. ] e
P MR
1 |

;“l I

-- |

i |

|

3 1

o |

w

A MAJOR STREET AND HIGHWAY PLAN

PHOENIX URBAN AREA

=f
- MARICOPA COUNTY - ARIZONA

al S
15 | 4
‘l q/l/é[[;uz Shaith and Hssostates /)
e et (
ff 7% A026 923 |

| 4 ’




‘e = -

N |

A MAJOR STREET AND HIGHWAY PLAN

PHOENIX URBAN AREA
MARICOPA COUNTY

Prepared for the

ARIZONA STATE HIGHWAY COMMISSION

MARICOPA COUNTY CITY OF PHOENIX

In Cooperation with the

U.S. DEPARTMENT OF COMMERCE
BUREAU OF PUBLIC ROADS

Wilbur Smith and Associates
1960




STATE OF ARIZONA

PAUL. FANNIN, Governor

ARIZONA STATE HIGHWAY COMMISSION

F.L. CHRISTENSEN, Chairman

MILTON L. REAY, Vice-Chairman JOHN J. BUGG, Member

WILBUR F. ASBURY, Member BRYANT WHITING, Member

JUSTIN HERMAN, Director of Highways

WILLIAM E. WILLEY, State Highway Engineev



‘o -

MARICOPA COUNTY

BOARD OF SUPERVISORS

RUTH A. O'NEIL, Chairman

B.W. BURNS, Vice-Chairman JAMES LINDSAY, Member

TOM SULLIVAN, County Manager

PLANNING AND ZONING COMMISSION

H.S. CASEY ABBOTT, Chairman

C.A. GRANT, Vice-Chairman COL. CHARLES R, BATHURST, Member
VIRGIL CRISMON, Member SANFORD MORRISON, Member
HUGH NICHOLS, Member RUSSELL A, SHEDD, Member
PERCY L. SMITH, Member PAUL M. THOMAS, Member

DONALD W. HUTTON, Planning Divector




CITY OF PHOENIX

CITY COUNCIL

SAMUEL MARDIAN, JR., Mayov

DAVID BUSH, Member WILLIAM T. GARLAND, Member
EDNA McEWEN, Member E.V. (TED) O'MALLEY, Jr., Membevr
DICK SMITH, Member THOMAS TANG, Member

RAY W. WILSON, City Managey

CITY PLANNING COMMISSION

JOHN E. STEPHENS, Chaivman

FRANK B. ACHAUER, Vice-Chairman MILTON GRAHAM, Member
CHARLES A. MUECKE, Membevr J. AUGUST RAU, Member
LILLIAN THORNTON, Member ALLYN WATKINS, Member

JOHN W. BEATTY, Planning Divector



- e

PHOENIX-MARICOPA COUNTY
TRAFFIC CO-ORDINATING COMMITTEE

JOHN W. BEATTY, Chairman

Planning Director
City of Phoenix

JOSEPH E. HILLMAN CHARLES I. SMITH, Jr.
Planning Engineer Manager, Planning Survey
U.S. Bureau of Public Roads Arizona Highway Department
DONALD W. HUTTON FRED GLENDENING
Planning Director County Engineer
Maricopa County Maricopa County

SHAMUS O'BRIEN
Safety Engineer
Maricopa County

JOHN M. URIE, Secretary CHARLES E. HALEY
Research and Budget Officer Traffic Engineer
City of Phoenix City of Phoenix
L.E. THOMPSON BRADFORD W, MILLER
Traffic Engineer Assistant Manager, Planning Survey
Arizona Highway Deparment Arizona Highway Department



e o = A

Wilbun Smith and 04uoaiatzs

E N G I N E E R S SB0 MARKET STREET
SAN FRANCISCO 4, CALIF.
YUKoON 2-3221

May 10, 1960

Mr, John W. Beatty, Chairman
Co-ordinating Committee
Phoenix-Maricopa County Area Study
827 East Jefferson Street

Phoenix, Arizona

Dear Mr, Beatty:

We are pleased to submit herewith a long-range major street and highway plan
for the Phoenix Urban Area and Maricopa County. This plan is based on comprehen=~
sive technical studies in accordance with our agreement of November 13, 1958 with
the State Highway Commission. Needs for all classes of major street and highway
facilities were considered, based on traffic demands forecast for 1980 when about
1,440,000 persons are expected to reside in Maricopa County - about 2.7 times the
1957 population level.

A major phase of this study involved a thorough analysis of data collected in
the Phoenix-Maricopa County Traffic Study of 1957. These data were used to estab=-
lish the basic relationships between the motivations and characteristics of travel and
land use in the Phoenix area. These relationships, which were established under the
direction of our Mr, F.H. Wynn, were applied in the estimation of the volumes and
patterns of the future traffic demands which the major street and highway plan was
designed to serve. Future. travel patterns were estimated for a 400 square-mile study
area which includes the Cities of Phoenix, Mesa, Tempe, Scottsdale and Glendale
and contiguous unincorporated areas - a considerably larger area than that covered
by the 1957 origin and destination study.

Analyses of existing traffic conditions and travel patterns projected to 1980
indicate that long range street and highway needs in Phoenix and Maricopa County are
tremendous by all measures. The estimated costs to develop the freeways, express=
ways, and arterial streets which will be needed are great and many other problems
will require practical solutions. It is, perhaps, easier to determine the nature and
magnitude of the major street and highway needs than it is to effectuate feasible
means of financing and administering the expanded traffic improvement program
which will be required. Nevertheless, these means should be found and various pos-
sible approaches are outlined in this report.

We wish to acknowledge the assistance and co-operation received from each of
the sponsoring agencies. Mr. G.L. Drake, project, engineer for the study, and I are
especially grateful to the members of the Phoenix-Maricopa County Traffic Co-or-
dinating Committee with whom we met at frequent intervals. We appreciate the im-
portance of our assignment, and hope that our report will contribute to a better
understanding of transportation problems in the Phoenix area.

Respectfully submitted,
Wilbur S. Smith .
Professional Engineer M 4 M
State of Arizona .
Registration Number 4273 Wilbur S. Smith

GLD:pc




SUMMARY

This report presents a long range major street and highway plan for Phoenix
and environs and Maricopa County and describes the comprehensive technical studies
upon which the plan is based. The study was sponsored jointly by the City of Phoenix,
Maricopa County and the Arizona State Highway Commissionin co-operation with the
U.S. Department of Commerce, Bureau of Public Roads.

Long range needs for all classes of facilities were determined in consideration
of existing traffic conditions, desirable standards of major street and highway design,
and traffic demands forecast for the year 1980 when the population of Maricopa
County is expected to reach 1,440,000, Inaccordance with desirable urban objectives,
the plan for major street and highway facilities has been correlated with land use
plans and other major public works projects.Implementation of the recommendations
will establish better relationships between major traffic flows and land use, provide
roadway capacity balanced against future traffic demands, provide adequate access
and egress to and from the downtown business district, and provide optimum traffic
services to all classes of road users and to all parts of the future urban area.

EXISTING CONDITIONS

To provide a sound basis for objective analyses of street and highway needs, a
detailed inventory of existing facilities and traffic conditions was made. A major
portion of the required inventory data was collected by local agencies in 1957. These
data were summarized, expanded and up-dated to reflect 1958 conditions on all
streets and highways in the Phoenix area serving 1,000 vehicles per day or more.

Detailed analyses of the magnitudes and patterns of 1958 traffic flow, the quality
of traffic services and physical conditions on major streets and highways indicated
the following:

1) Average daily traffic volumes in excess of 20,000 vehicles per day are
served at maximum locations by 10 streets in the Phoenix Urban Area.
These are Central Avenue, Grand Avenue, Washington Street, Van Buren
Street, McDowell Road, Indian School Road, Thomas Road, Camelback
Road, 16th Street and Black Canyon Highway.

2) Typical daily traffic demands on critical sections of all east~-west mile
roads between downtown Phoenix and Camelback Road are already close
to, or in excess of desirable limits for the existing facilities with pros=
pects for tremendous growth ahead.

3) Increased roadway capacity for future traffic increases on congested
east-west arterials in central Phoenix will be difficult and costly to
achieve because:
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4)

5)

6)

7)

8)

9)

10)

a) These facilities are already operated with four or more traffic lanes;

b) Rights~of-way of only 66 to 80 feetare available in most cases; and

c) Traffic engineering measures to improve the efficiency of traffic
operations have already been effected.

Central Avenue is serving extremely heavy traffic - over 30,000 vehicles
per day at the maximum location - because it is ideally located with
respect to major north-south traffic desires, because ithas been improved
to relatively high standards and because of the inadequate status of de=
velopment of 7th Avenue and 7th Street.

Capacity limitations on existing mile roads, which function as the arte-
rial street system, are causing the following undesirable conditions:

(a) Excessive traffic delays, particularly at principal mile-road inter-
sections;

(b)  Excessive incidence of traffic accidents; and

(c) Diversion of arterial traffic flow to half-mile and quarter-mile
streets in residential neighborhoods.

All primary state highway routes pass through the heart of the downtown
business district, causing the undesirable intermingling of through traffic
with heavy volumes of slow-moving local traffic.

No facilities exist in the Phoenix Urban Area to provide high-capacity,
high-speed (40 to 60 miles per hour), safe traffic operations for major
traffic movements. Black Canyon Highway, now under construction, will
provide traffic services of this type inits tributary area when completed.

Many miles of the existing network of major streets and highways in the
urban area are physically deficient. Principal deficiencies include pave-
ments too narrow for adequate traffic lane widths, turn lanes and border
areas; rough or obsolete roadways originally constructed for rural traf-
fic needs; and inadequate drainage facilities.

Only 7 of the 68 railroad crossings of significance in the Phoenix Urban
Area are provided with grade separations. Traffic delays and hazards
have increased to the point where the construction of additional grade
separations and the provision of additional modern warning devices at
principal grade crossings are needed.

Traffic controls and regulations have been widely and effectively applied
in the Phoenix Urban Area to ‘‘make-the-most’’ of existing facilities.
Large capacity increases for future traffic needs in critical corridors of
traffic flow will require major physical improvements including the con=-
struction of new facilities as well as the widening of existing streets,

FUTURE TRAVEL PATTERNS

A major phase of this study involved a thorough analysis of data collected in




the Phoenix-Maricopa County Traffic Study of 1957. These data were used to establish
the basic relationships between the motivations and characteristics of travel and
land use in the Phoenix area. These relationships were applied in the estimation of
the volumes and patterns of 1980 traffic demands which the proposed major street
and highway network was designed to serve.

The 1957 traffic study provided factual data concerning travel desires and trip
generation characteristics for a 225 square mile area extending from the Salt River
Mountains to Peoria Avenue and Shea Boulevard, and from 51st Avenue to Pima Road.
The Cities of Mesa, Tempe and Glendale were excluded from this study area. Origin
and destination data collected by home interviews determined that the 397,395 resi~
dents of the 225 square mile study area made about 909,978 person trips per day in
1957. Over-all rates of trip production were found to be 2.29 trips per person and
6.84 trips per dwelling unit. These rates are relatively high in comparison with
those found in other urban areas.

The 1957 study also determined that of a total of 805,011 vehicle trips per day
made within and from outside the study area on an average weekday, about 89.5 per-
cent are made entirely within the limits of the study area; only about 10.5 percent of
all trips have termini outside the area. Through trips - trips which passed through
the study area without a stop - comprised 8.3 percent of the total traffic entering and
leaving the area, or only about 0.9 percent of all vehicle trips.

For adequate analyses of major street and highway needs, future travel pat-
terns were estimated for a 400 square mile area which includes the entire future
Phoenix Urban Area as defined by local planning agencies. This expanded study area
includes Mesa, Tempe and Glendale as well as Phoenix, Scottsdale and contiguous
unincorporated sections of Maricopa County. Since traffic generation in urban areas
is closely related to the characteristics of land use, the dominant uses of land in each
of 135 zones in the study area were expressed statistically to provide a sound basis
for estimates of future trip production. The significance of residential use in each
zone was shown by the relative number of homes and residents. (The dwelling unit is
an origin or destination for about 85 percent of all daily travel.) The number of jobs
in each zone was used to identify the commercial and industrial importance of the
zones, which is a useful index of the generation of work trips. Experience has shown
that the generation of social travel is directly related to the resident population in
each zone, while the amount of commercial activity in each zone is, in general, re-
lated to the volumes and distribution of retail sales in the area. In addition, direct
relationships were established between trip production and median family incomes,
automobile ownership and the decentralization of zones measuredin minutes of drive
ing time from the central business district. Therefore, statistical estimates of popu=
lation, employment, median family income, automobile ownership and retail sales
were prepared for each zone in the enlarged 1980 Study Area. Statistical projections
to 1980 were based on a preliminary plan for future land use and population projec-
tions for the Phoenix Urban Area prepared by the Phoenix-Maricopa County Advance
Planning Task Force. Based on these projections, it is estimated that the estimated
1,250,000 residents of the 1980 Phoenix Urban Area will generate about 2,838,000
person trips. The total daily volume of vehicle trips will approximate 2,524,000, of
which 2,338,000 will be internal trips and 186,000 will be external or through trips.
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THE RECOMMENDED PLAN

In order to provide adequate services for traffic demands of the magnitude ex=-
pected by 1980, the master transportation plan for the Phoenix Urban Area should be
a practical combination of the following:

1) Existing arterials and other major streets, widened and otherwise im-
proved where necessary to adequate standards for urban traffic needs;

2) Traffic controls and regulations to achieve maximum utility of existing
facilities;

3) New primary highway facilities constructed with modern design features
including access control, grade separations and medians;

4) An attractive public transit service; and

5) Adequate off-street parking facilities.

The proposed major street and highway plan for the Phoenix Urban Area has
been designed to include each of the different types of facilities needed to provide
high-quality traffic services to all classes of users. This plan, which is shown in
Figure A, includes a 140.6 mile system of freeways and expressways of which 59.2
miles are routes of state-wide interest; integrated with a 375 mile arterial street
system. About 124 miles of the proposed arterial street system for the future urban
area have been designated as major arterials, indicating that these routes should be
improved to high standards on 100 to 140-foot rights-of-way for service to heavy
volumes of traffic between various sections of the area. Other arterials, termed
‘‘secondary arterials’’ for the purposes of this report, would be developed on rights-
of-way of at least 80 feet in accordance with present practice in Phoenix.

A generalized county-wide plan for major arterials and regional highways was
also prepared to assure major route continuity and co-ordination between plans for
rural and urban traffic demands in Maricopa County. The county-wide plan includes
a 442 mile freeway-expressway system and about 598 miles of major urban arterials
and major non-limited access rural roads. The generalized county-wide plan, shown
in Figure B, was designed to provide adequate services to major traffic desires
throughout the county without regard for corporate limits or political jurisdictions.

The total estimated cost of the proposed improvements for 1980 needs is
$357,400,000 of which about $228,500,000 represents the needs of the Phoenix Urban
Area. The estimated cost to complete the construction of the proposed urban area
freeway-expressway system is $126,500,000. Major street improvements, including
critical railroad grade separation projects and other special structures, would cost
about $102,000,000. These projected needs are tremendous by all measures - espe-
cially when related to current rates of expenditures for street and highway construc-
tion. Relatively, however, they are comparable to those faced by other large and
rapidly growing metropolitan areas. The projected needs are realistic and in keeping
with the anticipated size and character of the future urban area.




BENEFITS

Although the cost of the necessary expanded street and highway programs for
the Phoenix Urban Area and Maricopa County are of staggering proportions, the
benefits to be derived from the proposed improvements are also great. Tangible
economic benefits to potential users of the improved facilities would more than jus-
tify the construction costs. Important intangible benefits would also be derived which
must not be overlooked. These include:

1) The reduction of traffic delays and congestion;

2) Accident reduction;

3) The removal of through traffic from local and collector streets in resi-
dential neighborhoods;

4) Efficient service to all parts of the urban area and rural sections of the
county;

5) The provision of adequate roadway capacity balanced against projected
traffic demands;

6) Improved access and egress to and from the central business district:

7) Increased convenience of travel; and

8) Reduced travel times.

The proposed major street and highway plan will serve as an essential guide for
the logical and orderly development of the urban area and provide for the logical and
economical expenditure of public funds for improvements most needed and consistent
with long range objectives. Its implementation will preserve desirable community
values in many ways. Equally significant, it is unlikely that growth of the proportions
expected for the Phoenix Urban Area by local officials can be realized without a
greatly improved street and highway network.,

ADMINISTRATION AND FINANCE

Of major concern will be the effectuation of feasible means of financing the
proposed long range program of major street and highway improvements. This will
not be possible without co=-operative efforts and changed policies at all levels of
government. Effective implementation of the plan will require integrated area-wide
administration, with the division of responsibility for various elements of the total
plan clearly established. No existing unit of government has the necessary authority
or financial resources to undertake the entire job alone. A new administrative
approach, which will assure co-ordination of the development of major transporta=-
tion facilities, will be essential. A major part of this new approach should be the
establishment of a Regional Transportation Co-ordinating Committee with appropriate
representation from all jurisdictions in the future urbanarea. This committee should
be representative of regional interests. The calibre of its membership will determine
its effectiveness - particularly in the early phases of the program when basic policy
decisions must be made and legal actions must be taken to provide necessary finan-
cing and technical machinery for implementation of the plan.

Financial policies related to major street and highway construction will also
require changes if the proposed planistobe implemented. Revenues for future major
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street and highway needs in both the Phoenix Urban Area and rural sections of Mari-
copa County will be grossly inadequate if present policies are continued. Increased
road user and/or general tax rate increases for transportation improvements will
probably be needed. However, tax increases should be accompanied or preceded by a
comprehensive reappraisal of present formulae governing the distribution of funds
from these sources. Greater consideration should be given, in future financial plan-
ning, to the relative magnitudes of the transportation needs of the various road sys-
tems in various parts of the county and state.

Finally, little success in the implementation of the major street and highway
plan will be achieved without public support. A general understanding by residents of
the area of the need for a long range transportation improvement program, and the
great benefits to be derived from it, will be essential.
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DEFINITIONS

Freeways are divided highways with full control of access and grade separations at
all intersecting traffic flows. Freeways are located in major corridors
of traffic flow and are designed to provide for the rapid movement of
large volumes of traffic over relatively long distances with safety. There
are no intersections at grade, stop lights, pedestrians or parking on
freeways to interfere with the continuity of high speed travel.

Expressways are partially developed freeways on which some intersections are at
grade. Expressways may also provide only partial control of access
although the frequency of direct access to private properties is limited.
Major intersecting traffic flows are separated in grade where warranted.

Parkways are arterial highways for non-commercial traffic, usually located within
a park or ribbon of park-like development.

Express Streels are major arterials with grade separations at principal intersec-
tions but without access control They have been employed in large urban
areas where high traffic capacity is needed but where the acquisition of
adequate right-of-way for freeway construction is not justified or not
desired.

Major Avterials, with the freeways, expressways, parkways and express streets
which may be needed, provide the principal network for through traffic
flow in urban areas. The primary function of major arterials is to pro-
vide for traffic movement; service to abutting property is secondary.
Continuity and co-ordination with freeways, expressways and other ma jor
highways in the area are of paramount importance. Major arterials are
generally spaced about midway between parallel freeways or express-
ways to provide a high capacity route for through traffic at two to three
mile intervals.

Major Ruval Roads perform the same traffic service functions in rural areas as
major arterials do in urban areas. Traffic operating characteristics and
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design standards for major rural roads and major arterials differ because
of the different characteristics and needs of rural and urban areas.

Major rural roads would be developed on rights-of-way of 100 to 140 feet.

