsolete with regard to 
the type of service that they are now required to provide. 
Once constructed, a road is fixed in location and align
ment, and the facility can very well persist through several 
cycles of land use. 

As a transition occurs from rural to suburban to urban 
conditions, each phase in the development of the area has 
different requirements. Initially only two lanes with mini
mum access control may be needed, later four lanes with 
partial access control, and still later six lanes with restricted 
access. Ultimately, even greater capacity approaching an 
expressway may have to be developed. 

Some jurisdictions have recognized the need for such 
stage construction, and have reserved sufficient rights-of
way to satisfy the increasing demands of the future, even 
though the initial facility may be of a minimal nature. In 
California the construction of rural freeways is initiated 
with the development of a two-lane facility, which is re
developed and upgraded as increasing needs become ap
parent. This requires that the initial design provide for 
such upgrading and that sufficient right-of-way be ac
quired to make it possible. 

Design flexibility permits a periodic reassessment of the 
changing function and new requirements of the area, which 
permit the transportation facility to keep pace with new 
developments. Not all facilities can be designed with this 
degree of flexibility. However, it may be possible to de
velop a system of design which will permit greater flexi
bility of operation and opportunities for upgrading service 
without a tremendous additional investment in right-of
way. 

Carroll (B9) suggests that the intensity of land use can 
be correlated with the number and capacity of highway 
facilities provided to serve such land use. This general 
correlation is calculable, and both the land use and the 
highway facility should logically be developed in parallel 
with each other, so that the transportation facilities balance 
the proposed land-use intensity. With this approach the 
key element is flexibility of design to prepare for an in
tensification of land use that may occur subsequently. It 
would appear possible to develop a detailed methodology 
whereby the staging of highway development would be 
kept in close correspondence with the intensification of 
land uses served by the highway. If this type of program
ming could be developed, it would provide one of the 
soundest approaches to relating transportation and land 
use positively. 

Past history illustrates that right-of-way reservation is 
probably of extreme importance, even in those areas 
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where long-term planning provides transportation needs 
estimates. "The continuing concern in the field about 
over-design is probably misplaced; in the long life of cities, 
examples of over-design are rare. The concern of proper 
design is long-term service." This applies primarily to free
ways and arterials, and not to local streets. 

"Space for the channels of movement that are an in
tegral part of any community composite, must be ample 
beyond anything that we have yet thought necessary." It 
would appear to be necessary that, just as city planners 
strive to preserve flexibility to adjust land uses as future 
needs develop, highway planners must preserve their ability 
to accommodate future transportation needs which cannot 
now be evaluated, but which are inevitable. 

The circulation system must also be considered as a 
chain of related elements which must all fit together, so 
that no individual element is overburdened more than 
another related element. The design of the system must 
be flexible enough to avoid premature obsolescence by a 
breakdown of one of the critical links. It is especially 
necessary to develop greater design ingenuity which will 
guarantee that the critical linkages between the freeway 
and the surface highway facility, between the freeway and 
the terminal facility, and between the highway facility and 
the terminal facility, can operate successfully. This ap
pears to offer one of the paths toward greater efficiency of 
highway expenditure as well as improvement in operation. 

DESIGN CONTROLS 

The ultimate objective of geometric design controls is to 
achieve built-in protection for the highway facility which 
will be relatively permanent. The rapid rate of obsolescence 
of many existing arterial routes is partially due to a Jack of 
basic principles and guidelines available to the administra
tor who must make daily decisions with regard to these 
matters. The general use of access control, parking re
strictions, intersectional and driveway spacing controls, 
frontage roads, raised medians, and other techniques, can 
have a tremendous effect in preserving the integrity of the 
highway facility. However, their value is limited unless 
the agency which must implement these devices is familiar 
with what constitutes desirable practice. 

The degree of control exercised by governmental agen
cies varies considerably between jurisdictions. Some gov
ernmental agencies have made great strides in establishing 
design patterns and policies which permit the highway to 
develop built-in self-protection to preserve its inherent 
capacity, and to ensure permanence in the transportation 
investment. In reviewing some of the basic thinking and 
logic upon which these policies are based, it has become 
apparent that the basis was largely established by prece
dent and rule of thumb, rather than by ar:i intimate knowl
edge of the relationships that exist. In order for these types 



26 

of controls to be favorably accepted by the community, 
especially when they exercise a greater degree of severity 
than is common, it is essential that the reasonableness of 
such controls be established. 

The practicability of application of specific traffic con
trol techniques is directly related to the type of land use 
immediately abutting the highway. Creighton (BIO) has 
·provided a basis for highway design standards abutting 
strip commercial development and commercial corners, 
which can be expanded to provide general guidelines for 
other agencies. Horwood (Bl I) has also studied design 
standards for controlled strip development with regard to 
length, spacing, and provision of frontage roads. 

The value of design controls can be most effectively 
illustrated by relating their effects to highway capacity. 
An expansion of currently available studies would provide 
guidance for the highway administrator with regard to the 
effective application of these techniques, and also present 
conclusive evidence of their effectiveness in improving 
highway efficiency. The development of design standards 
which would provide an optimum combination of effi
ciency, safety, and land access would permit the effective 
application of the police power to achieve maximum pub
lic safety and to protect the public's interest in the highway 
facility. 

In most cases heretofore, traffic restrictions and con
trols have been viewed as remedial measures used by 
traffic engineers in an attempt to minimize existing prob
lems. The basic purpose here would be to establish the 
relative effectiveness and applicability of each type of con
trol with the objective of preserving highway utility by 
initia_l installation of such devices in a planned manner, 
rather than attempting installation as a remedial measure 
afterward, when it may be impossible without major dis
ruption of the community. 

