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ABSTRACT

This thesis concerns the transverse displacements of motor 

vehicles due to the presence of bicycles in a shared right-of-way*

The method of data collection adopted is one reported in a 

recent research project at The University of Arizona, It involves the 

application of a ground level photographic technique of remote 

measurement-taking which would be simple to use and provide a 

reasonable degree of accuracy.

The lateral displacement of automobiles and bicycles was mea

sured by comparing the placement changes which occur when both vehicle 

types occupy the roadway under varying conditions. The conditions 

studied involved: (1) the placement of both vehicle types when each is .

moving alone9. and (2) the placement of both vehicle types when the ^ 

automobile is located in a passing position.

From the application of statistical tests, certain conclusions 

were drawn about the mean and variance of the measurements taken. With 

one exception, the results of these tests indicated that the automobile 

and bicycle populations of the traffic situations analyzed are signif

icantly different. Results of the analysis on the vehicle placements 

examined at the project site indicate that the existing roadway width is 

inadequate to accommodate the vehicular traffic mix studied.
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CHAPTER 1

INTRODUCTION

Before 1960, the use of the bicycle as a means of urban travel 

basically served a recreational function in our country. Since 1960, 

due to our society’s growing concern with air and noise pollution, 

crowded streets, and energy shortages, the bicycle has been.rapidly 

gaining popularity and importance as a mode of travel. This rapid In

crease in popularity has been referred to as the American bicycle re

naissance (Bivens and Associates, Inc., 1973, p. IV-4). Today, the 

bicycle is generally accepted as a viable and effective urban transpor

tation mode in the United States (DeLeuw, Gather and Go., 1972, p. 4).

The Problem

The two principal classifications of cycling tripmaking are 

recreationally and utility oriented. As more people choose the bicycle 

for transportation and recreational trip purposes, the number of acci

dents and the resulting injuries tend to increase. The recent study by 

Bivens and Associates, Inc. (1973, p. IV-58) shows that during the year 

1971, 712 injuries and 9 fatalities were caused by bicycle-motor vehicle 

accidents in Arizona. This represents an increase of over 100% in fa

talities and an increase of 79% in injuries over the casualties reported 

five years earlier (1967). For the same five-year period, 90% of the 

reported injuries occurred in urban areas..

1



2
National Safety Council statistics published at the national 

level show that during the same year (1971) accidents involving bicycles 

produced 850 fatalities„ This corresponds to an increase of 70% in the 

ten-year period between 1961 and 1971.

The Bivens report (1973, p. IV-8) further indicates that statis

tics on bicycle accidents are difficult to identify since most of these 

are incorporated in motor vehicle accidents. Consequently, based on a 

National Safety Council survey, less than 5% of the accidents involving 

a bicycle are reported to police authorities (The Subcommittee on Re

search and Program Development, 1974, p. 4).

It is estimated that nearly 100 million cyclists currently are 

circulating on our highways (The Subcommittee on Research and.Program 

Development, 1974, p. 4). As a result, the safety of bicycle travel has 

become a major national concern. This concern is reflected in the re

search work underway to learn more about the factors which cause 

accidents.

Relative to the above, DeLeuw, Gather and Co. (1972, p. 10) point 

to some interesting bicycle-automobile operational characteristics. The 

consultant believes that the purpose of riding is a major factor affect

ing cyclist behavior and the corresponding facility design characteris

tics needed to accommodate it. The recreational cyclist generally tends 

to avoid routes with high motor vehicle traffic volumes and travels on 

secondary streets. The utility-oriented cyclist, on the other hand, 

wishes to reach his destination with a minimum of effort and time. In 

an urban community, the "arterial" and "collector" streets normally pro

vide the most direct linkages between residential areas and the activity
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centers» As a result* the utility-oriented cyclist travels on these 

primary streets which carry the heaviest motor vehicle volumes in the 

communityo When moving in the high volume facilities noted above* the 

bicycle and the automobile do not mix compatibly. Their incompatibility 

is caused by differences in the size of the vehicle types and the speed 

of movement. Marks (1974* p. 112) clearly explains the basic problem 

which exists between the two transportation modes when they occupy a 

common right-of-way* as follows:

The various measures of incompatibility between transportation 
modes are usually defined by differentials in vehicle characteris
tics, The principal variables are speed* size* weight* and vul
nerability, Relative hazards are measured by degree of difference;

. modes that are only marginally dissimilar can reasonably coexist 
within the same right-of-way. The problem is not only one of 
safety* but of capacity and efficiency as well. Compatibility 
of circulation is largely associated with homogeneity. When modes 
have similar physical and operating characteristics and can main
tain a reasonably homogeneous flow* they can be accommodated on 
the same right-of-way. As the differential increases* all vehicles 
are subjected to the operating limitations of the least efficient.
Thus* a bicycle traveling in a lane of moving traffic slows all 
vehicles to its limited operating speed* while occupying a full 
lane (Marks* 1974* p. 112).

A recent research project conducted at Purdue University measured 

the effects of bicycle lanes on traffic flow (Jilla* 1974). The Purdue 

study was concerned with several of the variables noted above. These in- . 

eluded the effects which the existence of bicycle lanes produced on the 

speed of traffic and on the transverse placement of motor vehicles.

Several of these results are discussed in Chapter 4.

Purpose of Study 

For the traffic operational problem discussed earlier* the cost 

of providing a separate right-of-way to accommodate the different types



of vehicles, solely on.the basis of incompatibility, seems unjustifiable. 

In most cases, urban communities would consider the alternative of pro

viding facilities for traffic circulation in which the varying types of 

vehicles occupy a common roadway right-of-way with appropriate safe

guards built into the system.

This project concerns the study of an important element of this 

alternative. It involves the application of a terrestrial photographic 

technique of remote measurement-taking. This practical and relatively 

accurate technique of ground level photography was reported in a recent 

•research project conducted at The- University of Arizona (O’Grady, 1973). 

This method of remote measurement taking is particularly useful in 

studying the behavior as well as the relative placements of the various 

vehicle types under actual traffic conditions. In this research work, 

the photographic technique was applied, with minor modifications, in 

measuring the lateral displacements of automobiles due to the presence 

of bicycles in a common right-of-way. The relative degree of compati

bility or incompatibility between the bicycle and the automobile traffic 

is a principal factor in the placement changes which occur when both 

vehicle types occupy the same right-of-way under actual, but varying 

operating conditions. The varying operating conditions studied were:

1. The placement of both vehicle types when each is moving

alone,

2. The placement of both vehicle types when the automobile is 

passing a bicycle,

A comparison of the relative placement changes gives the informa

tion required to assess the lateral effect each vehicle type has on the
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othero Further9 a study of the lateral displacement effects produced by 

the bicycle can be a very useful aid to highway designers. Such infor

mation can be used to determine the minimum roadway width needed for 

the safe movement of the car and the bicycle in a common roadway 

right-of-way.

This study relates the results obtained to a practical roadway 

width for the specific set of operating conditions which were observed.



CHAPTER 2

BACKGROUND AND PERSPECTIVE REVIEW

Perspective Notes on Photography

The application of photographic methods to traffic and transpor

tation studies can no longer be called new. Photographic equipment has 

been used for.some time in a variety of study methods and techniques 

which have been developed to obtain information required by engineers. 

Movie and still cameras have had extensive use in studies concerning 

traffic operations to determine speeds of moving vehicles as well as to 

measure distances. Some specific examples of these types of studies in

clude photographic studies of pedestrian and vehicular traffic, driver 

behavior on expressways by the use of time-lapse photography, and even 

the use of a photographic detection system for counting and classifying 

vehicles on roads (Baker and White, 1973, pp. 4, 8, 15). Photographic 

equipment is now universally used in highway and traffic engineering to 

collect data on a wide variety of studies.

The following list is to give some insight into the range of 

usefulness of photography as a tool in solving traffic problems (Baker, 

Case, and Hulbert, 1971, p. ix):

1. Photographing highways.

2. Photologging of highway systems.

3. Using a hidden camera to detect wrong way driving on freeway

ramps.



4. Using time-lapse photography for analyzing traffic flow.

5. Development of new techniques using photographic instrumen

tation for intersection control.

6. Data collection for studies in traffic flow and highway

safety.

The Model

The photographic technique applied in this study is the method 

which was researched by James Bradley 0 ’Grady (1973) for his thesis 

project as approved by the faculty of the Department of Civil Engineering 

and Engineering Mechanics at The University of Arizona. O ’Grady (1973, 

p. 7) reported a simplified method for estimating distances directly 

from ground level photography. The method which he devised overcomes 

certain basic limitations of previous techniques and meets three basic 

criteria of practical usefulness:

1. The method requires no ground control or subject-visible 

markings.

2. It requires no special equipment or training to use.

3. It provides sufficient accuracy for practical use.

The technique consists of selecting a reference distance whose 

length is known and which can be easily measured. This reference should 

be in a plane parallel to and approximately the same distance from the 

camera as the unknown distance which is required. A simple scale which 

relates to the referenced distance is determined and is applied to the

photograph. This scale is used to convert distances measured on the

photograph to their actual distances.



The two basic ratio identifies shown below are the relationships 

used in aerial photographic measurement:

■ X
h X

where: f = the camera focal length

h = the flying height of the aircraft above the ground

x = the distance measured on the photograph

X = the actual ground distance

By substituting the camera to subject distance for the flying height,

the same relationship holds true for measurements made in a plane paral

lel with the focal plane of the camera and taken from the ground. 0 'Grady 

(1973, p. 8) modified this application of the model in an attempt to 

overcome the limitation imposed by the method. ' The limitation is that 

the earnera-to-subject distance must be known. The model modification 

which O' Grady (1973, p. 8) tested with excellent results applies a scale 

to the photograph by the use of a known, actual distance. This distance 

is used as the reference distance. The general form of 0 ’Grady's 

modification is:

D_ , \
D. Rs s

wheres D = the required, unknown distance

Dg = the required, distance as scaled on the photograph

R - the known, reference distancea
Rg = the known distance as scaled on the photograph •

0 ?Grady's identity modification is not dependent on a camera-to~subject 

distance and provides sufficient accuracy to be of practical use. The



estimation of the unknown, required distance would therefore need the 

performance of the following steps:

1. Select a known reference distance (e.g., a vehicle dimension).

2. Scale the measured reference distance from the photograph by 

the scale factor to estimate the unknown distance.

3. Multiply the required distance as measured on the photograph 

by the scale factor to estimate the unknown distance.

These steps lead to the general equation:

R R
D = D x 0~) where: —  is the scale factor

8 s Rs

Diagrams of the typical situations in this study are shown in Figure 1.

As noted in Case I of Figure 1, the distance between the curb

and the vehicle (D^) is the unknown, required distance. The track of

the rear tires (R ) is the known, reference distance. The ratio of this
3 Raknown distance to the distance measured on the photograph (— -) is theJ xS

scale factor used to estimate the required distance. For example, if

the track width is 60", R is measured to be 7.15", and D is measureds s
as 13.6", the distance from the curb to the near tire is calculated as 

13,6" (y^-) = 114.13".

Sources of Error 

This study is an application of the ground level photographic 

technique reported by O’ Grady (1973) for taking relatively accurate 

measurements in investigating a significant traffic operational problem. 

It, therefore, necessitates a discussion of the potential sources of 

error which 0’Grady (1973, p. 11) examined and the techniques he
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CASE I: VEHICLE ALONE

raised curb

CASE II: BICYCLE ALONE

CASE III: VEHICLE AND BICYCLE IN PASSING POSITION

Figure 1. Typical Study Situations.
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recommended for minimizing them. This will enable one to assess the 

level of accuracy expected from this research work.

Four basic categories of error were investigated by O’Grady 

(1973). These concerned;

1. Distortions from the photographic equipment used.

2. Human errors in the measurement taking process.

3. Scale errors due to the reference distance not located in 

the same plane as the required distance.

4. Alignment errors when the reference or required distances 

are not in a plane parallel to the focal plane of the camera.

Photographic Distortion 

The distortions introduced by the photographic equipment are 

from the camera and the film used. Three types of cameras were tested. 

These were;

Camera #1 - Standard 35 mm type - Ilford "Sportsman."

Camera #2 - 35 mm Single Lens Reflex - Minolta SRT-101.

Camera #3 - Instamatic type - Minolta " A u t o p a k . .

In addition, two kinds of Kodachrome ASA rated film speeds were used.

The films selected were:

Camera #1 - Kodachrome IT (K135) ASA25.