Major Local Business Streets, as the name implies, are urban streets which serve

heavy volumes of local traffic generated by business and commercial
areas. The principal difference from major arterials is the character of
traffic served. The primary function of major local business streets is to
provide for local traffic movement and land access - not through traffic;
physical standards and regulations for traffic operations may differ,
therefore, from those applied to major arterials.

Secondary Avterials perform the same functions as those described above for major

arterials with less emphasis on service to long distance through traffic.
Secondary arterials, located at about one mile intervals, connect collec-
tor and local streets with the freeway-expressway system, serve mod-
erately heavy volumes of trips between different sections of the urban
area and provide access to abutting properties. As applied in this study,
secondary arterials would be developed on rights-of-way of at least 80
feet, while major arterials would be developed on rights-of-way of at
least 100 feet.

Secondary County Roads perform the same traffic service functions in rural areas

as secondary arterials do in urban areas. As applied in this study,
secondary county roads would be developed on rights-of-way of 80 feet.

Collector Streets connect residential neighborhoods and other areas of homogenous

land use, with the arterials and major arterials, and provide for access
to abutting property. Collector streets are generally spaced at intervals
of about one-half mile in urban areas. Continuity is required only to the
extent necessary to connect adjacent neighborhoods and to connect these
neighborhoods with the arterials. Collector streets should be planned so
that they do not attract heavy volumes of through traffic flow.
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INTRODUCTION

The Phoenix Urban Area of Maricopa County, Arizona, is experiencing rapidly
increasing traffic volumes and congestion on major streets and highways resulting
from tremendous population growth and area expansion. In 1950, the City of Phoenix
included only about 17 square miles and about 106,800 residents. Phoenix now in-
cludes about 185 square miles and over 400,000 residents. The total population of
Maricopa County has almost doubled in the last ten years.

Prospects are for even greater growth and expansion in the next two decades.
Over half of the expected ‘‘total development’’ of the Phoenix Urban Area lies ahead.
These prospects have prompted local officials to seek long-range solutions to prob-
lems of providing adequate facilities for future traffic needs. This dynamic area is
challenged with a great opportunity to benefit from the experiences of other large
metropolitan areas closer to maturity and already plagued with chronic traffic con-
gestion,

CHARACTERISTICS OF THE AREA

The 1958 population of Maricopa County has been estimated at 560,000 - almost
half of the total population of Arizona. About 90 percent of this population is located
in a 400 square mile area of the Salt River Valley which is substantially urban in
character, including the Cities of Phoenix, Glendale, Scottsdale, Tempe and Mesa.
Agriculture in Maricopa County, which accounts for about 40 percent of the state
total, is also concentrated in this valley. Long famous as a winter resort area, the
valley has become an important industrial center in recent years. The electronic
industry, in particular, has assumed a place of major importance in its economy.

As shown in Figure 1, six regional highway routes serve the Phoenix Urban
Area and Maricopa County. These are U. S. Routes 60, 70, 80, and 89 and State
Routes 69 and 87. State Routes 71, 84, 85 and 88 also serve rural sections of the
county. Both north-south and east-west regional traffic corridors through the urban
area have been designated as parts of the National System of Interstate and Defense
Highways. Freeways, which will be constructed to serve these two important corri-
dors of inter-city traffic flow, will provide the backbone of a major street and high-
way system needed to serve the future urban area. However, these two freeways,
important as they are, will not provide the total solution to the over-all transporta-
tion problem. Adequate feeders to the Interstate freeways will be needed, and several
major traffic corridors within the urban area will not be served at all by them. To
provide adequate traffic services for future needs, an integrated network of major
streets and highways, with traffic capacity balanced as nearly as possible against
traffic demands, will be essential,

BACKGROUND OF TRANSPORTATION STUDY

The costs of providing adequate transportation facilities have become so
great that every possible advantage must be taken of existing facilities and the por-
tions of the financial resources of the area which can be made available for im=-




provements. This cannot be done by guesswork. In recognition of this, a carefully
planned program of data collection in the Phoenix Urban Area was initiated by state
and local officials in 1956. A comprehensive origin and destination study was con-
ducted to determine present travel patterns and basic characteristics of trip gen-
eration for the area. In addition to information concerning trip origins, destinations
and purposes, the distribution of resident population, dwelling units and auto owner-
ship in a 224 square mile ‘‘study area’’ were also determined. This study was spon-
sored by the City of Phoenix, Maricopa County and the Arizona Highway Department
in co-operation with the U.S. Bureau of Public Roads. A report summarizing the
results of the origin and destination study was published in the fall of 1958.!

Valuable basic data concerning traffic volumes, travel speeds, accident rates,
intersection capacities, street widths, the locations of traffic control devices, and
other existing conditions were also collected as part of a co-operative program for
the measurement of existing street services. These data, and the results of the ori-
gin and destination study, provide a sound basis for analyses of transportation needs
in the area.

INITIATION OF STUDY

By Agreement PMS-1 of November 13, 1958 between the State of Arizona, act-
ing by and through the State Highway Commission, and Wilbur Smith and Associates,
this firm was assigned the task of preparing a comprehensive and long-range street
and highway plan for Phoenix and environs and Maricopa County. The following re-
port presents the plan, which was developed pursuant to this agreement, and de-
scribes the comprehensive technical studies upon which the plan is based.

As in previous projects described above, this study was sponsored jointly by
the City of Phoenix, Maricopa County and the Arizona Highway Department in co-
operation with the U.S. Bureau of Public Roads. The consultant worked closely, and
held frequent conferences with the Phoenix-Maricopa County Traffic Co-ordinating
Committee which includes representatives from each of the participating agencies.

SCOPE AND OBJECTIVES OF STUDY

As previously noted, the origin and destination study and other data collection
projects undertaken prior to this study provided facts concerning present travel
characteristics, traffic desires and existing street conditions for a 225 square mile
study area. As shown in Figure 2, the 1956-57 study area extended from the Salt
River Mountains on the south to Peoria Avenue on the north, and from Slst Avenue
on the west to Pima Road on the east. The cities of Mesa, Tempe and Glendale were
excluded.

For the purposes of the study described in this report, detailed analyses were
made for a larger area including the entire future Phoenix Urban Area as defined by

1. "Traffic Study, Phoenix-Maricopa County, 1956-57," sponsored by the City of Phoenix, Maricopa County and the
Arizona Highway Department in cooperation with the U.S, Department of Commerce, Bureau of Public Roads.
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local planning agencies. Needs for freeways, expressways, arterials and collector
streets were determined in consideration of the adequacy of existing facilities, pre-
liminary plans for future land use, future traffic volumes and traffic service needs,
desirable standards of major street and highway design, construction costs and other
factors affecting comprehensive transportation plans. Consideration has also been
given to the future role of public transit in the urban area, and the probable effect of
transit riding on major street and highway needs. Basic financial and administrative
policies related to urban street and highway construction in Maricopa County were
also evaluated.

In addition, major county roads and highways in rural sections of Maricopa
County were designated based on available data. The plan for the development of
major rural roads was integrated with the plan for the urban area to provide route
continuity and adequate services for major regional traffic desires.

In accordance with the fundamental objective of this study, a generalized
master plan for the development of major street and highway facilities has been
prepared. Also included, although of secondary importance at this time, are more
detailed recommendations regarding specific improvements which conform to the
generalized plan. Minor modifications in the functional plans and route locations
recommended in this report may be necessary as land use plans become crystalized
and more detailed engineering studies are undertaken.

ORGANIZATION OF REPORT

The following report is presented in five principal parts:

I EXISTING CONDITIONS

11 FUTURE TRAVEL PATTERNS

III FUTURE TRAFFIC SERVICE NEEDS

IV THE MAJOR STREET AND HIGHWAY PLAN

\Y IMPLEMENTATION OF THE PLAN

w
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Chapter |
EXISTING CONDITIONS

Figure 3 indicates the existing network of major streets and highways in the
Phoenix Urban Area. Nearly all of these facilities follow north-south or east-west
directions and conform to a basic rectangular grid system. The principal exception
is Grand Avenue, which extends northwesterly from the intersection of 7th Avenue
and Van Buren Street in downtown Phoenix.

When originally surveyed, the Phoenix Urban Area was divided into sections
having an area equal to one square mile. Property owners were required to dedicate
land along the section lines for the road system. These section-line roads have
served as an arterial street system. As the urban area grew, the one-mile sections
were subdivided; half-mile, quarter-mile and other streets were constructed to
provide local traffic services.

Figure 3 also indicates the locations of the primary state highway routes which
serve Phoenix and vicinity. U.S. Routes 60 and 70, the principal routes between
Phoenix and the Los Angeles area of southern California, and U.S. Route 89 follow
Grand Avenue and Van Buren Street through Phoenix and Apache Boulevard through
Tempe and Mesa. U.S. Route 80, connecting Phoenix with Yuma and the San Diego
area of southern California, follows Buckeye Road and 17th Avenue to a junction with
U.S. Routes 60, 70 and 89 at Van Buren Street. The other two regional highways in
the area, State Routes 69 and 87, are served by Black Canyon Highway in Phoenix
and Arizona Avenue south of Mesa, respectively.

THE MAJOR STREET INVENTORY

A detailed inventory of major street and highway facilities in the 225 square
mile area of the 1956-57 study was made by local public works agencies. Data were
collected concerning the following physical and usage characteristics:

1) Average daily traffic volumes,
2) Peak hour traffic volumes and characteristics,
3) Traffic composition,
4) Right-of-way and pavement widths,
5) The number and width of travel lanes,
6) The condition and width of shoulders or curb parking lanes,
7) Pavement condition and riding quality,
8) Median widths, if existing,
9) Street lighting conditions, and
10) Drainage conditions.

The inventory data had been coded for summarization by business machine
methods. The tabulations necessary for effective use of the data were prepared as
part of this study. Additional data were collected for sections of the future urban
area not surveyed previously. The expanded area of the inventory study is shown in
Figure 3. All data were up-dated to reflect 1958 conditions based on reconnaissance



studies and limited field measurements. Upon completion of the major street
inventory, detailed information was available in summarized form for homogeneous
sections of over 500 miles of roadway. The surveyed facilities range from high-
volume, divided arterials improved to good standards tolightly traveled, unimproved
county roads. Local streets were not included in the inventory studies.

EXISTING TRAFFIC CONDITIONS

TRAFFIC VOLUMES

Figures 4 and 5 illustrate the pattern of 1958 annual average daily traffic flow
on major streets and highways serving 1,000 vehicles per day, or more, in the Phoenix
Urban Area. The pattern of heavy traffic volumes on the mile roads reflects the past
history of urban development along the basic one-mile grid. The mile roads, generally
constructed first, have been the locations for major commercial and residential
developments, and have been widened in many instances to accommodate increasing
traffic volumes.

Heavy traffic volumes generated by the downtown business district of Phoenix,
where principal north-south and east-west traffic corridors intersect, are evident
in Figure 4. The critical central north-south corridor, including all streets in the
mile between 7th Avenue and 7th Street, servesover 80,000 vehicles per day between
the downtown business district and Indian School Road. Van Buren, Washington and
Jefferson Streets, east-west arterials, serve a combined volume of over 60,000
vehicles per day just east of 7th Street and about 36,000 vehicles per day just west of
7th Avenue.

All primary state highway routes in Phoenix pass through the heart of the down-
town business district. It is important to note that most of the traffic served by these
primary state highways is generated within the urban area. Grand Avenue, which
serves U.S. Routes 60, 70, and 89, carries only 6,500 vehicles per day at the north=-
west limit of the urban area, in comparison with volumes exceeding 20,000 vehicles
per day between the downtown business district and Black Canyon Highway. Black
Canyon Highway (State Route 69) carries more than 20,000 vehicles per day south of
Indian School Road in comparison with only about 5,400 vehicles per day north of
Olive Avenue. Volumes on Buckeye Road (U.S. Route 80) range from about 4,200
vehicles per day west of Avondale to about 14,900 vehicles per day at 17th Avenue
near the downtown area. About 20,000 vehicles per day use U.S. Route 60-70-80-89
between Phoenix and Tempe in comparison with about 8,500 vehicles per day east of
Mesa. An important objective of the master plan for future major streets and high-
ways in the urban area should be the removal of inter-city traffic and long distance
urban-area trips from overloaded downtown streets which are needed to provide
local circulatory traffic service functions.

The heaviest traveled street in the urban area is Central Avenue which serves
maximum average daily volumes in excess of 30,000 vehicles. Because of its con=
tinuity for the 15 miles between Sunnyslope and the Salt River Mountains, and its
high standard of development, Central Avenue provides arterial functions as well as
local traffic services to major shopping, business and residential developments along
it. Average traffic volumes on Central Avenue range between 9,000 and 33,000
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vehicles per day north of downtown Phoenix, between 7,000 and 27,000 vehicles per
® day between Baseline Road and downtown Phoenix, and between 20,000 and 22,000
l vehicles per day in the downtown area itself. Peak demands equal to about 40,000
vehicles per day have been served by this important facility between the downtown

area and Indian School Road.

Other streets serving 1958 average daily traffic in excess of 20,000 vehicles
[ ] per day at maximum locations include Grand Avenue (21,000), Washington Street
(22,000), Van Buren Street (23,000), McDowell Road (25,000), Thomas Road (24,000),
Indian School Road (23,000), Camelback Road (22,000), 16th Street (21,000), and the
Black Canyon Highway frontage roads (21,000 combined). Washington and Jefferson
Streets, which operate as a one-way couplet through the downtwon area, serve coms-
bined volumes ranging between 33,000 and 40,000 vehicles per day. Capacity limita-
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tions on CentralAvenue south of McDowell Road have also required the conversion of
3rd and 4th Streets and 3rd and Sth Avenues to one-way operation. These streets
each serve 6,000 to 8,000 vehicles per day between Roosevelt and Van Buren Streets
(see Figure 5).

Analyses of the traffic flow patterns shown in Figures 4 and S are basic to the
evaluation of major street and highway needs. In these analyses, it must be recog-
nized that flow patterns are directly affected by the adequacy of existing street
facilities, The overloading of one major facility may be indicative of inadequacies of
adjacent facilities or the need for new facilities, rather than the need for improvement
of the overloaded facility. Thus, the overloading of Central Avenue in central Phoenix
reflects, in part, the inadequate status of development of 7th Avenue and 7th Street.
The importance of improving these centrally located arterials to desirable standards,
and developing other major north-south facilities sufficiently attractive to relieve
them of long distance urban-area trips is apparent.

Analyses of 1958 traffic flow patterns also indicate an ‘‘overflowing’’ of
arterial traffic flow to several half-mile roads because of capacity deficiences on
the mile roads. Average daily traffic volumes on Osborn Road, Roosevelt Street,
15th Avenue, and 3rd Street already equal or exceed 10,000 vehicles per day; sections
of 12th Street, 20th Street and Missouri Avenue are also serving appreciable through
traffic - traffic which should generally be served by the mile roads.

Average traffic volumes on major streets west of Black Canyon Highway were
moderate in 1958 except for Grand Avenue and sections of Van Buren Street, 35th Ave-
nue and Buckeye Road as shown in Figure 4. However, this portion of the urban area
is being rapidly developed in residential subdivisions. Greatly increased traffic
demands will develop during the next few years requiring replacement of existing
two-lane county roads with adequate urban arterial streets.

TRAFFIC FLOW CHARACTERISTICS

Major street and highway facilities must be designed to accommodate the
frequent peak periods of traffic demand - not just the annual average daily volumes
shown in Figures 4 and 5. Knowledge of the characteristics of traffic served by par-
ticular facilities is important to the determination of practical roadway capacities
and future lane requirements. Traffic flow characteristics in the Phoenix Urban
Area were found to be similar ih most respects to those found in other large urban
areas. The principal difference is the season for peak traffic demands.

A study of peak hour traffic characteristics atabout 70 representative locations
indicated that 7 to 13 percent of the total daily traffic on major streets and highways
in the urban area occurs during the peak hour of demand; the weighted average for
all locations was about nine percent. Lower-than-average values occur on arterial
streets which carry heavy traffic throughout most of the day, such as Central Avenue,
Van Buren Street, or the Tempe Bridge (see Figure 6), while the higher-than-average
values occur on arterials serving commuter traffic in residential suburbs.

A study of the directional distribution of traffic during the peak hour showed
that between 55 and 76 percent of peak hour traffic moves in the major direction of
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flow. The average for 58 representative locations was 64 percent. The lower values
are found close to the center of the city where a sizable amount of ‘‘cross-town’’
traffic occurs, while the higher values occur in the outlying areas. Peak one-direction
volumes as a percent of average 24-hour, two-way traffic equal about 5.8 to 5.9 per-
cent in the Phoenix Urban Area. Peak hour directional volumes along one-way streets
in and near downtown Phoenix comprise 10 to 11 percent of the 24-hour traffic,

Daily traffic variations are more pronounced on arterials than through routes
in urban areas, with peak traffic occurring on Fridays and light traffic demands on
Sundays. Friday traffic volumes during the winter seasonare generally 15 to 20 per-
cent greater than the annual average daily volumes.

As shown in Figure 6, studies of the seasonal patterns of traffic variation in
Phoenix indicate that traffic from November to March is generally eight to nine per-
cent higher than the annual average volume for through routes. The April-May and
September-October periods are most representative of average traffic volumes.
Seasonal traffic variations on most arterials are less pronounced than on primary
highways.

Commercial traffic volumes vary widely between locations. Medium and heavy
truck traffic constitutes 4.0to7.5 percentof total traffic on major north-south streets
in central Phoenix as recorded on north-south mile and half-mile roads between 19th
Avenue and 16th Street at the Grand Canal.

QUALITY OF TRAFFIC FLOW

The quality of traffic service provided by existing street and highway facilities
may be determined by studies of vehicle travel speeds, delays and accident frequency.
Speed and delay studies were made during off-peak periods on more than 200 miles
of major streets and highways in the urban area. Peak hour travel speeds are also
available from the Phoenix-Maricopa County Pilot Study.2 Accident records are
readily available from files maintained by city, county and state agencies.

Travel Speeds and Delays - Traffic engineering measures have been very
effective in maintaining a relatively high standard of traffic service on most streets
and highways in the urban area, despite mounting traffic demands and major street
deficiencies. The average driving speed during the evening peak hour on arterials
outside the downtown area was reported inthe Pilot Study report to be 28.6 miles per
hour in 1957 compared with 24.8 miles per hour in 1947. This 15 percent increase
was achieved during a period of tremendous traffic growth. The average peak hour
driving speed for all arterials in the City of Phoenix, including the downtown area,
was found to be a respectable 26.9 miles per hour.

The average over-all driving speed during off-peak periods on about 200 miles
of heavily traveled roads in the area was found in this study to be about 28 miles per
hour. As summarized in Table 1, over-all speeds on most streets serving heavy

2. "Travel Time Study;" Phoenix-Maricopa County Pilot Study, Section V, Measurement of Existing Street Services;
February 17, 1958.
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traffic range between 25 miles per hour and 30 miles per hour, which is satisfactory.
However, travel speed deficiencies were found on critical sections of Grand Avenue,
Central Avenue, 16th Street, 19th Avenue, Van Buren Street, McDowell Road and
Scottsdale Road. Off-peak speeds in excess of 40 miles per hour were found only on
Black Canyon Highway north of Camelback Road. (See Appendix Table A for typical
travel speeds and delays by significant roadway sections.)

