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ABSTRACT

The signalization of a bantam expressway is studied, and sev

eral operational features associated with the application of the bantam 

expressway are examined and discussed. The close proximity of two at- 

grade intersections is the critical factor involved in the signaliza

tion.
Data were collected and a signal design based on these data is 

accomplished. The data included vehicle classification, intersection 
approach volume, intersection turning movements, and median crossing 

counts. These were essential as the unbroken medial divider and the 

low clearance underpass of the bantam expressway would alter the traf

fic flow patterns in the vicinity of the expressway.

Four signal phasings which appear to have application to the 

signalization of closely-spaced intersections arc investigated and 

summaries are presented as to the relative efficiency of each. In 

addition, several procedures for determining approach green time arc 

compared and the differences between these evaluated.
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Chapter I 

INTRODUCTION

Scope of Thesis

This thesis is concerned with one of the major problems facing 

most large urbanized areas —  that of traffic congestion. Attention 

will be focused on the reasons for the existence of this problem and 

on methods that have been used in attempting to alleviate it. A new 

plan for the updating and improving of major urban arterial streets is 
presented and a specific example is used to illustrate the proposed 

geometric design. The major portion of the thesis is devoted to an 

investigation into the signalization of this proposed roadway.

The Problem

Traffic congestion is not an altogether recent development. 

According to Dyckman (1), "In the first century A.D. the municipal 

government of Rome was obliged to relieve congestion in its streets 

by restricting vehicular traffic (with the exception of chariots and 

state vehicles) to the night hours." Although chariots are no longer 

a problem, the traffic engineer of today still faces the same basic 

problems -- how to promote orderly and safe traffic flow and to mini

mize the delay to those using the street system.

Two fundamental reasons for surface transportation problems in 

metropolitan areas are: 1) the rapid increases in urban population

Numbers in parentheses refer to the List of References.
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and urban travel in the last 20 to 30 years and, 2) the obsolescence of

existing urban street systems. The problem of increased population and 

travel is graphically shown in Figures 1 and 2. It is becoming increas

ingly apparent to transportation engineers that some attention and finan

cing must be diverted from the system of rural roadways and channeled into 

urban transportation systems. At present, about 50 percent of the annual 

vehicle-miles of travel in the United States is carried on 13 percent 

(the urban portion) of the total road mileage (2). The obsolescence of 

urban street systems is due, in part, to the tremendous growth of, and 

increased travel in urban areas. However, the underlying problem is the 

basic deficiencies of the systems themselves. Very few of our cities 
were planned in anticipation of the changes in land use, the increases 
in city area (commonly known as "urban sprawl"), and the impact of the 

automobile. Figure 3 presents data showing that cities are indeed sprawl

ing, adding yet another dimension to the problem facing urban roadways. 

This sprawling (reduction of population densities) manifests itself in 

longer journeys (longer in distance) throughout the metropolitan area. 

These longer trips are critical during the morning and afternoon rush 

hours because they tend to spread the traffic congestion and delay over 

a larger area, encompassing many roadways and intersections.

Traffic problems on urban streets, magnified by antiquated and 

inadequate street systems, are presenting a dilemma to city officials; 

whether to plan and construct new roadways on new alignments (including 

freeways) or whether to embark on a program of updating and improving 

existing streets essentially within the existing rights-of-way. Aesthetic



3

1950 1970
75 7»

Figure 1
Growth of Urban and Rural Population
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Population Density in Urbanized Areas

values, availability of land, economic considerations, and other community 

values would be important in making a decision between these two alterna

tives .

It should be noted that the urban traffic problem is being discus

sed here within the framework of two limitations. First, no consideration 

will be given to the feasibility of mass-transportation as a possible sol

ution to the problem. Mass transit systems undoubtedly will play an 

important part in the "balanced" transportation system of the future but 

they cannot be included within the limited scope of this thesis. Second, 

it will be assumed that vehicular traffic will be neither banned nor 

greatly restricted in the future. One solution, of course, to traffic 

congestion would be to ban or restrict the use of vehicles in certain



critical areas or during certain critical times. However, a basic hy

pothesis of this thesis is that the roadways of the future will have to 

handle as much, and probably more, traffic than is being handled now.

Solutions for Traffic Congestion

5

The Wisconsin Avenue Study (3) conducted by the Bureau of Public 

Roads was an attempt to determine ways by which the traffic-carrying 
capacity of urban arterial streets could be increased. An introductory 

statement in this report reveals two major causes of traffic congestion:
Traffic congestion on existing streets can usually be traced 

to one or both of two major causes. The first is inadequate 
traffic control that tends to create inefficient traffic opera
tions on the facility. Very often congestion due to this cause 
is mistakenly assumed to be due to lack of capacity. By adop
tion of efficient traffic-control measures, often at little or 
no expense, the full inherent capacity of the existing streets 
and intersections can be attained. The second major cause of 
congestion is true insufficient capacity. New construction on 
a facility, involving substantial expenditure of funds, generally 
is necessary to increase the capacity once all possible improved 
traffic-control techniques have been implemented.

Capacity is defined as "the maximum number of vehicles which has a rea

sonable expectation of passing over a given section of a lane or a 

roadway in one direction (or in both directions for a two-lane or a 

three-lane highway) during a given time period under prevailing roadway 
and traffic conditions" (4).

Traffic engineers have two methods by which a roadway may be al 

tered to serve a greater traffic load. One involves the use of traffic



engineering techniques and control devices. Some of the more important 

of these are as follows:
turning movement controls, 

parking restrictions, 

unbalanced lane operation, 

one-way street operation, 

simple channelization 
use of traffic signs and markings.

These and other techniques are very important in developing the full 

capacities of major streets. However, if the traffic demand(traffic 

volume) exceeds the inherent capacity of the roadway, congestion and 

delay will result, regardless of the control measures used. If this 

occurs, and it is occurring in most of our cities, the way to handle 

the traffic demand is to construct new roadways or to widen existing 

ones.

It has long been recognized that the real problem of roadway 

capacity in urban areas lies in the intersection, and particularly at 

those intersections involving two major streets. In most cases involv

ing urban arterial streets it is not the midblock sections which are 
overloaded, but the intersections along the route.

There have been many attempts in the United States and in other 

countries to modify roadways and intersections in order to reduce con

gestion to a tolerable level. Only a few of these projects will be 
mentioned here.

The "rotary" or "traffic circle" has long been used at the 

intersection of two or more major streets. The greatest advantage of

6
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the rotary is that continuous operation (i.e., non-stop) can be provided 

for all traffic. The capacity of a rotary has been found (5) to be from 

1200 vehicles per hour (vph) to 2300 vph, depending upon the geometry of 

the circle and the nature of the traffic flows. The capacity of a rotary 

is limited by the weaving maneuvers that are inherent in this type of 

intersection. In many instances it has been necessary to relieve a 
rotary of a portion of its total traffic load. This has been accom

plished by either cutting directly through the circle (and installing 

traffic signals) as was done with the Glorieta Diana Cazadora in Mexico 

City (6) or by constructing an underpass to carry the heaviest movement 

under the circle.

One of the earliest attempts to provide continuous flow along 

a major urban arterial (short of building a full expressway or freeway) 

was made in Detroit, Michigan. In the early 1940's the Davison Limited 

Highway was constructed. Shuptrine and Mead (7) described the highway 

as "...a typical example of the solution of traffic problems in congested 

areas by fully depressing a through artery". The Davison Highway was 

constructed by carrying a median and six through lanes under all inter

secting streets. The project was 7,000 feet in length and had no access 

points except at the beginning and end of the highway. This "no access" 

concept was logical because 90 percent of the traffic along the corridor 

was through traffic for the entire 7,000-foot length. Service or local 

streets ran alongside the through lanes and were at the grade of the 

abutting land. These service roads formed standard at-grade intersec

tions with the cross streets. The total right-of-way width for the
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project was 205 feet. Shuptrine and Mead (7) recognized, even in 1942, 

the need to provide some separation of intersecting, heavy traffic

volumes, and stated....  "It is also necessary to provide non-stop

limited access highways strategically located with respect to traffic 

routes to carry major traffic movements and distribute them to various 

centers and arteries".

The Chicago Area Transportation Study (8) has made investigations 
into the feasibility of using intermediate (compromise between a freeway 

and a major arterial) roadways. These intermediate roadways were desig

nated as "junior expressways". The Chicago study was concerned with 

the use of through-lane overpasses to carry the arterial through traffic 

over major intersections. When several of these overpasses were used 

on a major arterial a "junior expressway" resulted. A study (9) made

at Northwestern University found that.... "The improvement of arterial

streets by using through-lane overpasses cannot replace freeway systems 

from the standpoint of providing the best service to traffic and the 

best investment profit per dollar spent". The study does add, however, 
that the junior expressway would be a "desirable addition to the highway 

transportation system of an urban area".

Proposals and ideas in other countries have been aimed at this
same problem....  how to reduce urban traffic congestion. In the early

1950's a one-mile long, three-level highway was constructed through the 

heart of Caracas, Venezuela (10). One level was designed for through 

traffic, one for local or intersectional traffic, and the bottom level 

for parking. In Europe, Sweden has done much in planning and construct

ing structures for the separation of heavy traffic flows.
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The above discussion points out that for many years it has been 

recognized that one of the best ways to alleviate urban traffic conges

tion is to provide for the separation of intersecting flows. However, 

most of the projects (excluding freeways) undertaken along these lines 

have been at isolated intersections or along limited sections of major 

arterials. Up to this time no major plan has been advanced that would 
provide for consistent separation of heavy, intersecting flows through

out the urban area or along the entire length of a major arterial.

Danforth and Sheldon (11) have recently presented a new and 

appealing proposal for the treatment of existing urban arterials. This 

proposal involves the construction of "bantam expressways" on very 
limited rights-of-way. The "bantam expressway" concept will be reviewed 

in some detail in Chapter II.