DESIGN CONTROLS IN NEW AREAS 

Implementation of design controls can be effected under 
legislative as well as police powers. Legislation now under 
consideration in Wisconsin would establish State control 
on a 1,000-ft strip on either side of State trunk highways. 
This would permit the exercise of controls for all State 
routes to protect the aesthetic features and the utility of 
the route. The Southeast Wisconsin Regional Planning 
Commission has proposed a model zoning ordinance which 
would effectuate similar types of design control by local 
agencies. The State also establishes certain controls prior 
to re-selling surplus properties, which include the estab
lishment of scenic easements, signing controls, setbacks, 
access controls, and other restrictions which reserve spe
cial advantages for the highway. 

Some local agencies have developed standards of geo
metric design for the purpose of exercising control on 
arterial systems. Ventura County, California (BB), has 
established a policy for prohibition of direct land access 
to the primary and secondary road network for residential 
development, limiting intersection spacing to between 1, I 00 
ft and 1,500 ft. Raised medians are normally proposed 
with left-turn pocket lanes provided at all intersections. 

In commercial areas the County attempts to prohibit left
turn access less than 600 ft from a principal intersection. 
A left-turn pocket lane is then provided to accommodate 
vehicles wishing to turn left into the development. Under 
some conditions additional driveways may be permitted 
with access limited to right turns in and out. 

Creighton (BIO) advocates that no direct access be per
mitted from residences into arterial highways, as a general 
policy. He also advocates stronger control of driveway 
location and minimum spacing requirements, the general 
restriction of cross streets into arterials at ¼-mile intervals, 
and the elimination of on-street parking on arterial high
ways. Access restrictions are commonly employed in resi
dential areas, where driveways along arterial highways are 
often prohibited. Land access is accomplished by the use 
of service roads, back-up design, or side-on culs-de-sac for 
developments abutting arterial highways. 

An interesting theme which recurred frequently in dis
cussions with agencies throughout the country is that good 
sense in highway design control can be beneficial to the 
land-use developer as well as to the community and the 
highway user. There should, in actuality, be a common 
bond between property values and community welfare, 
whereby there is a positive effect on the development by 
the exercising of certain controls which would be in har
mony with the developer's objectives as well as providing 
benefits for the highway user and the community. Traffic 
problems with new development can be minimized, pro
vided the development is physically controlled and de
signed to minimize these difficulties, and the highway is 
physically controlled and designed to minimize any ad
verse effects of the development. 

DESIGN CONTROLS FOR EXISTING CONDITIONS 

During the discussions with various agencies, many exam
ples were cited of serious problems where commercial and 
other types of development followed the installation of the 
highway. The most serious involved cases where little or 
no access control was exercised. This often resulted in 
continuous driveways, which could not be distinguished 
from the highway pavement, or a frequency of driveways 
which interfered with each other as well as with the high
way. The most severe problems were encountered where 
no effective median barrier was provided and left-turn 
access was available continuously for the abutting develop
ments. In those instances where stringent driveway loca
tion controls were exercised and where median barriers 
were installed, the problems were less prevalent, even 
though similar development intensities were permitted. It 
therefore appears that the major concern in many instances 
is not with the development that is permitted, but with the 
access that is uncontrolled. 

Most improvements for present facilities are designed 
to minimize the effects of existing deteriorating conditions. 
Strip commercial development has seriously impaired the 
effectiveness of many routes as transportation facilities, 
while at the same time it has increased the need for capac
ity to serve the abutting developments. Faced with this 
condition, most States have developed a two-sided pro
gram. One is the development of new faciliiies ·which, in 



effect, abandon the existing facility for through traffic pur
poses. The other is upgrading of the existing facility to a 
standard of design which can provide through traffic 
service while also serving abutting developments. 

Where existing facilities are upgraded, it is frequently 
necessary to acquire additional right-of-way and widen the 
highway. A median effectively controls left-turn move
ments, which are a principal problem in serving abutting 
developments, and intersections are generally limited to 
significant cross streets, many of which are signalized. 
Most access to abutting property is achieved by right turns 
in and out, or from frontage roads, minimizing the detri
mental influences on highway capacity. This type of im
provement has generally resulted in significant increases of 
route capacity and has not seriously affected access oppor
tunities to abutting properties, particularly where oppor
tunities are provided for a change of travel direction at 
reasonable intervals. 

New Jersey has developed restrictive access design poli
cies which have been especially effective in upgrading old~r 
highways. Barrier median curbs, unbroken for many miles, 
have been installed along older routes. Medians control 
the flow of traffic under the police power, but also elimi
nate conflicting left turns and other undesirable move
ments. Access to abutting property is provided by right 
turn only where no breaks in the median are permitted. A 
change of travel direction is made possible by grade sepa
rations and ramps, which permit the driver to leave the 
highway and reverse his direction by negotiating a U-turn. 

New Jersey has also developed new types of intersec
tions along major arterial routes so that left turns are not 
required from the left lane. These practices were usually 
necessitated by restricted rights-of-way, where left-turn 
pockets would have been impractical. Additional inter
sections or grade crossings are strongly resisted; on some 
routes intersections have been limited to ½-mile or ]-mile 
intervals. In some cases a "jug handle" design has been 
developed through the acquisition of special rights-of-way 
along the outer side of the highway. In other locations new 
cloverleaf-type roadways have been developed at grade, 
whereby drivers negotiate three right turns beyond the in
tersection into a signalized cross street. These types of 
intersection design utilize existing roadways or new rights
of-way specifically developed for that purpose. Both the 
cloverleaf at grade and the jug handle have high turn 
capacities, and offer one effective solution to the left-turn 
problem along existing routes where rights-of-way are 
limited. Massachusetts has also used the jug handle de
sign effectively, but has more frequently utilized a wide 
median design where U-turns are permitted within the 
median. 

Massachusetts also is upgrading some existing arterial 
highways into expressway facilities, with grade separations 
at major cross streets. One-way service roads are added 
on both sides of the express roadway, with access from 
the new express lanes to the service roadways achieved by 
slip ramps on and off the expressway. Access to adjacent 
development is concentrated at specific points and restricted 
to right turns on and off the service roads. Vehicles can 
reverse their travel direction by using special U-turn 

27 

bridges provided at intervals. These types of improvement 
are relatively expensive, and the standards are not as high 
as on new facilities. However, this may be the only course 
available in some locations to correct existing situations 
which have become intolerable. 