Traffic congestion during peak hours of traffic demandhas reached undesirable
levels on most of the major streets in central Phoenix. The quality of traffic flow
is deficient during peak hours on about S0 miles of the existing street system. Figure
7 indicates the deficient roadway sections. Peak hour travel speeds are deficient and
traffic delays are excessive on Grand Avenue, where six-legged intersections at the
mile road crossings require multi-phase traffic signal controls, and on central
sections of all east-west mile roads between the downtown area and Camelback Road.
Even more serious congestion on these east-west facilities is impending with rapid
growth in suburbs just west of Phoenix, and construction of Black Canyon Highway to
freeway standards with interchanges at the mile roads. The quality of peak hour
traffic flow is also deficient on Central Avenue, where average speeds range between
10 and 17 miles per hour for most of the five miles between Henshaw Road and
Camelback Road, as well as on other north-south major streets as shown in Figure 7.

Figure 8 indicates that about 14 percent of the over=-all travel time on major
arterials in the Phoenix Urban Area is in traffic delay. In many other large urban
areas where major street and highway improvements have lagged behind traffic
demands, delays have been shown to account for as much as one-fourth of the over-all
travel time. This condition will confront the Phoenix Urban Area unless action is
taken to provide additional capacity in critical traffic corridors.

Figure 8 also shows that most of the delays are caused at intersections; mid=-
block delays actually accounted for only about two percent of all delays. This fact is
indicative of the type of improvement needed -~ major high-capacity facilities designed
to remove intersection delays by separating high-volume intersecting traffic flows.
Safe speeds in excess of 35 miles per hour in the urban area are not possible on
conventional urban arterial streets with frequent intersections at grade.

Accidents - Highincidence of accidents may be another indication of a deficiency
in the quality of traffic services provided by existing facilities, although some acci=
dents must be expected even on facilities of the best design because of driver failures.

Of a total of 2,662 motor vehicle accidents at intersections responsible for five
or more accidents in 1958, 2,248 occurred within the 1958 Phoenix city limits while

414 occurred in areas under county jurisdiction.

Table 2 lists the 28 intersections in the urban area at which 20 or more acci-
ents occurred in 1958, All of these intersections are at high-volume intersections in
the City of Phoenix. Of the 28 intersections with the highest incidence of motor
vehicle accidents, eight are located on McDowell Road, six on Van Buren Street, five
on Thomas Road, and three on Grand Avenue, suggesting serious functional defi-
ciencies. New facilities developed to high standards of design are needed to provide

7




Table 1

SUMMARY OF TYPICAL OFF-PEAK TRAVEL SPEEDS AND DELAYS (February 1959)

Phoenix Urban Area

Time Delays Average Speed
Major Street Street Section M_ile_s (Min:Sec) (Min:Sec) (m.p.h.)
Jentral Avenue Baseline Road to Dunlap Avenue 13.0 31:59 71:36 24.4
Black Canyon Highway Van Buren Road to Dunlap Avenue 8.0 12:24 1:05 38.5
7th Avenue Van Buren Road to Olive Avenue 8.0 17:25 2:06 27.6
7th Street Baseline Road to Dunlap Avenue 13.0 32:09 3457 24.2
19th Avenue Baseline Road to Olive Avenue 13.0 25:40 2:39 30.4
16th Street Baseline Road to Glendale Avenue 11.0 25:09 4:47 26.3
24th Street Baseline Road to Camelback Road 9.0 20:06 2357 26.8
35th Avenue Broadway to Olive Avenue 11.0 21:10 1:37 31.2
Scottsdale Road Baseline Road to McDonald Drive 10.0 20:01 2:09 30.0
Grand Avenue 7th Avenue to 43rd Avenue 5.6 12:46 2353 26.4
Van Buren Street 43rd Avenue to 40th Street 9.0 24:14 6:23 22.1
Jefferson Street Black Canyon Highway to 16th St. 3.5 8:16 0:34 25.3
Buckeye-Maricopa-Henshaw 43rd Avenue to 16th Street 5.5 12:15 1:50 26.9
Baseline Road 19th Avenue to 40th Street 6.0 9:00 0:35 40.0
McDowell Road 43rd Avenue to Scottsdale Road 13.0 29:10 5:48 26.8
Thomas Road 43rd Avenue to Scottsdale Road 13.0 28:02 2:59 27.9
Indian School Road 43rd Avenue to Scottsdale Road 13.0 26:44 2:50 29.2
Bethany Home Road 43rd Avenue to 16th Street 6.0 13:12 1:50 27+3
Glendale Avenue 43rd Avenue to 16th Street 6.0 11:05 1:54 32.4
Northern Avenue 43rd Avenue to 16th Street 6.0 10:40 1323 33,8

Note: Refer to Appendix Table A for details concerning individual roadway sections.
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for safety of traffic operations in major traffic corridors as well as to provide
adequate roadway capacity and travel speeds.

Table 2
INTERSECTIONS EXPERIENCING
20 OR MORE REPORTED ACCIDENTS IN 1958
Phoenix Urban Area

Number of Accidents

Intersection Total Fatals  Injury P,.D,O,.*

16th Street & McDowell Road 33 - 9 24
19th Avenue & Grand Avenue 31 - 6 25
7th Avenue & Van Buren Street 29 - 4 25
32nd Street & McDowell Road 28 - 5 23
Indian School Road & Central Avenue 26 - 5 21
16th Street & Van Buren Street 24 4 19
7th Street & Thomas Road 24 2 22
24th Street & Washington Street 23 - 10 13
20th Street & McDowell Road 23 - 3 20
7th Avenue & Indian School Road 23 - 1 22
24th Street & Thomas Road 22 - 4 18
Black Canyon Highway & McDowell Road 22 - 6 16
16th Street & Washington Street 21 - 6 15
Black Canyon Highway & Van Buren St. 21 - 3 18
24th Street & Van Buren Street 21 - ) 14
32nd Street & Thomas Road 21 - 6 15
16th Street & Thomas Road 21 - 9 12
35th Avenue & Indian School Road 21 5 15
5th Avenue & Van Buren Street 20 - 3 17
lst Street & Van Buren Street 20 - 3 17
7th Street & McDowell Road 20 - 6 14
3rd Street & McDowell Road 20 - 2 18
20th Street & Jefferson Street 20 - 3 17
27th Avenue & Grand Avenue 20 - 1 19
McDowell Road & Central Avenue 20 - 3 17
Jefferson Street & Central Avenue 20 - 3 17
16th Street & Broadway 20 - 7 13
16th Street & Henshaw Road _20 = _9 _11

Total 634 2 135 497

* Property Damage Only
Source: Department of Police, City of Phoenix.

Note: No intersections in areas under the jurisdiction of Maricopa County experienced 20 or more accidents in 1958.
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TRAFFIC VOLUME—CAPACITY RELATIONSHIPS

Undesirable levels of traffic congestion develop when the practical capacity of
a roadway is exceeded. Traffic demands on critical sections of all east-west major
streets between the downtown area and Camelback Road in central Phoenix are
approaching, or have already reached the practical capacities of the existing road=-
ways. Traffic control measures to increase capacity have been effected; despite
these operational improvements, traffic redistribution to half-mile roads has taken
place because of capacity deficiencies on the mile roads, and the peak period of
congestion on the mile roads is extended beyond desirable limits.

Present traffic demands for major north-south facilities between Black Canyon
Highway and 24th Street are also approaching or already exceed practical capacity
limits. Completion of Black Canyon Highway as a six-lane freeway during the next
few years will triple the capacity in this important corridor of traffic flow, and pro-
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vide traffic relief to other congested north-south streets. Nevertheless, the need for
additional capacity in the central north-south corridor (between 7th Avenue and 7th
Street), and north-south corridors east of 7th Street is indicated.

EXISTING TRAFFIC CONTROLS AND REGULATIONS

Many traffic control measures have been applied in the Phoenix Urban Area to
attain maximum utility from existing street facilities. These include the use of traffic
signals, stop signs, turn prohibitions, curb parking restrictions, one-way streets,
lane markings, median islands and channelization.

Traffic signals have been installed at most of the heavily traveled intersections
in Phoenix, including nearly all mile-roadintersections between 27th Avenue and 40th
Street, and between the downtown business district and Camelback Road. Many of the
intersections between the mile and half-mile roads in this central area are also sig-
nalized. Most of these installations include fixed-time signal equipment although traffic
actuated signals are in use at various locations along Van Buren Street and on several
other arterials. All signalized intersections in Phoenix are provided with at least two
signal indications for each direction of travel in accordance with desirable standards.

The need for additional signalization along Scottsdale Road and in areas north
of the 1958 corporate limits of Phoenix was indicated in field studies of traffic
operations made for this report. Some of these installations have already been made.
The City of Phoenix, Division of Traffic Engineering, is engaged in a continuing pro-
gram of signalization and modernization of traffic control systems.

Several thousand stop signs have been installed throughout the urban area,
including several ‘‘four-way stop’’ installations (most of which are outside the 1958
corporate limits of Phoenix) which should be replaced eventually with traffic signals.
Left turn prohibitions are in effect at critical intersections along Central Avenue,
Van Buren Street, Roosevelt Street, McDowell Road, Thomas Road, 16th Street, and
Grand Avenue.

One-way traffic operations have been established on several streets in and near
downtown Phoenix (see Figure 3). Major streets paired for one-way traffic include
Washington and Jefferson Streets between 17th Avenue and 16th Street; Adams and
Jefferson Streets between Black Canyon Highway and 17th Avenue; Adams and
Monroe Streets between 5th Avenue and 7th Street; 3rd and Sth Avenues between
Madison Street and Thomas Road; and 3rd and 4th Streets between Jackson Street and
Roosevelt Street.

Curb parking restrictions have been applied at numerous locations in central
Phoenix to improve roadway capacity and the quality of traffic flow. It is of import-
ance to this analysis of major streetneeds to note that curb parking has been removed
from long sections of Central Avenue, Van Buren Street, Roosevelt Street, McDowell
Road and Thomas Road.

A landscaped median was recently constructed along a short section of Central

Avenue. This was the first application of this highly desirable traffic control measure
in Phoenix. The use of medians, whichcanincrease intersection capacity and provide
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important safety benefits, should be greatly expanded.Channelizing islands, left-turn
lanes established through pavement markings and narrow raised center strips to
eliminate left-turns and U-turns have also been provided at various locations.

A general review of existing traffic conditions in the Phoenix Urban Area, made
primarily to establish the character and magnitude of major street and highway needs,
revealed that the ability of existingarterialstoaccommodate current traffic demands
has been improved substantially by traffic engineering. Potential capacity increases
on critical sections of the existing street system in Phoenix have already been
achieved through the traffic control measures cited above. The provision of additional
capacity for future needs in these critical areas must involve physical improvements
including street widening projects, more extensive use of medians and the construc-
tion of new and modern major street and highway facilities.

PHYSICAL STREET CONDITIONS

Comprehensive information concerning physical street conditions in the Phoenix
Urban Area was also essential to this study. As previously indicated, a major street
inventory was made by local public works agencies as part of the 1956~57 data collec-
tion program, These data, which were summarized and up-dated to reflect 1958 con-
ditions, provided the basis for preliminary cost estimates to establish the general
magnitude of the necessary street improvement program. Existing physical conditions
were also major considerations in the determination of the types, locations and
design standards of recommended improvements.

PAVEMENT WIDTHS

Figure 9 illustrates the general pattern of 1958 major street widths in the
Phoenix Urban Area. With few exceptions, at least four traffic lanes have been pro-
vided between 35th Avenue and 48th Street on heavily traveled sections of the
east-west mile roads in central Phoenix. Principal exceptions include McDowell
Road between 3rd and 7th Avenues; Indian School Road between Grand Avenue and
15th Avenue; Thomas Road and Van Buren Street for several blocks east of 35th
Avenue; and the connection between Buckeye and Henshaw Roads (Maricopa Street).
Washington and Jefferson Streets each serve one-way traffic in four to five lanes
between the downtown area and 16th Street; eastof 16th Street, Jefferson Street is an
inadequate two-lane facility in need of reconstruction. Van Buren Street, Washington
Street, Apache Boulevard and McDowell Road also serve four-lane traffic east of
Phoenix,

North=-south streets with four or more traffic lanes include Central Avenue from
Broadway to Olive Avenue; 16th Street south of Camelback Road, and some sections
of 19th Avenue, 7th Avenue and 7th Street. Critical sections of Central Avenue are
operated with six lanes for traffic withcurbparking restrictions. Four lanes are also
provided on Grand Avenue, Black Canyon Highway (frontage roads), Arizona Avenue,
and sections of Scottsdale Road between McDowell and Camelback Roads.

Few sections of the existing street system in west Phoenix, which is growing

rapidly, are provided with four traffic lanes. In many areas, old 16 to 18-foot pave-
ments are in use, constructed in the early period of road development in Maricopa
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County when the accent was on getting the greatest possible mileage of all-weather,
hard surfacing. These roads may be adequate for rural farm-to-market needs, but
they do not provide the quality of service required by urban traffic demands. As new
subdivisions are developed, the old ‘‘section-line’’ rural roads are being replaced
with modern arterial streets.

Many sections of the existing arterial street system in central Phoenix include
40 to 42-foot pavements which were originally intended as two-lane roads with
shoulders but which actually operate as four-lane roads without shoulders because of
the pressures of traffic demands or the lack of pavement delineation. Thus, although
four traffic lanes are provided on most of the heavily traveled streets in Phoenix, in
many cases pavement widths are inadequate for adequate lane widths, curb parking
lanes or special turn lanes,

Table 3 summarizes the 1958 status of streets and highways serving 8,500
vehicles per day or more. (This is the maximum volume which two-lane streets can
normally be expected to accommodate without undesirable congestion during peak
hours.) About 165 miles of the existing major street and highway system served
8,500 vehicles per day or more in 1958. About one-third of this important mileage
consists of two-lane streets and pavement widths are deficient on most of the mileage
of four-lane streets. It isevident that an extensive program of major street widenings
is urgently needed.

Several new streets are also needed, or soon will be needed as a result of the
expansion of the urban area. The principal among these is the extension of 7th Avenue
across the Salt River.3 Sections of other mile roads in the future urban area not yet
constructed include Olive Avenue between 7th Avenue and Central Avenue; 35th Ave-
nue north of Olive Avenue; Thunderbird Road east of Black Canyon Highway; and
various sections of the mile road network in Paradise Valley. In addition, 7th Street
north of Sunnyslope, Southern Avenue south of Tempe and Mesa and various other
roads at the fringes of the future urban area have been graded but not paved.

EXISTING MAJOR STREET RIGHTS—OF—WAY

The widths of existing major street rights-of-way are even more important
than existing pavement widths in developing plans for future facilities in built-up
sections of the urban area. As shown schematically in Figure 9, rights-of-way equal
to 100 feet or more for an appreciable distance are available along few streets in the
Phoenix Urban Area. Most of these streets are those serving primary state highway
routes such as Grand Avenue, 17th Avenue, and some sections of Van Buren Street
and Apache Boulevard. Black Canyon Highway is now being improved to the high
standards of the Interstate system on rights-of-way exceeding 200 feet in width. Other
than these facilities, only Central Avenue, sections of Washington Street, and down=
town sections of First and Second Avenues and First and Second Streets are provided
with the 100-foot right-of-way normally recommended as a minimum for major
arterials.

3. Since the physical inventory studies were completed, the Maricopa County Highway Department has constructed 7th
Avenue across the Salt River and completed several other important street improvement projects.
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Street Name
Baseline Road

Bethany Home Road

Buckeye Road
Buckeye Road
Camelback Road
Camelback Road
Camelback Road
Central Avenue
Central Avenue
Central Avenue
Grand Avenue
Grand Avenue
Henshaw Road

Indian School Rd.
Indian School RAd.
Indian School RAd.
Indian School Rd.
Indian School Rd.

Jefferson Street
Jefferson Street
Maricopa Street
McDowell Road
McDowell Road
McDowell Road
McDowell Road
Arizona Avenue
Northern Avenue
Scottsdale Road
Thomas Road
Thomas Road
Thomas Road
Thomas Road

Table 3

1958 STATUS OF STREETS
WITH 1958 AVERAGE DAILY TRAFFIC OF 8,500 VEHICLES OR MORE

Limits of Critical Section
16th Street to 56th Street
35th Avenue to 19th Avenue
35th Avenue to 17th Avenue
15th Avenue to 7th Avenue
Black Canyon Hwy. to l6th Street
16th Street to Arcadia Drive
Arcadia Drive to 56th Street
Southern Avenue to Salt River
Salt River to McDowell Road
McDowell Road to Northern Avenue
67th Avenue to 27th Avenue
27th Avenue to 7th Avenue
Central Avenue to 24th Street
43rd Avenue to Grand Avenue
Grand Avenue to 7th Avenue
7th Avenue to 16th Street
16th Street - 48th Street
48th Street to 56th Street
17th Avenue to 16th Street
16th Street to 20th Street
7th Avenue to Central Avenue
27th Avenue to Central Avenue
Central Avenue to 32nd Street
32nd St. - Scottsdale Rd.

Scottsdale Rd.-N.Country Club Dr.

Broadway - Transmission Road
27th Avenue to 19th Avenue
Camelback Road - McDowell Road
35th Ave.- Black Canyon Hwy.
Black Canyon Hwy.- 16th St.
16th Street - 48th Street

48th Street - 56th Street

Existing Conditions

1958 Average

Width* Of-Way* Daily Traffic
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Pavt. Right-
34 66
64 80
56 66
24-34 66
40 66
40-48 66
20-22 66
48-56 66
52-56 66- 79
56-62 93-104
40 100-109
56-64 80-100
42-52 66
40 66
38-47 66- 80
60-64 80
40 66
20-28 66
64-65 93- 94
36 96
24 66
36-43 66
40-64 80
40 66
40-48 80
40-64 66- 80
40 80
38-48 66- 80
28-40 66-100
40-52 66- 73
48-64 80
34 80

8,600
8,800- 9,700
13,600-14,900
10,800-12,000
14,000-22,200
10,000-16,900
8,500-10,000
13,900-26,900
24 ,600-27,500
9,000-33,000
9,000-18,500
18,500-20,500
14,800-19,800

10,500
10,500-17,200
18,300-23,300
12,000-18,300

12,000
11,400-18,900
10,000-11,000

15,600
11,100-18,600
17,800-23,400
11,100-17,800
8,800- 9,400

12,300
8,500- 8,700
8,800-11,900
9,400-11,600
18,700-23,000
18,200-23,900

11,500
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Street Name
Van Buren Street
Van Buren Street
Van Buren Street
Van Buren Street
Washington Street
Washington Street
7th Avenue
7th Avenue
19th Avenue
19th Avenue
19th Avenue
27th Avenue
35th Avenue
35th Avenue
7th Street
7th Street
7th Street
16th Street
16th Street
16th Street
16th Street
24th Street
24th Street
24th Street
32nd Street
40th Street
Apache Boulevard
Apache Boulevard
Black Canyon Hwy.

Total Miles

Table 3 (Continued)

1958 STATUS OF STREETS

WITH 1958 AVERAGE DAILY TRAFFIC OF 8,500 VEHICLES OR MORE

Limits of Critical Section
35th Avenue - Black Canyon Highway
Black Canyon Highway - 7th Street
7th Street - 48th Street
48th Street - Washington Street
17th Avenue - 16th Street
16th Street - Van Buren Street
Buckeye Road - Camelback Road
Camelback Road - Glendale Road
Broadway - Van Buren
Van Buren - Osborn Road
Osborn Road - Indian School Road

Bethany Home Rd. - Indian School Rd.