Camera #2 - Kodachrome II (K135) ASA25.

Camera #3 Kodachrome X (KX126) ASA64.

Sample sizes of 20 for each of the three camera and film speeds were

taken and a statistical test was employed to make the comparisons. The 

three cameras were tested for differences between their mean errors and
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also the variances of these errors. The "t" test was selected to com

pare each camera mean error while the "F" test was selected to test the ' 

variance of camera error. Test results (level of significance a - .05) 

indicated that there were no significant differences among the cameras. 

The choice of cameras is, therefore, not considered a major factor in 

obtaining good results.

Human Errors

Human errors considered were those occurring in the physical 

measuring process. These would include:

1. Misreading of measurements,

2. Judgment differences in the reading and interpolation of a 

measurement,

3. Carelessness in taking measurements,

4. Improper picture taking techniques.

To test these, the following areas of interest were selected for . 

examination:

1. Selection of data collection methods minimizing differences 

among individuals and reducing the possibility of error.

2. Selection of a reference needing a minimum of subjective 

judgment, also, one with easily obtainable data and easily measurable.

3. A comparison of individuals to determine if there is any 

significant difference in the results among individuals.

Two tests were conducted by 0 ’Grady (1973). The first was to 

detect differences among individuals using the technique developed. In 

the second, the "Student-Neuman-Keul" test was used to test whether any
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significant increase in accuracy can be expected from an individual's 

familiarity with the method. In the first case, a test of the hypothesis 

that each of four individuals would make similar measurements detected 

no significant differences. The test further indicated that the varia^ 

tion within an individual's results was greater than that registered 

among different individuals. In the second case, the results indicated 

that no significant differences could be declared on tests repeatedly 

performed over the same data by the same person. This would indicate 

that additional measurements taken on a particular set of data do not 

show a significant improvement over the initial set of measurements 

taken.

• Reference Plane Error

For accurate results, it is essential that both the reference

and required distances are located in the same plane. Any variation in 

the location of the reference distance would produce a scale factor too 

large or too small, resulting in an inaccurate measurement. The magni

tude of this type of error depends on the absolute size of the error and 

the distance from subject to the camera. An absolute error in measure

ment becomes one of relative degree when the error is compared with the 

distance between the camera and the subject. Therefore, as the distance

from the camera to the subject increases, an absolute error decreases in

importance. From the wide range of possible reference distances, 0 - Grady 

(1973, p. 15) selected the following which he felt held the greatest 

potential for accuracy:

1. Street width.



2. Striped vertical stakes placed in the curb.

3. Length of vehicle license plates.

4. Individual vehicle measurements, such as the vehicle height 

and the tire track.

These were tested using the same vehicle and the same bicycle throughout 

the series. Both the car and the bicycle were parked parallel to each 

other in positions felt representative of motor vehicle-bicycle passing 

situations. This traffic situation was the only kind tested. Camera- 

to-subject distance positions ranged from 25 to 425 feet. Further, the 

effect produced on measurements taken with the camera and subject posi

tioned in the following two situations were also tested:

1. Camera and subject placed along the same side of the street.

2. Camera and subject placed on opposite sides of the street. 

The results indicated some definite patterns, as follows:

1. Overall accuracy and precision were consistently better when 

both the camera and the subject were located on the same side of the 

street.

2. Measurement errors at distances less than 50 feet were over

estimated when these were compared to actual distances.

3. As distances increased beyond 250 feet, the dispersion of 

the errors increased substantially.

4. The tire track proved easy to measure and produced the 

better of the results obtained from the reference distances tested.

5. Accuracy was further improved when the camera was positioned 

directly in front of or behind the subjects.
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Alignment Error

R
A review of the general identify equation, D = Dg x (” ), would

s
indicate that errors in the measurement of D or R produce an incorrects s
D. A Dg higher than actual produces an overestimated D. Further, a

higher than actual value of Rg produces an underestimated D. While

lower than actual measurements of Dg and Rg produce exactly the opposite

effects on D. However, if the D and R measurement errors are of thes s
same proportional magnitude and are produced simultaneously, they have 

no effect on D since, in this case, they balance out.

O ’Grady (1973, p. 16) identifies the alignment error as one which 

occurs when the measurement of a distance is taken on a plane at some 

angle other than one parallel with the focal plane. Therefore, to mini

mize this type of error, it becomes important to choose a reference which 

is in the same plane or in one parallel to the required distance. In 

actual practice, this type of error occurs when photographing a motor 

vehicle and a bicycle placed in passing position. The error in the 

measurement occurs when the bicycle is actually in front of or behind 

the reference 'plane but is assumed to be within the plane.

To test this condition, a series of locations were photographed 

by O’Grady (1973) with the bicycle 10 feet behind the automobile’s rear 

tire track and 10 feet beyond the reference distance. The error was 

apparent in nearly all of the pictures taken. The error was more visible 

in pictures taken from a closer distance, becoming less apparent as the 

distance increased. The tests indicated that alignment errors between 

-10% and zero were not biased while errors between zero and +10% were 

biased toward overestimation. Errors greater than 10% in either
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direction showed considerably greater bias. This means that when the 

bicycle is actually farther than presumed, the reference distance is 

closer to the camera and will be measured larger. Conversely, when the 

bicycle is closer than presumed, the opposite results occur. Distances 

are also indicated larger than they actually are because they are at an 

angle from the focal plane.

It is interesting to note that these errors tend to cancel out 

when the bicycle is farther than presumed but will be additive when the 

bicycle is nearer than presumed.

To summarize, the net result of O ’Grady’s (1973, p. 44) statis

tical test examinations indicates that relative rather than absolute 

error is the deciding factor leading to bias. A relative error of 

approximately 6% is the maximum that may occur before the results become 

significantly biased. Greater alignment errors would be detected and 

adjustments, would be made accordingly.

Application of Results 

As indicated by O'Grady (1973, p. 45) the application of his 

recommendations to the errors he investigated should result in an average 

accuracy within 2.5% with individual measurements having a maximum error 

within 13% of the true required distance, at a 95% level of confidence.

The following summarizes O'Grady’s (1973, p. 44) recommendations 

which were applied in this study:

1. A high quality Kodachrome Super 8 movie film was used to 

provide the clearest image possible.
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2. The tests indicated that the choice of a camera is not a 

critical factor in the accuracy which is achieved. A Canon Super 8 Auto 

Zoom 814 and a Minolta Autopak 8, D6» motion picture camera were used

in this study.

3. For best results, motion picture films of traffic situations 

were taken with the camera positioned near the edge of the pavement and 

on the same side of the street as the subjects. Actually, due to the 

particular roadway characteristics at this site, the camera was posi

tioned almost directly behind the subject.

4. Camera-to-subject distances were maintained at a distance of 

between 100 and 250 feet to improve the accuracy of results. It is 

mainly due to this particular restraint that the data collection process 

required more time than earlier assumed.

5. The reference distance for each of the situations filmed was 

selected in the same plane as the required distance. This factor is 

believed to be a critical one.

6. Errors caused by misalignment of the reference and required 

distance result in reference errors as well as measurement errors. These 

errors tend to cancel if the error is in the direction away from the 

camera, resulting in some underestimation of the required distance. When 

the error is in the direction of the camera, the errors are additive and 

result in overestimation of the required distance. The use of motion 

picture films can be advantageous in minimizing this particular error.

For:example, it was earlier noted that this type of error most likely 

occurs when the motor vehicle and the bicycle are located in passing 

position. In filming this traffic situation, a series of frames are
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taken from a point before the car begins its passing motion and to a 

point beyond the location of the bicycle. .When the images are later 

projected on the screens the frames can be moved back and forth to lo

cate the best alignment position of the bicycle in relation to that of

the motor vehicle's reference distance.
. • » .

7. As recommended, the tire track of the automobile was used by

O' Grady (1973) since this reference yields the most accurate results.

To further minimize bias of results, all traffic situations were photo

graphed from the rear. As noted in Figure 1, three traffic situtations 

were filmed. The rear tire track could be used as a reference only in 

the situations involving the automobile. This means that for the traffic 

condition in which the bicycle is moving alone, an alternative reference 

distance would be required. In his study. O'Grady (1973, p. 17) only 

examined the situation of a motor vehicle passing a bicycle. For this 

case, he obtained the best results by using a vehicle characteristic,

the tire track. It would appear, from an examination of the data, that

another vehicle characteristic, such as the height for example, could 

also yield good results. The height would also have the additional^ 

advantage of always being parallel with the focal plane. Therefore, for 

the traffic situation in which the bicycle moves alone, the following 

two reference distances were considered as a possibility: 

a = bicycle height, ground to seat level

b = wheel diameter (out to out tire diameter)

Table 1 is the result of a random sample taken at The University 

of Arizona mall. Results indicate that the tire diameter (27") is the 

more consistent reference distance. In addition, several local bicycle
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Table 1. Random Sample of Bicycle Dimensions.

Number a b

1 37" 27"
2 35" 27"
3 . 37.5" 27"
4 36" 27"
5 35.5" 27"
6 35.5" 27" '
7 35.5" 27"
8 35" 26"
9 35.5" 27"

10 37.5" •27"
11 40" 27"
12 39.5" 27"
13 ' 35.5" 27"
14 38.5" 26"
15 38" 27"
16 37.5" 27"
17 38" 27"
18 36.5" 27"
19 35" 27"
20 36.5" 27"
Sum 735" 538”
Mean 36.8" 26.9"
Standard Deviation 1.55 0.3 '

a = bicycle height, ground to seat level

b = wheel diameter (out to out tire diameter)
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shops were visited. All indicated that adult bicycles are manufactured 

with 26" and 27" tire sizes. Most men’s bicycles have 27" tires, in

cluding all the 10-speed bikes. It was concluded that 27" was the pre

dominant tire size and was used as the reference distance.

Verification of Bicycle.Reference Distance 

As explained earlier, an alternative reference distance was re

quired to record the bicycle placements for the traffic condition in 

which the bicycle is moving alone. The bicycle tire diameter was se

lected following a survey conducted at The University of Arizona campus, 

the results of which are listed in Table 1.

Since 0 ’Grady (1973, p. 17) only examined the situation of a 

motor vehicle passing a bicycle, the reference distance he relied on for 

his measurements was the vehicle tire track. Therefore, the use of the 

bicycle tire diameter as an alternative reference distance required an 

accuracy check to determine its feasibility as a measurement-taking tech

nique. Table 2 lists the results of the check which was conducted on 

the actual bicycle placements. The camera-to-subject distances were 

varied from the minimum used in this study to a distance approximately 

50 feet beyond the maximum used to photograph traffic scenes. Although 

the results can only indicate a random pattern of the kind of error ex

pected, they do show that the level of accuracy achieved from the use of 

the bicycle tire diameter as a reference distance meets the standard 

established for this study.
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Table 2„ Check on the Accuracy of the Bicycle Reference Distance.

Distance from 
Camera Ra Rs Ds Dc Da Error Percent

Error
feet - - - inches - -

100 27 3.30 5.83 47.70 48 -0.3 -0.63

125 27 2.77 5.00 48.74 48 +0.74 +1.54

(Bike Rte. Sign) 
129 27 2.50 4. 37 47.20 48 —0.80 -1.67

150 27 2.47 4.40 ' 48.10 48 +0.10 +0,21

175 27 2.42 4.33 48.31 48 -0.69 -1.44

200 27 2.33 4,17 48.32 48 —0.68 -1.42

225 27 1.90 3.40 48.32 48 -0.68 -1.42

250 27 1.80 3.20 48.00 48 0 0

(No Parking Sign) 
269 27 1.37 2.45 48.29 48 +0.29 +0.60

300 27 1.23 2.22 48.73 48 +0.73 +0,56

Where:

= Bicycle reference distance, the wheel diameter

R = Scaled reference distance s
D = Scaled lateral distance (curb to bicycle placement)5
D^ = Computed lateral distance

D = Actual lateral distance as measured on the ground a



CHAPTER 3

' RESEARCH METHODOLOGY

This chapter presents the manner in which the study was conducted 

The discussion reviews the factors which led to the selection of the 

site. Further9 the particular techniques applied in collecting and re

ducing the data are explained. Finally, the statistical tests used in 

the analysis of the data are described.

Selection of the Site

The basis for selecting a site needed to collect the data for 

this study involved the consideration of several factors. These factors 

concerned:

1. A facility with an adequate volume of motor vehicle and 

bicycle traffic mix providing ample data within a reasonable time frame.