Wisconsin is attempting to remove excessive driveways 
from trunk routes by combining access at specific locations. 
Crossroad connections are provided at no greater fre
quency than ¼-mile, if possible. Where present driveways 
occur at greater frequency, they have a program by which 
frontage roads may be installed which provide openings to 
the main roadway at intervals of about ¼ mile. 

In some States the improvement program has not been 
completely successful in rural areas due to its safety record. 
In Connecticut, unusually high accident rates have con
tinued along some highways that have been improved in 
this manner. The reason appears to be that the improved 
facility presents a false appearance of safety, resulting in 
speeds unsafe for the actual conditions. The occasional 
traffic signal surprises the motorist and accounts for a high 
incidence of rear-end accidents. Collisions with roadside 
obstructions and accidents involving vehicles entering and 
leaving commercial driveways are also prevalent. In many 
cases States have preferred to relocate the highway rather 
than attempt an improvement of an existing facility where 
access could not be reasonably curtailed. 

INTERNAL DESIGN 

Although the primary concern of the administering agency 
is the control of access locations and the design of the high
way geometry to provide access to abutting properties, the 
traffic operation within the property served has consider
able bearing on the effectiveness of the access control. 
Especially in the case of large traffic generators, provision 
of adequate reservoir area within the property, so that vehi
cles can be accepted into the facility as rapidly as the high
way can deliver the traffic, is of prime concern in the effi
ciency of operation of the total system. Similarly, the 
design of adequate exit facilities will also affect the efficient 
operation of the highway. 

Frequently, the effectiveness of internal traffic design 
will govern whether a particular development intensity can 
be accommodated effectively or whether traffic congestion 
will ensue. The control of land use is, therefore, intimately 
related with such elements as access control and internal 
design . 

The City of Los Angeles and other local agencies attempt 
to provide some degree of control of internal design when 
reviewing driveway location permits. Other agencies at
tempt to exercise some degree of control by requiring a 
review of the plot plan for the development. It is essential 
that those agencies which have the power of review and 
approval be fully aware of what constitutes effective in
ternal design and what design elements create problems. 
It is also necessary to find more effective implementation 
tools which will make it possible for local agencies to re
view internal design features in conjunction with land-use 
controls. This type of control is seldom exercised, but it 
has many implications that directly relate to land-use con
trol decisions. 
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CHAPTER NINE 

TRAFFIC GENERATION 

TRAFFIC GENERATION CRITERIA 

The most obvious relationship through which land use and 
transportation are associated is the traffic generation poten
tial of the land use which must be accommodated by the 
abutting highway. In the absence of criteria whereby the 
decision-making body can evaluate the interrelationships 
between the land use under consideration and the trans
portation demand generated, the agency is severely handi
capped. Consideration is then based on the over-all value 
of a particular development to a community, and it is 
optimistically presumed that the highway, as a service 
facility, will be able to accommodate the transportation 
demand. 

Although governmental bodies have the power to con
trol the intensity of development, they are usually unable 
to relate optimum intensity to circulation requirements. In 
most cases the agency has neither the time, the facilities, 
nor the personnel to analyze the complex land-use-versus
transportation relationship. They must make daily deci
sions by rule of thumb, and by applying established prac
tices and procedures which may have little relationship to 
the problem. Many of them candidly admit that they must 
adhere to obsolete policies for the lack of more basic 
guidelines. 

In some States available technical capabilities at the 
State level are used by local authorities to evaluate pro
posed land-use changes and their effects on abutting high
way facilities. Michigan law requires notification to all 
property owners within 300 ft of all zoning changes under 
consideration by a local authority. This informs the high
way department of all proposed zoning changes adjacent to 
State highways and freeways. The State conducts studies 
of the effects of the proposed change and advises the local 
agency of possible problems that might accompany such 
change. Various controls are recommended which are 
frequently adopted by the local jurisdiction as part of the 
rezoning of the property. 

In this manner local agencies receive competent techni
cal advice relating the proposed change, and its effects, to 
the highway system. The State also examines the site de
sign to assure that required future rights-of-way for the 
highway are protected, and that access control is achieved 
where needed. This practice, although only advisory, per
mits the exercise of uniform controls throughout the State 
for the State Highway System. 

This type of advisory service may be subject to wider 
application to assist local jurisdictions with technical prob
lems. However, technical criteria on traffic generation, in
cluding quantitative and qualitative relationships, are not 
yet readily available, so that the effects on transportation 
of specific land-use decisions can be determined. 

TRAFFIC GENERATION CHARACTERISTICS 

The characteristics of traffic generation have been devel
oped in conjunction with various transportation studies, but 
they have not been assembled for general application by 
local agencies. From the traffic generation factors devel
oped, it is apparent that commercial districts are the high
est generators of traffic demands on a land area basis. 
However, high-density apartment residential districts often 
match many of the commercial districts in their genera
tion. Industrial development rarely approaches either on a 
land area basis. Industrial parks, in particular, often gen
erate traffic volumes, for the acreage involved, of the 
same order of magnitude as some single-family residen
tial areas. This is particularly true of the total daily use, 
but the usual concentration of industrial trips in peak hours 
more than counterbalances this, and industrial traffic de
sign demands are much closer to those of medium-density 
apartment residential areas. Commercial areas, on the 
other hand, do not normally create a significant traffic 
problem in morning periods, but their midday traffic loads 
and, more importantly, the addition of commercial traffic 
to the highways during the industrial exiting traffic peaks, 
commonly result in the worst condition. 

Much current planning appears to have a tendency to 
assume high traffic generation in commercial and industrial 
areas, and low traffic generation in residential areas. The 
validity of this assumption is questionable, particularly 
where apartment units are involved. Typical zoning ordi
nances, with their concentration of apartment units, create 
an unusual problem in some areas. Although realizing that 
there are many other aspects involved in the choice of a 
city form, Neuzill's (153) comment that "It would seem 
consideration should be given to a more uniform dispersal 
of apartment elements throughout suburban residential 
areas ... " should be kept in mind in preparation of city 
plans. 