THE BANTAM EXPRESSWAY

Chapter II

Roadway Systems

Street systems in urban areas can be divided into four classes 

of roadways: freeways, major arterials, collectors, and locals. Each
class is intended to serve a basic function and it is generally assumed 

that an urban street system must contain all four types of roadways in 

order to serve traffic needs adequately.
The two basic functions of a roadway arc to move traffic and to 

provide access to land. These two functions generally work against one 

another and it is rather difficult to provide for both functions on the 

same street. Michael (12) has stated.... "No street can provide good 

and safe traffic flow and also maximize land access. The operational 

requirements of the two uses are simply not compatible for smooth, 

rapid flow". It can be seen from Table 1 that a relatively large gap 

exists between the functions provided by freeways and those provided 

by arterials. Freeways have far greater capacities than arterials and 

provide for faster and safer operation than do arterials. However, 

the freeway is extremely costly to construct, uses up large amounts of 

valuable urban land, and does not provide access (except at interchanges) 

to abutting lands. The arterial, on the other hand, is usually beset 

with congestion and stoppages, particularly at major intersections. The 

characteristics and inherent advantages and disadvantages of freeways

10
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and major arterials are listed in Table 1.

Table 1
Comparison of Freeways and Major Arterials 

Item____________________Freeway____________Major Arterial

Functions Provided

Operating Speeds 
Right-of-Way Required 

Daily Volumes 

Average Trip Length 

Advantages

Disadvantages

Traffic Movement

40 - 65 mph 
300 - 450 feet 
50,000-120,000 

3 or more miles 
Safety
Smooth Operation 
Low Road-User Cost 
High Capacity

Traffic Movement 
and Land Access

20 - 40 mph
80 - 100 feet

20,000 - 30,000

1 or more miles

Provides Land Access 
Low Construction Cost 
Small Right-of-Way

Large Right-of-Way High Road-User Cost
No Land Access Safety
Expensive to construct 
Aesthetics Congestion

Low Speeds 
Lack of Capacity

Table 1 emphasizes the fact that perhaps it would be beneficial 
to have a roadway with functional characteristics lying somewhere be
tween those of the full freeway and those of the major arterial. 

Danforth and Sheldon (11) have summed up this need by saying:

The problem, then, would seem to be that of a serious gap 
in the spectrum of street types; there is simply too great a 
functional spread be tween a fully developed freeway and a 
conventional major street. Strongly indicated is the need of 
a street type that would provide free-flowing characteristics, 
a high level of service to abutting property, maximum safety 
and convenience for the travelling public, and all at a reason
able cost and with feasibility of attainment.
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"Feasibility of attainment" presumably refers to the difficulty of ob

taining right-of-way in urban areas. Other writers have also referred 

to the need for an intermediate type of roadway. Quinby (13) stated:

In the highway field there has been a renewed recent interest 
in intermediate urban solutions which may approach the speed, 
capacity, and mobility of massive new freeways, but which cost 
generally far less and disturb fewer existing properties or aes
thetic values. Such intermediate highway proposals often feature 
prominently the at-grade or semi-at-grade expressways. These may 
make economical use of existing streets and permit peak-hour 
speeds and per-lane capacities of two-thirds or more of those of 
congested urban freeways. They may also provide more frequent 
access to the arterial and local street network, and hence reduce 
point-to-point urban travel times, with less high-volume ramp 
congestion. Such intermediate facilities may accomplish all this 
at a fraction of the cost of freeways, and may also permit more 
thorough coverage of an urban area by vehicular facilities.

This statement contains many points which have been utilized in devel
oping the bantam expressway concept.

The Need

What should be developed, then, is a roadway that combines the 

advantages of the full freeway with the advantages of the urban arterial. 

Naturally, the advantages of each may be somewhat diluted but hopefully 

not to any large degree. Consideration should be given to an urban street 

on a right-of-way between 100 feet and 140 feet in width (i.e., about the 

same width as many existing arterials). The roadway should provide for 

free-flowing, non-stop operation for a majority of vehicles, provide 

access to land abutting the arterial, eliminate the large delays associ
ated with signalized intersections, and provide easy access to the rest 

of the city street system. The bantam expressway concept incorporates 

all of these features into the design of such a roadway.
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The Proposal

The salient features of a bantam expressway are the following:

1. The roadway will utilize a right-of-way (including sidewalks) of 

from 90 to 120 feet at midblock sections. At major intersections 

a right-of-way width of from 130 to 150 feet will be necessary.

2. A continuous medial divider will completely eliminate all cross 

and left turning traffic.
3. At major intersections all low profile (i.e., passenger cars) vehi

cles on the arterial that are proceeding through the intersection 

will be carried under the cross street.

4. The grade separation structures at major intersections will be of 

reduced clearance (e.g., eight or nine feet).

5. The expressway will provide access to all abutting property and to 
most intersecting local streets.

Figure 4 is a schematic diagram showing a section of the expressway and 

a typical major intersection. Figure 5 in Chapter IV shows a detailed 
design for a major intersection.

Operational Considerations

There are many questions which can be raised regarding traffic 

operations on the proposed bantam expressway. The design and operation 

of the at-grade signalized intersections will be discussed in Chapters 

III, IV, and V. The discussion here will be limited to the operation
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between these major intersections. Each of the following points is 
briefly discussed:

15

speeds,

parking,

cross traffic between major intersections,

traffic with far-side destinations,

pedestrians,

transit operations,

warnings for high-profile vehicles,

driver acceptance of low-clearance underpasses,

delineation of through lanes,
weaving,

stalled vehicles.

Speeds —  The bantam expressway is not intended for high speed 

operation. Speeds of 45 or 50 miles per hour (mph) might be reached on 

the through lanes during the off-peak hours. The outer lanes would be 

expected to operate with speeds of 25 or 30 mph. During the peak periods 
these speeds would be somewhat reduced.

Parking -- On-street parking along the expressway would be pro
hibited. This would reduce the accident potential and would allow for 

better operation in the outer lanes.

Cross Traffic -- All drivers wishing to cross the expressway 

would be forced to do so at the major intersections. Thus, only right 

turns onto and off the bantam would be possible at points between major
intersections.
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Far-Side Destinations -- Drivers proceeding along the express

way and wishing to turn left will not be able to do so because of the 

continuous medial divider. These drivers would be forced to either 

proceed past their destination and then make a U-turn through the two 

signalized intersections or alter their basic travel pattern. If the 

volume of traffic making this "looping back" maneuver is large, a 

special U-turn slot could be provided just in advance of the underpass 
structure. This would relieve the at-grade intersections of this traffic. 
It is expected that this maneuver would not be critical because most 

drivers would alter their travel patterns to avoid the unnatural looping 
back.

Pedestrians -- Pedestrians crossing the expressway would be forced 
to do so at major intersections (spaced every one-half mile or so). An 

overhead structure for pedestrian crossing could be provided at those 

locations where there is a large generator of foot traffic (e.g., univer
sity, school, large office building, etc.) adjacent to the expressway.

Transit Operations -- Buses would be able to operate on express 

schedules in the through lanes (assuming low profile buses are used) or 
on local schedules in the outer lanes. Bus turn-outs would be provided 

at stops located between major intersections.

High Profile Vehicles —  The terms low, intermediate, and high 

profile are defined in Chapter III. The problem of forcing all high or 

potentially high-profile vehicles into the outer (curb) lanes is critical 

to the safe operation of the bantam. Large informational signs would 

be used to inform drivers that certain vehicles must use the right-hand 

lane and must take the off-ramp at each major intersection. Warning
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devices, activated perhaps by a photoelectric cell or a radar transmit

ter, could be used to warn drivers that a high profile vehicle was in 

the through lanes and must merge to the right. It is expected that 

problems along this line will diminish as the driving population becomes 

familiar with the operation and the geometry of the bantam expressway.

Low Clearance Underpasses -- Driver acceptance of a reduced verti
cal clearance (eight or nine feet) underpass has not yet been studied. 
Tucson, Arizona has one underpass structure with a vertical clearance 

of nine feet, six inches. Few problems have arisen with driver accept

ance of this underpass and it is expected that drivers of passenger cars 

might accept (with adequate lighting, lateral clearance, etc.) a clear

ance as low as eight feet. Research into this area must be undertaken 
prior to the planning and construction of a bantam expressway.

Delineation -- The through lanes of the bantam could be distin

guished from the outer lanes by the use of different colored pavement. 

Additives or overlays could be utilized to obtain the two colors needed. 

This multi-color pavement scheme would aid in keeping commercial vehicles 
out of the through lanes.

Weaving -- Approximately 75 percent of the traffic on the bantam 

would use the through lane underpasses. At major intersections only 

about 10 to 15 percent of the approach traffic would be merging into the 

curb lane to use the off-ramp. Because of the relatively low speeds 

this amount of weaving traffic at the off-ramps should not be critical. 

The weaving at the on-ramp would be even less of a problem since all of 

the traffic using the underpass would be confined to the two through 

lanes, leaving the curb lane free for the traffic using the on-ramp.



18

Stalled Vehicles -- The lane widths of the bantam would be such 

that therewould be enough room to park a disabled vehicle at the curb 

and still allow space for the moving traffic in the curb lane. It is 

expected that most stalled vehicles would pull into a drive or parking 

area. In fact, one feature of the bantam is that full access is main

tained to all fronting property and vehicles can pull off the expressway 

directly into the front of abutting lands.
Capacity

The through lanes of the bantam expressway would operate under 

almost ideal conditions (no trucks or pedestrians, no stopping, 12-foot 
lanes, etc.) and would have capacities higher than freeway lanes because 

of the lower operating speeds. Using design figures from Glass (14), the 

expected capacity of the four through lanes would be about 48,000 vehicles 

per day (vpd). This figure is based on a design capacity of 1500 vehicles 

per hour (vph) per lane, a peak hour flow of 10 percent of the average 

daily traffic (ADT), and a directional split during the peak hour of 

65-35 (65 percent of the hourly volume is in the heavier direction of 

flow). The outer, or curb, lanes will operate under normal arterial street 

conditions. The design capacity for each outer lane might be 600 vph.