2. A location readily accessible from the University.

3. Site and roadway characteristics conducive to the efficient 

and easy gathering of data.

The recent study by Adler and Kaemmerle (1974) was used as a 

guide in locating the facility which could meet those requirements. The 

study identifies the principal bike routes serving the University of 

Arizona campus and determines the volume of bicycle traffic making ex

ternal trips to and from the University core. Figure 2 is a map dis

playing the site location and the major bike routes in the City of 

Tucson. In connection with this map, the study showed that the five

22
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major streets carrying the University traffic are: Highland Avenue

(south of the University), Mountain and Park Avenues (north), Third 

Street (east), and University Boulevard (west of the University). Fol

lowing an inspection of these facilities} Mountain Avenue, a key "col

lector" street in the area, was selected as the bike route on which to 

conduct the study.

Mountain Avenue’s University terminal volume of 1,805 bicycles 

per day is the heaviest of the streets noted above. Its average daily 

traffic of 5,700 motor vehicles is also a significant volume for a "col

lector" street (Pima Association of Governments, 1973). Mountain’s 

record of the actual bicycle counts indicated that the street registers 

its weekday volume peaks between the hours of 7 to 9 a.m. A majority 

of this traffic is headed south, toward the University. These statistics 

amply satisfied the first two requirements noted earlier, and the time 

of the morning peaks coincided with that of the schedule planned for 

the field work. In addition, Mountain Avenue is adequately marked with 

traffic signs, making vehicle drivers, both north and southbound, aware 

that the street is a designated bicycle route. A brief peak hour check 

on the motor vehicle speeds indicated that automobiles rarely exceed the 

posted speed limit of 30 miles per hour.

Several locations along Mountain Avenue received consideration 

as possible sites. These locations concerned the positioning of the 

camera relative to the traffic situations, or the subjects, to be filmed. 

The possibilities were reduced to the following two:

1. The intersection of Mountain Avenue with Elm Street.

2. The intersection of Mountain Avenue with Drachman Street.
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In the first of the two locations, the camera would be facing traffic, 

its line of sight aimed directly north. The particular characteristics 

of the street at this location constituted the best camera location from 

a filming standpoint. A"very clear view of approaching traffic was pro

vided. However, several problems were connected with this site. The 

camera could be seen by oncoming traffic several blocks away. It was 

not possible to disguise the camera’s location. This situation could 

produce significantly biased results. Since the sidewalk lacked any 

signs within 300 feet of the camera, there were no visible means of 

identifying the camera to subject distance limits discussed in Chapter

2. At this intersection, the roadway pavement narrowed from a width of 

40 feet at the northern end to 36 feet at the southern end. Preliminary 

observations indicated that, to adjust to a change in pavement width, 

bicycle traffic breaks away early from its normal path and placement in 

relation to the curb. Once past the intersection, bicycles immediately 

return to their normal paths, moving away from that of the motor ve

hicle and toward the curb. This particular situation further compli

cated the filming of approaching bicycle traffic.

The second site was selected because of the advantages it offered. 

As shown in Figures 3 and 4, the camera is pointed south and faces south- 

,bound traffic from the rear. With the camera positioned at the northern 

end of the intersections, its line of sight extends directly to the sub

jects minimizing certain alignment errors. Traffic situations are photo

graphed from the rear, and the subjects are filmed from the same side of 

the street. Figures 5 and 6 note the location of a "Bike Route" and a 

"No Parking" traffic sign. These signs are placed at distances of about
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Figure 3. Camera Location.



Figure 4. Passing Situation.
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Figure 5. Location of "No Parking" Sign.



Figure 6. Location of "Bike Route" Sign.
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.129 feet and 269 feet, respectively, away from the camera. They are 

also located on the near sidewalk« These traffic signs were used as a 

guide to establish the camera to subject distance limits needed to 

minimize some of the photographic errors reviewed earlier9 The site 

plan shown in Figure 7 displays the locational relationships between . 

camera, subject, traffic signs and the distance limits used to minimize 

errorso " ,

At this intersection, the roadway pavement widens from a width 

of 30 feet at the.northern end of Mountain to 36 feet at the southern 

endo The intersection characteristics here produce the opposite effect 

on the bicycle traffic observations of the first case. That is, unlike 

the traffic behavior noted earlier, the bicycle returns to its normal 

path near the curb on the right side of the street within a distance of 

80 feet away from the camera. This move back to the normal travel pat

tern occurs immediately after the bicycle crosses the intersection. In 

this case, the particular traffic situation observed is not viewed as a 

negative factor because traffic scenes are photographed when subjects

have reached a distance of at least 100 feet away from the camera. In
' ■ : ; -. ■ ■. this case, there is also a much lower probability of introducing bias

in the results. Since traffic scenes are taken from the rear, cyclists 

and motorists, it is felt, would have regained their normal travel pat

tern by the time these have reached the critical distance from the camera. 

The roadway characteristics at this intersection could conceiv

ably provide a problem to the automobile traffic. It was believed prob

able that automobiles might not move in a normal pattern as a result of 

the narrow pavement width and the care motorists must exercise under
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traffic mix conditions. During the preliminary observations it was ob

served that motor vehicles tend to locate toward the center line of the 

roadway which is marked. As indicated earlier, this condition is fur

ther complicated by the fact that motor vehicles travel through a road

way Section prior to reaching this intersection in which the pavement 

width of 30 feet is not considered adequate for mixed traffic. The re

sults of the analysis in this study should bear this out. Motor 

vehicles passing through this location may not have enough freedom of 

lateral movement, and this factor can bias the results.

Collection of Data 

The field work planned for this study was scheduled during the

months of February and March, 1975. The same site as shown in Figures

3, 4, 5, 6, and 7 was used to collect data for the pilot and the final 

phases. The site is located on Mountain Avenue between its intersection • 

with Drachman and/Mabel Streets, Motion picture films of all the traffic 

situations in this study were taken with two super 8 mm cameras: the

Miftolta Autopak and the Canon Auto Zoom 814. The film used was Kodak's 

Super 8 Kodachrome Type II. For the traffic scenes photographed, the 

camera was located on a tripod near the edge of the sidewalk by the 

northwest corner of Mountain Avenue's intersection with Drachman Street.

As shown in Figures 3, 4, 5, and 6, 8 mm films of traffic moving south

on Mountain were taken from the rear when the vehicle types were posi

tioned at a distance from 100 to 250 feet away. The traffic situations 

were photographed during the morning peaks, or during the hours of 8 to 

10 a.m. This schedule was run three mornings a week during the entire
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field work period. To minimize bias of results, a series of steps were 

taken, each designed to draw the least amount of attention from motorist 

and cyclist to keep them on their normal traffic behavior, travel pat

tern and placement. ,

These steps included;

1. Motion pictures taken from the rear.

2. Photography by remote control to conceal the presence of 

any personnel.

3. Avoiding the use of visible markings or other equipment in 

the subject area. .

4. Use of traffic signs, hydrants, and other existing objects 

as photo reference points to maintain as much of the natural appearance 

as possible at the site.
J

The procedure used to record on film the required traffic situa

tions was basic and simple. The photographer, with his back to oncoming 

traffic, was stationed about ten feet west of the camera on Drachman

Street. His position was hidden from the line of sight of moving vehi

cles. As the vehicles moved into the area designated by the traffic 

signs shown in the site plan, Figure 7, the traffic situation was re

corded by the camera via remote control. By watching traffic movements 

on Mountain Avenue from his oblique position, the photographer could 

identify the point on the street when the vehicles entered the subject

area. At that point, the remote control was activated and the traffic

situation was recorded. This particular method of filming traffic 

scenes met the objectives noted earlier and provided the greatest lati

tude possible for the camera-to-subject distance limits required.
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Two other alternative methods for identifying subject placements 

were considered during preliminary trials. These involved the use of 

the Enoscope or an assistant at a predetermined location from the camera. 

In either case, a fixed point on the ground was established at a conven

ient distance from the camera. When the vehicle crossed the location, 

the assistant could signal for a photograph or the Enoscope could mirror 

the point at which the traffic scene should be recorded. Several diffi

culties were connected with these methods. First, there was no assur

ance that the reference distance could always be maintained in the same 

plane as the required distance. The subject area was confined, and per

fect timing was required to record the scene. This method could be used 

for the traffic situation of a bicycle and a motor vehicle, when each 

moved alone. However, it was too restrictive to be used for the traffic 

situation of automobiles and bicycles placed in a passing position. In 

addition, the presence of an unusual and unnatural object near the 

bicycle path, although concealed from the general view, could still be 

seen by approaching cyclists.

Although not critical, certain difficulties were connected with 

the photographic technique applied. The filming of passing situations 

required a considerably longer time period than originally planned.

This delay can be attributed to several factors. One concerned the 

pattern of vehicle movement. Probably due to the particular roadway 

characteristics at this location, it was observed that automobiles trav

eling in a platoon tend to move in each other's tire tracks and tend to 

position themselves near the center line of the roadway. The lead car 

sets the pace, both in speed and placement. The headway between each
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succeeding motor vehicle was not, in many cases, wide enough to allow 

for the automobile’s isolation by the camera when that particular vehi

cle was positioned in a desired passing situation. Since the camera 

was located on the far side of the cross street at this intersection, 

a number of other opportunities were lost due to inopportune cross 

traffic. The frequency at which passing situations could be recorded 

was also affected by the distance limits which the subject area was 

confined to. These factors coupled with the limited time schedule 

available for field work resulted in a very low rate of opportunities 

for registering passing situations. The other two traffic situations 

were easy to record during the noted peak hours. In both, the pilot 

and the final samples of the traffic scenes photographed, situations 

were taken at random. The camera was run at the normal speed of 18 

frames per second throughout.

Tables 3 and 4 are a presentation of the field data collected 

for this study. A sample of 20 traffic situations in each of the 

three categories listed in Table 3 were selected for the pilot project. 

Similarly, a sample of 80 situations listed in Table 4 were selected 

for the final project. Tabulations of the project measurements and 

the reduced data are listed in Appendices A and B.

The process of reducing the field data involved projecting the 

Super 8 films onto a screen. The size of the image projected was 30 

inches long by 22 inches wide. The projector used, a multi-motion type, 

was manufactured by Bell and Howell. The distance between the projector 

and the image displayed was about 9 feet. As noted in Chapter 2, the 

rear motor vehicle tire track and the bicycle tire diameter are the



Table 3= Recorded Pilot Study Data.

Date
(1975)

Approximate 
Time Span 
(a.m.)

Amount of 
Film Taken

Number of Traffic Situations . 
Randomly Recorded .

Bicycles
Alone

Automobiles 
Alone

Passing Situations 
Automobiles 
and Bicycles

Feb . 4 

Feb. 6 

Feb. 7 

Feb. 11 

Feb. 13 

Feb. 14

8 -  10 
8 - 1 0  
8 - 1 0  
8 -  10 
8 —  10 
8 - 1 0  

TOTALS

20 feet 

35 feet 

25 feet 

25 feet 

25 feet 

20 feet 

150 feet

5

4

6

5 

5

_5

30

6

4

6

4

5 

_5 

30

4 

3

5

3

4 

_5 

24



Table 4. Recorded Final Study Data.

Date
(1975)

Approximate 
Time Span • 
(a.m.)

Amount of 
Film Taken

Number of Traffic Situations 
Randomly Recorded

Bicycles
Alone

Automobiles 
Alone

Passing Situations 
Automobiles 
and Bicycles

Feb. 25 8 - 1 0 20 feet 7 7 6
Feb. 27 8 - 1 0 20 feet 8 8 6
Feb. 28 8 - 1 0 25 feet 8 8 7
Mar. 4 8 - 10 15 feet 6 5 5
Mar. 6 8 - 1 0 25 feet 6 7 7
Mar. 7 . 8 - 1 0 20 feet 7 6 6
Mar. 11 8 - 10 15 feet 6 5 5
Mar. 13 - 8 - 10 20 feet 7 6 6
Mar, 14 8 - 1 0 15 feet 5 5 6
Mar. 18 8 - 10 . 25 feet 6 9 7
Mar. 20 8 - 1 0 25 feet 7 6 7
Mar, 21 8 - 10 35 feet 9 9 8 .
Mar. 25 8 - 10 25 feet 9 7 7
Mar. 27 8 - 1 0 15 feet _4 __7 _4

TOTALS = 300 feet 95 95 87
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known reference distances„ The measurements required were scaled from 

the traffic situations projected on the screen. An engineer's scale of 

60 markings to the inch was used to scale the distances. The required 

measurements were of both the reference distances noted above, the dis

tance from the curb to the bicycle tire (D^) and the distance from the 

curb to the right rear motor vehicle tire (D^). The required actual 

distances were then calculated by using the model formula developed in 

Chapter 2. Results of these calculations and the field data are listed 

in Appendices A and B.