One of the biggest single problems in traffic generation 
characteristics of land uses is the extreme range of po
tential factors which might occur for each of the major 
categories ordinarily included in a zoning ordinance. The 
implication of this is that it would be helpful if zoning ordi
nances were developed in greater detail, with a finer break
down in land uses, although the probability of this is slight. 

Highways must be designed to meet, as nearly as possi
ble, peak traffic demands rather than average traffic de
mands. Neuzill (153) found that work trips, the major 
component of peak-hour traffic, were fair1y independent 
of household size and only moderately affected by vehicle 
ownership. Under this condition it is likely that in any 
given development or area, the dwelling unit density con
trols. the traffic generation, and multiple residential housing 



will generate more peak-hour trips per unit of land area 
than single-family residential. In typical low-density multi
ple residential, this generation could range from two to 
three times as many peak trips per net acre as single
family, while in areas of high-density multiple the value 
could be as much as ten times. 

In industrial communities the problem of peak loadings 
and peak concentrations may occupy less than 3 hours 
out of the day. On the other hand, commercial and busi
ness communities often exhibit conditions of high levels 
of demand for 8 or 10 hours out of the day, but with lower 
peaks. 

There is reason to believe that certain mixtures of land 
uses could provide physical distribution of traffic demands 
to develop lower peak loads in industrial0type communi
ties and not greatly affect peak loadings in commercial 
communities. Work and shopping hour staggering could 
also show significant benefits in trimming peak-hour de
mands. For many land uses the significant differences in 
peak-hour characteristics and in travel direction may offer 
significant opportunities for load balancing. 

TRAFFIC LOAD BALANCING 

Horwood (B 11) emphasizes the low utilization of some 
elements of the transportation network even during peak 
periods, as contrasted with others which are overloaded. 
He is interested in establishing a methodology whereby 
balanced use of the individual elements of the highway 
system can be achieved. One approach would locate com
plementary types of land uses in different parts of the free
way interchange area. Residential and industrial land uses 
frequently have opposite and complementary traffic flow 
characteristics, while commercial development also has 
some elements of dovetailing traffic characteristics. Better 
understanding of the differing traffic flow characteristics 
and intensities for different types of land use would pro
vide valuable aid in guiding locational practices toward 
balanced traffic flows on available transportation facilities. 

One conclusion that might develop from an optimization 
of transportation facilities is that the most efficient city form, 
from a highway transportation point of view, is the fully 
spread city. A cjty having completely uniform densities 
and distributions of land-use types throughout the metro
politan area would probably result in a uniform pattern of 
traffic movement and an equalization of traffic loads on all 
facilities provided. The loads occurring directionally in 
morning and afternoon peak hours would be spread and 
distributed in all directions on all facilities. The only ex
ception might be a central core area, which would have 
more pronounced directional trends. Although this may 
represent the most efficient transportation, it may not rep
resent the most effective community. The ultimate objec
tive is an optimum community, which operates effectively 
as an organic whole, and there are many considerations 
and values other than transportation that govern the shape 
of the community. To a great extent, however, communi
ties are developing a relatively uniform spread in their 
suburban areas, so that in the future the multidirectional 
flow of traffic will become more pronounced and result in 
more efficient utilization of the over-all system. 
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In a more localized fashion, there are obvious advan
tages in consciously considering a balancing of land uses 
around interchanges and in adjoining areas of other trans
portation facilities in order to achieve the complementary 
traffic flow patterns which are beneficial from the stand
point of transportation efficiency. These can often be 
made compatible with over-all community objectives, so 
that the two primary objectives can supplement each other. 
Research conducted by Thiel (Bl) also has concluded 
that land-use mixtures in the four quadrants of a freeway 
interchange can balance traffic generation characteristics to 
avoid intense peak loads. Through a balanced mixture of 
commercial, industrial, and residential land uses, he be
lieves that traffic peaks can be minimized by eliminating 
overlaps of traffic concentrations. 

ESTIMATING FUTURE TRAFFIC 

Several techniques have been developed for estimating 
future traffic volumes. One technique of particular in
terest is that developed by Schneider (229) for the Chicago 
Area Transportation Study. By using a combination of 
local street spacing, arterial spacing, expressway spacing, 
and mean trip lengths, he developed a way to distribute 
various trips among these categories of highways. To con
vert the distribution to volumes, he applied a factor based 
on the over-all trip density per square mile. The total trip 
generation for a square mile of land area is assumed either 
constant throughout the entire area under study, or slightly 
different, depending on the general character of the land 
use within the square mile. In typical urban areas, trip 
generation is relatively similar; even the extremes are not 
far apart. 

As the size of the total area under consideration is in
creased, the range becomes smaller because the usually 
high-intensity generators cannot economically be located 
within close proximity. In a typical freeway grid cell of 
4 by 4 miles, it is unlikely that really significant differences 
in total traffic generation would ultimately be experienced 
from one cell to another in typical modern suburban metro
politan areas. 

According to Carroll (B9), in most transportation plan
ning programs the large zones that are commonly employed 
tend to have an average density which is quite comparable 
from one zone to another. The gross generation of traffic 
is hardly affected by the types of development within the 
zone, or the intensity of such development, as they tend 
to average out within a given general area. It is possible, 
even in the absence of a plan, to estimate total gross 
acreages for various land uses that will probably occur in 
a typical area, and the gross traffic generation from such a 
land-use mix will be fairly consistent, whatever the assump
tions may be. It is only the localized distribution of 
land use which may affect the transportation network, and 
then only in a localized manner. 