Camelback Rd. - Indian School Rd.
Roosevelt Street - S.P. Co. Tracks
Henshaw Road - Van Buren Street
Van Buren Street - Grand Canal
Grand Canal - Orangewood Road
Broadway - Washington Street
Washington Street - Thomas Road
Thomas Road - Camelback Road
Camelback Road - Glendale Avenue
Broadway - Henshaw Road

Henshaw Road - Van Buren Street

Van Buren Street - Indian School Rd.

Washington Street - McDowell Road
Osborn Road - McDowell Road
Washington Street - Arizona Avenue
Arizona Avenue - Reebs Road
Jefferson Street - Northern Avenue

-J-‘-h-.--.--.-

Existing Conditions

No. No. Pavt. Right- 1958 Average
Miles Lanes Width* Of-Way* Daily Traffic
1«5 2,4 32-42 66- 80 14,900-16,200
25 4,6 53-60 80 12,600-14,900
5.0 4 " 56 80 14,600-23,000
2.0 4 56 80 10,400-12,100
2.8 4,5 62-64 100 11,400-18,900
6.0 4 48-60 84-100 9,300-15,200
5:0 3,4 35-57 66 10,600-17,800
2.0 2 34 66 10,100-14,100
3.0 2 32-40 66 9,800-10,100
2.:5 3,4 30-46 66- 80 9,400- 9,500
0.5 2 24 66 8,500- 9,400
2.0 2 16-24 66 8,700- 9,000
1.0 2 20-40 66 10,100
1.0 2 24-32 66- 80 9,400-12,000
1.0 2,3 28-32 66- 73 8,600-10,300
3.5 4 33-40 66- 80 8,600-13,800
3.0 2 34 66 11,600-13,800
2.8 2 34-34 66 11,100
2.2 4 40-56 66 21,100
2.0 4 40-56 80 14,500
2.0 2 34-36 66  9,400-11,600
2.0 2 22-24 66 9,100
1.0 3,4 34-40 66- 80 10,900-18,600
3.0 2 22-40 66 8,800-12,000
1.2 2 28 66- 68 9,800-14,200
1.5 2 24-26 66- 73 11,400-13,900
7.7 4 40-64 100 14,100-20,000
5.0 4 80-99 88-130 8,500-18,500
1.3 4  2@32 Varies 9,000-20,900

170.2




Many of the existing major streets in Phoenix, and most of the rural roads in
undeveloped sections of the urban area were originally constructed on 66-foot rights-
of-way. The inadequacy of 66 feet for the construction of adequate four-lane major
streets in urban areas has long been recognized by local officials. The present
zoning ordinance of the City of Phoenix establishes the future widths of most mile and
half-mile roads by assuring 80 feet of undeveloped right-of-way. In areas of new
subdivisions, 80-foot rights-of-way are established on major streets by subdivision
regulations. Maricopa County recently adopted a policy whereby subdividers must
dedicate 65 feet along both sides of the centerline of mile roads for a total 130-foot
right-of-way, and 40 feet along both sides of the centerline of half-mile roads for a
total 80-foot right-of-way. These wider dedications, which exist only where sub=-
divisions have been developed in recent years, and the numerous street widening
projects necessitated by increasing traffic demands, have resulted in disorderly and
unbalanced patterns of major street widths and roadway capacities.

Existing right-of-way widths on most of the heavily traveled major streets
range between 66 and 80 feet. About half of the mileage of streets serving 8,500
vehicles per day or more, listed in Table 3, is developed on rights-of-way less than
80 feet wide. These deficiencies in right-of-way for present traffic needs will be
costly to eliminate since most of them are located in central areas of Phoenix which
have already been developed. Thus, major expenditures of public funds will be required
to improve existing arterials to adequate standards. Large capacity increases for
future traffic needs will require the constructionof new facilities on wider rights-of-
way than available on most of the critical sections of the existing major street system.

OTHER PHYSICAL STREET CONDITIONS

In addition to adequate roadway widths for necessary traffic lanes, modern
urban arterials should include curb parking lanes, special turn lanes where required,
adequate border widths for sidewalks and plantings, curbs and gutters for drainage,
street lighting and smooth riding pavement. Many miles of roadway in areas recently
annexed by Phoenix, originally constructed to serve rural traffic, do not include these
features and are now obsolete. As previously noted, existing mile roads serving
four-lane traffic on 66-foot rights-of-way in central Phoenix are also obsolete with
narrow lanes, the lack of curbs and gutters and inadequate widths for turn lanes. In
addition, open irrigation ditches closely parallel the roadway along many streets in
the urban area. These ditches constitute a traffic hazard.

Mercury vapor lighting has been or soon will be installed on many heavily
traveled arterials in Phoenix where trafffic and pedestrian volumes warrant it. The
central business district has incandescent lighting. Incandescent lighting has also
been installed in most residential areas at street intersections. Except for outlying
portions of the urban area, existing conditions of major street lighting are good.

Finally, there are only two bridge crossings of the Salt River in the urban area.
These bridges are located on Central Avenue and U.S. Route 60-70-80 at Tempe. It
is sometimes necessary to close other crossings because of flood conditions, or the
possibility of a flash flood. Flood control needs in the urban area are under separate
study; additional bridge crossings of future flood canals will be necessary.
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RAILROAD—MOTOR VEHICLE CONFLICTS

The Phoenix Urban Area is served by two railroads - the Atchison, Topeka and
Santa Fe Railway and the Southern Pacific Company. The locations of these railroads
are shown in Figure 10. The Southern Pacific maintains yard facilities just south of
Jackson Street near downtown Phoenix. Except for underpasses at Central Avenue,
Black Canyon Highway and 17th Avenue in Phoenix, Grand Avenue northwest of Glen=
dale, Mill Avenue and McClintock Drive in Tempe, and Arizona Avenue in Mesa, all
railroad crossings in the urban area are at grade with intersecting streets.

Appendix Table B summarizes the results of an inventory of 1958 traffic and
physical conditions at 68 railroad crossings in the urban area. Physical conditions
shown include the number of main-line and spur tracks, and the present protective
devices used at each crossing. Traffic conditions at each crossing are indicated by
the 1958 average daily vehicular traffic volume, the number of motor vehicle-train

accidents during the last two years and the number of train movements per day
classified by type. Also shown are the products of the number of trains per day and
1958 average daily traffic - a relative measure of potential railroad-motor vehicle
conflicts,

Tables 4 and 5 indicate the principal locations of accidents and potential con-
flicts between motor vehicles and railroad traffic. The worst location is the 16th
Street crossing of the Southern Pacific tracks where 17 accidents have taken place in
the last two years and where about 1,695,000 potential conflicts occur each day - more
than at any other location in the area. Over 100 switching movements are made
across 16th Street by Southern Pacific trains on a typical day.

As shown in Table 5, potential conflicts between railroad traffic and motor

vehicles exceed 200,000 per day at seven locations; they exceed 100,000 per day at
15 locations. These conditions indicate the desirability of including railroad grade

Table 4

PRINCIPAL LOCATIONS OF RAILROAD GRADE CROSSING ACCIDENTS
Phoenix Urban Area

Total Accidents

Crossing Railroad Last 2 Years
16th Street SP 17
7th Avenue AT & SF & SP 10
McDowell Road AT & SF 8
35th Avenue AT & SF 4
19th Avenue (Near McDowell Rd.) AT & SF 4
3rd Avenue AT & SF & SP 4
All Crossings-Phoenix Urban Area 79
All Crossings-Maricopa County 106
17




separation projects in the major street and highway improvement program. Railroad
warning devices are also deficient at many crossings; automatic gates are not used
at all, and flashing lights are not provided at numerous locations where warranted by
existing traffic conditions.

Table 5
PRINCIPAL LOCATIONS OF POTENTIAL RAILROAD-MOTOR VEHICLE CONFLICTS

Phoenix Urban Area

Potential 1958
Daily Motor Vehicle-

Crossing Railroad Train Conflicts
16th Street SP 1,695,800
7th Street AT & SF & SP 684,000
7th Avenue AT & SF & SP 519,800
McDowell Road AT & SF 268,800
19th Avenue near
McDowell Road AT & SF 228,000
24th Street SP 223,200
19th Avenue SP 222,200
Indian School Road AT & SF 199,800
3rd Avenue AT & SF & SP 198,900
Van Buren Street AT & SF 191,800
20th Street SP 184,800
Thomas Road AT & SF 178,200
4th Street AT & SF & SP 156,400
23rd Avenue SP 145,200
27th Avenue AT & SF 142,200
19th Avenue near
Jackson Street AT & SF 141,400
Glendale Avenue AT & SF 138,000
35th Avenue AT & SF 135,000
35th Avenue SP 109,800
15th Avenue AT & SF & SP 108,000
Broadway SP 108,000
3rd Street AT & SF & SP 101,200
27th Avenue SP 98,000

Note: Refer to Appendix Table B for additional details concerning existing conditions at principal railroad crossings.

18
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SUMMARY AND CONCLUSIONS

Detailed analyses of the magnitudes and patterns of traffic flow, the quality of
traffic services and physical conditions on existing major streets and highways in the
Phoenix Urban Area indicate that:

1)

2)

3)

4)

5)

6)

Average daily traffic volumes in excess of 20,000 vehicles per day are
served at maximum locations by 10 streets in the Phoenix Urban Area.
These are Central Avenue, Grand Avenue, Washington Street, Van Buren
Street, McDowell Road, Indian School Road, Camelback Road, 16th Street,
Thomas Road and Black Canyon Highway.

Typical daily traffic demands on critical sections of all east-west mile
roads between downtown Phoenix and Camelback Road are already close

to, or in excess of desirable limits for the existing facilities with pros-
pects for tremendous growth ahead.

Increased roadway capacity for future traffic increases on congested
east-west arterials in central Phoenix will be difficult and costly to
achieve because:

(a) These facilities are already operated with four or more traffic lanes;
(b) Rights-of-way of only 66 to 80 feetare available in most cases; and

(c) Traffic engineering measures to improve the efficiency of traffic
operations have already been effected.

Central Avenue is serving extremely heavy traffic -over 30,000 vehicles
per day at the maximum location - because it is ideally located with
respect to major north-south traffic desires, because it has been im-
proved to relatively high standards and because of the inadequate status
of development of 7th Avenue and 7th Street.

Capacity limitations on existing mile roads, which functionas the arterial
street system, are causing the following undesirable conditions:

(a) Excessive traffic delays, particularly at principal mile-roadinter-
sections;

(b) Excessive incidence of traffic accidents; and

(c) Diversion of arterial traffic flow to half-mile and quarter-mile
streets in residential neighborhoods.

All primary state highway routes pass through the heart of the downtown

business district, causing the undesirable intermingling of through traffic
with heavy volumes of slow-moving local traffic.

19




7)

8)

9)

10)

No facilities exist in the Phoenix Urban Area to provide high-capacity,
high-speed (40 to 60 miles per hour), safe traffic operations for major
traffic movements. Black Canyon Highway, now under construction, will
provide traffic services of this type initstributary area when completed.

Many miles of the existing network of major streets and highways in the
urban area are physically deficient. Principal deficiencies include pave-
ments too narrow for adequate traffic lane widths, turn lanes and border
areas; rough or obsolete roadways originally constructed for rural traffic
needs; and inadequate drainage facilities.

Only 7 of the 68 railroad crossings of significance in the Phoenix Urban
Area are provided with grade separations. Traffic delays and hazards
have increased to the point where the construction of additional grade
separations and the provision of additional modern warning devices at
principal grade crossings are needed.

Traffic controls and regulations have been widely and effectively applied
in the Phoenix Urban Area to ‘‘make-the-most’’ of existing facilities.
Large capacity increases for future traffic needs in critical corridors
of traffic flow will require major physical improvements including the
construction of new facilities as well as the widening of existing streets.
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Chapter Il
FUTURE TRAVEL PATTERNS

As described in Chapter I, the existing network of major streets and highways in
the Phoenix Urban Areais physically and functionally deficient for service to present-
day traffic demands. Plans for the removal of these deficiencies should be developed
in consideration of future traffic demands and the official major street and highway
plan designed to accommodate these future demands. Current street improvement
programs should be consistent with long range objectives.

The year 1980 has been selected as the design year for the development of the
long-range major street and highway plan. Accordingly, traffic patterns have been
projected to 1980 levels based on the probable size and character of the urban area
at that time, Since it is very unlikely that the growth and expansion of the Phoenix
Urban Area will end by 1980, general consideration has also been given to the event-
ual generation of even greater traffic demands than those predicted for the design
year.

FUTURE POPULATION

Studies made by the Phoenix-Maricopa County Advance Planning Task Force+
indicate that the population of Maricopa County is expected to increase to about
1,440,000 persons by 1980 - about 2.7 times the 1957 level of 520,000 persons (see
Figure 11). There are indications that this projection, which represents a tremendous
growth, may even be conservative, in which case the 1,440,000 population level will
be attained before 1980. Regardless of the specific future year at which this level
will be reached, it is considered to be a reasonable and realistic basis for long
range street and highway planning at the present time.

Growth of this magnitude will be accompanied by rapid expansion of the urban
area. The Advance Planning Task Force indicates in its report that the future
Phoenix Urban Area will include about 226 square miles and an estimated 1980
population of about 1,000,000 persons (exclusive of Mesa, Tempe, Glendale and Scotts~
dale) in comparison with the 144 square mile urban area of 1958 with its 400,000
persons. The total 1980 population of the area of this study, including Mesa, Tempe,
Glendale and Scottsdale, is estimated as 1,250,000.

FUTURE LAND USE
Studies of traffic generation in other urban areas have shown that trips made
by residents are closely related to the characteristics of land use in these areas.

Knowledge of the probable pattern of future land use is basic to the estimation of
future travel patterns.

4. "Population Growth of the Phoenix Urban Area"; Advance Planning Task Force, City of Phoenix and Maricopa County;
April 1959
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Figure 12 illustrates the preliminary diagrammatic plan for future land uses
in the Phoenix Urban Area upon which the traffic projections have been based. This
plan, prepared by the Advance Planning Task Force, is designed to accommodate the
population expected by 1980. The following remarks regarding the future land use
plan are taken from the report of the Advance Planning Task Force:5

““The land use-population ratio for the City of Phoenix in 1958 was 9.88 acres
per 100 persons, while in the fringe areas the ratio was 15.4 acres per 100
persons, Since the latter ratio is characteristic of the most recent develop-
ment, it is probably more characteristic of development which will occur in
the next 20 years than that which occurred in the older portions of the city.
Since the development which is expected to occur in the next two decades will
be double in amount that which has occurred to 1958, the future total urban
ratio of land area to people would be somewhere near 14 acres per 100 persons,
an average of the ratios given above, but heavily weighted toward the fringe
characteristic.

‘““The plan shown on plate 7 (Figure 12) embraces an area of approximately
226 square miles excluding Glendale, Scottsdale, Tempe and Mesa. Based on
the aforementioned population-land use ratios, about 143,300 acres or 203
square miles would be needed for all urban purposes by 1980. However, for
various reasons certain areas will remain vacant as in all cities. Thus, the
future urban area shown diagrammatically here should he more than ample for
future urban needs as foreseen at thistime. This is the avea fov which physical
plans should be prepared now. Such plans should then be reviewed and revised
periodically as warranted by changing conditions or unforeseen needs.

““On the basis of past trends, the Diagrammatic Land Use Plan reflects the
allocation of adequate space for all foreseeable urban uses. Most areas of the
plan propose retention of the existing physical structures since it is recognized
that they will probably continue into the future.Quite often overlooked in future
plans is the fact that when a street is constructed or buildings, such as homes,
plants, stores, etc., are erected they become, for all practical purposes, per-
manent features of the landscape influencing the city’s land use pattern for
generations. However, in some cases a community need in one particular area
or another demands action which can make a drastic change in the land use
pattern, For example, the area west of Sky Harbor Airport extending to Central
Avenue is in an area of adverse residential influence as a result of the runway
locations of the Sky Harbor Airport, so the plan proposes a complete elimina-
tion of residential uses. In another area, immediately to the southwest of the
central business district, about 323 acres of land have been designated as an
urban redevelopment project. The Future Land Use Plan reflects the communi-
ty’s decision that this land will be renewed for residential purposes, with elim«~
ination, where possible, of those non-residential uses which would not be com-
patible nor conducive to a healthy residential area.

5. Page 14, "Population Growth of the Phoenix Urban Area"; Advance Planning Task Force, City of Phoenix and Maricopa
County; April 1959
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““The future uiban pattern of population distribution and population density are
intended only as guides for the future physical growth of the Phoenix Urban
Area and show what would result if the plans were developed as suggested.
These plans have considered and are in scale with the population expectations
of the area and as far as is known the future economic prospects of the
community.

““With understanding and applied technical interpretations, the Phoenix Urban
Area of 1980 can be developed along sound economic and social principles
which will inspire the citizens of today and the future to take further pride in
their community.

‘“Recognizing that unforeseen developments can occur, it is assumed that
changes and revisions will be applied to the plan. It is important to recognize,
however, that these changes should not impair the broad general principles
and objectives of the plan.

‘““The proposed plan can be carried out by the proper use of aids of land plan-
ning - zoning regulations, subdivision regulations, urban renewal programs
and capital budgeting.’’

FUTURE POPULATION DISTRIBUTION

Since about 85 percent of all trips generated by an urban area have dwelling
units as origins or destinations, the estimation of the future distribution of population
in the Phoenix Urban Area was of prime importance to this study. Figure 13 illustrates
the probable distribution of the estimated 1980 population of the study area based on
estimates for the future urban area developed by the Advance Planning Task Force.
The locations of the future population are related to the residential areas identified
on the future land use plan.

About 82 percent of the 1980 population in the future Phoenix Urban Area is to
be located in low density areas (areas with less than 80 persons per acre). The
most significant population shift, noted by the Advance Planning Task Force, is in the
area bounded by Central Avenue on the west, Sky Harbor Airport on the east, the
Salt River on the south and the Southern Pacific Company tracks on the north. The
people now residing in this area are to be relocated to other residential areas by
1980.

THE ORIGIN AND DESTINATION STUDY

The comprehensive home interview origin and destinatidn study conducted by
local agencies in 1956 and 1957 provides factual data concerning travel desires and
basic traffic generation characteristics for a 225-square mile area of Phoenix and
vicinity. The limits of this study area, and the zone plan used for the summarization
of the interview data, are shown in Figure 14, The 1956-57 Study Area extended from
the Salt River Mountains on the south to Peoria Avenue and Shea Boulevard on the
north, and from 51st Avenue on the west to Pima Road on the east. The incorporated
cities of Mesa, Tempe and Glendale are outside the limits of this area.

The 1956-57 Study Area was divided into 37 districts which were subdivided
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TRAFFIC STUDY ZONE PLAN
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into 135 zones as shown in Figure 14. Tabulations of traffic movements between these
zones and districts were prepared representing typical daily travel as expanded from
an interview sample of 1 in 15 dwelling units. Travel patterns into and out of the
study area were determined at 27 roadside interview stations located on all major
routes at the limits of the study area.

TRIP GENERATION IN THE PHOENIX URBAN AREA

The 397,395 residents of the 1956-57 Study Area made 909,978 persons trips
per day in 1957 based on the expanded home interview sample.® Over-all rates of
trip production were found to be 2.29 trips per person and 6.84 trips per dwelling
unit. As shown in Table 6, these rates are high in comparison with those found in
other urban areas.