When motion pictures were taken during periods of bright sun

light, certain shadows were produced. These shadows were also apparent 

when the image was projected on the screen. The shadows were prominent 

over the rear right tire of the automobile and over the line where the 

raised curb intersects the street. . As a result, the reference distance, 

in certain cases, and the distances to the curb in others were difficult 

to measure. This condition was improved when the room was made com

pletely dark. The measurements from such films were ultimately taken 

at night. Another difficulty connected with measurement taking concerned 

the use of the projector during daylight time. The room could not be 

made dark enough to offset the reduced light intensity projected on the 

screen when the projector motion was stopped. It was during this period 

that measurements needed to be taken. This condition is designed into 

the projector to reduce the accumulation of heat in the projection cham

ber and avoid damaging the film. This characteristic of the projector 

made it impossible to work in daylight. The room used could not be made
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dark enough to compensate for the loss of light Intensity. As a result, 

all work on measurement taking was carried out at night.

A final problem concerned the identification of certain motor 

vehicle categories. Automobiles are normally classified in five general 

categories which are listed below:

1. subcompacts with corresponding tire tracks ranging from 
54" to 56"

2. compacts with corresponding tire tracks ranging from 
56" to 58"

3. intermediates with corresponding tire tracks ranging 
from 58" to 62"

4. full-sized with corresponding tire tracks ranging from 
62" to 64"

5. foreign cars with corresponding tire tracks ranging from 
50" to 53"

Information on vehicle characteristics such as the tire track is readily 

available from a number of automotive magazines and periodicals. The 

automotive information for this study was obtained from the magazine,!

Road and Track (1975).

The difficulty experienced was in differentiating between several 

models in the intermediate category noted above. This is due to the 

fact that little variation was found in the motor vehicle rear styling 

characteristics. Distinguishing signs were basically noted in the tail 

light arrangement. Most of the other vehicle categories could easily be 

recognized when their images were projected on the screen.
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The Statistical Analysis

The statistical tools used in this study are those generally 

referred to as significance tests. From an application of these tests, 

certain conclusions can be drawn about the mean or variance of the sam

ples taken. The testing technique applied in this study is the one 

reported by Bird (1970, p. 83) in his dissertation at The University

of West Virginia. This method of significance testing basically in

volves a consideration of the following steps:

1. Selection of the significance test used,

2. Specify the hypothesis tested,

3. Specify the difference to be detected and the accuracy
required,

4. Determination of the sample size,

5. Define the acceptance region,

6. Conduct the experiments, .

7. Calculate the test statistic,

8. Make a decision on the results obtained.

This study involves an examination of the placements of bicycles 

and motor vehicles as they occupy a common roadway. This is done by 

measuring the effect each vehicle type produces on the other. In other 

words, the mean placement of both types as they occupy the roadway 

separately is compared with the mean placement of both types as they 

occupy the roadway simultaneously. The comparison of these situations 

constitutes a before and after test. It would seem, then, that the mean 

placements and variances, or the central tendencies of both types need 

to be established first. This is done to assimilate their variability.
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A determination should be made as to which of the statistical distribu

tions they approximate. If it can.be assumed that their distributions 

approach that of a normal distribution, the central limit theorem would

apply. This theorem states; "If a population has a finite variance of 
2

a and mean p, then the distribution of the sample means from this popu-
a2

lation approaches a normal distribution with variance and a mean y 

as the sample size increases." Therefore, as Bird (1970, p. 61) explains 

the distribution of means from a population will tend toward normality 

regardless of what the original probability distribution of the variance 

might be. Later, the two parameter "t" test can be used to test the mean 

placements of the before and after case described earlier. Similarly, 

the two parameter "F" test can be used to test the standard deviations 

of the means, since there is no information available about the 

variances. ,

Once the statistical test is identified, the next step concerns 

the establishment of a hypothesis which can be tested. As Bird (1970, 

p. 115) notes, the Null Hypothesis of any statistical experiment is a 

tentative statement concerning the parameters of the populations from 

which the samples are drawn. In this case, the Null Hypothesis can be 

given as;

Ho ; U = U x y

where; U = the true mean of the population for both types of vehicles 
x in the passing position

U = the true mean of the population for both types of vehicles 
y when each is alone on the roadway

The alternative hypothesis can be defined similarly as:



This means that.the true mean could vary either above or below the 

hypothesized value. A similar hypothesis can be established for the "F" 

test in testing whether the standard deviations of the two normal dis

tributions are equal.

As the hypothesis is formulated, the accuracy requirements of 

the test must be determined. As is generally known, there are two pos

sible errors which could be made. The first type of error occurs as the 

Null hypothesis is rejected where it should have been accepted. This is 

known as the ot 9 or type I error. Alternatively, the second type of 

error is made whenever the Null hypothesis is accepted when it should 

have been rejected. This is known as the 3, or type II error. For the 

"t" test, it is assumed that the ct error considered appropriate is equal 

to .05.

The difference to be detected for the motor vehicle population 

is initially established as 24 inches. The difference for the bicycle 

population is set at 18 inches. These deviations from the respective 

true population means are the critical difference for which the experi

ment is designed. An accuracy level of a equal to .05 is also deemed 

appropriate for the "F" test. The difference to be detected initially 

is that one standard deviation is twice as much as the other. Therefore, 

at the significance level of ot equal to .05, the probability of accepting 

the Null hypothesis (1-ot ) is 95% for both tests. For the "t" test on 

the means, the 3 or type II error is set at .05. For the "F" test on 

the standard deviations, the 3 error is established at ,10. Bird (1970,
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p. 89) notes that working conventions usually restrict the a and 3 er

rors to values between .01 to .10. The alternative Null hypothesis for

the "t" test would be the probability of accepting H only 5% of theo
time. Similarly for the "F" test, the alternative Null hypothesis 

would be the probability of accepting Hq only 10% of the time.

The fourth step concerns the selection of the sample size. This 

process can be simplified by the use of appropriate operating character

istics (OG) curves . These curves relate the sample size to the 8 error 

with respect to the hypothesized difference which is to be detected.

This difference is to be detected at a specific accuracy level of sig

nificance of & . Bird (1970, p. 103) has developed 0C curves represent

ing sample size values, both for the two parameter "t" test, and the two 

parameter "F" test at the level of significance for a equal to .05.

These curves are displayed in Figures 8 and 9. They were used to design 

the sample sizes required in this study. Therefore, given the difference 

to be, detected and the 8 error, the sample size can be selected from the

OC curves. The abcissa of the OC curve is defined as: „
j, difference .d‘ = -— '— — — ---cy

where; d = the abcissa of the OC curve

difference = the absolute value of the critical difference to 
be detected

a = the standard deviation

Once the sample size is determined, the control limits for the acceptance

of the Null hypothesis can be established. The acceptance limits are

based on critical values of the test statistic for the particular test

conducted. This is normally expressed in the form lower limit S <_
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upper limit. It means that the Null hypothesis would be accepted if the 

test statistic S lies within the acceptance limits (L, U).

Step six concerns the actual collection of data in accordance 

with the requirements of the statistical test conducted. As done in 

this study* an initial sample is Selected at random. This pilot sample 

gives an indication of the population mean and variance values which may 

be expected. Results of the pilot sample are then.used to design the 

actual experiment which is to be conducted. If, on the other hand, data 

is collected without predesigning the statistical test, the tests applied 

later cannot be expected to.give the same accuracy and may even give 

misleading results due to the fact that the researcher has obviously 

not concerned himself with the risk of accepting the Null hypothesis 

when in fact it should be rejected. Also related to observation taking 

and use of this data is the concept of pooling both the study's design 

sample and the final field data. While Stein's Two Stage Sampling 

Procedure treats this situation, due to the learning function of the 

design sample and the fact that more than the required number of obser

vations were available through the final study, no pooling was utilized 

in this study.

Following the data collection phase, the sample test statistic 

is calculated. The test statistic normally consists of parameters of 

the sample, such as the sample mean and Variance. The test statistic 

varies with each specific test applied.

The last step in this systematic approach involves making a com

parison of the computed sample test statistic with the acceptance limits. 

If the sample test value lies within the acceptance limits, the Null



hypothesis is accepted. If, alternatively, the test statistic falls 

outside the acceptance region, the Null hypothesis is rejected. This 

step completes the analysis and gives the information for which the 

test was designed.



CHAPTER 4

DISCUSSION OF RESULTS

This chapter presents, the results of the analysis of the field 

data collected for this study. The results of the statistical tests 

applied are also discussed. Further9 certain conclusions reached con

cerning the bicycle and motor vehicle placements with respect to a sug

gested minimum roadway width are examined. Finally, the results of a 

recent study which examined the effect of similar traffic situations are 

discussed.

Pilot Project

As discussed in the previous chapter, a pilot sample of 20 traf

fic situations was collected for information concerning the design of 

the statistical tests applied. The results of these observations are 

listed in Tables 5 and 6. -

Results from the initial sample indicate that presence of bicy- - 

cles on the roadway produce a motor vehicle placement shift of 23.11" 

toward the center line. The wider range in vehicle placements when the 

automobile and bicycle are on the roadway separately simply points to 

their greater freedom of lateral movement. An unusual occurrence is 

noted in the motor vehicle passing situations. Here, the standard devia

tion from the mean is about 6 inches greater than that of the cars 

occupying the roadway alone. Motor vehicles placed in the passing 

position are expected to be more confined in view of the narrower roadway

47
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Table 5. Automobile Placements —  Lateral Distances from the Curb(Pilot),

Automobiles
Alone

Automobiles in 
Passing Situation

1. Sample Size 20 20
2. Range 66.16" 54.98"
3. Mean 120.06" 143.17"
4. Variance 326.35 601.65
5. Standard Deviation 18.07" 24.53"

Table 6. Bicycle Placements — Lateral Distances from the Curb (Pilot).

Bicycles Bicycles in
: Alone Passing Situation

1. Sample Size 20 20
2. Range 58.89" 50.68"
3. Mean 48.33" 40.18"
4. Variance 337.56 147.07
5. Standard Deviation 18.37" 12.13"
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width available. However, the result listed on Table 5 is contrary to 

this expectation. On the other hand, the results listed in Table 6 con

firm the trends expected. The standard deviation of the bicycle mean 

placement is about 6 inches less than that of the cyclist occupying the 

roadway alone. As observed, bicycles tend to confine themselves to a 

placement close to the curb. The variance of these placements is re

duced and the resulting standard deviation is less than that of bicycles 

moving unrestrained. In this case, the effect on bicycles due to the 

presence of motor vehicles is a placement shift of 8.15 inches toward 

the curb. For the cyclists, their range of placements is wider when 

they are alone on the roadway than where they occupy it jointly with 

motor vehicles. This result again demonstrates the greater latitude in 

lateral displacements normally available to bicycles when they occupy 

the roadway separately.

Final Project

Results from the final sample of 80 traffic situations studied 

are listed in Tables 7 and 8.