If the 10 percent factor is applied, the capacity of each outer lane is 

6000 vpd. This relatively low capacity takes into account the many dis

ruptions that would occur in the outer lanes. The midblock capacity of 

a six-lane bantam expressway would be approximately 60,000 vpd. The at- 

grade intersections would have to be designed to handle the 600 vph in
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the outer lanes in order for the full capacity of the bantam to be realized. 

Under very heavy flow conditions the bantam might be expected to handle 

up to 75,000 vpd.

Economic Considerations

Estimates of right-of-way and construction costs for a typical 

section of a bantam expressway are found in Appendix A along with a com
parison of the bantam and an existing arterial. The cost for construct

ing a one-mile section (including two major intersections) of a bantam 

expressway might be in the neighborhood of one and one-half or two million 

dollars. An estimated cost (as found in Appendix A) for right-of-way and 

construction is $1,750,000 per mile.. When compared with the 10 to 30 

million dollars per mile that urban freeways are now costing the bantam 

expressway costs would be very low. One big advantage of the bantam is 

that there would be no loss of access or of frontage along the roadway 

and no damages would have to be paid for these items. Another economic 

advantage of the bantam over the freeway is that one relatively low-cost 

roadway could be built at a time rather than one very high cost (i.e., a 

freeway) facility. It would be possible to build up a network of express

ways throughout the entire urban area for about the same capital outlay 

that would be needed for one freeway. The benefit-cost analysis found 

in Appendix A compares the two alternatives of building a bantam on an 

existing 80-foot right-of-way of an arterial street, or leaving the 

arterial as is. Assuming an ADT of 30,000, it was found that the benefit- 

cost ratio for construction of the bantam was 1.26. Other analyses of 

this same problem have shown benefit-cost ratios to be in the neighborhood
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of 2.0 or greater. The 1.26 ratio shows that even if traffic volumes 

did not increase (this is very unlikely) the bantam expressway would be 

justified by the savings that would accrue to its users. It is obvious 

that as traffic volumes increase above 30,000 vpd the bantam becomes more 

and more desirable because the existing five or six-lane arterial would 

be incapable of carrying the increased load.

Advantages

, There are four general areas in which the bantam expressway would 

provide significant advantages over a freeway or an arterial street:

Safety —  Accidents associated with at-grade arterial intersections 

would be reduced by the removal (going under the cross street) of 70 or 80 

percent of the mainline traffic. The medial divider would eliminate head- 

on and left-turn accidents and would prevent pedestrians from crossing 

at midblock locations. The bantam expressway would give the driver a 

much greater degree of safety than he experiences on a normal arterial 

street. A reduction in accidents of 30 percent or more would not be 
unlikely.

Cost -- As discussed earlier, the construction costs of a bantam 
would be far below those of a freeway and the road-user costs well below 

those encountered on a major arterial. The bantam concept is economi

cally very feasible when applied to many situations in urbanized areas.

Traffic Operation -- The bantam would provide smooth (with uni
form speeds), non-stop operation for a majority of drivers. The major 

cross streets would benefit greatly from the increased green time allotted 

to them at the signalized, at-grade intersections. In some locations the
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benefits (reduced delay, fewer accidents, less congestion, etc.) to the 
cross street traffic might be as great as those to the expressway traffic.

Aesthetics and Land Use —  One of the greatest and most often 

heard criticisms of the modern freeway is that it utilizes vast land areas 

and is an unsightly addition to an urban area. The bantam would use about 

one-third as much right-of-way as a freeway and would contain no large 

overhead structures. The conservation of scarce urban land is one of the 
most attractive features of the bantam expressway concept. The bantam 

expressway would not bring about the undesirable effects that many urban 

freeways do. Some of these "freeway side-effects" are: the forced relo

cation of businesses; the using up of large amounts of land; the lack of 

access to abutting lands and the division of the community by the freeway 

corridor; and the lowering of aesthetic values due to the massive struc

ture involved. The bantam expressway would avoid all of these problems 

and would not radically alter the existing land use. It should be noted 

that certain amounts of redevelopment and rezoning could accompany the 

construction of the bantam. This "strip redevelopment" concept might 
be well applied to arterial streets which have developed in haphazard 
and undesirable ways.



Chapter III 

FIELD STUDIES

Speedway Boulevard

The geometric and signalization designs in this thesis are based 
upon conditions existing along Speedway Boulevard in Tucson, Arizona in 

1967.

Speedway Boulevard is a major east-west arterial in Tucson. The 

roadway provides access to The University of Arizona and the central busi

ness district (CBD) for the residential areas in the eastern portion of 

the city. It is lined with "strip" commercial development for much of 

its length and carries traffic volumes of between 20,000 and 32,000 vpd. 

The Boulevard is a typical urban arterial in that it handles heavy inbound 

(westbound) flows in the morning and heavy outbound (eastbound) flows in 

the late afternoon. Signalized intersections are found about every one- 

third or one-half mile and the larger of these are characterized by con
gestion and delay, particularly during the afternoon rush hour. The 

major cross streets carry about 15,000 vpd. Speedway Boulevard is con

structed on right-of-way widths of 70 and 100 feet and provides for four 

through lanes and a fifth lane which allows for left-turn bays at all 

intersections. In general, the major cross streets have rights-of-way 

of 60 or 80 feet and have four through lanes and left turn lanes at the 
intersection with Speedway Boulevard.

22
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The Study Section

A two-mile section of Speedway Boulevard was selected for this 

study of the bantam expressway concept. This section included five 

signalized intersections and extended from Campbell Avenue easterly to 

Alvernon Way. Four of these intersections were studied: those at Campbell

Avenue, Tucson Boulevard, Country Club Road, and Alvernon Way. The fifth 
intersection, Jones Boulevard, was not included due to its characteristi
cally' low Volumes.

Data Collection

Three types of data were necessary to assess the bantam express

way concept and to come forth with a proposed design of the traffic 
signals for the at-grade major intersections. These data were: the per

centage of intermediate and high profile vehicles in the traffic stream; 

the number of median crossings made between major intersections; and 

detailed volume counts, including turning movements, at the major inter
sections .

Detailed volume counts were conducted at the intersections of 
Campbell, Tucson Boulevard, Country Club, and Alvernon in January and 

February of 1967. These counts included classification of vehicles 

according to height of vehicle and all turning movements, and were taken 

for eight hours during the day: 7:00-9:00 a.m., 1:00-3:00 p.m., 4:00-

6:00 p.m., and 8:00-10:00 p.m. These hours covered the range of expected 

traffic flows (i.e., from very light to the a.m. and p.m. peak hours).

All counts were taken for a five-minute count interval. Additional counts
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were taken at the intersection of Country Club and Broadway and at the 

intersection of Tucson Boulevard and Speedway Boulevard. During April, 

1967 the number of vehicles crossing the centerline of Speedway were 

counted on the section between Tucson Boulevard and Alvernon Way. These 

counts were made between the hours of 1:00 and 3:00 p.m. and between 
4:00 and 6:00 p.m. A listing of all traffic count data taken for this 

thesis is found in Appendix B.

Classification of Vehicles

One of the key aspects of a bantam expressway would be the low 

clearance underpass at major intersections. All vehicles with high pro

files would be prohibited from using the underpass. In order to deter

mine the composition of traffic with respect to clearance, a three-way 

classification scheme was used during the collection of field data. All 

vehicles were placed in one of three groups. The three groups were desig

nated as low profile, intermediate profile, and high profile.

The term "low profile", as used in this thesis, applies to all 

passenger cars having no load on the roof of the car. Motorcycles and 

motorbikes are included in this class. The maximum height for the low 

profile class is about five and one-half feet.

The "intermediate profile" classification includes all vehicles 

with an open bed and under seven feet high, jeeps, and small delivery 

vans. This class includes pickup trucks, Volkswagen buses, and small 

step-vans. If a truck has a large, heavy-duty bed, it is classified 

as a high profile vehicle even though it may be less than seven feet
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high. The term "potentially high" is applied to any vehicle that could 

easily carry loads that would be higher than seven feet off the ground. 

Normal pickup trucks are considered to be intermediate profile unless 

their actual load (when observed) extends above seven feet. The maximum 

height for intermediate profile vehicles is about seven feet.
All vehicles with profiles above seven feet high are considered 

to be "high profile". Also included in this class are potentially high 

vehicles (i.e., vehicles with profiles under seven feet high when observed 
but with the capability of carrying loads over seven feet). Examples of 

vehicles in the high profile category would be transit buses, pickup 

trucks with campers that extend more than one foot above the top of the 

cab, large delivery and step-vans, and large trucks. The minimum height 

of a high profile vehicle is about seven feet.
Radio aerials are not considered when classifying a vehicle. It 

was found that an average car radio aerial would extend about three feet, 

four inches above the top of the car. The problem of aerials would have 

to be considered in the design of the warning system used on the bantam 

expressway.

Median Crossings

Table B-2 in Appendix B shows the data that were collected to 

determine the number of vehicles that would be affected by the instal

lation of an unbroken medial divider along the proposed bantam express

way. The number of vehicles crossing the centerline of Speedway Boulevard 

between major intersections was found to be about 16 percent of the total 

traffic for the section from Jones Boulevard to Alvernon Way. For the
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section between Tucson Boulevard and Country Club this percentage was 

about five and one-half percent. These figures are for the afternoon 

hours only and would probably be lower for the morning and evening hours

Apparently the proposed continuous medial divider would affect 

from five to 20 percent of the total expressway traffic. In other words 

about 15 percent of the total traffic on a major arterial would have to 

change its travel patterns if the bantam were to be built.

Intersection Counts

Eight-hour counts were taken at five intersections during Janu

ary, February, and March of 1967. The periods were 7:00 to 9:00 a.m., 
1:00 to 3:00 p.m., 4:00 to 6:00 p.m., and 8:00 to 10:00 p.m. The two- 

hour periods were broken down into five-minute count intervals in order 

to obtain a better idea as to peaking characteristics of the traffic 

flows. Each of the four approaches was counted and the count for each 

approach was broken down into right turns, left turns, and through 

traffic. These three movements were subdivided into three classifica
tions of vehicles; low profile, intermediate profile, and high profile. 