Table 6

TRIP GENERATION BY PHOENIX URBAN AREA
COMPARED WITH OTHER URBAN AREAS*

Trips Trips Per Persons Persons Per

Year of Study Area Per Dwelling Per Dwelling
Urban Area Survey Population Person Unit Car Unit
Detroit, Mich, 1953 2,968,875 1.86 6.17 3.61 3.31
Washington, D.C. 1955 1,568,522 1.76 5.30 3.74 3.01
St. Louis, Mo. 1957 1,275,454 1.94 6.05 3.48 3.12
Houston, Texas 1953 878,629 2,22 7.16 3.41 3.22
Kansas City, Mo. 1957 857,550 2,18 6.67 3.24 3.06
Dallas, Texas 1951 533,606 2.04 6.47 3.47 3.17
PHOENIX, ARIZONA 1957 397.395 2,29 6.84 2.87 3.01
Madison, Wis. 1951 104,074 2.06 6.44 4.12 3.12
Racine, Wis. 1951 78,033 2,07 6.92 4.22 3.34

* All trips by residents.

Consistent with the high rates of trip production in the Phoenix Urban Area is
the finding that the level of automobile ownership is relatively high. There were only
about 2.87 persons per auto owned in the study area in 1957 - about 1.1 autos per
dwelling unit.

The majority of all trips in the urban area consist of trips by automobile
drivers and passengers. Only about 57,000 trips per day were served by public
transit in 1957 - about 6.9 percent of the total trip production. Less than 10 percent
of the trips generated by downtown Phoenix were made by transit riders.

6. Appendix Table 2, Phoenix-Maricopa County Traffic Study; 1956-57
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BASE—YEAR ORIGIN AND DESTINATION PATTERNS

Table 7 summarizes the vehicle trips made in 1957 by principal origin and
destination classes. Of a total of 805,011 trips per day made within and from outside
the study area on an average weekday, about 89.5 percent are internal trips - trips
made entirely within the study area - and about 9.6 percent are exlernal trips - trips
with one end inside and one end outside the study area. Less than one percent of the
total generation of vehicle trips consists of through trips.

The 7,088 trips per day made through the area without a stop represent 8.3
percent of the total traffic at the external stations. This proportion of through traffic
is relatively high for the size and character of the urban area and surrounding
territory. The principal reason for this isthatthe cities of Mesa, Tempe and Glendale
were outside the 1957 Study Area; if these cities had been included in the study area,
the proportion of through trips to the total traffic at the external cordon would
probably have been lower.

Table 7

SUMMARY OF 1957 TRIP GENERATION
BY PRINCIPAL ORIGIN AND DESTINATION CLASSES

Average Percent
Daily of
Class of Trips Volume Total
Inter-District 467,530 58.1
District = CBD 46,723 5.8
Intra-District 205,871 25.6
Total Internal Trips 720,124 89.5
Station-District 69,445 8.6
Station - CBD 8,354 1.0
Total External Trips 77,799 9.6
Total Through Trips 7,088 0.9
Grand Total
Vehicle Trips 805,011 100.0

Source: Figure 23, Phoenix-Maricopa County Traffic Study; 1956-57.

About 55,077 trips per day were made in 1957 to and from the Phoenix central
business district (indicated in Table 7 as CBD), This represents 6.8 percent of all
vehicle trips. The central business district includes only about 0.65 square miles,
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extending generally from Jackson Street to Roosevelt Street, and from Seventh Ave-
nue to Seventh Street as shown in Figure 14.

The distribution of the total 1957 generation of vehicle trips in the study area
is shown graphically in Figure 15. The relative importance of the central business
district and other central areas in terms of present-day trip production is indicated
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by the relative size of the circles. The proportion of the total trip production which
consists of internal trips vs. external trips is also shown for each district.

Figure 16 is a tabulation of the distribution of the 805,011 daily vehicle trips
between the 37 districts and 27 internal stations in the 225-square mile study area.
About 26 percent of all trips are short intra-district trips, many of which will be
served by local streets. Infer-district movements in excess of 5,000 trips per day
are made between District 011 and Districts 016 and 017; between Districts 014 and
024; between Districts 015 and 016; between District 016 and Districts 017 and 019;
between District 018 and Districts 019, 024 and 026 (CBD); between District 019 and
Districts 020, 025 and 026 (CBD); between Districts 020 and 021; and between Dis-
tricts 024, 025 and 029 and District 026 (CBD). Most of these heavy movements are
between neighboring districts. Movements between the central business district and
19 of the other districts exceed 1,000 vehicles per day with major traffic desires
radiating in north, northeast and northwest directions.

APPLICATIONS OF THE ORIGIN AND DESTINATION DATA

Analyses of origin and destination data collected in other urban areas have
shown that the generation of trips in an urban community can be directly related to
the number of people in the community and the needs and desires which prompt them
to move about. The number and type of vehicle trips which the individual makes each
day is modified by the density of development in the area in which he lives, the rela-
tive availability of private and public transportation, and other considerations re-
lated to land use. Trip production can be correlated with such variable factors as
the number and density of residential population; automobile ownership; average
levels of family income; the number and character of the labor force and available
jobs; and the volume of retail sales activity.

The patterns of traffic movements between zones in an urban area can also be
related to land use characteristics being dependent on the proximity of residences
to trip generators such as employment centers, retail stores, schools, parks and
other residential areas. These relationships can be described by ‘‘interactance’
curves or formulae developed by complex analyses of current travel patterns using
electronic data-processing equipment,

It was necessary to establish correlations between trip generation in the Phoe-
nix Urban Area and the variable factors cited above, requiring complex analytical
procedures, because mere projections of existing travel patterns would not be valid.
New and different travel patterns will emerge as areas now in agricultural use are
subdivided for residential developments, and as new schools, parks, shopping cen-
ters and employment centers are developed to serve the increasing population. Ac-
cordingly, the data collected in the 1956-57 origin and destination traffic study were
used primarily to determine:

1) The number of trips and rate of trips produced each day by residents
according to each of their principal purposes for travel, and by mode of
transportation; and
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ESTIMATED BASE YEAR-1957
ORIGIN AND DESTINATION PATTERN
AVERAGE DAILY MOTOR VEHICLE TRIPS

PHOENIX URBAN AREA, MARICOPA COUNTY
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2) The factors which govern or reflect the patterns of trip distribution be-
tween zones.,

TRIP PURPOSES

Since the production of trips in an urban area and the distribution of trips be--
tween zones in the area are directly related to the needs and desires which prompt
people to move about, it was important to summarize the available origin and desti-
nation data by major trip-purpose categories for analyses. Previous studies have
shown that many classes of trips can be combined for these analyses. Two main
classes have been recognized in this study - ““home-based’’ trips which have either
origin or destination at the place of residence, and which account for more than 85
percent of all trips made by residents of the Phoenlx Urban Area; and ‘‘miscellane -
ous’’ trips which have neither end at home and account for the remainder of the
trips.

All principal purposes have been recognized in home-based travel as follows:

1) Work trips to and from home;

2) Business trips (business, medical-dental, and eat-meal) to and from
home;

3) Shopping trips to and from home;

4) Social-recreational trips to and from home; and

5) School trips to and from home.

Other minor trip-purpose categories have been classed as work, business or shop-
ping trips to and from home.7 In addition to the five basic purpose classifications,
miscellaneous trips - identified as travel from work to work; business to business;
shopping to shopping; or movements between work, business and shopping - have
been recognized.

As in most urban areas, it was found that about 40 percent of all trips in the
Phoenix Urban Area are trips destined for home. The most important non-home
motive for travel is work which constitutes about 18 percent of travel by Phoenix
residents, which is slightly less than usually found. On the other hand, the propor-
tion of business and shopping trips is somewhat higher than average in Phoenix (see
Table 8).

Some of the movements reported in the home interviews represent only parts
of intervupted trips - trips identified as change travel mode. These movements in-
clude trips which made use of both a car and a transit vehicle to move between trip
origin and destination, and other trips reported by auto drivers which represented
only incidental stops to ‘‘serve passengers.”’ Such trip interruptions do not properly
interpret the primary motive for making a trip. The interruptions were eliminated
by ‘“‘linking’’ the two or more parts of the basic trip and replacing these analytically

7. See Table A-5 in the Phoenix-Maricopa County Traffic Survey Report, 1956-57 for a detailed classification of trips in
each possible category by purpose.

29




with a single trip representing true origin, destination, and purpose of trip. About
half of the ‘“serve passenger’’ trips represent travel which does not fall in the class
of ““intevvupled trips.”” Examples are a mother driving children to or from school,
or a wife taking her husband to work and returning home with the car. These trips
have not been combined, but each segment has been re-identified with the purpose of
the passenger.

Consolidation of all trips generated by residents of the Phoenix Urban Area
by eliminating ‘‘change travel mode’’ trips and ‘‘serve passenger’’ trips reduces
the total volume of generation for 1957 to 836,229 person trips per day.

Table 8

TRIP PURPOSE IN PHOENIX URBAN AREA
COMPARED WITH OTHER URBAN AREAS

Percentage of Total Trips in Each Purpose Category
Year of To To Business, Work, Bus. Social &
Urban Area Survey Home Work Shopping & Shopping Recreat. Other Total

Detroit, Mich. 1953 39.5 23.5 13.3 (36.8) 12,1 11.6  100.0
Washington, D.C. 1955 41.7 23.4 14.8 (38.2) 7.1 13.0 100.0
St. Louis, Mo. 1957 40.6 20.7 15.1 (35.8) 12.4 11.2 100.0
Houston, Texas 1953 40.4 18.9 15.4 (34.3) 10.8 14.5 100.0
Kansas City, Mo. 1957 38.5 20.6 15.4 (36.0) 12.9 13.6 100.0
Dallas, Texas 1951  40.3 209  13.9 (34.8) 11.6 13.3  100.0
PHOENIX, ARIZ. 1957 37.6 18.2 16.5 (34.7) 11.2 16.4 100.0
Madison, Wis., 1951 36.2 20.6 12.1 (32.7) 14.2 16.9 100.0
Racine, Wis. 1951 39857 22.0 12.6 (34.6) 15.1 14.6 100.0

Table 9 summarizes the internal trips by residents of the Phoenix Urban Area
by seven principal purposes, with interrupted trips removed and work trips divided
into two classes. Of the total 836,229 trips made by the 397,395 residents of the
area, over one-fourth were made between home and work (10.6 percent for ‘‘white
collar’’ work; 14.7 percent for ‘‘blue-collar’’ work); more than 10 percent between
home and places of business; nearly 18 percent between home and retail establish-
ments; and over 20 percent for social or recreational purposes. Nearly 15 percent
were classed as miscellaneous trips, while the remainder (11.7 percent) represent
travel to and from school (see Figure 17).

Appendix Table C summarizes the distribution of 1957 trip termini by zones
and by trip purposes. Trip termini at residences are distinguished from termini at
the “‘purpose’’ end of trips. A more detailed listing of trips between each pair of
zones and between the zones and external stations, classified by trip purposz, was
also prepared. This tabulation is too lengthy for inclusion in this report, but is
available for review.
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Table 9

TOTAL INTERNAL PERSON TRIPS BY PURPOSE
Phoenix Urban Area

Purpose Consolidated Number Percentage of
Classification of Person Trips Total Person Trips
““White Collar’’ Work 88,642 10.6
‘““Blue Collar’’ Work 123,105 14.7
Business 86,464 10.3
Shopping 148,226 17.7
Social 169,564 20.3
School 97,395 11.7
Miscellaneous 122,833 14,7
Total 836,229 100.0

% "Serve passenger" and "change travel mode" trips removed.
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STATISTICAL ESTIMATES AND PROJECTIONS

The dominant uses of land in each zone were expressed statistically for anal-
yses of trip generation characteristics. The significance of residential use in each
zone is shown by the relative number of homes and residents. As previously noted,
the dwelling unit is an origin or destination for about 85 percent of all daily travel.
The number of jobs in each zone identifies the commercial and industrial importance
of the zones, and is a useful index of the generation of work trips. Experience has
shown that the generation of social travel is directly related to the resident popula-
tion in each zone, while the amount of commercial activity in each zone is, in general,
related to the volumes and distribution of retail sales in the area.

In addition, direct relationship can be established between trip production and
median family incomes, automobile ownership and the decentralization of zones
measured in minutes of driving time from the central business district. Zones near
the center of the city were part of the earliest urban development, contain some of
the oldest and least attractive dwellings, and are more densely occupied than zones
in the suburbs. Public transit provides its most efficient service to these central
zones. Toward the periphery of the urban area, trip production is influenced by the
relative isolation of zone residents and the general lack of transit service.

Statistical estimates and projections of population, employment, median family
income, automobile ownership and retail sales were prepared for the enlarged 1980
Study Area shown in Figure 14. These statistics, tabulated in Appendix Tables D and
E by zones, were based on data collected in the 1956-57 home interview origin and
destination study; records of the Arizona State Employment Security Commission
and State Tax Commission; data in the report ‘‘Inside Phoenix’’ by the Phoenix Re~
public and Gazette; various statistical reports published by the Valley National Bank
of Phoenix; data included the report ‘‘Population Growth of the Phoenix Urban Area’’
by the Phoenix-Maricopa County Advance Planning Task Force, and related economic
investigations made by Western Business Consultants of Phoenix, Arizona.

POPULATION

As previously noted, the design year population of the future Phoenix Urban
Area, exclusive of the cities of Mesa, Tempe, Scottsdale and Glendale, has been
taken as 1,000,000 persons in accordance with estimates prepared by local planning
agencies. This figure is based on a total 1980 population of Maricopa County equal to
1,440,000. For the purposes of this study, it was assumed that the 1980 population of
the enlarged 1980 Study Area, which includes Mesa, Tempe, Scottsdale and Glendale,
will be about 1,250,000 or about 90 percent of the estimated 1980 population of the
county. The 1957 population of this 414 square mile area was about 466,200, based
on the results of the home interview study and other available estimates. (See Ap-
pendix Table E for the zonal distributions of 1957 and 1980 population estimates.)

EMPLOYMENT
Records maintained by the State Employment Security Commission indicate

that non-agricultural wage and salary earners in Maricopa County averaged about
140,613 in 1957 of which about 122,760 were employed in the 1980 Study Area, Table
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10 summarizes these 1957 employment statistics and the projections to 1980 developed
for this report. Non-agricultural, wage and salary employment (excluding agricultu-
ral workers and self-employed) has been projected to a level of 310,000 jobs in the
study area - about 2.5 times the present level of employment. Employment in the
Phoenix downtown area (CBD) has been projected from a level of about 21,000 jobs
to 43,000 jobs. This projection is based on tentative conclusions regarding future
office employment in private industry, and employment in retail trade in this area,
reported by Western Business Consultants.8 Based on these conclusions, office em-
ployment in the central business districtcan be expected to more than double between
1958 and 1980 if sufficient competitive prime office space will be available; employ-
ment in retail trade in the central business district can be expected to increase to
1.6 to 2.9 times the 1958 level by 1980, the amount depending on what steps are taken
to increase the shopping appeal of this district. Zone by zone estimates of 1957 and
1980 employment in the study area are listed in Appendix Table E.

Table 10

ESTIMATED AND PROJECTED EMPLOYMENT BY CLASSIFICATION*
Phoenix-Maricopa County Urban Area

Average No. 1957 Employed Average No. 1980 Employed

Employment Classification County Study Area CBD County Study Area CBD

Natural Resources 14,743 13,500 430 37,000 32,000 1,500
Manufacturing 23,268 20,700 1,532 98,000 86,000 3,500
Transp.-Utilities 11,243 10,500 2,313 90,000 25,000 6,000
Wholesale, Retail Trade 34,792 32,300 6,761 82,000 71,000 12,000
Fin., Insur., Real Estate 7,946 7,500 3,682 19,000 18,000 8,000
Services 9,316 8,800 2,213 26,000 21,000 5,000
Professional 12,760 11,300 837 35,000 28,000 2,000
Government 21,521 13,160 2,917 35,000 29,000 5,000
Adjustment** 5,024 5,000 414 - -_—— -

Total County 140,613 122,760 21,099 362,000 310,000 43,000

* Non-agricultural wage and salary eamers covered by unemployment compensation. See Appendix Table F for detailed
summary by zones.

¥**¥ Seasonal adjustment to average employment level.

8. Central Business District Report No. 3 "Growth Potential of the Phoenix Central Business District," by Western Business
Consultants; Phoenix, Arizona, July 14, 1959.
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RETAIL TRADE

Retail sales volumes for the study area were projected in proportion to expected

population growth. The present distribution of retail sales was estimated by coding
actual sales tax records maintained by the State Tax Commission. On the basis of
these data, it appears that about 22 percent of the total retail sales of the study area
(18 percent of the total inthe county) take place in the Phoenix downtown area. It does
not appear likely that this area will maintain its present share of the total retail
trade volume in 1980. Western Business Consultants report the following: 9

8

““In light of recent trends in retailing, the shopping preferences of consumers,
the probable growth of competing regional shopping centers, and other consid-
erations, it hardly seems realistic to assume that growth of retail trade in the
central business district will keep pace with that in the county as a whole. Yet
it may be possible that the retail business of the central business district
could grow at a very substantial rate if improvements were made in the district
and surrounding area that would cause consumers to regard the district as an
outstanding shopping center. What such improvements might be, how much
business they might attract, and whether the additional business would be
worth the cost and effort involved is beyond the scope of this report.

“‘If major improvements are not made that will increase the shopping appeal of
the central business district, it would seem probable that the retail market of
the district would be made up of:

(1)  consumers living nearby for which the district wasa convenient shopping
center;
(2) persons working in the district;

(3) some shoppers living beyond the ‘convenience limit’ who would continue
to prefer downtown stores; and

(4) other shoppers who could be induced occasionally to come past the out-
lying regional shopping centers because of something special that was
offered downtown.

‘““‘A very rough estimate of this composite market suggests that it might pro-
vide retail sales of around $200 million for the central business district in
1980 at current prices, if county sales were to reach the already mentioned
figure of $2 billion, assuming that major improvements were not made within
the central business district and that accessibility to the district from outlying
residential areas was not substantially improved.

“‘If retail sales in the central business district were $200 million in 1980, it is

Central Business District Report No. 1, "The Retail Growth Potential of the Phoenix Business District, " by Western
Business Consultants, Phoenix, June 26, 1959.
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estimated that about 3.6 million square feet of gross floor space would be
required as compared with 2.35 million square feet in 1958 (a 55 percent
increase).”’

The projected distribution of retail trade in the study area, shown in Appendix
Table E, includes a 60 percent increase inthe downtown area. This estimate is based
on the preliminary conclusions reached by Western Business Consultants regarding
the growth potential of the Phoenix downtown area adjusted in consideration of im-
proved access to this area which can be expected with the development of a modern
major street and highway system as proposed in this report. The distribution of
retail trade in other areas was based on a study of the sizes and locations of all
known shopping centers present and planned, the 1957 distribution of retail trade, and
the future distribution of population with respect to major shopping areas.

MEDIAN FAMILY INCOME

Previous studies have shown that relative family income is an important factor
in predicting the volume of trip generation in residential zones. Estimates of median
family income levels by zones, shown in Appendix Table E, are based on family
income statistics published by the Phoenix Republic and Gazette,10 the 1950 U.S.
Census of Housing, and judgment with the assistance of the Advance Planning Task
Force. Median family incomes for each zone were classified in ascending order as
follows:

Economic Median Annual General
Class Family Income Description
A Less than $3,000 Very low
B $3,000 to $5,000 Low
C $5,000 to $7,000 Average
D $7,000 to $10,000 High
E Over $10,000 Very high

As shown in Figure 18, the rate of trip production in the Phoenix Urban Area
tends to increase with increases in family income. The rate of business and shopping
trips by residents in class E (high income) zones is very much greater than for the
lower income classes. Persons in the lowest economic group average 1.2 non-work
trips per person per day while those in the highest economic group average more
than 2.0 non-work trips per person per day. Differences in work trip production are
not so great, although the difference between the rate of generation by white and blue
collar employment is very pronounced.