Similar to the effects measured in the pilot project, the results 

from the final sample indicate that the presence of bicycles on the same 

right-of-way causes a motor vehicle lateral displacement of 19.91" toward 

the center of the roadway. Alternatively, the presence of the auto

mobiles on the same roadway produces a bicycle placement shift of 13.66" 

toward the curb. These displacements are shown in Figure 10. Because 

of the unspecified space normally available for bicycles, this shift 

seems more significant. Further, the traffic situations described above
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Table 7. Automobile Placements —  Lateral Distances from the Curb (Final)„

Automobiles
Alone

Automobiles in 
Passing Situation

1. Sample Size 80 80
2. . Range 99.83" ' 93.62"
3. Mean 116.08" • 135.99"
4. Variance 497.69 - 338.27
5. Standard Deviation 22.31" 18.39"

Table 8. Bicycle Placements — Lateral Distances from the Curb (Final),

Bicycles Bicycles in
Alone Passing Situation

1. Sample Size . 80 80
2. Range 76.19" 38.52"
3. Mean 51.64" 37.98"
4. Variance 291.26 84.04
5. Standard Deviation 17.07" 9; 17"
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CASE I: MEAN VEHICLE PLACEMENT
116.08"

CASE III: DISPLACEMENT
EFFECT FROM SHARING 
ROADWAY

19.91'

CASE II: MEAN BICYCLE PLACEMENT

(not to scale)

shift

raised
curb

37.98",

shift 3.66"

51.64"

Figure 10. Vehicle and Bicycle Displacements.
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produce a net clearance of 98" between the mean motor vehicle and bicycle 

placements. The data listed in the preceding tables generally shows 

that the vehicle types studied exercise greater freedom of lateral dis

placement when each type is on the roadway alone. The same results 

would also indicate that their lateral displacements are restrained by 

the presence of other vehicle types whose characteristics are incom

patible with their own. Less variability about the mean is noted in the 

placement of both vehicle types when each is positioned in a passing 

situation. The lowest standard deviation from the mean was recorded by 

the bicycle placement in this traffic situation. This deviation is 

about one-half of that registered for the bicycle placed alone on the 

roadway. It would appear from the roadway characteristics and traffic 

conditions noted at this site that the cyclist generally hugs the curb 

when he is faced with a passing situation.

Unlike the unexpected situation recorded in the initial and much 

smaller, sample, the motor vehicle's placement in the passing situation 

registers a lower standard deviation than that of its unrestricted posi

tion on the roadway. In this sample, the standard deviation from the 

mean is about 4" lower, and it is registered in the expected direction. 

This particular relationship of the before and after case is considered 

the normal occurrence, and it corresponds with the actual observations 

on the field.

The Significance Tests

As indicated in the previous chapter, the central tendencies of 

both vehicle types studied were first analyzed in order to assimilate
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their variability. To determine which of the statistical distributions 

it approximates? the data collected in the initial as well as in the 

final sample was plotted. These visual plots of the frequency assimila

tions are displayed in Figures 11, 12, 13, and 14. The graphs show the 

cumulative percent of sample observations plotted against the interval 

ranges of motor vehicle and bicycle lateral distances from the curb.

Based on an observation of these visual representations, it is assumed 

that the cumulative relative distributions displayed approximate a nor

mal frequency distribution. Therefore, the central limit theorem dis

cussed earlier is applied.

The difference to be detected in the motor vehicle population 

was initially set at 24 inches. Similarly, the difference for the 

bicycle population was established as 18 inches. These assumed limits 

of variable placements on either side of the mean were compared with 

the standard normal form at one standard deviation. These findings 

indicate that at least 67% of the motor vehicle and bicycle placements 

are located within the limits described above. The results from the 

samples taken are listed in Table 9 which summarizes the results' of the 

ntn test on the mean placements.

The nt!t Test on Mean Placements •

The two-parameter "t" test was used to test the mean placements 

of the before and after case described earlier. The Null hypothesis 

states that the true mean of the population in a passing situation is 

equal to the true mean of the population positioned alone on the roadway. 

The alternative hypothesis indicates that the true mean could vary either
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above or below the hypothesized value. This applies to both the motor 

s '  -
vehicle and bicycle mean placements. At a level of significance of a

equal to ,05, the Null hypothesis would be accepted with 95% confidence.

Alternatively, for a 3 error of .05, would be accepted only 5% of the •

time. Given the accuracy specified and the difference to be detected in

the means, the sample size of the final sample was designed with the use

of the OC curves listed in Figure 8.

The minimum sample size was initially established at 32 observa

tions for each of the traffic situations studied. The control limits 

for the level of significance established are listed in Table 9. Later, 

as it became evident that a greater than originally specified final 

sample would be available, the limit of accuracy was further improved by 

reducing the difference for the same level of significance. As noted in 

Table 9, the new limits of detection for the final sample would be 18 and 

12 inches, respectively, on either side of the motor vehicle and bicycle 

mean placements. For this revised accuracy level, the sample required a

minimum of 41 motor vehicle traffic situations and 63 bicycle observa

tions in each of the categories studied.

A final sample of 80 observations in each of the before and 

after traffic situations studied was recorded. The "t" statistic and 

the appropriate lower and upper control limits of the test are also 

listed in Table 9. Since the test statistic falls outside the acceptance 

region in both situations, the Null hypothesis is rejected. Therefore, 

the test results are significantly different at this level of accuracy.

The test statistic for the two-parameter "t" test is defined 

as: .



where: t = the two-parameter "t" test statistic

ri = the sample size of the first population 

n = the sample size of the second population

= the i ^  observation for the first population
t i l= the i observation for the second population

E(x^-x)^ + E(y^-y)^ = the total variability about the mean 

x - y = the difference between the means

The "t" statistic provides the critical values for either re

jecting or accepting the Null hypothesis at a particular level of 

accuracy. A brief analysis was made to determine which changes in its 

controlling variables could possibly yield a statistic which lies within 

the acceptance region. Table 10 lists the results obtained. To measure 

the effect on the "t" statistic, three hypothetical cases were assumed. 

The results of the before and after motor vehicle traffic situation were 

used as a basis of comparison. In the first case, the sample size and 

the difference between the means were increased. In the second, the 

total variability of the data was increased while holding the difference 

between the means constant. The percent increase in the sample size re

mained the same as that of the total variability. In the last case, the 

difference between the means was reduced by an amount equal to the per

cent increase in the sample size. The total variability about the means 

was held constant.



Table 10. Effect on nt?! Statistic by Changes in Its Controlling Variables.

Case Percent Sample Size x-y Total "t"
Control
Limits Significant

Increase Variability Statistic L U

0 19.91" 66,041 6.09 -1.97 +1.97 ' no

I 25 100 24.89" Constant 9.74 -1.96 +1.96 no

100 160 39.82" Constant 25.12 -1.96 +1.96 no

II
25 100 Cons tant 82,551 6.96 -1.96 +1.96 • no

100 160 Constant 132,082 8.87 —1.96 +1.96 no

III
25 100 14.73 * Constant 5,76 -1.96 +1.96 no

100 160 9.96 * Constant 6.28 -1.96 +1.96 no

*.decreased while sample size is increased
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The changes noted in the first two cases produced a greater 

separation between the "t" statistic and the acceptance region. It is 

interesting to note that the particular changes assumed in the first 

condition of the third case produced the only move of the "t" statistic 

toward the acceptance region. It is highly unlikely, however, than an 

increase in the sample size could produce such a decrease in the dif

ference between the means and, simultaneously, maintain the level of 

variability about the mean constant. Due to the particular roadway and 

traffic characteristics noted at this site, a further increase in the 

sample size would probably not produce any significant changes in the 

mean placements of bicycles and motor vehicles obtained in this study. 

The difference between the means should stabilize near the level studied 

while the total variability could increase further.

The "F" Test on the Standard Deviations 

The two parameter "F" test was used to test whether the standard 

deviations from the means of the two populations described earlier are 

equal. The Null hypothesis, as well as its alternative, were set up as 

follows:

V  -V. “

Ha ! V  V  '

As before, the Null hypothesis would be correctly accepted 95% of the 

time at a level of significance of a equal to .05. Alternatively, for 

the 6 error of .10, the probability of accepting Hq would be 10% of the 

time if one of the standard deviations is twice as much as the other. 

Based on the specified level of accuracy, the sample size of the final
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sample was designed with the use of the OC curves displayed in Figure 9. 

The minimum sample size in this case was established at 25 observations 

for each of the traffic situations required. The final sample size was 

later standardized at 80 observations for all of the situations studied. 

The control limits and the "F" statistic computed for this test as well 

as the accuracy level required9 are listed in Table 11. These results 

show.that in the bicycle traffic situations, the "F" statistic lies out

side the acceptance region. But, in the motor vehicle traffic situa

tions, the test statistic lies within the control limits established.

The Null hypothesis, therefore, is rejected in the bicycle case while 

it is accepted in the automobile case. The original assumptions and 

earlier discussions made in connection with the motor vehicle placements 

would be considered valid.

Effect of Vehicle Placements on Roadway Design Width 

As noted earlier, the lateral displacement effects which the 

different vehicle types produce on each other can be very useful in geo

metric design applications. The following will attempt to relate the 

effect caused by each of the two modes studied to the relative roadway 

space which is required for their safe movement in a common right-of-way. 

As shown in Figure 15, this is done by correlating the positioning of 

the two vehicle types when each is placed in a passing situation, with 

the safe clearance each type needs between its movement stream and that 

of other obstructions. Such obstructions include the horizontal clear

ance to the edge of the raised curb and the clearance to the center line 

of the roadway. The critical distances and clearances which were used



Table 11. "F" test oh the Standard Deviation.

Accuracy Control Test Signif
Actual Traffic Standard Design Difference Significance Limits Statistic icant
Sample Situation Deviation "n" Detected Level L U "F"

Vehicles: 25 ax/ay=2 . d 
8
= .05 . 

.10 .40 2.26 —  . — —

Alone 18.07"

Pilot
(20)

Passing 

Bicycles:

24.53"

25 ax/ay=2 a
8

.05

.10 .40 2.26
Alone .18.37" V

Passing 12.13"

Vehicles: 
Alone 22.31"

25/80 ax/ay=2 a
8

.05

.10 .62 1.62 1.47 Yes

Final
(80)

Passing

Bicycles:
Alone
Passing

18.39"

17.07"
9.17"

25/80 ax/ay=2 a
8

.05

.10 .62 1.62 3.47 No

E^: ax = ay ax f ay

o\
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to compute the minimum roadway widths for the motor vehicle categories 

studied are summarized in Figure 15. These requirements.are based on 

the following assumptions:

1. The critical traffic condition occurs when the motor vehicle 

and the hicycle are placed in a passing situation.

2. A clearance of 24 inches between the center line of the road

way and the side of a moving automobile is considered the minimum re

quired. This clearance is derived from Marks' recommendation (1974,

p. 163) concerning the minimum width necessary to separate opposing 

traffic streams.

3. The overall automobile width is an average width which 

corresponds to that of the reference distance used in each of the 

categories examined, the rear tire track.

4. The clearance between the motor vehicle and bicycle posi

tions is based on the distance between their mean placements when these 

are located in a passing situation.

5. The minimum effective width of the bicycle lane is taken as 

twice the standard deviation of its mean placement in the unconfined 

traffic situation, that is, when the bicycle occupies the roadway alone. 

The measurement of twice the standard deviation accounts for the varia

tion on either side of the mean. Geared to increase the measure of 

safety in the lateral movements, the effective width is based on the 

results of the unrestricted bicycle placements rather than on those of 

the confined bicycle when it is positioned in a passing situation.

6. A clearance of 12 inches between the edge of the raised curb 

and that of the bicycle lane is considered adequatej
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As shown in Table 12, the minimum roadway space required for 

each of the vehicle categories examined -ranges from a base of about 35 

feet for foreign automobiles up to a width of at least 37 feet for the 

American full-sized cars. These results seem to indicate that the 

existing roadway width of 36 feet is not wide enough to accommodate the 

intermediate and full-sized vehicles when each is faced with a passing 

situation. This fact seems to substantiate to a great extent the vehi

cle behavior discussed earlier. A recommendation based on the foregoing 

geometric analysis would require an overall roadway width of at least 37 

feet in order to accommodate two vehicles and two bicycle lanes carrying 

traffic moving in opposite directions.

As a check on the above results, several key statistics were 

compared with those of a frequently quoted authority (Institute of 

Transportation and Traffic Engineering, 1972, p. 85). These statistics, 

which are listed in Table 13, concern a Class III bike route. This 

classification is for any bikeway which shares its through traffic 

right-of-way with moving motor vehicles. No parking is allowed.

This study’s findings on the requirements for a minimum roadway 

width seem to be given additional support by the third criterion listed 

in Table 13. Based on these criteria recommendations, the assumptions 

made in this analysis, coupled with the empirically derived placement 

estimates, show the inadequacy of the roadway geometries at this study 

site.



Table 12. Computed Minimum Roadway Width Requirements.

Vehicle Category Vehicle Roadway Space Required
Tire Track Overall Width Curb to 

Center Line
Overall 

(Curb to Curb)'

Full Sized 

Intermediate 

Compact 

Subcompact 

Foreign

63"

60"

57"

55"

52"

80"

78"

73"

66"

65"

222.5"

220.0"
216.0"

211.5"

209.5"

445" (37' 

440" (36' 

432" (36' 

423" (35' 

419" (34'

1")
8")
0")
3")

11")
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Table 13. Horizontal and Other Clearances.