Voorhees (Bl 7) strongly supports the basis of this ap
proach by indicating that, on a gross basis, population, 
commercial centers, and industrial employment will be 
found to be consistently distributed in large areas. Levin
son (B13) also concludes that only major concentrations 
of development will have an appreciable effect on the 
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transportation network, and then only in a localized fashion. 
The actual quantity of jobs, commercial development, resi
dential population, etc., will be relatively fixed for the 
typical total community. The only significant variable is 
where these facilities locate, and in what form and con
centration. The similarities that have developed from one 
community to another, and between segments of a com
munity, have become more pronounced than their differ

·ences. This finding has profound implications on the plan
ning of transportation facilities. 

Of special significance in this regard is the Hartford 
Area Transportation Study, where five alt.ernative land-use 
configurations were analyzed in relation to their transporta
tion requirements. It was concluded from the Hartford 
study that the total transportation network requirements 
were basically the same for each pattern studied. There 
were few instances where any particular highway facility 
wa.s significantly more affected under one pattern as con
trasted with another. The only real variability appeared to 
be in specific sections of facilities where local concentra
tions significantly affected highway operation. 

This consistency may be particularly valid for lower
density communities where there are no high-density cor
ridors to be served. In a few high-density metropolitan 
areas such uniformity is less pronounced and these general
izations may not apply. 

Schneider's formulas have been tabulated by the Upstate 
New York Transportation Study to be used for large areas 
to develop broad general estimates of transportation needs 
with results, as Schneider (229) has said, " ... realistic 
in a soft, fuzzy way-just about as realistic, in fact, as 
assignment results." This technique is, of course, most 
satisfactory when dealing with undeveloped areas that are 
to be built upon, or portions of metropolitan areas under 
transition from obsolescent buildings or uses to newer uses. 
It provides a flexibility of design to accommodate, on an 
over-all basis, traffic generated by facilities and generators 
which cannot be directly predicted. 

CHAPTER TEN 

FREEWAY INTERCHANGES 

THE INTERCHANGE AREA 

The traffic problems engendered by recent changes in land
use concentrations are being shifted to new areas. The 
most important of these from the viewpoint of commercial 
development and transportation are the interchange areas 
where freeways or expressways join major surface arterials. 

Most of the research studies conducted in recent years 
relating to the problem of land-use controls and transpor
tation have concentrated on these areas. In most cases 

TRAFFIC CONCENTRATIONS 

In a localized area, the transportation facilities available 
may control the type and extent of land-use development 
that is feasible. Land-use decisions should not be made 
without evaluating transportation demand and assessing the 
improvements or additions required to provide the service 
needed. Criteria are needed to establish limits of concen
tration to determine when it is advisable to develop in 
smaller units distributed in wider geographic locations. 

Land-use controls such as zoning can assist in correlating 
land-use concentrations and locational distributions to help 
minimize traffic concentrations and achieve a greater bal
ance of traffic load. It would be beneficial for zoning prac
tices to be related to these more complex considerations to 
achieve the most effective interrelationship with the trans
portation facilities that serve the land. 

For the highway designer the more immediate problem 
concerns the ability to absorb high traffic concentrations. 
Keefer (Bl 2) and Voorhees (Bl7) indicate that traffic 
from high-volume generators dissipates rapidly beyond the 
point of contact with the abutting highway facility, because 
at each succeeding intersection additional traffic distri
bution channels become available. Therefore, the major 
design problem involves the absorption of the traffic con
centration at the point of access. Another valid concern is 
the probability of overlap between one development and 
an adjoining development, whereby the traffic concentra
tions can become cumulative in effect. 

The probable minimum life of a structural element in a 
community, such as a highway, is 40 years or more, while 
the effective life of many traffic generators proves to be 
considerably less. Transportation arteries must be protected 
in such a manner as to maximize the system flexibility to 
accommodate relocations of traffic concentrations and 
generators and the other dynamic changes which are almost 
certain to occur in a community over the life of the high
way facility. 

these studies have considered land-use developments that 
have followed construction of the freeway, especially high
way service commercial facilities that provide the motorist 
with needed services. Although this type of commercial 
development has been the most common and has inspired 
the largest number of studies, the problems are not as se
vere as those involving major regional shopping centers 
and large-scale industrial park developments, which have 
also congregated around interchanges. 

There is some question as to just what is meant by the 



interchange area. This does not refer solely to the ramp 
connections themselves, nor does it limit itself to some 
relatively short distance either side of the ramp connec
tions. Interchange area is not a physical dimension, but a 
functional dimension, and a major traffic generator some 
distance from the physical interchange can be just as 
serious a problem for that interchange as if it were located 
near the ramps. The interchange area, then, is that portion 
of the community directly affected by the fact of the exist
ence of an interchange at a particular location. 

INTERCHANGE SPACING 

One aspect requiring special attention is the number of 
interchanges to be provided on a given freeway section. 
If, for example, in a rapidly growing area an inadequate 
number of interchanges is provided, the development tribu
tary to each could prove excessive in traffic generation for 
the capacity of the given interchanges and their associated 
highways. Provided the freeway is adequate for the total 
demand, an adequate number of interchanges, distributing 
both development and the traffic load tributary to each, 
could more easily accommodate the expected development. 

Campbell ( 40) points out that a realistic and valuable 
approach at interchange areas would be to balance con
struction costs, land-use control costs, and detrimental 
effects of extensive development on one side, against the 
benefits of construction, land-use controls, and develop
ment on the other. By far the greatest difficulty lies in 
evaluation of the economic benefit of roadside develop
ment-how much and to whom? Also problematic is the 
emphasis, and resulting evaluation of a given situation, by 
various governmental levels . The local municipality in its 
desire for high tax revenue is often in direct opposition to 
the State government, which desires minimum interference 
and maximum traffic capability on new highways. When 
the approach suggested has been developed for application, 
the analysis of individual interchange development-in
cluding benefits and costs for the traveling public, the land 
development, and the land-use controls-could possibly be 
extended to include a section of freeway with any number 
of interchanges. 