Thus, for each approach there were a total of nine counts taken during 

each five-minute count interval.

Throughout this thesis the direction of travel of a vehicle is 

abbreviated by using NB, SB, EB, and WB for northbound, southbound, 

eastbound, and westbound, respectively. These directions refer to the 

course of the vehicle prior to entering the intersection. EB and WB 

refer to Speedway or Broadway traffic and NB and SB indicate traffic
on the cross streets.
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The five intersections counted as described above were: Camp

bell Avenue at Speedway, Tucson Boulevard at Speedway, Country Club 

Road at Speedway, Alvernon Way at Speedway, and Country Club Road at 

Broadway. In addition, a two-hour count was taken from 10:00 a.m. to 

12:00 noon at the intersection of Country Club and Speedway for the 

purpose of determining the percentage of high profile vehicles for the 
morning hours during which deliveries to stores are most often made. 

After examining the counts from the five intersections it was decided 

that all of the intersections had very comparable traffic volumes and 

that the percentages of turning traffic and of intermediate and high 

profile vehicles were roughly equivalent. Table 2 gives the averages 

obtained from the pooling of data from the five intersections.

The following are the most important findings from the data 
collection:

1. The greatest percentage of high profile vehicles was observed 

during the 10:00 a.m. to 12:00 noon period. Four and one-half percent 

of the Speedway traffic was high profile during the two-hour period.

2. The average percentage of high profile vehicles for all inter
sections and for all count periods was 2.1 percent for Speedway and 

Broadway traffic. Intermediate profile vehicles on Speedway and 

Broadway constituted 10.2 percent of the total traffic. The percent

age of intermediate and high profile vehicles was highest in the morn

ing hours. The composition of traffic on the cross streets was about 
the same as that on Speedway and Broadway.

3. The average percentage of left and right turns from Speedway 

and Broadway was found to be 6.2 percent and 7.1 percent, respectively.



Table 2
Average Volume Data From Five Intersections

Time
Period

Direc
tion of 
Travel

Total 
Approach 
Volume 
(vph)

Left 
Turn 

Vo lume 
(vph)

Right
Turn
Volume
(vph)

THROUGH
Volume
(vph)

Percentage of Total 
Approach Volume

Percentage 
in THROUGH

of Trucks 
Traffic

of
Left
Turns

of
Right
Turns

Inter
mediate
Profile

High
Profile

7-9 a.m. NB 246 44 30 172 17.9 12.2
SB 442 63 84 285 6.9 19.4
EB 504 23 42 439 4.6 8.3 13.3 4.4
WB 1122 52 47 1023 4.6 4.2 10.9 1.4

1-3 p.m. NB 424 65 70 289 15.3 16.5
SB 413 74 67 272 17.9 16.2
EB 1049 61 73 915 5.8 7.0 7.9 2.4
WB 983 79 78 826 8.0 7.9 9.8 2.1

4-6 p.m. NB 664 66 83 515 9.9 12.5
SB 431 88 48 298 20.4 11.1
EB 1474 107 82 1285 7.3 5.6 8.3 1.0
WB 1015 61 88 866 6.0 8.7 7.9 1.9

8-10 p.m. NB 189 33 37 119 17.5 19.6
SB 183 55 29 99 30.1 15.8
EB 650 35 34 581 5.4 5.2 5.2 0.5
WB 597 31 58 508 5.2 9.7 5.2 0.5

oo
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A. Approximately 75 percent of the traffic on Speedway Boulevard 

would use the low clearance underpass if the bantam expressway were 

to be built. This figure is based on the assumption that intermediate 

profile (as well as high profile) vehicles would be prohibited from 
using the underpass.

5. During the afternoon hours the number of vehicles crossing the 

centerline (making left turns or crossing at right angles) of Speedway 

between major intersections ranged from six and one-half percent to 

15.9 percent of the total traffic. These figures were obtained from 

sections between Tucson Boulevard and Country Club and between Jones 
Boulevard and Alvernon Way, respectively.



DESIGN OF SIGNALIZATION

Chapter IV

This chapter presents a proposed design of the traffic signals 

for the at-grade intersections of the bantam expressway. The design is 

based on the field data collected in 1967 and no attempt has been made 

to expand or to project these data into the future. However, two ad

justments were made to the observed volumes in order to provide for a 
more realistic design. These adjustments are discussed later. The de

sign presented herein, using existing traffic volumes, accomplishes the 

basic purpose of this thesis, that is, to explore some of the problems 

associated with the bantam expressway concept.

Roadway Geometries

The geometry of the intersecting roadways must be known before 

any design of signalization can be undertaken. Therefore, it was nec
essary to lay out the geometry of a typical bantam interchange. This 

typical interchange is shown in Figure 5. This design is based on 1967 

traffic volumes at the intersection of Campbell Avenue and Speedway 

Boulevard. The on-ramps are designed for one-lane operation. The off

ramps are widened to two lanes at the intersections, the left lane be

ing exclusively for left turns and the right lane being for through 

traffic (high profile vehicles) and right turning traffic. It can be 

determined from Table 3 that the maximum design off-ramp volume is

30



469 vph and the maximum design on-ramp volume is 361 vph. These 

volumes can be handled, along with the cross street volumes, by the 

design shown in Figure 5.

Signal Design Procedure

The intersection of Campbell Avenue and Speedway Boulevard was 

selected as the trial intersection for which a design would be per

formed. The critical turning volumes and the total approach volume 

were higher at this intersection than at the others observed and, for 

this reason, it was chosen for the design. Ten steps that were fol

lowed in the design procedure are given below:

1. Collection of field data

2. Adjustment of field data

3. Determination of intersection geometry (see Figure 5)

4. Determination of the best procedure for establishing 

design volumes from the field data

5. Determination of design volumes (volumes per cycle) for 

each movement and for each time period
6. Formulation of general design considerations

7. Selection of signal phasing, including calculations of 

intersection delay

8. Selection of cycle lengths and cycle splits

9. Review of signal equipment

10. Summarizing the design

31
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Figure 5
Bantam Interchange Plan
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Adjustment of Field Data

The volume counts taken at Campbell and Speedway were adjusted 

in two ways. First, left turns made from Campbell Avenue were increased 
by a factor of 50 percent. Thus, the observed left turn volumes found 

in Appendix B, Table B-l, were increased by 50 percent for the NB and SB 

directions. The adjusted design volumes are found in Table 3. This 

adjustment was based on the assumption that the greatly improved traffic 

operation on the cross street (if a bantam were built) would allow many 

drivers to make the left turn from Campbell Avenue with relative ease -- 

drivers that now avoid the intersection because of the difficulty in 

turning left (there are neither left turn bays nor protected left turn 

signal intervals at present). The author considers that an inanediate 

50 percent increase of cross street left turns is not an unreasonable 

assumption in light of the changes in travel patterns necessitated by 

construction of a bantam expressway.

The second adjustment made was the addition of left turns to 
the observed left turns from Speedway Boulevard. Since traffic would 

not be allowed to turn left from the expressway at midblock locations, 

all drivers now doing so would be forced to use an off-ramp at a major 

intersection and then proceed through the two, closely-spaced at-grade 

intersections. Table B-2 in Appendix B shows volume data that were used 

in this adjustment. The section of Speedway Boulevard between Tucson 

Boulevard and Country Club was used as an indicator of the number of 

left turns made across the centerline of Speedway at midblock locations. 

During the 1:00 to 3:00 p.m. and 4:00 to 6:00 p.m. periods the observed
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Design Volumes for Campbell-Speedway Intersection
Table 3

Direc
tion of 
Trave1

Movement
Number®

Average
for

Hourly Volumes 
the Time Period

(in vph) 
Shown

Movement 7-9 
fl • in •

1-3
p.m.

4-6
p.m.

8-10
p.m.

NB Total Approach 
Per Lane

1 132 235 337 103

Through + Right Turns 222 374 586 155
Left Turns 2 41 96 87 50

SB Total Approach 
Per Lane

3 287 263 245 130

Through + Right Turns 476 406 362 158
Left Turns 4 98 120 128 102

EB Through + Right 
Left Turns From

Turns 5 
Ramp

141 192 214 58
a. left turns 7 46 117 215 59
b. U-turns 8 6 27 40 6
c. total 6 52 144 255 65

WB Through + Right 
Left Turns From

Turns 9 
Ramp

184 199 183 98

a. left turns 11 62 69 51 21
b. U-turns 12 12 24 21 5
c. total 10 74 93 72 26

a. See Figure 6
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left turns from Speedway (at Campbell) were increased by adding five 

percent of the total approach volume. During the 7:00 to 9:00 a.m. 

and 8:00 to 10:00 p.m. periods, two percent of the total approach vol

ume was added to the observed left turns. These adjustments to the 

observed left turns were divided into two movements. Some of the 

drivers now making midblock lefts are destined for businesses on the 

left side of Speedway; others are making left turns into minor streets 

and proceeding north or south along the minor street until they reach 

their destination. Those who are destined for far-side businesses 

would be forced to make a U-turn at the bantam at-grade intersection. 

Those who are now making the left turn into a minor street will be 

forced to use the bantam off-ramp and make a left turn through the at- 

grade intersection. Fifty percent of the added left turns were assigned 
to the U-turn movement and fifty percent to the normal left turn.

These assignments were somewhat arbitrary but were considered to be 

reasonable.

Procedures for Obtaining Signal Design Volumes

There are many methods used to determine design volumes from 

observed volumes. The Poisson distribution is a mathematical relation

ship that has been accepted by traffic engineers as a useful device in 

predicting the number of vehicles arriving at a point if the average, or 

mean, arrival rate is given. Examples of the application of the Poisson 
distribution to signalization problems have been presented by Gerlough 

(15). Drew and Pinnell (16) have developed curves which utilize the
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Poisson distribution and facilitate the establishment of design volumes. 