Description Minimum Recommended
(in feet)

1. Horizontal clearance to obstructions.
including clearance to raised curb. 0.8 to 1.6

2. Minimum effective width per single,
one-way lane. 3.3

3. Minimum roadway space required over 
the entire cross-section as a 
function of the number of effective
through motor vehicle traffic lanes, 2(7.5) + 2(11) = 37
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Vehicle Displacement Results of a Recent Study 

A recent study conducted in the vicinity of Purdue University 

concerned a determination of the effects of the operation of bicycles on 

the operation of motor vehicles when the two modes share a common road

way (Jilla, 1974). The research work was conducted at four sites over 

a period of five months. The study was divided into three phases of 

bicycle flow rates (light, medium, and heavy). The findings indicate
. • X . .

that bicycles and bicycle lanes result in a small decrease of motor 

vehicle speeds and a slight shift of automobile displacements toward 

the center line of the roadway. The study measured three primary vari

ables. These were the motor vehicle speed, the vehicle displacement, 

and flow rates of bicycles and motor vehicles.

Two of the four traffic conditions researched concerned place

ment relationships similar to those examined in this study. These in

volved the placement of a motor vehicle traveling alone on the street as 

compared to that of a motor vehicle located adjacent to a bicycle. Re

sults of research data conducted on two of the streets were selected 

for comparison with similar data from this study. This information is 

summarized in Table 14. The factors of similarity considered in the 

selection of the two sites included the peak hour bicycle traffic, the 

kind and number of traffic lanes, the roadway geometries, and the street 

location with respect to that of the University.

The techniques of data collection used in the Purdue study were 

quite different from those applied in this study. The Purdue method 

involved a visual observation of displacement with the aid of segmented 

tape applied at various cross-section intervals on the roadway. The



Table 14, Comparison of Vehicle Displacement Results

Description Purdue Study Arizona Study
Third St. Salisbury St. Mountain Ave.

1. Street classification Collector Arterial Collector

2. Width of roadway (feet) 29 40 36

•3. Minimum width of bicycle lane (feet) 3,67 4.33 not marked

4. Posted speed limit (mph) 30 35 30

5. Peak hour, one way, bicycle volume 
count (bicycles .per hour) 182 126 144

6. Sample Size* 82/49 62/51 80/80

7. Maximum mean displacement due to 
presence of bicycle (feet) 1.86 1.45 1.66

8. Statistical test "t" for mean "t" for mean "t" for mean

9. Level of significance 90% 90% 95%

10. Result of test Significantly
different

Significantly
different

Significantly
different

* Sample size; motor vehicle placed alone on roadway/motor vehicle occupying roadway with 
bicycle.



experiment was designed with displacement measurements to be recorded 

only to the nearest foot. The statistical testing of the data concerned 

an application of the !rtn test on the means between the various cases 

researched. The confidence level of significance was established at a 

equal to .10, or a probability of accepting the Null hypothesis 90% of 

the time. The Null hypothesis was that there would be no significant 

difference between the means of any two cases compared. The alternative 

hypothesis was that ,there was a significant difference between the means. 

It is interesting to note that in most cases of the Purdue study, the 

sample sizes were less than the computed minimum of 68. It would seem 

that since 68 was calculated to be the minimum sample size, the statis

tical tests performed on those less than the minimum would have limited 

validity.



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS 

Summary

The objective of this study was to measure the lateral displace

ment of automobiles due to the presence of bicycles in a common right- 

of-way. It involved the application of a terrestrial photographic tech

nique of remote measurement-taking which was reported in a recent re

search project at The University of Arizona (O'Grady, 1973). The motor 

vehicle displacements were measured by comparing the placement changes 

which occur when both vehicle types occupy the same roadway under vary

ing conditions. The changes in those placements were later examined to 

assess the lateral effect each vehicle type produced on the other. This 

analysis included an application of statistical tools generally referred 

to as significance tests. Based on the application of these tests, 

certain conclusions were drawn about the mean and variance of the 

measurements taken on the traffic situations studied. The conclusions 

and recommendations resulting from an analysis of the data collected 

and from the results of these significance tests are presented below.

Conclus ions

The following conclusions result from an analysis of the data 

collected for this project and from the statistical tests applied:

74
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1. The presence of bicycles on the same right-of-way produced a 

motor vehicle placement shift of. 19.91 inches toward the center of the 

roadway.

2. Alternately, the presence of automobiles in a common roadway 

resulted in a bicycle displacement of 13.66 inches toward the curb.

3. The traffic conditions studied produced a net clearance of 

98 inches between the mean placement of the motor vehicle and the bicycle 

when both are positioned in a passing situation.

4. These results indicate that the vehicle types studied exer

cise greater freedom of lateral displacement when they do not share the 

roadway with a different transport mode. Their lateral movements are 

restrained by the presence of other vehicle types whose characteristics 

are incompatible with their own.

5. The lowest variability and the smallest standard deviation 

from the mean were recorded by bicycles positioned in a passing situa

tion. The standard deviation from the mean of this placement was about 

one-half of that for the bicycle placed alone on the roadway. Based on 

this information and on observations at the site, it is determined that 

the cyclist normally hugs the curb when he is faced with a passing 

situation.

6. Visual plots of the data collected appear to indicate that 

their frequency distributions, approach normality. The assumed limits of 

the data’s variable placements on either side of the mean were compared 

with the standard normal form at one standard deviation. The results 

indicate that at least 67% of the placements are located within the 

assumed limits.
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7. The two-parameter "t" test was used to test the mean place

ments of the traffic situations studied. Test results were signifi

cantly different at a 95% level of significance. The Null hypothesis 

of no difference in the population means was accordingly rejected.

8. The two-parameter "F" test was used to test the standard 

deviations from the means of the motor vehicle and bicycle traffic cases 

studied. Test results were significantly different for the bicycle case 

at a 95% level of significance. However, test results proved to be equal 

for the. motor vehicle case at the same level of significance. The Null 

hypothesis is therefore accepted for the automobile situations, and the 

original assumptions concerning the vehicle placements are considered 

valid. These assumptions are: (a) The Standard deviations of both motor 

vehicle populations are equal at a confidence level of 95%; (b) Due to 

the narrow pavement width, automobiles tend to locate toward the center 

line of the roadway. As a result, their normal pattern of lateral place

ment in a passing situation is restricted.

9. The effects caused by the relative placements of the two 

vehicle types studied were related to the roadway space required for 

their safe movement in a common right-of-way. The minimum roadway space 

required for each of the vehicle categories examined ranges from a base 

of about 35 feet for foreign automobiles up to a width of at least 37 

feet for the American full-sized cars.

10. A check on the use of the bicycle tire diameter was con

ducted to determine its feasibility as an alternative reference distance. 

This was required to record the bicycle placements for the traffic con

dition in which the bicycle is alone on the roadway. Results indicate
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that a random error in the order of about 1.5% can be expected. This 

level of accuracy is considered adequate for the standard established.

Recommendation on Geometric Design 

As indicated earlier, the lateral displacement effects which the 

two vehicle types studied produce on each other were examined in rela

tion to the minimum roadway width needed for their safe movement in a 

shared right-of-way. This was done by correlating the positioning of 

the two vehicle types in a passing situation with the safe clearance 

needed between their movement stream and that of other obstructions. Re

sults indicate that the existing roadway width of 36 feet is not wide 

enough to accommodate the intermediate and full-sized cars when these 

are located in a passing situation. Based on the traffic conditions 

studied at this site, it is recommended that an overall roadway width of 

at least 37 feet should be required to accommodate two motor vehicle and 

two bicycle lanes carrying traffic moving in opposite directions^ This 

concerns a motor vehicle lane of 11 feet and a bicycle lane with an 

effective width of 3 feet.

Recommendations for Further Study 

Further research is recommended to provide more specific informa

tion concerning the safe movement of different modes of transport in a 

shared right-of-way. The following are suggested as a means to further 

refine results from this study in addition to providing useful data in 

related activities: '



1. Investigation of alternate methods of field measurement-

taking to further improve the accuracy of data collection and further

minimize bias of results.

2. Examination of the effects produced on the relative lateral 

placements of the two vehicle types studied by taking into considera

tion changes in the following variables;

a. width of the roadway

b. flow rates of motor vehicles and bicycles

c. speed of motor vehicles

d. one-way vs. two-way traffic

3. Examination of the effects of bicycles on traffic flow by

studying their relative placements under the following varying conditions;

a. streets not designated bike routes

b. streets with marked lanes

c. streets without bikeway signs and pavement markings

4. Investigation of the effect produced on the width of the 

bicycle lane from an examination of the following geometric characteristics

a. horizontal clearance to obstructions

b. grades over 1.5%

5. Study of cyclist behavior both while he shares a common 

roadway with other vehicle types and while he crosses intersections.

Such information" is very useful in improving the margin of safety in

corporated in the various design configurations.



APPENDIX A

DATA FOR PILOT STUDY

Legend for All Tables in Appendix A

R = Reference distance - auto rear tire track a
R = Scaled distance - auto rear tire track s

D ^  = Scaled distance - auto rear right tire to edge of curb

Dg = Calculated distance - auto rear right tire to edge of curb

R ^  = Reference distance - bicycle tire diameter

R , = Reference distance - bicycle tire diameter si
Dg^ = Scaled distance - bicycle tire track to edge of curb 

D^ = Calculated distance - bicycle tire track to edge of curb
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Table Al. Traffic Situations - Moving Alone.

Automobile Placements Bicycle Placements
Item
No. D2 CM

IQ1CM
Q

(D2"D2)2
Item
No, D1 Dr 5i (Dr 5i)2

1 130.06 10.00 100.00 1 30.21 18.12 328.33
2 104.74 15.32 234.70 2 33.97 14 . 36 206.21
3 116.24 3.82 14.59 3 39.67 8.66 75.00
4 104.74 15.32 234.70 4 41.87 6.46 41.73
5 107.33 12.73 162.05 5 86.03 37.70 1421.29
6 125.50 5.44 29.59 6 54.22 5.89 34.69
7 156.33 36.27 1315,51 7 60.10 11.77 138.53
8 112.78 7.28 53.00 8 34.28 14.05 197.40
9 120.26 . 0.20 0.04 9 85.44 37.11 1377.15

10 90.17 29.89 893.41 10 46.37 1.96 3.84
11 133.67 13.67 186.87 11 80.23 31.90 1017.61
12 101.95 18.11 327.97 12 40.73 7.60 57.91
13 125.33 5.27 27.77 13 40.84 7.49 56.10
14 137.97 17.91 320.77 14 27.68 20.65 426.42
15 137.79 17.73 314.35 15 56.17 7.84 61.47
16 145.12 25.06 628.00 16 50.77 2.44 5.95
17 132.32 12.26 150.31 17 60.06 11.73 137.59
18 95,87 24.19 585.16 18 27.14 21.19 449.02
19 96.09 23.97 574.56 19 30.76 17.57 308.70 .
20 126.94 6.88 47 . 33 20 40.03 8.30 68.89

Sum 2401.20 6200.68 Sum 966.57 6413.69

Mean 120.06" Mean 48.33"

Variance 326.28 Variance 337.56

Standard
Deviation 18.07" S tandard 

Deviation 18.37"
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Table A2, Traffic Situations - Passing Position,

Automobile and Bicycle Joint Placements

Automobiles Bicycles
Item
No. »2 d2-d 2 (d2-d 2)2 Di Dr 5i <Dr 5i>2

1 142.71 0.46 0.21 1 51.90 11.72 137.36
2 146.36 3.19 10.18 2 31.67 8.51 72.42
3 155.50 12.33 152.03 3 40.66 0.48 0.23
4 118.89 24.28 589.52 4 31.59 8.59 73.79

' 5 125.90 17.27 296.18 5 23.44 16.74 280.22
6 134.33 8.84 78.15 6 18.54 21.64 468.29
7 133.95 9.22 85.01 . 7 38.02 2.16 4.67
8 151.52 8.35 . 69.72 8 56.00 15.82 250.27
9 226.87 83.70 7005.69 9 69.22 29.04 843.32

1 142.03 1.14 1. 30 10 54.56 14.38 206.78
11 146.40 3.23 10.43 11 34.16 6.02 36.24
12 166.09 22.92 525.33 . 12 45.20 5.02 25.20
13 111.11 32.06 1027.84 13 31.77 8.41 70.73
14 117.58 25.29 639.58 14 40.04 0.14 0,02
15 152.63 9.46 89.49 15 37.18 3.00 9.00
16 131.58 11.59 134.33 16 35.02 5.16 26.63
17 155.20 12.03 144.72 17 49.26 9,08 82.45
18 148.95 5.78 33.41 18 26.99 13.19 173.98
19 134.00 9.17 84.09 19 44.74 4.56 20.79
20 121.86 21.31 454.12 20 43.64 3.46 11.97

Sum 2863.46 11,431.33 Sum 803.60 2,794.36

Mean 143.17" Mean 40.18"

Variance 601.65 Variance 147.07

Standard
Deviation 24.53" Standard

Deviation 12.13"
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Table A3. Automobile Placements.