AUTO OWNERSHIP

In 1957, there were 201,517 private automobiles registeredin Maricopa County;
there were about 2.6 persons per registered auto. (The 1957 origin and destination

10, "Inside Phoenix", Sixth Annual Report; published by the Phoenix Republic and Gazette; 1959.
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survey determined that there were about 2.82 persons per auto owned in the Phoenix
Urban Area.) The number of persons per registered auto in Maricopa County has
been decreasing for many years. Future decreases are expected to be moderate since
the level of ownership is already high and since there appears to be a practical or
saturation limit to auto ownership. Since the number of persons eligible to drive is
generally less than two-thirds of the resident population, and since some drivers
share their cars with others, it is not reasonable to expect car ownership to exceed
a ratio of one car for two drivers in any but the most exclusive neighborhoods. It is
estimated that the over-all ratio of persons to registered autos for Maricopa County
will decrease to about 2.3 by 1980. This ownership level will result in about 610,000
registered autos in the county in 1980 compared with about 201,000 in 1957 (see Fig-
ure 19). Auto ownership in the 1980 Study Area is expected to increase from about
164,700 in 1957 to about 500,000 by 1980.

The distribution of the estimated and projected automobile ownership in the
study area is shown in Appendix Table E. These estimates are based on existing
ownership ratios and known relationships between car ownership and the relative
economic levels of residents of various zones. Ownership ratios in the Phoenix
Urban Area decrease from an average of about 4.0 persons per car in zones of
economic class A (low income) to about 2.2 persons per car for zones in economic
class E (high income).

TRAVEL TIMES

Previous studies have shown that the pattern of trip distribution between zones
is directly proportional to the number of trip attractions in the zones, and inversely
related to the travel time between zones. Estimates of auto driving time between
every possible pair of zones were prepared for off-peak conditions in the 1980 Study
Area. Data obtained in the speed-delay studies, described in PartI of this report,
were used in these computations for typical major street travel. Travel time on
major streets in 1980 were estimated based on the 1957 speeds with adjustments
where appropriate to account for the effects of major street and highway improve-
ments. Speeds on a modern, high-speed primary highway network proposed in this
report were assumed to range between 40 and 60 miles per hour in accordance with
actual operations on similar facilities already constructed in other areas.

For the rapid summarization of these estimates, a series of ‘‘control points”’
were established throughout the study area. Direct routings were determined, and
estimated travel times recorded, for travel between each zone centroid and these
control points and between each pair of control points. Total travel times between
each pair of zone centroids were compiled mechanically.

ESTIMATED 1980 TRAFFIC GENERATION

Many of the zones in the urban area are stable; that is, the pattern of land use
and trip generation are well established. Most of the unmeasured forces which have
contributed to unique patterns of trip production in these stable zones would continue
to exert their influence in future years. By assuming that the 1957 rates of trip pro-
duction are normal for stable zones, and making modifications in projection to
account for such basic changes as increased auto ownership, different levels of
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income, or other predictable conditions, the resulting estimates of 1980 travel will

be weighted for the special unmeasured conditions.

Note that this approach is considered to be valid for stable zones. Zones which
undergo much change are another case. The unique character of rapidly growing
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zones tends to be lost while a new set of characteristics develops, so that the advan=-
tage of analogy with current conditions is lost. The application of formulae derived
from relationships between trip production and land use statistics in stable zones is
more reliable under these condtions.

CORRELATION ANALYSES

A series of correlation analyses have been made which relate the number of
trips made by residents of each zone tothe combined influences of the factors enum-
erated above. An estimate of trips per day per person, according to trip purpose and
income group, can be developed from the several equations thus prepared. Typical
of these formulae is the equation for work trips produced by ‘‘white collar’’ workers
in zones of economic class C.

X =0.482 +1.516 C - 0.056 M - 0.036 P

Where X = work trips per day per resident worker in zone
C = car ownership (average number of cars per dwelling)
M = driving time to central business district (minutes)

P = population density (persons per square mile)

For purposes other than work, the trip rates developed from the equations have
been expressed in trips per person, rather than trips per worker.

Although the trip estimating formulae do not purport to produce perfect trip
generation estimates, statistical tests of the reliability of the values made by apply-
ing these formulae to 1957 land use data and comparing the travel thus determined
with actual 1957 travel, produce satisfactory results.

ESTIMATING 1980 INTERNAL TRIPS "AT RESIDENCE"

Estimates of 1980 trip production in each zone have been made according to
the reasoning outlined above. Stable zones were defined as those in which the resident
population did not increase by more than 100 percent or decrease to less than 50
percent of 1957 levels. Trip projections in zones which meet this criteria were
based on 1957 trip rates found in each zone, modified by changes in vehicle owner-
ship. Trips made by the populations of all other zones were produced by applying
the regression equations described above. All zones located in the area between the
1957 and 1980 cordon lines were included in the latter category.

The total number of projected (1980) trips by future residents of the urban
area, according to purpose, are listed in Table 11, By 1980, about 2,838,000 trips by
residents must be served in comparison with about 836,000 trips in the 1957 urban
area, Figure 20 illustrates the tremendous growth expected for each trip purpose.
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Table 11

COMPARISON OF TRIPS BY RESIDENTS, 1957 AND 1980
Phoenix Urban Area

Number of Person Number of Person
Purpose Trips - 1957% Trips - 1980%%*
Work (white collar) 88,642 }
Work (blue Collar) 123,105 664,537
Commercial, Business 86,464
Commercial, Shopping 148,226 } 6,18
Social 169,564 624,656
School 97,395 263,892
Miscellaneous 122,833 523,846
Total 836,229 2,838,120

* 1957 Study Area (225 square miles)
*% 1980 Study Area (414 square miles)

ESTIMATING 1980 INTERNAL TRIPS "AT PURPOSES"

Most of the trips made by the residents of each zone begin or end at the home.
The only exceptions are ‘‘miscellaneous’’ trips which, by definition, have neither
end at home, All of the ‘“home-based’’ trips must have their non-home ends at the
generating purposes.

Termini at the purpose end of trips have been estimated largely by analogy
techniques., Growth factors have been developed from the statistical forecasts, based
on the changes from 1957 conditions. The procedure for estimating 1980 trips at
purposes may be described as follows:

Work Trips to and from places of employment have been developed in two
categories, for (a) ‘‘white collar’’ and (b) ‘‘blue collar’’ jobs. In stable zones (those
with projected employment more than half but less than two times the 1957 level) the
1957 ratio of trips per job has been applied to 1980 jobs. In zones where 1980 em-
ployment has been projected at less than half or more than twice the 1957 level, the
average rate (trips per job) prescribed by the 1957 regression equations have been
applied to 1980 employment figures. The total number of home-based trips at em-
ployment has been set equal to internal work trips generated at home, plus non-
resident work trips which cross the external cordon line. ‘‘White collar’’ and ‘‘blue
collar’’ trips were handled separately throughout this procedure.

Commevrcial Tvips (shopping and business travel) were processed very much
like work trips. Dollar volumes of retail sales (computed from sales tax data) were
the criteria against which trip-generation characteristics were measured, except in
those zones where a considerable proportion of the 1957 trips were generated by
business uses rather than at retail centers. An area-wide growth factor, based on
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the percentage change in over-all population, 1957 to 1980, was applied to 1957
commercial trips in these latter zones. Trip totals for commercial purposes were

‘l then balanced against the trips generated at home and by non-residents at the exter-
nal cordon.
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Soctal Trips consist of two major classes of trips, (a)the ‘‘social’’ travel
from one dwelling to another, and (b) the ‘‘recreational’’ travel between homes and
theatres, parks, and other recreational attractions. Zones in which recreational
travel was an important consideration were identified by the disproportionately
large number of trips per household reported in the social category. In such zones,
one or more recreational facilities was identified as the special trip generator.
Trips in these zones were projected by applying the over-all social trip growth
factor to the number of trips reported in the 1957 study. Social trips generated in
other zones were related directly to zone populations, following the procedures
described for work trips. The over=-all number of non-home social trip-ends were
then balanced to the total volume of social trips generated in the homes and those
by non-~residents at the cordon.

School Trips were handled much like social trips, with special consideration
given to the relatively few high schools and colleges in the study area.

Miscellaneous Trips were estimated as a proportion of the work and commer-
cial trips generated at those purposes. The total number of miscellaneous trips was
determined in the estimates of trips by residents. Trip-ends equal to twice the num-
ber of trips have been distributed to the zones.

The distribution of the estimated 1980 internal trip production by future resi-
dents of the 1980 Study Area is shown in Appendix Table G. Trip ends ‘‘at residences”’
and ‘‘at purposes’’ are listed separately.

ESTIMATING INTERNAL TRUCK TRIPS

Estimates of 1980 truck trips in zones have been prepared by analogy with
1957 truck information. A 1957 truck-trip index was prepared for each zone, much
as was done for work trips at places of employment in the stable zones. The 1957
index value for each zone was then modifiedto take into account the land use changes
and over-all growth expected in the study area by 1980. The 1980 components of the
index - percentages of population, employment, and retail sales - were expressed in
terms of 1957 values, automatically compensating for over-all metropolitan area
growth, The 1957 trip rate in each zone was computed by adding together the per-
centages of total population, employment, and retail sales accounted for in the zone
and dividing the resulting value into the truck trip-ends generated in the zone. This
rate was applied to the 1980 index value to derive the estimate of 1980 truck trip-
ends in the zone.

The preparation of 1980 trip-ends in this manner assumes that the future trip-
generating qualities in each zone will remain substantially as they are at present.
Zones in which very large changes are expected, and all zones between the 1957 and
1980 cordon lines, were evaluated by analogy with more intensively developed zones
of similar characteristics; i.e., trip rates typical of well-established zones were
assumed to apply to the areas of new trip generation.

Internal truck trips are expected to comprise about 22 percent of all vehicle
trips in 1980.
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PUBLIC TRANSIT

It was not within the scope of this study to prepare recommendations concern-
ing public transit services. It was, however, essential to the estimation of future
patterns of vehicular travel to reach general conclusions regarding the role of
transit in the future urban area.

Public transit has been recognized in this study as a highly desirable, if not
essential, element in the over-all plan for moving people and goods in the Phoenix
Urban Area. It is a matter of sound economics to strive for a practical balance be=
tween private and public transportation. The greater efficiency of the motor bus in
comparison with private automobiles in the utilization of city streets - especially in
peak hours of traffic demand - has been proven. In a study published in 1957 by the
U. S. Bureau of Public Roads!lit was determined that buses are more than seven
times more efficient than automobiles on freeways in terms of utilizing roadway
space and transporting people. It was further determined that buses are almost four
times as efficient as automobiles on downtown streets and over twice as efficient in
outlying areas.

In addition to efficient street utilization, public transit is needed to serve
‘‘necessity-riders’’ - people who cannot afford an automobile, cannot drive or do
not have the use of an automobile for other reasons. There are also people who pre-
fer to take advantage of public transit service if the over=all patronage supports a
reasonably frequent schedule, if transit trip travel times are kept within reasonable
limits in comparison with typical travel times for similar trips by private automo-
biles, if transit stops are conveniently located, and if the buses are kept clean and
attractive,

If public transit can be made attractive to a substantial segment of the travel-
ing public, a better balance will be obtained in the transportation program of the
urban area. However, the use of public transit in Phoenix has experienced a large
decline during the last decade, while the number of persons utilizing private auto-
mobiles has greatly increased. The use of transit in the Phoenix Urban Area in 1957
was 20 percent less than in 1947. During this 10 year period, the population of the
surveyed areas increased by more than 145 percent. All transit trips, except those
to and from school, decreased from 53,981 to 19,535 per day. Thus, non-school
transit trips declined by 36 percent between 1947 and 1957. School trips, on the other
hand, increased from 17,337 per day in 1947 to 38,042 per day in 1957.12

In 1957, transit services in Phoenix were provided by two transit systems -
the Phoenix Transportation System (municipally owned) and the Valley Transit Lines
(privately owned). The Phoenix Transit System served 74.65 square miles of the
urban area, while the Valley Transit System served 83.70 square miles with about
20 square miles of duplicating services.

11, "The Efficiency of Public Transit Operation in the Utilization of City Streets," by the Division of Highway Transport
Research, Bureau of Public Roads; October, 1957

12. These values are as reported by the home interviews with "interrupted" trips removed.
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The Phoenix Transit System produced $725,030 in revenue in 1958 which was
$101,974 short of meeting its expenses, resulting in an operating ratio of 114 per-
cent., The average fare per revenue passenger on the city lines was only 19.8 cents.
Patronage failed to adequately support even a few of the lines so that most of them
were quite consistently in deficit operation throughout the year. Like most transit
systems throughout the country, this system lost more than fifty percent of its riders
since 1950 at the same time that unit costs increased. Fare increases and reduc-
tions in service failed to off-set the patronage decline and the over-all rise in oper-
ating costs, resulting in deficit operation.

The Valley Transit Lines produced revenue of $742,627 in 1958 while operat-
ing 2,046,843 miles. Data are not available on the individual route performance for
1958, but the 1959 history of the Valley Transit Lines has shown that some lines
operated at a profit, which enabled the system as a whole to show a profit. However,
the patronage on some routes in the sparsely settled areas was too low for efficient
operation.

A 1957 study of the scope and quality of transit service in the Phoenix Urban
Area made by local agencies determined the following:

1) Existing transit routes were as direct between the principal residential

areas and the Phoenix downtown area as existing streets permit.

2) Service to the industrial areas was poor but little need exists for such
service.

3) Cross-town service between secondary business centers was poor.
4) Service to and from schools was good.

d) Route duplication was excessive between the two companies.

6) No feeder routes were used by either company.

7) Walks to the transit line varied from one-quarter mile to one mile, de-
pending on the population density and income level of the area.

8) Convenient transit routing was impossible in some areasbecause of poor
subdivision planning.

9) Express routing was not practical or efficient at that time.

10) Areas with high family income, high home valuation and high auto own-
ership produced little transit riding, whereas areas with low family
income, low home valuation and low auto ownership produced frequent

transit trips.

11) The percentage of seating capacity was low for both the rush and non-
rush periods as compared to the accepted standard.
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12) The standard for frequency of service at maximum load points was in
excess of maximum requirements.

13) Conditions justifying no frequency of service at all were found to exist
prior to 6:00 a.m. and after 9:00 p.m.

14) The number of passenger stops in residential and commercial areas
was in excess of the accepted standard.

15) Transit speeds were as high as practical consistent with existing traf-
fic conditions.

16) Schedule adherence was found to be good.

17)  Transit would be benefited by bus ** turnouts ’ for passenger loading on
primary transit routes.

The merging of the former competing companies into a unified system in
April 1959 has permitted the establishment of improved efficiency of transit opera-
tions, The elimination of duplication of service and unnecessary transferring will in
itself be of great benefit to both the operating company and the riding public.

The decline in transit patronage in the Phoenix Urban Area in recent years is
consistent with a national trend. However, despite adverse trends, it is not reason-
able to expect that the decline in the absolute volume of transit patronage in the
Phoenix Urban Area will continue. The number of non-school transit trips is already
close to the practical minimum; these trips can be expected to increase as the city
grows if adequate services are provided. The development of modern major street
and highway facilities will permit significant reductions in transit travel times and
operating costs, resulting in a more efficient transitoperation and increased patron-
age. The establishment of express routings will become practical with population
growth and the construction of freeways. It can also be expected that increased busi-
ness activity and employment in the downtown area, coupled with possible limitations
on available parking space near major traffic generators, will result in increased
transit riding. Accordingly, traffic projections have been based on the assumption
that adequate public transit facilities will be providedto serve about 75,000 trips per
day by 1980. This estimate represents a substantial increase over the 1957 absolute
volume of transit use, but a moderate decline in the proportion of the total trip pro-
duction served by transit. The existing and planned low densities of land use devel-
opment, anticipated high levels of automobile ownership, and trends in transit use do
not support optimism regarding a greatly expanded role for public transit in Phoenix.

SUMMARY OF 1980 INTERNAL TRIP GENERATION BY MODE OF TRAVEL

As summarized in Table 12, about 2,338,000 internal vehicle trips per day are
expected in the Phoenix Urban Area by 1980. Of this total, about 1,818,000 trips per
day will be made by auto drivers with 520,000 trips per day-by trucks. These estimates
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are based on typical vehicle occupancy ratios for various trip purposes determined
in the 1956-57 traffic study.!3

Table 12

SUMMARY OF 1980 INTERNAL TRIP GENERATION
BY MODE OF TRAVEL

Mode of Travel Average Daily Trips
Auto Driver Trips 1,818,530
Truck Driver Trips 519,288
Total Driver Trips 2,337,818
Auto Passengers 831,318
Transit Trips 76,656
Total Person Trips 2,726,504

*Excludes truck driver trips.

EXTERNAL AND THROUGH TRIPS

External and through trips accounted for about 95 percent of the total genera-
tion of vehicle trips in the 1957 Study Area (about 84,900 trips per day, of which about
8.3 percent were through trips). Total traffic at the 1957 external cordon was about
92,000 vehicles per day (through trips are measured twice at the external cordon).
As shown in Table 13, the estimated 1957 traffic at the cordon of the expanded study
area is 58,500 vehicles per day.

External and through traffic volumes are not expected to increase uniformly on
all facilities which cross the 1980 cordon line. New highways, particularly proposed
freeway and expressway routes, will alter the pattern of traffic distribution at the
external stations by diverting traffic from less attractive roads. Urbanization will
also be more rapid in some areas than others. It is estimated that traffic at the 1980
cordon will increase from about 58,500 trips per day in 1957 to about 200,000 vehicles
per day by 1980. About 12,000 trips per day of this total will consist of through trips,
while about 176,000 trips per day will have a terminal in the Phoenix Urban Area.

Through trips will represent only about six percent of the total traffic at the
external cordon in 1980 -alower proportion than in 1957 because the 1980 Study Area
includes the urbanized areas adjacent to Phoenix which were outside the 1957 Area.

ESTIMATED TRAVEL BETWEEN ZONES

Analysis of trip distribution between zones is a distinctly different problem
from the analysis of trip production within the zones. The estimating of trip quantity,
described above, is a quite straight-forward procedure. Trip distribution on the
other hand, reflects the quality of access between trip termini and competing trip
attractions.