The curves relate the average number of arrivals per cycle, the per

centage of cycle failures, and the design volumes used in determining 

the green time requirements for each approach. Failure, as used here, 

simply means that the arrivals during one cycle exceed the design vol

ume for that cycle. Thus, a 10 percent failure rate means that during 

one out of ten cycles the number of vehicles arriving will exceed the 

design volume. Other design methods have been based on the highest 
five-minute observed volume during a period. This five-minute volume 

would be divided by the number of cycles occurring in a five-minute 

period in order to obtain the mean arrival rate per cycle. Capelle and 

Pinnell (17) have suggested that signal design volumes be obtained by 

multiplying the peak hour flow by a factor of 1.2. This expanded peak 

hour would then be divided by the number of signal cycles per hour to 

obtain the design volume for one cycle.

In an effort to compare and evaluate several methods for ob
taining design volumes the author has tabulated design figures for an 

assumed 60-second signal cycle. The volume data from the Campbell- 

Speedway intersection were used for this analysis. Table 4 shows the 

design volumes obtained from each of four procedures. The four proced

ures were the following: 1. determining the mean 60-second arrival

rate from the average hourly volume for the two-hour period and using 

the Poisson distribution, allowing for a 10 percent failure rate; 2. 

determining the mean 60-second arrival rate from the peak hour during 

the two-hour period and using the Poisson distribution, allowing for a
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Four Procedures for Signalization Design Volumes

Table 4

Approach Volumes Design Volumes for a
(per lane) 60-second Signal Cycle

-----------------  (per lane)
Direc-

Time tion of
Period Travel

Ave. 
Hour. 
(vph)

Peak Peak 
Hour 5- 
(vph) min. Ave.Hour3

Peak
Hour3

Peak
5-min.C

.Peakj 
Hour

(90%) (85%) (65%) (xl.2)
7-9 a.m. NB 125 158 21 4 4 5 4

SB 271 322 39 7 8 9 7
EB 301 364 36 8 9 8 8
WB 591 707 81 14 15 17 15

1-3 p.m. NB 220 231 24 6 6 6 5
SB 244 245 27 7 6 6 5
EB 543 570 51 13 13 11 12
WB 471 481 50 11 11 11 10

4-6 p.m. NB 322 356 35 8 8 8 8
SB 224 244 23 6 6 5 5
EB 807 915 81 18 19 18 19
WB 424 466 45 11 11 10 10

8-10 p.m. NB 95 113 13 3 3 3 3
WB 113 118 14 4 3 3 3
EB 314 338 39 8 8 9 7
WB 271 284 30 7 7 7 6

a. The average hourly volume (from the two-hour period) and 
the Poisson distribution at the 90% level (i.e., 10 percent failure 
rate) are used to obtain the design volume.

b. The peak hour from the two-hour period and the Poisson 
distribution at the 85% level (i.e., 15 percent failure rate) are used 
to obtain the design volume.

c. The highest observed 5-minute volume and the Poisson dis
tribution at the 65% level (i.e., 35 percent failure rate) are used to 
obtain the design volume.

d. The peak hour multiplied by a factor of 1.2 is used to 
obtain an expanded peak hour. This expanded hour is divided by the 
number of cycles per hour to obtain the design volume.
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15 percent failure rate; 3. determining the mean 60-second arrival 

rate from the highest five-minute period and using the Poisson distri

bution, allowing for a 35 percent failure rate; 4. multiplying the 

peak hour volume by a factor of 1.2 and using the mean 60-second ar

rival rate of this expanded peak hour as the design volume. It can be 
seen from Table 4 that these four procedures all yield about the same 

design figures. After examining Table 4 the value of using involved 
design procedures must be questioned. If all commonly used procedures 

give the same results it is wisest to choose the simplest of these.

The author decided to use the average hourly volume with 10 percent 

failure criterion for the design. The reason for this choice was 

that the average hourly volume was easier to compute than either the 

peak five-minute or peak hour volumes. The curves developed by Drew 

and Pinnell (16) were used by the author to find the design volumes 

shown in Table 5.

Design Volumes

The design volumes for each movement and for various cycle 
lengths are tabulated in Table 5. Figure 6 has been included to aid 

the reader in understanding Tables 3 and 5. The 12 movements used in 

the design are shown and are assigned numbers. These "movement num
bers" appear in Tables 3 and 5.
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Movement Design Volumes for Several Cycle Lengths
Table 5

Direc- Move- 
Time tion of ment
Period Travel No.

Design Volumes (in vehicles per cycle) 
for Cycle Length Shown

40- 50— 60— 70— 80— 90-
sec. sec. sec. sec. sec. sec.

7-9 a.m. NB 1
2

SB 3
4

EB 5
6
7
8

WB 9
10 11 
12

1-3 p.m. NB 1
2

SB 3
4

EB 5
6
7
8

WB 9
10 11 
12

3 4 4 5
1 2 2 2

6 6 8 9
2 3 3 4

3 4 4 5
2 2 2 2
1 2 2 2
1 1 1 1

4 5 6 6
2 2 3 3
2 2 2 3
1 1 1 1

5 6 6 7
2 3 3 4
5 6 7 8
3 3 4 4
4 5 6 6
3 4 4 5
3 3 4 4
1 1 1 1

4 5 6 6
2 3 3 4
2 2 3 3
1 1 1 1
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Table 5--Continued

Design Volumes^ (in vehicles per cycle) 
for Cycle Length Shown

Time
Period

Direc
tion of 
Travel

Move -
ment
No.

40- 50— 60— 70— 80—
sec. sec. sec. sec. sec.

90-
sec.

4-6 p.m. NB

8-10 p.m. NB

NB 1 6 8 9 10 11 12
2 2 3 3 3 4 4

SB 3 5 6 7 8 9 9
4 3 3 4 5 5 6

EB 5 4 5 6 7 8 8
6 5 6 7 8 9 10
7 4 5 6 7 8 8
8 1 1 2 2 2 2

WB 9 4 5 6 6 7 7
10 2 2 3 3 3 3
11 2 2 2 2 3 3
12 1 1 1 1 1 1

NB 1 3 3 3
2 2 2 2

SB 3 3 4 4
4 3 3 3

EB 5 2 2 2
6 2 2 2
7 2 2 2
8 1 1 1

WB 9 2 3 3
10 1 1 1
11 1 1 1
12 1 1 1

a. See Figure 6.

b. Design volumes are based on the mean arrival rate for the 
two-hour period and the Poisson distribution at the 90 percent level.
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Numbering Scheme for Intersection Movements
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General Design Considerations

In determining the green time necessary for a given design flow 

several assumptions must be made. Six criteria were used in the de

sign. All six were based on data found in traffic engineering litera
ture and are as follows:

1. A total starting delay of 2.5 seconds were assumed for all 

approach lanes.

2. A headway of 2.0 seconds was used for all vehicles enter

ing the intersection.

3. An average speed of 15 raph was used for left turning man

euvers and an average speed of 25 mph was used for through 

traffic after entering the intersection. These speeds were 

not critical to the design but were used only to determine 

the amount of time needed by a vehicle to move completely 

through the two intersections.

4. It was assumed that vehicles will utilize the first 1.5 

seconds of the yellow interval for entry into the inter

section.

5. Drivers turning left through opposing traffic will general

ly not make the turn unless there is at least a four-second 

gap between opposing vehicles. This observed behavior led 

to the assumption that during the peak periods traffic 

would only make a left turn if given a protected phase.

6. The average length used by a vehicle in a queue was assumed 
to be 23 feet. The least desirable feature of the at-grade
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bantam intersection would be the extremely short storage 

space between intersections. Figure 5 shows that there are 

only 65 to 70 feet available for interior storage. Thus, 

no more than three vehicles could be stored at any one time 

on any one of the six interior lanes.

There are three important functions which should be performed 

by traffic signals controlling a pair of bantam intersections. These 

functions are:

1. minimize the storing of vehicles between the two intersec

tions ;

2. minimize the total delay associated with the signalization 

of the two intersections;

3. provide protected (i.e., non-conflicting) movement for as 

much of the traffic as is possible.

If these functions can be attained to a large degree, then the 

bantam intersections would operate well.

Signal Phasing

There are many possible phasings that can be used for the op

eration of traffic signals but only four sequences for the phasing of 

signals at the bantam interchange were considered. These are shown 
schematically in Figures 7 and 8.

Sequence I is basically a two-phase operation with interior 

clearances following each phase. It is expected that this phasing will 

minimize delay by providing for a relatively short cycle length. The
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disadvantage of Sequence I is that vehicles will be stored on the very 

short bantam interior approaches after each phase.

Sequence II is a four-phase operation allowing one separate 

phase for each approach. This sequence virtually eliminates any prob

lem of interior storage but necessitates the use of long cycles, which 

in turn produce more delay at the intersection.

Sequence III is a three-phase operation with an interior clear

ance interval following phase A (see Figure 8). The storage problem 

caused by traffic turning left from an off-ramp is eliminated in 

Sequence III. However, the storage of cross street left turns remains 

a problem.

Sequence IV also provides for three-phase operation but with 
two phases being allotted to the cross street and one phase, plus 

clearance, to the off-ramps. This operation eliminates the problem of 

storing left turns from the cross street but forces all left-turning 

ramp traffic to stop in the interior lane.

In order to make a judgment as to the desirability of these 

four sequences several factors were considered. First, the cycle 

lengths (assuming fixed-time operation) needed during each time period 

were calculated by using the design volumes found in Table 5. Cycle 

lengths below 50 seconds were not used because of the many problems 

associated with operation of very short cycles. Table 6 shows the 

computed cycle lengths. The second factor considered was the total 

intersection delay during the afternoon peak hours (4:00 to 6:00 p.m.). 

Hourly design volumes found in Table 4 and cycle lengths found in 

Table 6 were utilized in the calculations of delay for each of the four
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Table 6

Fixed-Time Cycle Lengths

Minimum3 Fixed-Time Cycle Needed 
During Time Period Shown

Phasing Sequence Used 7-9 a.m. 1-3 p.m. 4-6 p.m. 8-10 p.m.