ACCESS RESTRICTIONS 

A major problem in the immediate vicinity of freeway 
ramps has been that access restrictions often stop at the 
ramp terminal. Netherton (152), in his definitive work on 
control of highway access, indicates that full control of 
access from property to highways which intersect express
ways (freeways) at ramp locations is provided for by policy 
and by law in many States, regularly extending access pro
hibition for distances from 100 ft to as much as 1,000 ft 
beyond the terminal points of the interchange ramps. In 
many other States this technique is utilized when unusual 
physical circumstances indicate its desirability. However, 
he says: "The long-range wisdom of such measures may 
be questionable when the objectives of interchange plan
ning are considered. . . . Extension of expressway design 
and access control to the secondary streets and roads inter
secting or feeding the interchange, when applied beyond 

31 

the point necessary to assure that traffic will move in and 
out of the interchange in a safe and orderly manner, has 
serious disadvantages not only from the viewpoint of the 
land developer, but also from the viewpoint of the express
way user and the land-use planner, who seeks to make the 
best use of the space available in the interchange area." 

It would appear, then, that although complete denial of 
access (except via properly designed ramp connections) is 
generally accepted as necessary for the freeway or express
way system, the need for total denial of access is not as 
clear for the arterials feeding the freeway system. Pro
vision of some access without undue disruption of the 
arterial flow is indicated to be feasible by the Major and 
Buckley study (228). A degree of control of access inter
mediate to the full denial along freeways and the virtually 
unlimited access of local streets could consist of minimi
zation of the number of intersecting locations combined 
with careful design for these points of entry, and control 
of these locations with traffic control devices where neces
sary. Concentration of traffic flows into single entry ramps 
could prove satisfactory both for the land user and for the 
expressway and highway user. 

In the case of the rural interchange where development 
would be fundamentally highway-oriented services, a front
age road could provide one satisfactory type of control. 
In the suburban interchange areas, where regional shop
ping centers or major industrial facilities often develop, 
concentration of the traffic generated by these facilities at 
a few entry points where traffic control devices can be 
installed with minimum detriment to the arterial, might be 
the indicated approach. Further, design of the interchange 
ramps themselves to minimize interference with flows 
(loops, bridges, etc.) could also be a significant factor in 
maintaining optimum operation of the interchange and its 
associated highways. 

LENGTH OF ACCESS CONTROL 

Many States extend access control beyond the ramps, but 
there is no agreement as to how far such control must 
extend to achieve effective results. With the inception of 
the Federal Interstate Highway Program, the extension of 
control received a considerable setback, because the Fed
eral agencies did not require extension of access controls 
beyond the ramp terminal for Interstate Highways. In 
fact, the Federal program virtually prohibited the expendi
ture of Federal funds materially beyond the ramps, pre
sumably because of the additional expense that would be 
involved. In the absence of Federal funds for access ac
quisition, some States eliminated this provision from their 
standards, and many freeways, including Interstate High
ways, no longer had the advantage of access control be
yond the ramp area. Some authorities claim that the 
Federal Government made an error in not encouraging 
extension of access control, and that this has created seri
ous problems in areas where new facilities were developed 
with access points close to the ramps. 

Some authorities have proposed that access rights be 
obtained for as much as 1 mile on each side of the free
way interchange. A national association of county govern
ments, having become quite interested in the control of 
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land use in the vicinity of freeways and highways, has 
considered the possibility of forbidding driveways on major 
arterial roads within 1 mile or ½ mile of an interchange. 
As an interim measure they proposed the freezing of exist
ing conditions to halt the problem of mounting interference 
around interchanges. 

Discussions with highway departments and land-use law 
. experts have indicated a variety of viewpoints with respect 
to the propriety of access controls around interchanges. 
Most authorities acknowledged that some degree of con
trol is essential. An opposing view is held by some States, 
which would prefer to further limit their involvement, as 
indicated by one comment that even the freeway ramp 
could logically be considered as part of the local road 
system, subject to control by local agencies rather than by 
the State. This is based on a belief that traffic becomes 
local in nature as soon as it has left the freeway. However, 
the State's primary concern is to assure that there is no 
back-up onto the freeway, and some extension of controls 
along the ramps is usually considered essential to protect 
the freeway lanes themselves. In many cases the State 
is anxious to avoid any type of control which can be exer
cised at the local level. Although this may be theoretically 
desirable, the difficulty appears to be that local agencies 
often do not accept this responsibility, with the result that 
no control is exercised. 

TRAFFIC GENERATOR LOCATION 

One of the primary concerns of many States with regard to 
freeway interchanges is the possibility of heavy traffic 
generators, which can overload the highway, locating in 
the immediate vicinity of the interchange. There are many 
exampies of locations where this has taken place. Michi
gan cites one new plant in a quadrant of an interchange 
where 12,000 employees were required to achieve access 
to the plant from the interchange cross street. The resul
tant traffic congestion has led them to the belief that heavy 
traffic generators of this type should be located farther 
away from the interchange, and that only light traffic gen
erators should be permitted around interchanges. Service
type commercial developments that serve the highway user 
are generally mentioned as a type of commercial activity 
that is warranted around interchanges. They believe that 
other types of development can just as well locate farther 
away from the interchange and between interchanges. 

However, even though a major traffic generator is 
located a considerable distance away from the interchange, 
it will still have significant effects on the arterial leading 
to the interchange. For example, a regional shopping cen
ter located a mile from the freeway interchange ramps 
could require major expenditures in improving the arterial 
leading to the ramp area, and still burden the interchange 
itself with heavy traffic volumes. On the other hand, the 
same shopping center located ooly a short distance from 
the interchange, with lower-density development at farther 
distances, might not require extensive expenditure on the 
arterial and the investment could then be applied to pro
viding higher capacity for the interchange itself. The 
higher-capacity interchange may be needed in either case; 

the difference is how much will be spent on the arterial 
leading to the interchange. 