Traffic Situation - Moving Alone

Item,
No. Ra Rs Ds 2 D2 Vehicle Model and Year

1 58.9" 4.13" 9.12" 130.06"1 Chevy Nova * 74
2 53.1 4.37 8.62 104.74 Volvo 142 Sedan *68
3 52.0 3.78 8.45 116.24 Toyota Corona * 72
4 58.5 4.15 7.43 104.74 Ford Falcon *70

' i. 59.9 4.37 7.83 107.33 Chevy Malibu *72
6 63.4 4.38 8.67 125.50 Plymouth Fury * 74
7 58.5 3.60 9.62 156.33 Mercury Comet *68
8 59.0 4.63 8.85 112.78 Oldsmobile Cutlass *74
9 52.4 4.00 9.18 120.26 BMW 2000 Sedan *72

10 59.2 4.53 6.90 90.17 Chevy Malibu Sta. Wagon * 74
11 63.5 4.57 9.62 133.67 Ford Gran Torino Sta. Wgn. *
12 53.1 5.00 9.60 101.95 Volvo Sedan (144) * 70
13 53.1 4.08 9.63 125.33 Volvo 164 Wagon * 72
14 63.0 4.58 10.03 137.97 Ford Fairlane Sedan * 70
15 61.0 5.10 11.52 137.79 Mustang I *72
16 63.0 2.57 5.92 145.12 Ford Gran Torino Sedan * 70
17 57.0 3.33 7.73 132.32 AMC Gremlin * 7 3
18 60.0 3.68 5.58 95.87 Chevy Camero * 72
19 53.2 3.92 7.08 96.09 Volkswagen Beetle *72
20 50.0 2.45 6.22 126.94 Jeep, CT6 *74
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Table A4. Bicycle Placements.

Traffic Situation - Moving Alone

Item No, Ral Rsl , “si D1

1 27" 2,10" 2.35" 30.21"
2 27 1.55 1.95 33.97
3 27 1.62 2.38 39.67
4 27 2.47 3.83 41.87
5 27 2.47 7.87 86.03
6 27 2.45 4.92 54.22
7 27 2.30 5.12 60.10
8 27 1.52 1.93 34.28
9 ' 27 2.37 7.50 ’ 85.44

10 27 2.23 3.83 46.37
. 11 27 2.45 7.28 80,23

12 27 2.30 3.47 40.73
13 27 2 . 40 3.63 40.84
14 27 1.58 1.62 27.68
15 27 1.37 2.85 56.17
16 27 1.42 2.67 50.77
17 27 1.47 3.27 60.06
18 27 ‘ 1.87 1.88 27.14
19 27 1.58 1.80 30.76
20 27 1.43 2.12 40.03
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Table A5. Automobile and Bicycle Joint Placements.

Traffic Situation - Passing Position

Item
No. Ra Rs Ds 2 Dsl D2 D1

Vehicle Model 
and Year

1 55.6" 4.20" 10.78" 3.92" 142.71" 51.90" Mustang II '73
’2 58.5 3.55 8.92 1.93 146.36 31.67 Merc. Cougar '70
3 54.1 3,42 9.83 2.57 155.50 40.66 Chevy Vega '72
4 55.6 4.63 9.90 2.63 118.89 31.59 Dodge Dart '72
5 63.3 2. 70 5.37 1.47 125.90 23.44 Cadillac Coupe 

de Ville '70
6 51.0 3.77 9.93 1.37 134.33 18.54 Mazda Coupe '74
7 58.5 4.97 11.38 3.23 133.95 38.02 Mustang 1 '68
8 58.9 4.07 10.47 3.87 151.52 56.00 Chevy Nova *73
9 58,5 3.28 12.72 3.88 226.87 - 69.22 Mustang I * 70

10 61.0 3,32 7.73 2.97 142.03 54.56 Mustang I '74
11 59.9 2.77 6.77 1.58 146.40 34.16 Chevy Chevelle '1
12 60.0 6.17 17.08 4.65 166.09 45.20 AMC Javelin '73
13 . 60.0 2.70 5.00 1.43 111.11 31.77 Plymouth Fury * 7̂
14 61.0 2.62 5.05 1.72 117.58 40.04 Mustang I '73
15 50.0 2.85 8.70 2.12 152.63 37.18 Jeep CT6 '72
16 51.0 1.50 3.87 1.03 131.58 35.02 Mazda Coupe '72
17 62.9 3.83 9.45 3.00 155.20 . 49.26 Ford Torino '73
18 61.6 5,43 13.13 2.38 148.95 26.99 Plymouth Satel

lite '72
19 58.9 3.20 7.28 2.43 134.00 44.74 Chevy Nova '7 3
20 59.9 5.53 11.25 4.03 121.86 43.64 Chevy Malibu '74

V



APPENDIX B

DATA FOR FINAL STUDY

Legend for All Tables in Appendix B •

R = Reference distance - auto rear tire track a
R = Scaled distance - auto rear tire track s

D ^  = Scaled distance - auto rear right tire to edge of curb

Dg = Calculated distance - auto rear right tire to edge of curb

R ĵ = Reference distance - bicycle tire diameter

Rg^ = Reference distance - bicycle tire diameter

D ^ = Scaled distance - bicycle tire track to edge of curb 

D^ = Calculated distance - bicycle tire track to edge of curb

85
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Table Bl. Traffic Situations - Moving Alone.

Automobile Placements Bicycle Placements

I T  n2 D2-"D2 <D2-52)2
Item
No. 1 Dr 5i (Dr 5i)2

1 114.13" -1.95" 3.80
2 117.13 1.05 1.10
3 123.36 7.28 53.00
4 127.68 11.60 ' 134.56
5 110.39 -5.69 32.38
6 120.67 4.59 21.07
7 117.63 1.55 2.40
8 154.20 38.12 1453.13
9 137.91 21.83 476.55

10 145.10 29.02 842.16
11 108.28 -7.80 . 60.84
12 142.79 26.71 713.42
13 136.08 20.00 400.00
14 110.51 -5.51 30.36
15 126.29 10.21 104.24
16 152.28 36.20 1310.44
17 118,67 2.59 6.71
18 127.78 11.70 136.89
19 154.03 37.95 1440.20
20 111.38 -4.70 22.09
21 117.05 0.97 - 0.94
22 108.37 -7.71 59.44
23 104.84 -11.24 126.34
24 123.99 7.91 62.57
25 130.29 14.21 201.92
26 127.13 11.05 122.10
27 92.13 -23.95 573.60
28 125.13 9.05 81.90
29 111.39 -4.69 22.00
30 92.29 -23.79 565.96
31 130.88 14.80 219.04
32 110.30 -5.78 33.41
33 124.38 8.30 68.89
34 110.27 -5.81 33. 76
35 102.93 -13.15 172.92
36 125.64 9.56 91.39
37 153.65 37.57 1411.50
38 114.91 -1.17 1.37
39 143.77 27.69 766.74
40 94.54 -21.54 463.97
41 103.34 -13.00 169.00
42 127.12 11.04 121.88
43 102.64 -13.44 180.63
44 103.23 -12.85 165.12

1 40.74" -10.90" 118,81
2 40.99 10.65 113.42
3 64.01 12.37 153.02
4 43.78 -7.86 61.78
5 34.28 -17.36 301.37
6 42.84 -8.80 77.44
7 53.29 1.65 2.72
8 54.98 3.34 11.16
9 31.11 -20.53 421.48

10 82.41 30.77 946.79
11 56.79 5.15 26.52
12 88.43 36.79 1353.50
13 68.60 16.96 287.64
14 98.21 46.57 2168.76
15 56.43 4.79 22.94
16 56.04 4.40 .19.36
17 47.21 —4.43 19.62
18 41,13 -10.51 110.46
19 92.00 4,0.36 ■ 1628.93
20 46.33 -5.31 28.20
21 34.93 -16.71 279.22
22 23.34 -28.30 800:. 89
23 39.39 -12.25 150.06
24 22.02 -29.62 877.34
25 30.33 -21.31 454.12
26 38.64 -13.00 169.00
27 41.89 -9.75 95.06
28 32.09 -19.55 382.20
29 43.42 -8.22 67.57
30 34.16 -17.48 305.55
31 45.30 -6.34 40.20
32 75.35 23.71 562.16
33 74.53 22.89 523.95
34 33.00 -18.64 347.45
35 38.32 -13.32 177.42
36 38.17 -13.47 181.44
37 72.91 21.27 452.41
38 35.98 -15.66 245.24
39 66.89 15.25 232.56
40 68,06 16.42 269.62
41 50.81 -0.83 0.69
42 51.55 -0.09 0.01
43 53.84 2.20 4.84
44 69.09 17.45 304.50
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Table Bl. (continued)

Automobile Placements Bicycle Placements
Item
No. D2 D2-52 (d 2-d 2)2 Item

No. ' D1 Dr 5i (Dr 5i)2

45 82.06" -34.02" 1157.36 45 49.09" -2.55 6.50
46 119.62 3.54 12.53 46 40.70 -10.94 119.68
47 133.98 17.90 320.41- 47 42.84 -8.80 77.44
48 99.47 -16.61 275.89 48 33.17 -18.47 341.14
49 128.92 12.84 164.87 49 37.05 -14.59 212.87
50 98.18 -17.90 320.41 50 51.55 -0.09 0.01
51 114.04 -2.04 4.16 . 51 37.97 -13.67 186.87
52 132.32 16.00 256.00 52 45.41 -6.23 38.81
53 119.91 3.83 14.67 53 55.81 4.17 17.39
54 158.77 42.69 1822.44 54 86.06 34.42 1184.74
55 97.08 -19.00 361.00 55 71.70 20.06 402.40
56 125.80 9.72 94.48 56 45.73 -5.91 34.93
57 104.57 -11.51 132.48 57 53.47 1.83 3.35
58 . 114.74 -1.34 1.80 58 32.17 -19.47 379.08
59 58.94 -57.14 3264.98 59 76.61 24.97 623.50
60 ; 109.20 -6.88 47.33 60 67.29 15.65 244.92
61 102.07 -13.95 194.60 61 64.97 13.33 177.69
62 124.50 8.42 70.90 62 58.19 6.55 42.90
63 104.75 -11.33 128.37 63 33.19 -18.45 340.40
64 94.54 -21.54 463.97 64 . 55.89 4.25 18.06
65 115,03 -1.05 1.10 65 57.95 6.31 39.82
66 102.60 -13.48 181.71 66 74.55 22.91 524.87
67 125.16 9.08 82.45 67 61.35 9.71 94.28
68 111.89 -4.19 17.56 . 68 47.52 -4.12 16.97
69 113.19 -2.89 8.35 69 63.10 11.46 131.33
70 104.59 -11.49 . 132.02 70 55.34 3.70 13,69
71 131.64 15.56 242.11 71 34.91 -16.70 278.89
72 93.57 -22.51 506.70 72 33.84 -17.80 316.84
73 119.84 3.76 14.14 73 84.55 32.91 1083.07
74 109.95 -6.13 37.58 74 30.64 -21.00 441.00
75 72.67 -43.41 1884.43 75 38.21 -13.43 180.37
76 104.00 -12.08 145.93 76 62.38 10.74 - 115.35
77 105.63 -10.45 109.20 77 60.84 9.20 84.64
78 105.72 -10.36 . 107.33 78 53.35 1.71 2.92
79 122.33 6.25 39.06 79 49,39 -2.25 5.06
80 88.92 -27.16 737.67 80 30.90 -20.74 430.15

Sum 9,286.69 39,317.72 Sum 4,131.32 23,009.35

Mean 116.08" Mean 51.64"



Table Bl. (continued)
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Variance 497.69 Variance 291.26

Standard
Deviation 22.31" Standard

Deviation 17.07"