Sequence I (two-phase with 
clearances)

50 sec. 50 sec. 50 sec. 50 sec.

Sequence II (four-phase) 60 sec. 70 sec. 90 sec. 50 sec.

Sequence III (three-phase
favoring ramps)

60 sec. 70 sec. 70 sec. 50 sec.

Sequence IV (three-phase 
favoring cross

60 sec. 60 sec. 70 sec. 50 sec.

street)

a. Cycle lengths of less than 50 seconds were not used.



phasings. A method for calculating intersection delay has been out

lined by Matson, Smith, and Hurd (18) and was generally followed. If

R + 3.50 
" ^ A - 2.0

and
T R + 3.50 
n = 2

where: "n" is the number of vehicles delayed per cycle,

"R" is the cycle length minus the green interval for any 

given phase,

"A" is equal to 3600 volume (vph) on any approach, 

and "T" is the total delay suffered per cycle by vehicles 

on an approach;

then the total delay (in seconds) accruing to the vehicles on one ap

proach during one cycle is

48

R + 3.50
A - 2.0 x R + 3.50 

2

If all of the individual delays for each approach are summed and con

verted to an hourly total the result yields total intersection delay in 

units of "vehicle-hours of delay per hour." Dividing this total delay 

by the total (four approaches) approach volume, the average delay per 

vehicle was determined. As was expected, the largest delays were from 

the four-phase operation and the smallest delays from the two-phase 

operation. The computed delays are listed in Table 7. It should be 

noted that the method presented by Matson, et. al. (18) was altered
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Table 7

Intersection Delay

Delays3 Associated With Campbell-Speedway 
Design for the 4-6 p.m. Period

Total Delay Average Delay Per Vehicle 
Phasing Sequence (in Veh.-Hrs. (in Secs, per Veh.)

per hour)

Sequence I (two-phase with 10.5 20.0
clearances)

Sequence II (four-phase) 17.4 33.2

Sequence III (three-phase 13.5 25.8
favoring ramps)

Sequence IV (three-phase 16.4 31.3
favoring cross 
street)

a. Delays computed by method of Matson, Smith, and Hurd (18). 
They are based on the cycle lengths in Table 6.
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slightly so that it would be compatible with the assumptions used in 

this thesis. Several calculations of delay were made by using a method 

given by Webster (10) and the results were almost identical with those 

obtained by using the Matson, Smith, and Hurd method.

For the design volumes at the Campbell-Speedway intersection 

Sequence III was selected as the best phasing. The reasons for select

ing this phasing are twofold. First, the average delay per vehicle is 

less under this operation than under Sequence II or Sequence IV. 
Secondly, there are no storage problems for the off-ramp traffic turn
ing left. Sequence I forces all off-ramp traffic to stop after turning 

into the interior lanes. This turn would be an extremely tight one and 

it is expected that only about two (as opposed to the theoretical 

three) vehicles would be able to squeeze into each of the interior 

lanes after making the left turn from the off-ramp. The one problem 

that would arise with Sequence III is the storage of Campbell Avenue 

left turns on the interior left turn lanes. The design volume for 

southbound vehicles during the 4:00 to 6:00 p.m. period is five (see 

Figure 5). This means that during some cycles the back-up from the 

interior left turn lane would block the intersection. This is not 

critical if the northbound left turns are not blocking the south inter

section because upon receiving a protected left turn interval (phase X) 
the intersection would be unblocked and phase B traffic would not be 

affected. It is felt that Sequence III is the best overall phasing 

that could be used for the bantam interchange.

Although Sequence III has been chosen for the Campbe11-Speedway 

problem it would be interesting to note when each of the four phasings
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might be utilized to good advantage. Sequence I might well be used 

for very low volume conditions. This sequence will cause the least 

delay to drivers and can be operated on short cycle lengths even under 

moderately heavy traffic flow. Sequence II is a four-phase arrangement 

that would be necessary if volumes (and especially turning volumes) be

came extremely heavy. If it is believed that volumes will increase sub

stantially after the bantam expressway is built, flexibility should be 

built into the signal control equipment so that four-phase operation 

would be possible at a future date. Sequence III is best for intersec

tions where the left turns from the cross street are not heavy. Se

quence IV might be used at locations having very heavy cross street 

volumes but relatively light off-ramp traffic. Thus, each of the 

phasings shown in Figures 7 and 8 would have application under certain 
traffic conditions.

Cycle Length and Cycle Split

If it is assumed that Sequence III will be used throughout the 

day, the amount of green time given to each phase is shown in Table 8.

A three-second yellow interval follows each phase. The necessary 

fixed-time cycle lengths for each sequence are given in Table 6. Green 

times for each phase of each sequence were calculated but are not shown 

here. If Sequence III were to be used throughout the day, the 70-second 

cycle might be in operation from 10:00 a.m. to 6:00 p.m., the 60-second 

cycle from 7:00 a.m. to 10:00 a.m., and the 50-second cycle during the
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Table 8

Green Times For Campbell-Speedway Signal Design

Time
Period Phase A Phase A 1 Phase B Phase C

Yellow
Intervals

Cycle
Length

7-9 a.m. 17 7 13 + 3* 8 12 60

1-3 p.m. 18 9 14 + 3 14 12 70

4-6 p.m. 21 4 13 + 3 17 12 70

8-10 p.m. 14 6 10 8 12 50

*. A three-second delay between the showing of the ramp 
yellow and the showing of the interior yellow is used in an attempt 
to clear the interior approaches.

remainder of the day. Traffic in the early morning hours would be 

controlled by flashing operation.

Signal Equipment

In general, there are two types of signal controllers that 

could be utilized at the bantam interchange -- fixed-time and actuated. 

The use of actuated equipment is anticipated for the design herein.

A modern solid-state, module type of controller is recommended for the 

problem under consideration. This type of controller can provide a 

separate control logic for each of the eight movements which must be 

controlled at the bantam interchange. Complete phases can be omitted 

from any cycle if no demand for the phase has been registered.
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Protected movements can be readily provided for with this type of 

control. The biggest advantage of the new module type of controller 

is that for different traffic conditions different phasings can be 

used. Thus, it would be possible to use Sequence III phasing (three- 

phase) for part of the day and then switch to Sequence I (two-phase) 

for the remainder of the day. If traffic volumes increased to the 

point where four-phase operation was necessary the module controller 

could be operated on four-phases. Although fixed-time operation 

could be utilized it is felt that the flexibility and efficiency of a 

module controller are desirable. The critical aspect of the module 

control would be the detection system used. Regardless of how effi

cient and flexible a controller is, it can only operate on the input 

data it receives from the vehicle sensing devices.

Summary of Signal Design

The following are the outstanding points of the bantam signal

design:

1. The best overall phasing to use for the Campbell-Speedway 

intersection would be three phases with each ramp being given one 

separate phase.

2. With a flexible module type of controller the best opera

tion of the Campbell-Speedway intersection would occur with three- 

phase operation during the high volume periods and two-phase (Sequence 

I) operation during the periods of low volume.
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3. During heavy volume conditions a cycle of 70 seconds would 

be needed for three-phase operation. During periods of lighter volume 

a cycle of 60 or 50 seconds could be used.

4. The controlling and most critical feature of the signal 

design is the limited space available for storage between the two in

tersections.



Chapter V 
GENERAL SUMMARY

Summary of Data

The field data collected as a part of this thesis leads to 

several conclusions concerning the bantam expressway concept as ap

plied to Speedway Boulevard in Tucson, Arizona.

1. The percentage of high profile vehicles in the Speedway traffic 

stream is highest in the early morning hours and decreases thereafter. 

Approximately two percent of the ADT are high profile vehicles. Inter

mediate profile vehicles account for approximately 10 percent of the 

ADT.

2. On a bantam expressway a minimum of 75 percent of the Speedway 

traffic would be carried under the major cross streets.

3. The at-grade major intersections of a bantam expressway along 

Speedway Boulevard would carry about 50 percent of the total approach 
vo lume.

Conclusions

Several conclusions can be drawn from the discussions of prev
ious chapters.

1. The bantam expressway is economically feasible for arterial 

streets with traffic volumes in excess of 25,000 vpd.
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2. The bantam expressway has significant advantages over both 

freeways and arterial streets. Traffic safety, traffic operations, 

aesthetics and land use, and construction costs are but a few areas 

in which the bantam provides advantages over freeways and arterials.

3. The signalization of a bantam interchange is complicated by 

the very short spacing between intersections. The selection of the 

phasing to be used is dependent upon the number of vehicles that must 

be stored in this limited interior area.

4. The best overall phasing for a bantam interchange at Campbell 
Avenue and Speedway Boulevard would be a three-phase sequence that 

gives each off-ramp a separate phase. During low-volume periods the 

best phasing would be a two-phase sequence with clearance intervals.

5. The best signal control equipment for a bantam interchange 

would probably be a solid-state, modular controller. This equipment 

is very flexible and could easily be adapted to changing traffic con

ditions at the intersection.

Recommendations for Future Studies

There are several aspects of the bantam expressway concept in 
which research should be undertaken.

1. The reactions of drivers to the low clearance underpass should 

be studied. Several design features would affect these reactions, in
cluding:

a. the approach grade,

b. the lighting in the underpass,
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c. the low vertical clearance, and

d. the interaction of vertical and horizontal clearances.

2. A warning system to warn high profile vehicles of the low 

clearance underpass should be devised and tested.

3. Land use studies should be made to determine the feasibility 

of redeveloping the land adjacent to a newly constructed bantam ex

pressway. This "strip redevelopment" concept might be applied along 

arterial streets with undesirable and incompatible land use character
istics .

4. The use of one-way bantam pairs should be studied.

5. The effects of the four study areas listed above on the signal- 

ization of a bantam interchange should be investigated.