13. Tables 6A and 6B; Average Automobile Occupancy by Trip Purpose; Phoenix-Maricopa County Traffic Study; 1956-57.
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Table 13
' ESTIMATED AVERAGE DAILY TRAFFIC AT
°® 1980 EXTERNAL STATIONS; 1957-1980
l Average Daily Traffic
Station Street or Highway! 1957 1980
40 Dobbins Road 200 500
41 Baseline Road 300 1,500
42 Southern Avenue 100 4,200
o Subtotal 600 6,200
' 59 59th Avenue - 35th Avenue 0 2,500
60 Black Canyon Highway? 4,200 16,200
61 19th Avenue - 7th Street 100 3,500
62 Cave Creek Road - Tatum Blvd. 1,600 4,700
J 63 Scottsdale Road - Pima Road 100 1,500
Subtotal 6,000 28,400
l 64 Bee Line Highway 500 1,500
65 Apache Boulevard? 8,500 26,800
Subtotal 9,000 28,300
* 66 Gilbert Road 3,600 9,000
67 Arizona Avenue 8,700 15,700
68 McClintock Road - Highline Drive? 2,200 23,400
' Subtotal 14,500 48,100
69 Lower Buckeye Road 400 1,000
70 Broadway ? 0 18,100
71 Buckeye Road 4,900 8,400
72 Van Buren Street 3,900 7,700
73 McDowell Road? 800 11,700
l 74 Thomas Road 600 2,000
75 Indian School Road 2,600 9,800
® 76 Camelback Road 700 2,000
77 Bethany Home Road 600 4,000
I 78 Glendale Avenue 4,900 7,700
79 Northern Avenue 500 1,000
80 Grand Avenue - Peoria Avenue 8,500 15,600
. Subtotal 28,400 89,000
® Total Volume at all External Stations 58,500 200,000
J 1. At 1980 External Cordon - See Figure 14 for locations of these stations.
2. Location of proposed Freeway route.
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Patterns of trip distribution lack the stable characteristics of trip production.
While the number of trips to be distributed between one zone and all others may be
readily predicted, the pattern of distribution is highly variable. Populations in a
particular zone may produce trips at substantially the same rate, day after day,
year after year. But, as the community grows, as new concentrations of employment
arise, as new shopping centers are built, as other changes in land use develop, and
as new high-speed highways are constructed, the patterns of travel must be ex-
pected to undergo radical change.

Trip patterns are dynamic in character; they respond to competition, changes
in the direction of urban growth, and the transition from public to private transpor-
tation. Thus, it is imperative that the forces which create change be recognized and
that means of evaluating them be found.

DEVELOPMENT OF "INTERACTANCE" CURVES FOR INTER—ZONAL TRAVEL

Previous studies have shown that trip distribution between zones may be des-
cribed by interactance or gravity curves which express the basic characteristics of
urban traffic patterns. The pattern of trip distribution between one zone and all
others is directly proportional to the number of trip attractions in each other zone
and inversely related to the travel time between zones.

In practical application of these principles, it is found that most urban travel
consists of a very large number of small inter-zonal movements, with relatively
few movements of very large magnitude, and even fewer when the movements are
further subdivided by trip purpose. Therefore, rather than considering each zone-
to-zone movement individually, the entire study area was divided into five ’*‘rings”’
established at three-minute increments of driving time from the central business
district. The number of trips for each purpose made by residents of each zone to all
other zones within each ring was accumulated; the rates of travel between the dwell=
ings in each zone and the trip attractions in each ring were then computed. The re-
quired interactance curves were developed by plotting these trip generation rates
against off-peak driving time between zones on semi-logarithmic paper. The group-
ing of trips from each zone to all other zones within three minutes of driving time
affords much greater statistical stability than would be obtained by consideration of
each individual inter-zonal movement.

Interactance curves for the distribution of trips at ‘“‘purpose generators’’ back
to places of residence were also prepared following procedures similar to those
described above for trips generated at the home. These curves for the Phoenix
Urban Area are very similar to those developed for other large urban areas. It can,
therefore, be assumed that the basic relationships they describe can be applied with
confidence to predict the trip distribution pattern of the future urban area.

INTRA—ZONE TRIPS

A modification of the interactance method was applied to derive the number of
intra-zone trips by purpose in each zone, The number of intra-zone trips is a func-
tion of both the number of trips made by residents and those with ‘‘purpose’’ destina-
tions in the zone under consideration. Thus, although many work trips may be made
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by the residents of a particular zone, few or no intra-zone trips will result unless
there is a considerable amount of employment in the zone. Likewise, a zone which
consists entirely of a major shoppingcenter will attract many commercial trips to it,
but there will be few or no intra-zone trips because of the lack of resident population
within the zone. Zones with mixed land uses, having considerable residential devel-
opment as well as employment or shopping attractions, generally develop the greatest
proportions of intra-zone trips. The number of intra-zone trips is also indirectly
proportional to the area of the zone, inthat larger areas are more likely to include a
greater variety and amount of mixed land uses.

The 1980 volumes of intra-zone trips were estimated by analogy with the 1957
data. A somewhat smaller proportion of the total trips are expected to fall in the
intra-zone category in 1980 due to longer average trip lengths throughout the urban
area of the future.

1980 INTER—ZONAL TRAVEL PATTERNS

Intra-zone trips and transit trips were subtracted from the estimates of total
trip ends for the application of ‘‘interactance’’ curves to establish inter-zonal
travel patterns. Rates of trip interchange between zones were taken from the ‘‘inter-
actance’’ curves and applied by the use of high-speed electronic computers. For
example, the relative rate of travel for home-based work trips (taken from the inter-
actance curves for this type of trips) was multiplied by the number of inter-zonal
work trips made by residents of zone A and by the number of work trips generated
by employment in Zone B. A similar computation was made with the curves for work-
based trips, applying values from them to the number of trips generated by employ-
ment in Zone A and multiplying by work trips made by residents of Zone B. Thus,
two sets of estimates were developed for work travel between the two zones: work
trips made by Zone A residents and work trips generated by Zone B jobs. Similar
pairs of estimates were developed for trips of each purpose category between each
other pair of zones. When this was done, pairs of estimates had been produced for
each class of work travel between each pair of zones as follows:

1) Trips between the residents of Zone A and work trip generators in each
other zone, and trips between work trip generators in each zone and
residents of Zone A; and

2) Trips between jobs in Zone A and residents of each other zone, and trips
between residents of each other zone and jobs in Zone A.

These pairs of estimates were averaged to produce a first approximation of
work trips generated by residents and jobs throughout the area. The total number of
trip ends for individual zones, resulting from this first approximation, required ad-
justments to maintain the estimates of total trip ends by purpose which were pre=
viously established as discussed in foregoing paragraphs. These adjustments were
made mechanically by a series of successive approximations to produce a well-
balanced estimate of travel in which the total trips attributed to each zone were in
consonance with the number and character of trip generators in the zone.

Appendix Table H summarizes the resulting estimates of 1980 internal travel
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between zones by mode of travel.
EXTERNAL TRIP DISTRIBUTION

The distribution pattern for the projected external trips in the future urban
area was estimated by analogy with the 1957 patterns with appropriate modifications
for major land use changes and probable traffic diversion to new highway routes.
Appendix Table I summarizes the estimated 1980 external traffic pattern by mode of
travel. The heaviest volumes of 1980 external trips are shown for stations which are
located on future primary highway routes which are proposed for development to
freeway or expressway standards by 1980,

THROUGH TRIPS

The future pattern of through trips was also estimated by analogy but with the
1957 pattern with major adjustments to account for the development of new regional
highways as proposed in the report. Most of the 1980 trips passing through the future
urban area without a stop would be located on the proposed county-wide freeway-
expressway system which will be described indetail in subsequent chapters. Through
trips between many of the external stations at the periphery of the 1980 Study Area
will be negligible in volume.

1980 ORIGIN AND DESTINATION PATTERN — TOTAL VEHICLE TRIPS
Figure 21 indicates the projected pattern of total vehicle trips between zones

in the 1980 Study Area. About 92.6 percentof these trips are internal trips, about 6.9
percent are external trips, and about 0.5 percent are through trips.
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ESTIMATED DESIGN YEAR-1980
ORIGIN AND DESTINATION PATTERN
AVERAGE DAILY MOTOR VEHICLE TRIPS

PHOENIX URBAN AREA, MARICOPA COUNTY

Q01 002 003 004 005 006 007 008 009 010 011 012 013 014 015 016 017 o8 019 020 021 022 023 024 025 026 027 028 029 030 031 032 033 034 035 036 037 038 039 040 041 042 40 41 42 59 60 6 62 63 64 65 66 67 68
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Chapter lli
FUTURE TRAFFIC SERVICE NEEDS

As the population of the Phoenix Urban Area has increased, traffic volumes
have increased, distances between principal trip origins and trip destinations have
become greater, and traffic delays and congestion have become widespread - par-
ticularly on the mile roads in central Phoenix. As described at length in Chapter I,
these mile roads, which function as an arterial street system, are deficient in terms
of standards of physical development and quality of traffic operations.

There are essentially four ways to improve existing traffic conditions and to
provide for future traffic service needs:

i Apply traffic controls and regulations to achieve maximum utility of
existing facilities;

2% Widen existing arterials and other major streets;
3. Construct new major street and highway facilities; and
4. Improve the attractiveness of public transit.

The master transportation plan for the Phoenix Urban Area should be a practical
combination of these four approaches. Provision should be made for each of several
different types of major street and highway facilities needed for high-quality traffic
services to all classes of users. Consideration should be given to the development of
a county-wide freeway-expressway system as well as to the improvement and exten-
sion of existing major streets. Plans for the development of all traffic facilities
should be integrated to form a ‘‘total plan’’ with traffic capacities balanced against
traffic demands and with proper relationships between land uses and major traffic
flows. The major street and highway plan must be designed without regard for
boundaries of political jurisdiction since traffic needs have no regard for corporate
limits,

NEED FOR A NEW APPROACH

There is need for a new approach to transportation planning in the Phoenix
Urban Area. In the past, attention has been focused on making the most of existing
streets and highways in Phoenix through traffic engineering and much has been
accomplished. The ability of existing facilities to accommodate increasing traffic
demands has been improved substantially by the extensive use of traffic signals and
the timing of these signals for progressive movement; by the establishment of one-
way streets in and near the downtown area; by the establishment of through streets
for arterial traffic flow; by the installation of stop signs on minor cross streets
where signals are not warranted; by the use of channelizing islands and left-turn
lanes; by curb parking and left-turn restrictions; and by pavement striping and other
traffic control measures. These measures have been effective and their use should
be continued and expanded.
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Recognition has also been given to the needs for better standards of major
street construction and wider rights-of-way. Requirements for right-of-way dedica-
tions for street purposes have been improved by both the City of Phoenix and Mari-
copa County. At present, the City is securing 80 foot rights-of-way on all mile and
half-mile roads as new areas are developed, while the County requires 130 foot ded-
ications on mile roads and 80 foot dedications on half-mile roads - a considerable
improvement over the typical 66 foot dedications of the past.

Realizing the need for better major streets and other public works facilities,
the City of Phoenix has approved a bond program; the amount of $6,000,000 has been
authorized for street improvement bonds. Most of these funds are planned for arte-
rial street widening projects. Because of high costs, the current street improvement
program will only be sufficient to meet the most pressing needs.

Local traffic engineering, planning and public works officials should be com-
mended for their excellent achievements in providing traffic services with limited
financial resources. However, regardless of past accomplishments, the urban area
is faced now with mounting traffic congestion. It is clear that a greatly expanded
major street improvement program is urgently needed.

There is also an obvious need for the construction of new facilities. As indi=
cated in Chapter II, future major streets and highways in the Phoenix Urban Area
will be required to accommodate more than three times as many vehicle trips as
served by present facilities. Analyses of anticipated 1980 traffic demands indicate
that additional traffic operational improvements and major street widenings which
may be economically feasible cannot, in themselves, provide adequate capacity and
efficiency of traffic flow for long-range needs.

Higher standards of design will be needed in the construction of new facilities
and the improvement of existing ones. Typical arterial streets with curb parking,
frequent grade intersections and slow-moving local traffic cannot provide satisfac-
tory services to the increasing volumes of relatively long trips in Phoenix. New
facilities for high-speed service to large volumes of traffic should be planned, in-
corporating the following modern design features:

1. Grade separations for principal intersecting traffic flows;

2, Access control for the removal of marginal friction and separation of
high speed through traffic from low speed local traffic; and

3. Medians for the separation of opposing lanes of traffic and elimination
of cross traffic at minor cross streets.

Integrated route planning will also be required inthe development of new facil-
ities. Requirements of the City of Phoenix and Maricopa County for right-of-way
dedications along major routes are not consistent, Existing and planned roadway
capacities are not balanced against projected traffic demands; in many cases, con-
siderably more capacity is being provided in sections of major traffic corridors in
outlying areas than is planned for these same corridors in the highly developed
central portions of the urban areas where traffic demands are greatest. An inte-
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grated area-wide approach to transportation planning in the Phoenix Urban Area,
regardless of corporate boundaries or political jurisdictions over particular facili-
ties, can:

1. Assure the maximum utilization of existing facilities;
2. Guide the development of new facilities to complement existing ones;
3. Obviate the need for undesirable widenings of local and collector streets

through residential areas;
4., Assure the provision of capacity balanced against future traffic demands;
5s Guide the logical and economical expenditure of available public funds;
6. Assure major route continuity regardless of corporate limits;

1 Provide for the most expeditious, efficient and safe movement of people
and goods; and

8. Rrovide an effective guide and stimulus for the orderly growth and devel-
opment of various sections of the urban area.

CLASSIFICATION OF FACILITIES

Street and highway facilities needed to serve any large metropohtan area’s
traffic needs may be classified as follows:

, Freeways and expressways
Parkways

Arterials

Major local business streets
Collector streets

. Local streets

QN U W N =

Each of these six types of facilities are needed in the Phoenix Urban Area to
provide separate and distinct traffic service functions. Standards of design of the
various classes of facilities differ in accordance with the different characteristics
of the traffic to be served. The functions of each type of facility are generally
described below:

Freeways are divided highways with full control of access and grade separa-
tions at all intersecting traffic flows. There are no intersections at grade, traffic
signals, pedestrians or parking on freeways to interfere with the continuity of high
speed travel. Expressways are partially developed freeways on which some inter-
sections are not grade separated.

An extensive system of freeways and expressways is needed in the Phoenix
Urban Area and Maricopa County to provide for the rapid and safe movement of
large volumes of traffic over relatively long distances. Freeways or expressways
should be constructed to serve major rural traffic corridors throughout Maricopa
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County including all Interstate and state primary routes. Freeway and expressway
routes of nation-wide and state-wide interest should be supplemented and comple=
mented by other routes in major traffic corridors as necessary to form a complete
and integrated freeway-expressway network in the Phoenix Urban Area. The location
of these urban facilities will be dictated largely by existing and planned patterns of
land use, topography and other physical conditions, as well as traffic desires.

Parkways are arterial highways for non-commercial traffic, usually located
within a park or ribbon of park-like development. The desirability of designating as
parkways several sections of the proposed network of limited-access highways for
the Phoenix Urban Area was indicated in consideration of existing land use charac=-
teristics.

Arterials are the major streets which will serve large volumes of traffic
between different sections of the urban area and provide access and egress to the
freeway-expressway system. While arterial streets may serve abutting properties,
their primary function is to provide for through traffic movement. Arterials should
be located with regard to areas of homogeneous land use; they should define the
limits of neighborhoods, industrial sites and major commercial areas = not sever
these areas. Arterials should be located and designed with sufficient capacity to
prevent the undesirable diversion of through traffic to local and collector streets.
Because of the character of land use and major street conditions in Phoenix, two
classes of arterials were included in the proposed major street and highway plan -
major arterials and secondary arterials,

Major Arterials, with the proposed freeway=-expressway system, would provide
the principal routes for heavy volumes of through traffic flow in the urban area;
route continuity and location with respect to the freeway-expressway system are of
paramount importance. Major arterials were generally located about midway between
parallel freeway routes to provide a major facility for through traffic flow at two to
three mile intervals.

Secondary Avtervials, located at one mile intervals, would perform the same
functions as major arterials but with less emphasis on service to long-distance
through traffic; service to abutting commercial, industrial and service facilities
would be an important function of the secondary arterials which would, in many cases,
be the existing mile roads in Phoenix. As applied in this study, major arterials would
be developed on rights-of-way of at least 100 feet, whereas secondary arterials
would be developed on rights-of-way of at least 80 feet in accordance with present
practice.

Majov Local Business Streets as the name implies, are streets which serve
heavy volumes of local traffic generated by business and commercial establishments.
The principal difference from major arterials is the character of traffic served. The
primary function of a major local business street is to provide for local traffic
movement and land access - not through traffic; physical standards and regulations
for traffic operations may differ, therefore, from those applied to major arterials,
Central Avenue is a prime example of a major street in Phoenix which should func-
tion and be classified as a major local business street.
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Collector Streets connect residential neighborhoods and other areas of homo-
geneous land use. Collector streets are generally spaced at intervals of about one-
half mile in urban areas. Continuity is generally required only to the extent neces=-
sary to connect adjacent neighborhoods and to connect neighborhoods with arterials.
The design of collector streets is properly a part of good neighborhood planning.
Desirably, neighborhood traffic should flow from local street to collector street to
arterial street. Collector streets in residential areas should be planned so that they
do not attract large volumes of through traffic flow.

Local Streets, not a part of this study, are minor streets which provide pri-
marily for local traffic circulation and land access.

RECENT MAJOR STREET AND HIGHWAY CONSTRUCTION PROJECTS

The proposed master plan for major streets and highways has been designed
to take maximum advantage of existing facilities and construction projects which
have been completed in recent years or soon will be completed. During the last ten
years, the City of Phoenix has widened and otherwise reconstructed about 12 miles
of the existing major street system, involving a total cost of about $2,500,000. These
projects are listed in Table 14, Almost half of the total cost of these completed
projects was paid for by the owners of properties abutting the improvements. The
widenings along McDowell Road and Seventh Street, indicated in Table 14, were
completed since the physical inventory studies upon which plans and estimates in-
cluded in this report are based.

The Black Canyon Highway in the Phoenix Urban Area has been under construc=-
tion for several years. This route is being improvedto freeway standards as part of
the National System of Interstate and Defense Highways. The right-of-way has been
acquired, frontage roads have been constructed to serve existing traffic, and several
miles of the main roadways are now under contract. In addition, local agencies
recently participated in the construction of a new two-mile connection between the
Black Canyon Highway and industrial areas south of downtown Phoenix via Grant and
Lincoln Streets, This project, completed in 1959, cost a total of about $711,000 of
which about $314,000 was provided by property owners.

Although relatively little of the Phoenix Urban Area is now under county juris-
diction, numerous major Street improvement projects were completed by the Mari-
copa County Highway Department prior to recent annexations by Phoenix, and other
projects are under way in outlying areas which have not been annexed. The locations
of completed county projects, and those undertaken by the State Highway Department
and City of Phoenix, are shown on Figure 22. The locations of major street improve=-
ment projects included in budget programs for the current fiscal year are also
shown.

OTHER MAJOR URBAN IMPROVEMENT PROJECTS
Several other major improvement projects, which affect long range plans for
major streets and highways in the Phoenix Urban Area, are in various stages of

planning or development. Principal among these are plans for flood control facilities,
expanded facilities at Phoenix Municipal Airport, urban renewal and downtown devel=
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Table 14

COMPLETED ARTERIAL STREET CONSTRUCTION PROJECTS
1950-1959
City of Phoenix

Construction Cost

Length Federal City Prop.Owner, Right-of Total Completion
Street (Miles) Aid Aid All Others Way Cost Cost Date

16th St., Pinchot Avenue

to the Grand Canal 0.78 $ 78,877 $ 1,107 $ 90,256 $ 2,139 $172,379 Dec. 1953
McDowell Rd., 20th Street

to 28th Street 1.00 97,539 16,302 130,439 19,685 263,965 Aug. 1959
Indian School Rd., 16th

Street to 7th Avenue 2.00 218,465 13,056 204,690 80,134 516,345 May 1955
Thomas Rd., 16th Street

to 24th Street 1.00 77,687 51,879 80,577 39,344 250,487 Oct. 1955
S. Central Ave., Watkins

St. to Maricopa Street 0.78 111,862 304 83,498 130,381 326,045 May 1957

7th St., McDowell Road
to Thomas Road 1.00 130,000% 10,000* 115,000% 90,188 345,188 Feb. 1960

* Estimated
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Table 14 (Continued)

COMPLETED ARTERIAL STREET CONSTRUCTION PROJECTS

1950-1959

City of Phoenix

Construction Cost

Length Federal City Prop.Owner, Right-of Total Completion
Street (Miles) Aid Aid All Others Way Cost Cost Date

Osborn Rd., Central

Avenue to 19th Avenue 1.50 -- $ 22,208 $112,814 -- $135,022 May 1951
16th St., Villa to

Pinchot Avenue; Thomas

Road, 12th Street to

16th Street 2.44 -- 84,015 247,643 $ 413 332,071 Mar. 1952
lst St., Roosevelt

to McDowell Road 0.47 -- 13,430 69,429 2,631 85,490 Aug. 1955
lst Ave., Fillmore

to Roosevelt Street 0.27 -- 3,845 43,818 -- 47,663 Oct. 1956
3rd Ave., Indian School

Road to Glenrosa 0.23 -- 4,719 16,754 -- 21,473 July 1958

Total 11.47 $714,430 $220,865 $1,194,918 $364,915 $2,496,128

Source: Public Works Department, City of Phoenix, Arizona.




opment. These important projects were considered in the development of plans for
major streets and highways to the extent possible considering the information avail-
able at the time the route studies were undertaken; each project is still under study
or in formulative stages of development.