In the words of Atkinson and Menhinick (/3), " ... If 
design and controls are adequate, the amount of traffic 
concentration and possible delay at an interchange will be 
determined by the amount of interchange traffic generated 
by the entire area served by it, rather than the amount 
generated in its immediate vicinity alone." The interchange 
problem then, is twofold-to maximize the capacity of the 
interchange itself by design, and to adequately anticipate 
future land use on a realistic basis in the entire area which 
will be served by the interchange. This assumes that the 
freeway itself has sufficient capacity to absorb the traffic 
load. The interchange capacity is also highly dependent on 
the ability of the cross street to receive and supply traffic. 
Maximization of the interchange capacity requires atten
tion to the geometric design of the cross street within the 
entire functional interchange area and not just in the 
vicinity of the ramps. 

In terms of optimum transportation, the most efficient 
circulation system may involve the location of large traffic 
generators near freeways, with small traffic generators far
ther away. This arrangement has the advantage of provid
ing heavier traffic movements with the shortest travel 
distances on surface highways to reach the freeway. It 
could have considerable effect on the capacity required for 
surface highway facilities, and thus result in considerable 
economics. 

However, this advantage must be tempered with the 
related problems concerning locations immediately adjoin
ing freeway interchanges. In exploring this problem with 
a number of States it was generally concluded that they 
are not as much concerned with the location of the heavy 
generator as with the location of access points . The prox
imity of specific land uses to the interchange was not of 
special concern to them as Jong as the access to these 
generators was sufficiently far removed so that they did not 
overload the transportation facility. If access could be 
located at a reasonable distance away from the ramps, 
where the traffic generated could be readily absorbed into 
the highway, they would not have serious objections with 
regard to the location of the generators. The general prob
lem appears to be that the States do not now have effective 
tools to restrict the locations of access driveways to abutting 
properties. They therefore seek instead to encourage the 
location of the entire facility beyond the influence area of 
the interchange, where it will not affect them directly. 

Another common objection expressed to the proximity 
of large traffic generators in the immediate vicinity of free
way interchanges is that internal design of the generator 
may not provide an acceptance rate adequate to guarantee 
no traffic back-up onto the highway or freeway. This spe
cific problem concerns internal design controls for which 
special safeguards must be provided. 

INTERCHANGE ZONE 

An alternative approach has recently been activated in 
some states in regard to the establishment of land-use con
trols around interchanges. State laws have bee'n enacted, 



such as the one in California, where an "interchange zone" 
has been established at certain new freeway interchanges. 
Authority has been placed under the counties and the gen
eral intent is that the county will exercise land-use control 
in these zones. However, there appears to be little guidance 
available as to the objectives and the opportunities crea.ted 
by such a program. The general impression left in dis
cussions with various officials has been that, even with the 
best intentions, it is questionable whether the counties will 
be successful in effectuating adequate control at these in
terchanges. 

Wisconsin attempted to obtain legislation in 1947 to con
trol land around interchanges. This legislation was prob
ably ahead of its time, and was not passed. However, the 
State intends to reintroduce such legislation shortly, with 
the hope that the need will now be more apparent. It would 
authorize the State to plan land uses within a I-mile radius 
of all freeway interchanges. 

Regarding the intent of such legislation, State officials 
indicated that the purpose was largely based on their desire 
to protect the highway from excessive traffic generation in 
the immediate vicinity of the interchange. Their particular 
interest is in controlling the location of access and the 
volume of entering traffic. They consider the cross high
way as part of the interchange area in a functional sense, 
and believe that it should be subject to controls. In effect, 
the legislation would provide an implementation tool which 
would require that land owners submit a land-use plan to 
the State for review. In this manner the State would have a 
better opportunity to control the principal elements with 
which it is concerned. 

These officials further believe that there are other legiti
mate reasons to control land use beyond access location 
and volume. They are especially concerned with the visual 
contact of the highway with abutting land in respect to 
scenic opportunities and aesthetic considerations. They 
believe that some interchanges should be developed with 
specific land uses, and others should probably be left free 
of any development. They do not believe in the need for 
provision of highway user services at all intersections, and 
feel that such services can probably be concentrated at 
selected interchanges which serve as direct entrances to 
communities. Some interchanges could probably be re
stricted to the development of recreational uses (golf 
courses, camping sites, etc.), where such facilities would 
be accessible to the highway user. 

Before this new type of zoning can become an effective 
tool, it is necessary to explore more fully the objectives of 
interchange planning. Such clarification is essential so that 
proper administration of this type of zoning can benefit the 
interchange area, both from a planning and from a traffic 
viewpoint. 

INTERCHANGE DESIGN FLEXIBILITY 

As in the earlier case of the arterial highway which ex
perienced premature obsolescence due to strip commercial 
development, there is now being experienced the obsoles
cence of some freeway interchanges soon after construc
tion. Traffic congestion sometimes requires the complete 
reconstruction of the interchange, sometimes at fantasti-
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cally high costs where new buildings have to be acquired 
to obtain the additional right-of-way. 

The problem is generally attributed to large traffic gen
erators that develop in the interchange area. Of equal con
cern, however, is the type of interchange design that proved 
unable to handle the traffic generated. A number of studies, 
investigating locational theories with regard to develop
ments that take place around freeways, have concluded 
that some types of interchange design can more efficiently 
handle adjoining developments than other types. 

Various interchange patterns in use include the con
densed diamond, expanded diamond, full cloverleaf, partial 
cloverleaf, and split diamond with connecting frontage 
roads. Serious problems were found at some types of in
terchanges-including those of traffic control, weaving, 
capacity, turning movements, safety, access where heavy 
traffic flows are experienced. Frequently, the underlying 
source of the problem was the interchange area design. 
With some designs, potentially heavy left-turn movements 
can be converted to free right turns, controlled intersections 
can be spread sufficiently so that progressive movement can 
be maintained on the cross street, adequate storage and 
weaving distances can be provided, and other operational 
advantages can result. In addition, access restrictions can 
be maintained for some distance beyond the ramps where 
desirable, so that intensive land-use development near the 
interchange does not create intolerable operational prob
lems. 