Appendix A

ECONOMIC ANALYSIS

This appendix is divided into four sections: first, a rough

cost estimate of a typical bantam interchange (major intersection); 

secondly, a rough cost estimate of a typical section of the express

way; thirdly, an estimate of the benefits to road-users using the 

bantam; and fourthly, a benefit-cost analysis that involves a bantam 

expressway and a major arterial.

It must be noted that none of the estimates that follow are 

assumed to be valid for any given project. They are shown here only 

for a better understanding of some of the factors that might be in

volved in the economic analysis of the bantam concept.

Bantam Interchange Costs

The assumed costs used here are based on discussions with per

sonnel of the City of Tucson Engineering Department and on average 

costs found in technical journals. On some items the assumed costs 

were taken from previous work done on the bantam expressway concept 

at The University of Arizona. It will be assumed that the existing 

rights-of-way are 60 and 80 feet wide for the cross street and the 

major arterial, respectively. Also assumed are the following: an

eight foot, six inch clearance for the underpass, no salvage value 

from the existing facilities, actuated signal control for each of the
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at-grade intersections, a five percent grade for the through lanes going 

under the cross street, continuous strip (fluorescent) lighting along 

the medial divider and in the underpass, and a five inch asphaltic con

crete pavement with an adequate base. The extent of the interchange is 

640 feet along the expressway and 500 feet along the cross street. The 

cost estimates found here are based on the plan shown in Figure 5 

(Chapter IV).
1. Right-of-Way: Total additional right-of-way required will

be 33,800 sq. ft. Use $4 per sq. ft. and assume severance damages to 

be $275,000 per intersection. total cost = $410,000

2. Earthwork: Total material to be excavated is 12,500 cu. yds.

Cost for excavating is $0.80 per cu. yd. total cost = $10,000

3. Pavement: Total area to be paved is 10,000 sq. yds.

Cost of pavement will be somewhat high due to the use of colored pave

ment. Use $6 per sq. yd. total cost * $60,000

4. Bridge Structure: Total area of structure is about 7,000

sq. ft. Cost is $10 per sq. ft. total cost = $70,000

5. Lighting: A total of 20 additional (in addition to the

existing electroliers) electroliers at $500 per, and 1,000 feet of 

strip lighting at $15 per foot. total cost * $25,000

6. Signalization: Assume that the controller and the detec

tion equipment will cost $10,000 and that poles, signal heads, and 

wiring will cost $6,000 per intersection. total cost = $22,000

7. Curb and Gutter: A total length of about 6,000 feet at

= $12,000$2 per foot. total cost
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8. Sidewalk: Assume a six-foot wide walk, 1850 lineal feet of

walk, and a cost of $0.70 per sq. ft. total cost = $ 8,000

9. Medial Divider: Cost for a three-foot high, eight to ten

inch thick concrete wall is $6 per lineal foot. The divider through 
the interchange is 640 feet long. total cost = $ 4,000

10. Retaining Walls: Assume 100 cu. yds. of concrete for each

of four walls. A cost of $80 per cu. yd. will include a decorative 

treatment to the face of the walls. total cost = $32,000

11. Utility Relocation and Drainage Structures:

total cost = $30,000
12. Traffic Signs and Markings: total cost - $ 5,000

13. Warning System (for high profile vehicles): Use an esti

mate of $7,500 for each approach. total cost = $15,000

Thus, the estimated total construction and right-of-way cost 

for one bantam interchange is $703,000.

Bantam Expressway Costs

A one-mile section of the expressway would include two major 

interchanges and 4,000 feet of "midblock" sections. The costs for the 

midblock section are given below.

1. Right-of-Way: Total additional (widen from 80 feet to 102

feet) right-of-way required is 88,000 sq. ft. Use $1.50 per sq. ft. 

and assume no severance damages. total cost = $132,000

2. Pavement: Assume 24 feet will be added to the existing

pavement width. Use $6 per sq. yd. total cost = $64,000
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3. Curb and Gutter: A total length of 16,000 feet at $2 per
lineal foot. total cost ** $32,000

4. Sidewalk: Assume a six-foot wide walk for a length of

8,000 feet. Cost is $0.70 per sq. ft. total cost = $34,000

5. Lighting: Assume that the existing electroliers will be

used to light the curb and sidewalk area and that strip lighting will 

be installed on the medial divider. Cost is $15 per foot for 4,000 
feet. total cost » $60,000

6. Medial Divider: A cost of $6 per lineal foot is used.

total cost =» $24,000

Thus, the total estimated right-of-way cost for a one-mile 

section of the bantam is $952,000. The total estimated construction 

cost for a one-mile section is $800,000. The total cost for the one- 

mile section (assuming two interchanges) is $1,750,000.

Road-User Costs

In order to compare the costs incurred by the road-user on the 

bantam and on an arterial the following assumptions have been made (the 

cost figures used here have been extracted from textbooks and technical 
reports):

1. The ADT is 30,000. On the bantam 75 percent of the approach 

traffic will use the underpass. Two percent of the approach traffic is 

high profile, 11 percent is intermediate profile, and 12 percent con

sists of traffic wishing to make a turn at the major intersection. All



intermediate and high profile and all turning vehicles will use the 

outer lane and the off-ramp.

2. Average operating speeds on the through lanes are 40 raph.

The existing arterial and the curb lane of the bantam operate at 30 mph.

3. Forty percent of the traffic on the existing arterial must 

stop for an average of 17 percent of a 60-second cycle. At the bantam 

intersections 70 percent of the ramp traffic will stop for an average 

of 30 percent of a 60-second cycle.
4. The benefits of a bantam expressway to traffic on the cross 

street (i.e., less delay, smoother operation, fewer accidents, etc.) are 

neglected. However, it is expected that these benefits would be sub
stantial.

5. Running costs (fuel, oil, tires, etc.) at 30 mph are 3.71 

cents per mile and 6.24 cents per mile for passenger cars and trucks, 

respectively. Running costs for passenger cars at 40 mph are 3.94 

cents per mile. (Note - for this analysis all intermediate and high 

profile vehicles are considered as trucks.)

6. Costs per stop (excluding time costs) from 30 mph are 0.636 
and 1.404 cents per stop for passenger cars and trucks, respectively.

7. Cost of time is $1.35 per hour for passenger cars and $1.80 
per hour for trucks.

8. Traffic on the through lanes of the bantam benefit from in

creases in comfort and convenience. This gain is assumed to be worth
0.5 cents per mile.
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9. The accident rate on the arterial is 5.26 accidents per 

million vehicle-miles. The assumed rate on the bantam was set at 3.56 

accidents per million vehicle-miles. This rate is an average of the 

rates encountered on arterials (5.26) and on freeways (1.86). The cost 

per accident was set at $1,000.

10. The number of average days per year is 339. All calcula

tions are based on this average.

The computed road-user savings on the bantam when compared with 

the existing arterial are as follows (in costs per day per mile):

. running cos ts - $ 51

. stopping costs $ 51

. time costs

operating $253

while stopped $ 11
. comfort and convenience $112

. accident costs $ 51
The total road-user savings would be $427 per day or about $145,000 
per year.

Benefit-Cost Analysis

A benefit-cost analysis comparing the alternatives of leaving 

the existing arterial street as is or constructing a bantam expressway 

follows. The assumptions made in this analysis are the following:

1. The bantam will have a 30-year service life and only the 

right-of-way will have salvage value at the end of this period. A six
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percent interest rate is used. (Note: the 30-year, six percent capi
tal recovery factor is 0.07265 and the 30-year, six percent sinking 
fund factor is 0.0127.)

2. Maintenance and operation costs are not considered.

The total annual cost for construction of the bantam is equal 

to the right-of-way and construction costs less the salvage value of 
the right-of-way.

Right-of-way and construction - $1,750,000 x 0.07265 = $127,138

Salvage value of right-of-way = $ 952,000 x 0.0127 - $ 12,090

total annual cost - $115,048 
total annual road-user savings = $145,000

$145,000 
$115,000Benefit-Cost Ratio 1.26



Appendix B

The traffic data collected for this thesis are presented in 

Tables B-l and B-2. Table B-l lists the average hourly volumes for 

the six observation days. The count at Broadway and Country Club was 

taken only to compare the composition of traffic on Broadway with that 
on Speedway. The 10:00 a.m. to 12:00 noon count was taken to deter

mine the percentage of trucks during these hours with the percentage 

during the rest of the day. The total approach volume is shown and 

is broken down into the three movements; through, left turn, and right 

turn. The directions of travel (NB, SB, EB, WB) refer to the course 

of the vehicle prior to entering the intersection. The hourly vol

umes of intermediate and high profile vehicles are given. The terms 

intermediate and high profile are defined in Chapter III. The number 

of these intermediate and high profiles is shown as a percentage of 

the total approach volume on Speedway or Broadway. The figures in 

the column labeled "Off-Ramp Vehicles From" are found by summing fig

ures from the "Left Turns From," "Right Turns From," "Intermediate," 

and "High" columns. This will give the number of vehicles that would 

use the off-ramp of the bantam expressway. The figures under the "On- 

Ramp Traffic Going" are obtained by adding four volumes. For example, 

to obtain the EB on-ramp total the NB left turns, the SB right turns, 

the EB intermediate, and the EB high figures are added. This total 

will be the number of vehicles that would use the bantam expressway
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on-ramp. These observed ramp volumes were adjusted to obtain design 
volumes used in Chapter IV.

Table B-2 gives data on the number of vehicles crossing the 

centerline of Speedway Boulevard. These counts are average one-hour 

counts during the two-hour count periods. Again, the direction of 

travel refers to the direction before making the movement indicated.