Flood Control Facilities, A Flood Control District was established in 1959 by
legislative act for the purpose of ‘‘acquiring, constructing, improving, cxtending,
maintaining, and operating flood control facilities’’*throughout Maricopa County
regardless of existing political boundaries. Various preliminary studies have indica=
ed the need for protection of the Phoenix Urban Area from floods from the Salt
River, Cave Creek, mountains northeast of Mesa, Indian Bend wash and the McDowell
Mountains, and mountain washes north and south of Phoenix. Figure 23 indicates pre-
liminary recommendations of the Flood Control District of Maricopa County for the
development of channels in and near Phoenix to control floods from these sources.

Since acquisition and hauling of adequate fill material for the construction of
the major highways may be a serious problem, it may be desirable to relate excava-
tion work for flood control facilities with the future highway construction program.
It will also be necessary to construct bridges across future flood control channels
for the major street and highway system. At present, storms of moderate size fre-
quently create flood damage to road crossings of the Salt River and other natural
drainage ways, and hazards to motorists.

Airport Expansion. Facilities at Phoenix Municipal Airport are tobe expanded,
including the extension of east-west runways. These runway extensions will require
the closure of 40th Street through the airport property. Principal access to the ter-
minal building may be via a new extension of Henshaw Road or via existing Sky
Harbor Boulevard. In either case, improved access to the airport will be essential
including a grade separation and interchange ramps at the intersection of the airport
access road and the principal north=south highway west of the airport.

Urban Renewal. An area including about 50 acres east of 7th Street near
downtown Phoenix has been designated- for redevelopment. The major street and
highway plan should be planned to serve this area - not to sever it or to require ex=
tensive acquisition of right-of-way for highway purposes within the urban renewal
area. This was a special problem in this study because of the proposed location of
an Interstate ‘‘penetration route’’ along 7th Street. Various alternate locations for
this penetration route were studied with emphasis on integrating this route into the
network of regional freeways and expressways with minimum adverse effects on the
proposed urban renewal project and other land uses, while still providing for the
princiapl traffic service functions which the Interstate penetration route was desig-
nated to serve.

Downtown Development, Since the development of the recommended major

street and highway plan, the Planning Department of the City of Phoenix has under-
taken a study to prepare a development plan for downtown Phoenix. This study is

14. Senate Bill 204, Arizona State Legislature, signed by the Governor on March 23, 1959, permits any county to establish
a flood control district. The Flood Control District of Maricopa County was formally established in August of 1959.
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still in process. The recommended major street and highway plan should be reap-
praised upon completion of the downtown development plan. Losses in traffic capacity
through major street closures (if any) in the downtown development plan should be
replaced through the addition or redesign of other major streets.

1980 CAPACITY NEEDS — CRITICAL TRAFFIC CORRIDORS

Broad indications of the magnitudes of needs for new facilities, or major im=
provements to existing facilities are provided by studies of projected traffic demands
in critical traffic corridors. Corridors of traffic are not well defined in the Phoenix
Urban Area because of the regularity of the street pattern and the general absence of
major topographic obstacles to traffic flow. Nevertheless, the logical grouping of
parallel arterials in arbitrarily selected corridors provides the basis for significant
conclusions regarding general capacity needs.

Base-year (1957) and design-year (1980) traffic demands were determined at
five screen lines in critical traffic corridors as shown in Table 15 and Figure 24.
The five screen lines were located:

1: At the Salt River (east-west);

2 Near the east limits of Phoenix at 48th Street (north-south);

3. West of Black Canyon Highway (north-south);

4, Between Camelback Road and Missouri Avenue (east-west); and
S Between 7th and 12th Streets (north-south).

Major traffic desires across screen lines 1, 2 and 3 are illustrated in Figures 25,
26, and 27. Total 1980 screen line volumes are expected to range from 2.03 to 3.22
times base-year levels.

It is particularly significant to note the tremendous growth in east-west traffic
expected across screen line No. 3 which parallels the Black Canyon Highway, and
across screen line No. 5 near 7th Street in central Phoenix. Major east-west streets
and highways between Roosevelt Street and Camelback Road in central Phoenix
should be designed to serve about 190,000 vehicles per day; existing streets in this
traffic corridor are adequate for service to only about 100,000 vehicles per day. If
all mile and half-mile roads in this traffic corridor were to be widened to four-lane
standards, there still would be a serious capacity deficiency; freeway construction
is clearly needed.

Similarly, traffic growth between Phoenix and the Tempe-Mesa area will re-
quire capacity increases which could best be provided by freeway construction.
North-south capacity at the Salt River should be more than doubled to provide for
future needs; future Interstate freeway construction between Phoenix and Tucson
will provide much of this capacity need. Finally, future traffic demands indicate the
need for greater capacity on major routes between Phoenix and Paradise Valley, and
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Table 15

TRAFFIC VOLUME -

Base-Year (1957) Conditions

CAPACITY RELATIONSHIPS
Critical Traffic Corridors

Design Year (1980) Needs

Avg.Daily Peak Hour No.¥¥* Pract.Capy Vol-Capy Capacity Avg.Dailly Design
Traffic* Volumes Lanes (Veh/Hour) _Ratie Deficiency _Traffic  Hr/Vol.
SCREEN LINE NO, 1 - SALT RIVER
51st Avenue-7th Street 4/.,000 3,900 12 4,800 0.82 2,200 84,000 7,000
12th Street-48th Street 29,000 2,700 8 2,900 0.93 5,100 95,000 8,000
East of 48th Street 35,000 3,200 _8 3,800 0.84 4,200 96,000 8,000
Total 108,00C 9,800 28 11,500 0.85 11,500 275,000 23,000
SCREEN LINE NO, 2 — EAST PHOENIX
South of Selt River 17,000 1,600 8 2,700 0.60 3,300 66,000 6,000
Salt River-Van Buren Street 24,,000 2,000 8 3,400 0.59 (400) 32,000 3,000
McDowell Rd-Camelback Road 42,000 3,600 10 3,600 1.00 5,400 104,000 9,000
North of Camelback Road 14,000 1,500 _8 2,000 0575 6,000 78,000 8,000
Total 97,000 8,700 34 11,700 0.69 14,300 280,000 26,000
SCREEN LINE NO. 3 — BLACK CANYON HIGHWAY
South of Salt River 4,000 500 8 2,000 0.25 (500) 14,000 1,500
Salt River-Van Buren Street 29,000 2,500 8 3,400 0.74 600 49,000 4,000
McDowell Rd-Indian School R 49,000 4,200 12 4,800 0.88 9,200 156,000 14,000
Ceamelback Road-Northern Avenue 27,000 2,500 16 6,800 0.37 4,200 120,000 11,000
North of Northern Avenue 1,000 100 12 3,000 0.03 (1,500) _16,000 1,500
Total 110,000 9,800 56 20,000 0.49 12,000 355,000 32,000
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Table 15 (Continued)

TRAFFIC VOLUME - CAPACITY RELATIONSHIPS
Critical Traffic Corridors

Base-Year (1957) Conditions Desipn Year (1980) Needs
Avg.Daily Peak Hour No.** Pract.Capy Vol-Capy Capacity  Avg.Daily Design
Traffic* _Volumes Lanes (Veh/Hour) Ratio Deficiency Traffic Hr/Vol.
SCREEN LINE NO, 4 - CAMELBACK ROAD
59th Avenue-35th Avenue 29,000 2,700 12 4,600 0.59 4y 400 95,000 9,000
27th Avenue-19th Avenue 28,000 3,100 8 3,400 0.92 4,600 86,000 8,000
15th Avenue-12th Street 46,000 4,200 10 4,000 1.02 3,000 80,000 7,000
16th Street-Scottsdale Road 33,000 3,000 14 /4500 0,67 6,500 119,000 11,000
o
= Total 136,000 13,000 U, 16,500 0.79 18,500 380,000 35,000
SCREEN LINE NO, 5 - 7th STREET
South of Salt River 23,000 2,100 8 3,200 0.66 1,800 57,000 5,000
Salt River-Van Buren Street 75,000 7,500 18 8,000 0.94 4,000 135,000 12,000
Roosevelt Street-Camelback Road 111,000 9,400 2/ 10,400 0.91 6,600 190,000 17,000
North of Camelback Road 23,000 2,000 14 5,800 0.35 2,200 88,000 8,000
Total 232,000 21,000 64 27, 400 0.76 14,600 470,000 42,000

* Includes all major streets
** Number of lanes serving indicated 1957 traffic




between Paradise Valley and highly urbanized areastothe south including Scottsdale,
Tempe, and Mesa.

SELECTION OF A TENTATIVE PLAN

As an early phase of this study, atentative freeway-expressway system for the
urban area was developed, based on preliminary studies of traffic needs, field
reconnaissance, studies of available topographic and land use maps and the use of
aerial photography. Current aerial photographs, covering about 1,200 square miles
of the Phoenix Urban Area and contiguous rural sections of Maricopa County, were
secured specifically for this project.

In the development of the tentative freeway-expressway routes, consideration
was given to the relative meritsofa grid system vs. a system of radials and circular
circumferential routes. It soon became evident that a radical departure from the
established grid pattern of land development in the urban area would cause undue
disruption to residents and excessively high construction costs. The development of
true radial freeway routes emanating from downtown Phoenix in northwest and
north-east directions would sever countless neighborhood units which local planners
indicated should not be severed by major thoroughfares . In addition, the concentra-
tion of the heavy traffic on several radial freeways, at or near, the same point would
create intolerable congestion and defeat the purpose of establishing a system of
major highways, individual sections of which will complement one another. Essential
traffic service needs in the urban area can be effectively provided by a system of
freeways and expressways which generally conforms with the existing grid street
system. The grid system is also more readily adaptable to stage construction pro-
grams - an important factor in consideration of the tremendous costs of freeways.

The various routes which were included in the tentative freeway-expressway
system, and other routes which were developed as the analyses progressed, are
shown in Figure 28. This system for the Phoenix Urban Area was designed to be
integrated with principal rural highways serving the area; to complement, not dupli-
cate, the traffic services to be provided by the Black Canyon Highway and other
planned Interstate routes; to provide express service between large residential areas,
employment centers and downtown Phoenix; to provide for through traffic, and to
serve principal high-volume traffic corridors. The tentative system included:

1) The Black Canyon Highway (Interstate '17);

2) The Phoenix-Tucson Freeway (Interstate 10), from the Durango Street
interchange with the Black Canyon Highway to the south limits of the
urban area via the City of Tempe;

3) An east-west route to link Tempe and Mesa with each other and with
Phoenix via the Phoenix-Tucson Freeway;

4) Routes in both the U.S. Route 80 and U.S. Route 60-70-89 traffic corri-
dors west of Phoenix;
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S) East-west routes through the central portion of the urban area to provide
needed traffic capacity and quality traffic operations in critical east-
west traffic corridors. (As shown in Figure 28, three central east-west
routes were included in the tentative plan spaced at about three-mile
intervals.)

6) An ‘‘east-side’’ north-south route located east of Central Avenue but
west of the Municipal Airport and 24th Street;

7) A north-south route between Paradise Valley and the Tempe-Mesa area
via Scottsdale;

8) An outer circumferential, or belt route around the 1980 urban area to
collect and distribute external traffic between the other elements of the
system;

9) Routes to serve areas west of the 1980 urban area; and

10) The designated Interstate ‘‘penetration’’ route to connect the Phoenix-
Tucson Interstate freeway with principal areas of Phoenix providing
services to the Interstate traveler; locations for this route near 7th,
24th and 52nd Streets were studied.

The basic pattern of arterial street connections to the tentative freeway-
expressway system selected for further study included the mile roads and other
major streets which now serve arterial traffic flow. The existing spacing of arterials
generally conforms with desirable standards; there is little need or opportunity to
depart from this established pattern.

TRAFFIC ASSIGNMENTS

Assignments of 1980 traffic to the tentative freeway-expressway system were
made to test the adequacy of this system to serve future traffic needs. Traffic as-
signments are useful in the determination of lane requirements, in the determination
of locations which may become overloaded indicating the need for additional capacity,
and in the determination of sections of the tentative system which do not warrant
expressway or freeway=-type construction by 1980.

The basis for assignments of traffic to any roadway system is a comparison of
relative time savings, trip lengths, directness of routing and availability of ingress
and egress via alternate routes. Figure 29 shows the traffic diversion curve based
on time ratios which has been developed from studies of traffic diversion to limited
access highways by the Bureau of Public Roads and others. This diversion curve was
applied in this study with adjustments for intangible or psychological values demon=
strated by measured practices and reflecting the desires of motorists to travel on
limited access highways.
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ZONE TO ZONE USAGE OF FREEWAY ROUTE IN PERCENT

VEHICLES USING FREEWAY

X100

TOTAL VEHICLES USING ALL ROUTES

The assignment procedure involved the following basic procedures:

1) Selecting the shortest and most convenient route (and a second best or

alternate route) via major streets between each pair of the 157 zones and
33 external stations in the 1980 study area;

2) Recording these major street routings using a numerical code;

3) Measuring and recording the estimated travel times via the selected
major street routings;

4), 5) and 6) Same as steps 1), 2) and 3) for the freeway-expressway system,;

7) Comparison of the route measurements obtained for the major street
routes with those for the freeway-expressway routes by calculating time
ratios, and from these ratios determining the allocation of trips to the

freeway-expressway system by application of the diversion curve shown
in Figure 29.
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The actual assignments were accomplished by mechanical methods which have
been developed with the advent of electronic data-processing equipment. These
methods are described in great detail in nationally accepted technical publications??
and there is little need for a detailed explanation in this report.

MODIFICATIONS TO THE TENTATIVE PLAN

After the initial assignments of traffic to the tentative plan, the desirability
of modifying the plan was indicated. Several sections of the tentative system could
not be justified by the anticipated 1980 traffic volumes. The feasibility and desira-
bility of replacing two of the three east-west routes through the central portion of
the urban area with a single route located about midway between those replaced
were also indicated. Otherwise, the traffic assignments substantiated the need for
the freeway-expressway system and the desirability of the general locations se=-
lected for the individual routes. The results of these assignments, with respect to
the recommended plan, are discussed in the following section.

15. Bulletin 130, "Traffic Assignment by Mechanical Methods, Highway Research Board; 1956.

65




h = e =% = e m e wmm m'.

Chapter IV
THE MAJOR STREET AND HIGHWAY PLAN

The major street and highway plan recommended for the Phoenix Urban Area
is shown in Figure 30. This plan, which evolved from the comprehensive studies of
existing traffic and physical conditions, land use characteristics, and future traffic
needs described in previous sections of this report, includes the combination of facil-
ities which was found to be most desirable and practical. The road network for the
1980 Phoenix Urban Area, as defined by local planning agencies, would include an
extensive system of controlled-access highways (freeways, expressways and park-
ways) integrated with a carefully planned system of urban arterials. The proposed
arterial street plan conforms with the established grid pattern and consists, in gener-
al, of existing mile roads. About one=~third of the proposed arterial streets have been
designated as major arterials indicating that these streets should be developed to
higher standards than other arterials for service to heavy volumes of relatively long
trips. Routes included in the urban major street and highway plan, and the recom=-
mended standards for their development, are presented in this chapter.

Also described herein is a county-wide plan for major highway routes which
has been prepared to assure integration between plans for the urban and rural sec=
tions of the county. This plan includes a county-wide system of rural freeways and
expressways which has been integrated with a vast network of non-limited access
rural highways and county roads.

THE URBAN FREEWAY—EXPRESSWAY SYSTEM

The proposed plan for controlled-access highways (freeways, expressways and
parkways) in the future Phoenix Urban Areaincludes about 59.2 miles of routes which
are of state-wide interest, and about 81.4 miles of other routes required to develop
an integrated system for 1980 urban traffic demands. These routes are briefly
described as follows:

BLACK CANYON HIGHWAY (Interstate Route 17; 14.6 miles)

As discussed previously, this route is now being constructed to freeway stand-
ards in Phoenix as part of the Interstate highway system. With other planned Inter-
state routes, the Black Canyon Highway constitutes the ‘‘back-bone’’ of the proposed
freeway~-expressway system. Black Canyon Highway will provide high quality access
to downtown Phoenix from rapidly growing residential suburbs to the north and north-
west, and will serve heavy volumes of urban area trips as well as interstate traffic
movements,

The planned locations of interchanges along the Black Canyon Highway were
major factors in the determination of the recommended locations of east-west arte-
rials in the Phoenix Urban Area. Current plans of the Arizona Highway Department
call for interchange ramps at nearly all east-west mile roads and at Grant Street,
Adams Street and Grand Avenue, as well as the Durango Street interchange with the
Phoenix-Tucson Freeway (Interstate Route 10). It is recommended that plans for the
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construction of Black Canyon Highway be modified to include provisions for future
interchanges with east-west freeway routes proposed in this report.

PHOENIX—TUCSON FREEWAY (Interstate Route 10; 24.1 miles)

The location of this freeway has also been established within general limits by
the Arizona Highway Department; right-of-way has been acquired for some sections.
As shown in Figure 31, the Phoenix-Tucson Freeway will be located north of the Salt
River between Black Canyon Highway and a point east of 24th Street, where the route
will cross the river and pass to the north of Bell Butte (east of 48th Street at Broad-
way). At Bell Butte, this freeway will turnto the south as shown. The Phoenix~Tucson
Freeway will provide traffic relief to congested east-west streets between Henshaw
Road and Van Buren Street through the removal of through traffic and service to
trips between downtown Phoenix and the Tempe-Mesa area.

TEMPE—MESA FREEWAY (13.0 miles)

This route, which constitutes a limited-access highway relocation of U.S.
Routes 60-70-80-89, would serve important regional traffic movements between the
Phoenix Urban Area and points east, and would connect Tempe and Mesa with Phoenix
via the Phoenix-Tucson Freeway. It would be developed to freeway standards along
the southern limits of urbanization at or near Southern Avenue as shown in Figure
32. The Tempe-Mesa Freeway would provide necessary capacity and high-quality
traffic services in a major traffic corridor, remove through traffic from major east-
west streets which will be needed to serve local traffic between Tempe and Mesa,
and serve as a buffer between conflicting land uses. Right-of-way for the future
development of this route should be secured at the earliest possible date.

SOUTHERN EAST-WEST FREEWAY (22.7 miles)

As shown in Figure 30, it is proposed that two east-west controlled-access
highway routes be developed through central portions of t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>