The problem with more elaborate interchange design in 
the initial construction is the additional investment re
quired when it is unknown whether any large traffic gen
erators will wish to locate at a specific interchange in the 
future. This problem can be alleviated partially by stage 
construction designs, although the reservation of sufficient 
right-of-way is an essential element. One method is the 
use of the expanded diamond to permit future construction 
of a partial cloverleaf design. Another effective method is 
used in Texas and other States, where one-way frontage 
roads are developed on both sides of the freeway using 
a split diamond of slip-ramp pattern to serve the frontage 
roads. Commercial development is located along the land 
side of the frontage roads. The method of service, which 
utilizes right turns in and out, eliminating left-turn con
flicts , has also effectively resolved some of the access prob
lems normally encountered in the vicinity of interchanges. 
This type of design has proved generally effective in pro
viding access to highway-service commercial facilities, 
where the driver can readily leave the freeway and enter it 
again immediately beyond the service area. This design is 
also effective for other types of development adjoining 
freeways. Here an effective solution to the problem ap
pears to lie in coordinated design, which is subject to the 
control of the highway administrator, rather than in at
tempting to place stringent restrictions on the land use 
itself, which frequently proves impracticable of achieve
ment. 

Michigan uses the expanded diamond interchange as an 
effective design solution to the problem of upgrading free
way interchanges as increased traffic generation requires 
such improvement. This is used in place of the condensed 
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diamond that is commonly employed. The expanded dia
mond ramps enclose an area which can accommodate 
cloverleaf ramps at such time as they may become neces
sary. Although this type of design involves more land ac
quisition than the conventional diamond, the additional 
cost is considered to be warranted wherever the land can be 
easily obtained without affecting existing development. The 
design provides for the future construction of cloverleaf 

· ramps in some of the quadrants, as may be needed at some 
future target year. The additional cost is, therefore, justi
fied on the basis of traffic forecasts . In those instances 
where traffic forecasts may not justify the inclusion of 
cloverleaf ramps, a safety requirement establishes a mini
mum sight distance between ramp termini which justifies 
the spreading of the diamond ramps for reasons of in
creased safety. Although many States construct expanded 
diamond interchanges as the first stage in the development 

CHAPTER ELEVEN 

of an ultimate cloverleaf or partial cloverleaf interchange, 
this type of design is not normally encountered as a stand
ard practice. 

The use of flexible interchange designs offers one solu
tion to the problem of premature obsolescence. An eco
nomic evaluation of the additional cost involved in ac
quiring sufficient land for higher-capacity interchange 
types, such as the expanded diamond design, as compared 
with the possible cost of interchange reconstruction at some 
of these interchanges in the future, could be used to pro
vide an economic basis to justify the acquisition of the 
additional right-of-way initially. Further study of inter
change and cross-road capacities with the expanded dia
mond, one-way frontage road with slip ramps, and other 
design types could provide justification for the additional 
expenditure as well as valuable guidance in the choice of 
interchange types. 

CONCLUSIONS AND SUGGESTED RESEARCH 

This study has concluded that a broader application of the 
principles of land-use control and the development of 
more realistic controls may provide an effective tool to 
protect the utility of the highway system. Another effective 
technique is the provision of intrinsic protection for the 
highway system through access control and geometric de
sign. The study has identified many of the factors which 
show the greatest promise and offer the best opportunities 
for achieving the desired objective. The interrelationships 
between land use and transportation should be investigated 
in a broad context in order to establish the fundamental 
relationships involved. The proposed extension of this basic 
study should analyze these principles in detail to develop 
techniques for their application. 

The objective of the proposed additional study is "to 
establish principles or guidelines for developing land-use 
controls and other techniques that will be stable and effec
tive in preserving the investment in transportation systems." 
This should be initiated by analyzing all information deal
ing with interrelationships between transportation and land 
use that are pertinent to the principal purpose of the study, 
the protection of the utility of the transportation systems. 
Included should be existing programs and policies which 
have proved effective, conclusions of completed research 
studies which provide some of the principles and guidelines 
needed, and studies currently under way which relate to 
this subject and provide new opportunities for the future. 

The current study has revealed that there is a consider
able amount of information currently available which 
should be disseminated more widely, other available in-

formation which has a bearing on the problem but which 
cannot be directly related without additional work to make 
it applicable, and a considerable area in which little has 
yet been done but is deserving of future study. The pro
posed study should develop specific principles and guide
lines in those areas which are most pertinent and applicable. 
It should also suggest further research in related subjects 
which appear to have merit in furthering the basic objec
tives. The subject is obviously so broad that no single 
study can hope to cover all pertinent aspects. 

The following listing has been prepared of many of the 
areas uncovered in the current study which are deserving 
of further study: 

1. History of land-use development in comparison with 
land-use controls for selected areas. 

2. Effects of zoning changes on transportation facilities. 
3. Probable future stability of land-use controls based 

on general plans currently being developed. 
4. Methods and techniques to develop increased stabil

ity in land-use controls. 
5. Highway network relationships to land-use densities. 
6. Highway location as an implementation device to 

encourage desirable land-use practices. 
7 . Development of functional highway concept. 
8. Function and design of highway classifications in re

lation to abutting land uses. 
9. Re-evaluation of circulation requirements and de

signs in response to new conditions and opportunities. 
10. Balance among different highway classifications to 

achieve optimum transportation. 



11. Effects of various types of land service on highway 
capacity. 

12. Establishment of access control by legislative and 
police power techniques. 

13. MeLhods for achieving greater highway design flexi
bility to accommodate future demands. 

14. Applications of geometric design controls to achieve 
intrinsic protection of the highway. 

15. Control of internal development design for highway 
protection. 

16. Application of traffic generation characteristics to 
relate transportation and land use. 

17. Balancing of traffic loads by land-use mixtures. 
18. Prediction of transportation demands based on uni

form distribution of traffic generator location. 
19. Highway design techniques to absorb traffic con

centrations at points of access. 
20. Principles and practice of access restriction in the 

vicinity of freeway interchanges. 
21. Traffic generator location in the vicinity of freeway 

interchanges. 
22. Application of interchange zone concept and other 

Iand-u e contr I le hniques to preserve the utility of the 
freeway interchange area. 
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