The section between Camino Miramonte and Jones Boulevard includes the 

large El Rancho Shopping Center. Most of the volume shown for this 

section can be attributed to activity at the El Rancho Center.
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Table B-l

Intersection Volume Data
Alvernon - Speedway 

Intersection

Time Period

Monday, 30 January 1967 
Date of Count

Reilly and Pesta 
Observers

All Volumes Shown Are Average ONE HOUR Volumes
Left Turns From Right Turns From

NB SB EB MB NB SB EB MB NB SB EB WB NB SB EB WB
7 a.m.- 9 a.m. 272 385 487 985 174 280 408 862 61 54 20 70 37 51 59 53

1 p • m • - 3 p.m. 467 407 962 994 281 302 776 793 100 56 79 126 86 48 107 75

4 p •tile - 6 p.m. 670 395 1355 983 508 234 1172 801 72 76 110 88 90 35 73 94

8 p,m.-10 p.m. 258 188 678 688 147 115 584 575 53 38 36 57 58 35 58 56
Intermediate and High 
Profile Vehicles in 
Through Speedway 
Traffic

Time Period Intermediate High

Percentage of Inter
mediate Plus High 
Profile Vehicles in 
Total (both direc
tions) THROUGH 
Speedway Traffic

Off-Ramp
Traffic
From

On-Ramp
Traffic
Going

EB WB EB WB EB & WB Combined EB WB EB WB
7 a.m.- 9 a.m. 71 114 18 20 17.67. 168 247 180 246

1 p.m.- 3 p.m. 85 90 29 25 14.67. 300 316 256 263

4 p.m.- 6 p.m. 136 89 21 18 13.47. 340 289 323 114

8 p.m.-10 p.m. 42 34 2 1 6.87. 138 148 140 123
ON^4



Table B-l--Continued
Intersection Volume Data

Country Club - Speedway Tuesday, 31 January 1967 Reilly and Salman
Intersection Date of Count Observers

All Volumes Shown Are Average ONE HOUR Volumes
Time Period Approach Total Through Traffic Left Turns From Right Turns From

NB SB EB WB NB SB EB WB NB SB EB WB NB SB EB WB
7 a.m.- 9 a,m. 249 422 527 1198 160 290 452 1094 57 50 19 66 32 82 56 38

1 p.m.- 3 p.m. 518 404 1111 986 323 283 980 810 96 72 54 95 99 49 77 81

4 p.m.- 6 p.m. 727 420 1443 1001 538 311 1296 849 71 65 77 70 118 44 70 82

8 p.m.-10 p.m. 223 166 712 678 125 86 647 588 41 52 30 34 57 28 35 56
Intermediate and High 
Profile Vehicles in 
Through Speedway 
Traffic

Time Period Intermediate High

Percentage of Inter
mediate Plus High 
Profile Vehicles in 
Total (both direc
tions) THROUGH 
Speedway Traffic

Off-Ramp
Traffic
From

On-Ramp
Traffic
Going

EB MB EB WB EB & WB Combined EB WB EB WB
7 a.m.- 9 a.m. 67 112 20 13 • 13.77. 162 229 169 264

1 p.m.- 3 p.m. 84 90 16 21 11.87. 231 287 271 256

4 p.m.- 6 p.m. 77 99 7 20 9.57. 231 271 267 234

8 p.m.-10 p.m. 27 37 3 1 5.57. 95 128 139 107

c\00



Tucson Blvd. - Speedway 
Intersection

Table B-l— Continued 
Intersection Volume Data

Wednesday, 1 February 1967 Reilly and DeStwolinski 
Date of Count Observers

All Volumes Shown Are Average ONE HOUR Volumes
Time Period Approach Total Through Traffic Left Turns From Right Turns From

NB SB EB WB NB SB EB WB NB SB EB WB NB SB EB WB
7 a.in.- 9 a .m. 177 416 472 1000 124 268 440 908 32 72 12 48 21 76 20 44

1 p.m.- 3 p.m. 292 312 1054 938 192 216 954 816 46 62 46 44 54 34 54 78

4 p.m.- 6 p.m. 590 406 1449 964 443 257 1325 851 68 103 70 28 79 46 104 85

8 p.m.-10 p.m. 165 129 711 662 112 72 665 579 25 45 19 25 28 12 27 58

Intermediate and High Percentage of Inter
Profile Vehicles in mediate Plus High
Through Speedway Profile Vehicles in Off-Ramp
Traffic Total (both directions) Traffic

T<m» Period Intermediate High THROUGH Speedway Traffic From
EB WB EB WB EB & WB Combined EB WB

On-Ramp 
Traffic 
Going 
EB ^WB

7 a.m.- 9 a.m. 68 120 25 20 17.3% 125 232 186 248

1 p.m.- 3 p.m. 104 82 36 22 13.8% 240 226 256 184

4 p.m.- 6 p.m. 130 82 17 24 11.6% 321 219 329 220

8 p.m.-10 p.m. 46 35 2 5 7.1% 94 123 121 77

O'VO



Table B-l--Continued

Intersection Volume Data
Campbell - Speedway 

Intersection
Thursday, 2 February 1967 

Date of Count
Reilly, Agah, and Tamrat 

Observers

All Volumes Shown are Average ONE HOUR Volumes
Time Period Approach Total Through Traffic Left Turns From Right Turns From

NB SB EB WB NB SB EB WB NB SB EB WB NB SB EB WB
7 a.m.- 9 a.m. 249 541 601 1180 202 374 511 1089 27 65 40 50 20 102 50 41
1 p.m.- 3 p.m. 438 486 1084 941 312 318 923 816 64 80 90 45 62 88 71 80
4 p.m.- 6 p.m. 644 447 1611 846 528 299 1376 724 58 85 175 30 58 63 60 92
8 p.m.-10 p.m. 188 226 628 542 123 112 550 463 33 68 53 16 32 46 25 63

Intermediate and High 
Profile Vehicles in 
Through Speedway 
Traffic

Time Period Intermediate 
EB WB

High

Percentage of Inter
mediate Plus High 
Profile Vehicles in 
Total (both direc
tions) THROUGH 
Speedway Traffic 
EB & WB Combined

Off-Ramp 
Traffic 
From____
EB WB

On-Ramp
Traffic
Going
EB WB

7 a.m.- 9 a.m. 68 126 23 17 14.67. 181 234 176 272
1 p.m.- 3 p.m. 94 92 27 27 13.87. 282 244 263 271
4 p.m.- 6 p.m. 135 68 19 23 11.7% 389 213 297 212
8 p.m.-10 p.m. 29 27 4 8 6.77. 111 114 133 114

~~io



Table B-l— Continued

Intersection Volume Data

Country Club - Broadway 
Intersection

Tuesday, 21 March 1967 
Date of Count Reilly, Fogg, and Roman 

Observers

All Volumes Shown are Average ONE HOUR Volumes

Time Period Approach Total Through Traffic Left Turns From Right Turns From
NB SB EB WB NB SB EB WB NB SB EB WB NB SB EB WB

7 a.m.- 9 a .m. 284 397 431 1248 202 217 383 1162 42 73 23 27 40 107 25 59

1 p.m.- 3 p.m. 403 457 1032 1056 255 240 867 862 55 115 87 80 93 102 78 114

4 p.m.- 6 p.m. 688 489 1514 1279 560 327 1358 1101 60 110 101 89 68 52 105 89

8 p.m.-10 p.m. 109 207 520 416 85 110 457 389 14 72 39 22 10 25 24 55

Intermediate and High 
Profile Vehicles in 
Through Speedway 
Traffic
Intermediate High

Percentage of Inter
mediate Plus High 
Profile Vehicles In 
Total (both direc
tions) THROUGH 
Speedway Traffic

Off-Ramp
Traffic
From

On-Ramp
Traffic

EB WB EB WB EB & WB Combined EB WB EB WB
7 a.m.- 9 a.m* 63 136 23 10 15.07. 134 232 199 295

1 p.m.- 3 p.m. 72 92 21 21 11.97. 258 307 301 270

4 p.m.- 6 p.m. 138 61 13 12 9.17. 331 251 303 185

8 p.m.-10 p.m. 28 24 2 1 6.57. 89 102 108 64



Table B-l— Continued

Intersection Volume Data
Country Club - Speedway Tuesday, 4 April 1967 Reilly and Fogg

Intersection Date of Count Observers

All Volumes Shown are Average ONE HOUR Volumes

Time Period Approach Total Through Traffic Left Turns From Right Turns From
NB SB EB WB NB SB EB WB NB SB EB WB NB SB EB WB

10 a.m.-12 noon 427 352 967 919 297 220 822 780 77 69 55 72 103 113 90 67

Intermediate and High 
Profile Vehicles in 
Through Speedway 
Traffic
Intermediate High

Percentage of Intermediate 
Plus High Profile Vehicles 
in Total (both directions) 
THROUGH Speedway Traffic

Off-Ramp
Traffic
From

On-Ramp
Traffic
Going

EB WB EB WB EB & WB Combined EB WB EB WB
10 a.m.-12 noon 90 80 39 37 is.4% ;>74 256 301 307



Table B-2

Median Crossing Counts

Date

Section Along 
Speedway Blvd. 
(does not in
clude major 
intersections)

Approx.
Length
of

Section
Time
Period

Average Hourly Counts for the Time Period Shown

Left Turns off Left Turns onto Traffic Cross-
of Speedway (vph) Speedway (vph) ing Speedway

EBb WB NB SB NB + SB combined

5 April Tucson Blvd. % mile 1 _ 3 p*m. 49 37 19 23 12
1967 to Country

Club 4 - 6 p • ro • 54 55 10 21 6

10 April Country Club % mile 1 - 3 p.m. 14 23 3 6 0
1967 to Camino

Miramonte 4 - 6 p.m. 30 26 57 no
data 2

Camino Mira % mile 1 - 3 p • in • 39 118 85 39 3
monte to
Jones Blvd. 4 - 6 p • ro • 45 298 86 no1̂ j> #* «•» 2
(inclusive) Qat-ci

Jones Blvd. % mile 1 - 3 p.ro. 95 103 49 42 18
to Alvernon

4 6 p.ro. 88 175 51 50 11

a. Turning movements at Tucson Blvd., Country Club, and Alvernon are not included in the 
above counts.

b. Directions of travel (i.e., EB, WB, NB, and SB) refer to the direction of the vehicle 
prior to making the indicated movement.
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