Table B2. Traffic Situations - Passing Position.
89

Automobile and Bicycle Joint Placements

Automobiles Bicycles
Item
No. D2 V 52 (d 2-52)2 Item

No. D1 Dr 5i <dV 5 i)2

1 120.78" -15.21" 231.34 1 46.41" 8.43" 71,06
2 152.76 16.77 281.23 2 47.43 9.45 . 89.30
3- 138.73 2.74 7.51 3 39.17 1.19 1.42
4 150.99 15.00 225.00 4 38.21 0.23 0.05
5 142.76 6.77 45,83 5 52.14 14.16 200.516 153.45 17.46 304.85 6 31.42 —6.56 43.03
7 139.19 3.20 10.24 7 36.33 -1.65 2.72
8 161.05 25.06 628,00 8 ' ■46.54 8.56 73.27
9 114.36 21.63 467.86 9 40.14 2.16 4.67

10 144.76 8.77 76.91 10 43.14 5.16 26.63
11 132.91 — 3.08 9.49 11 38.29 0.31 0.10
12 135.90 -0.09 0.01 12 39.60 1.62 2.62
.13 150.83 14 . 84 221.71 13 30.88 -7.10 50.41
14 159.00 23.01 529.46 14 43.36 5.38 28.94
15 152.53 16.54 273.57 15 47.86 9.88 97.61
16 148.72 12.73 162.05 16 31.52 -6.46 41.73
17 129.60 -6.39 40.83 17 47.92 9.94 98.80
18 152.25 16.26 264.39 18 22.50 -15.48 239.63
19 157.00 21.01 441.42 19 44.73 6.75 45.56
20 127.14 8.85 78.32 20 35.43 -2.55 6.50
21 153.49 17.50 306.25 21 53.01 15.03 225.90
22 99.48 -36.51 1314.06 22 43.69 5. 71 32.60
23 101.31 -34.68 1202.70 23 19.93 -18.05 325.80
24 124.92 -11.07 122.54 24 40.71 2.73 7.45
25 115.75 -20.24 409.66 25 28.83 -9.15 83. 72
26 141.48 5.49 30.14 26 48.62 10.64 113.21
27 102.86 -33.13 1097.60 27 39.15 1.17 1.37
28 112.71 -23.28 541.96 . 28 30.54 -7.44 55.35
29 140.83 4.84 23.43 . 29 50.00 12.02 144.48
30 137.37 1.38 1.90 30 37.14 —0.84 0.71
31 131.57 -4.42 19.54 31 39.20 1.22 1.49
32 71.22 -64.77 4195.15 32 27.13 -10.85 117.72
33 88.99 -47.00 2209.00 33 34.32 -3.66 13.40
34 141.98 5.99 35.88 34 . 40.49 2.51 6.30
35 146.78 10.79 116.42 35 .45.38 7.40 54.76
36 154.88 18.89 356.83 36 30.17 -7.81 61.00
37 131.49 —4.50 20.25 37 36.32 -1.66 2.76
38 134.86 —1.13 1.28 38 19.34 -18.64 347.45
39 123.72 -12.27 150.55. 39 20.62 —17.36 301.37
40 157.71 21.72 471.76 40 57.86 19.88 395.21
41 112.64 -23.00 529.00 41 54.29 16.31 266.02
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Table B2„ (continued)

Automobile and Bicycle Placements

Automobiles Bicycles
Item
No. v V 52 (d2-d 2)2 Item

No. D1 Dr 5i (Dr Di)2

42 115.25" 20.74" 430.15 42 29.70" -8.28" 68.56
43 146.54 10.55 111.30 43 26.58 -11.40 129.96
44 139.74 3.75 14.06 44 23.96 -14.02 196.56
45 134.05 — 1,94 3.76 45 34.30 —3.68 13.54
46 137.53 1.54 2.37 46 28.41 -9.57 91.58
47 126.82 -9.17 84.09 47 26.21 -11.77 138.53
48 149.49 13.50 ■ 182.25 48 26.38 -11.60 . 134.56
49 158.49 22.50 506.25 49 44.97 6.99 48.86
50 139.60 3.61 13.03 50 48.82 10.84 117.51
51 158.32 22.33 498.63 51 40.52 2.54 6.45
52 131.81 4.18 17.47 52 ■ 28.13 -9.85 97.02
53 131.71 4.28 18.32 53 56.36 18.38 337.82
54 108.87 27.12 735.49 54 41.45 ' 3.47 12.04
55 153.55 17.56 308.35 55 46.85 8.87 78.68
56 131.16 -4.83 23.33 . 56 35.54 -2.44 5.95
57 139.25 3,26 10.63 57 33.28 -4.70 22.09
58 145.75 9.76 95.26 58 50.72 12.74 162.31
59 147.61 11.62 135.02 59 42.52 4.54 20.61
60 142.31 6.32 39.94 60 35.40 -2.58 6.6,6
61 152.72 16.73 279.89 61 37.17 -0.81 . 0.66
62 152.71 16.72 279.56 62 35.44 -2.54 6.45
63 125,78 -10.21 104.24 63 39.03 1.05 1..10
64 133.99 —2.00 4.00 64 36.88 -1.10 1.21
65 136.42 0.43 0.18 65 49.67 11.69 136.66
66 96.28 39.71 .1576.88 66 19.65 -18.33 335.99
67 153.00 17.01 289.34 67 25.30 -12.68 160.78
68 109.11 26.88 722.53 68 40.24 2.26 5.11
. 69 131,41 4.58 20.98 69 26.58 -11.40 129.96
70 144.51 8.52 72.59 70 36.90 -1.08 1.17
71 149.50 13.51 182.52 71 40.70 2.72 7.40
72 143.32 7.33 53.73 72 44.19 6.21 38.56
73 126.43 -9.56 91.39 73 31.61 -6.37 40.58
74 121.85 14.14 199.94 74 26.39 -11.50 132.25
75 128.35 7.64 58.37 75 41.92 3.94 15.52
76 119.86 16.13 260.18 76 43.55 5.57 31.02
77 163.43 27.44 752.95 77 ‘ 48.98 11.00 121.00
78 153.70 17.71 313.64 78 34.08 -3.90 15.21
79 164,84 28.85 832.32 79 34.59 -3.39 11.49
80 143.64 7.65 58.52 80 45.36 7.38 54,46

Sum 10,879.55 26,722.95 Sum i3,038.17 6,639.29
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Table B2. (continued)

Mean 135.99" Mean 37.98"

Variance 338.27 Variance 84.04

Standard
Deviation 18.39" Standard

Deviation 9.17"



Table B3. Automobile Placements„
92

Traffic Situation - Moving Alone

Item R R . D \ D Vehicle Model and YearNo. a s s2 2

1 60.0" 7.15" 13.60" 114.13" AMC Javelin '74
2 59.0 6.80 13.50 117.13 Oldsmobile Cutlass *70
3 58.5 6.53 13.77 123.36 Ford Mustang '68
4 58.5 6.08 13.27 127.68 Ford Mustang Convertible '68
5 52.0 5.37 11.40 110.39 Datsun Sedan 1600 '72
6 63.3 6.62 12.62 120.67 Chevrolet Bel Air '66
7 57.1 5.00 10.30 ■ 117.63 AMC Hornet '74
8 52.0 4.63 13.73 154.20 Datsun Sedan * 72
9 55.6 7.22 13.63 137.91 Mustang Mach II '74

10 58.5 6.37 15.80 145.10 Mustang Sportscar '68
11 60.0 7.58 13.68 108.28 Fo rd To rino ' 7 4
12 56.5 5.67 14.33 142.79 Ford Maverick '74
13 51.8 5.55 14.58 . 136.08 Fiat 128 Sedan '72
14 60.0 5.50 10.13 110.51 AMC Gremlin '74
15 52.0 3.92 9.52 126.29 Toyota Corona Coupe '72
16 53.6 4.78 13.58 152.28 Chevrolet Vega Wagon '74
17 55.5 6.22 13.30 118.67 SAAB Sports Coupe '73
18 53.1 4.33 10.42 127.78 Volkswagen Beetle '74
19 59.0 5.60 14.62 154.03 Buick Skylark '70
20 64.0 7.47 13.00 111.38 Ford Galaxie Wagon *72
21 53.6 5.93 12,95 117.05 Chevrolet Vega '73
22 52.0 5.23 10.90 108.37 Toyota Corona Coupe '74
23 53.0 6.38 12.62 104.84 Datsun Sports Coupe '73 

Dodge Dart '7224 55.6 5.73 12.78 123.99
25 56.1 5.80 13.47 130.29 Audi 100 Ls '74
26 63.3 7.12 14,30 127.13 Chevrolet Impala '66
27 53.1 4.83 8.38 92.13 Volkswagen Beetle '72
28 54.5 5.88 13.50 125.13 Ford Capri '74
29 59.8 7.50 ' 13.97 111.39 Chevrolet Chevelle '72
30 53.6 7.80 13.43 92.29 Chevrolet Vega Wagon '73
31 59.3 6.42 14.17 130.88 Mercedes Sedan '74
32 60.0 6.00 11.03 110.30 AMC Gremlin '73
33 63.3 6.83 13.42 124.38 Chevrolet Bel Air '68
34 62.0 6.73 11.97 110.27 Chrysler Imperial '74
35 52.8 5.73 11.17 102.93 BMW 1600 Sports Sedan '74
36 60.0 6.70 14.03 125.64 AMC Ambassador '72
37 59.8 4.25 10.92 153.65 Chevrolet Chevelle '72
38 52.0 6.53 14.43 114.91 Toyota Corona Sports Coupe '74 

Volkswagen Beetle '7239 53.1 4.00 10.83 143.77
40 58.5 7.97 12.88 94.54 Mercury Cougar '68
41 52.8 6.53 12.78 103.34 BMW 1600 Sedan '72
42 53.1 6.37 15.25 127.12 Volkswagen Beetle '74
43 59.0 7.03 12.23 102.64 Oldsmobile F85 '70
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Table B3. (continued)

Traffic Situation - Moving Alone

Item R R D „ D0 Vehicle Model and YearNo, a s s2 2

44 52,0" 5.43 10.78" 103.23"' Fiat 125 Sedan ’72
45 55.8 7.33 10.78 82.06 Ford Pinto Sedan '74
46 60.0 6.33 12.62 119.62 AMC Matador '7 4
47 52.0 5.55 14.30 133.98 Fiat 125 Sedan '73
48 60.0 7.22 11.97 99.47 Ford Torino * 74
49 54.5 5.58 13.20 128.92 Ford Capri '72
50 60.0 7.70 12.60 98.18 Chevrolet Camaro '74
51 52.0 5.23 11.47 114.04 Toyota Coupe Corona '74
52 53.1 5.53 13.78 132.32 Volkswagen Beetle '73
53 60.0 6.92 13.83 119.91 Chevrolet Camaro '70
54 52.0 5.07 15.48 158.77 Toyota Corona Coupe '72
55 59.8 4.62 . 7.50 97.08 Chevrolet Chev. El Camino '1 l

56 53.1 5.50 13.03 125.80 Volkswagen Beetle '72
57 62.0 6.00 10.12 104.57 Chrysler le Baron '70
58 63.0 4.53 8.25 114.74 Cadillac Fleetwood '74
59 52.0 4.87 5.52 58.94 Fiat 125 Sedan '73
60 60.0 6.50 11.83 109.20 Ford Torino '72
61 58.9 7.00 12.13 102.07 Chevrolet Nova '74
62 53.1 5.60 13.13 124.50 Volkswagen Beetle '72
63 59.8 7.45 13.05 104.75 Chevrolet Chev. El Camino '7̂
64 62.5 7.47 11.30 94.54 Oldsmobile Delta '70
65 52,0 6.32 13.98 115.03 Toyota Coupe Corona '72
66 53.0 6.70 12.97 102.60 Datsun Sports Convertible ' 7/
67 53.1 5.77 13.60 125.16 Volkswagen Beetle '72
68 51.4 6.28 13.67 111.89 Toyota Celica Sports Coupe ' ’
69 53.6 6.00 . 12,67 113.19 Chevrolet Vega '72
70 60.0 7.40 12.90 104.59 Ford Torino '74
71 53.0 6.47 16.07 131.64 Toyota Corona Sedan '73
72 56.5 6.60 10.93 93.57 Ford Maverick '74
73 56.5 4.87 10.33 119.84 Ford Maverick '73
74 58.9 7.50 14.00 109.95 Chevrolet Nova '74
75 55,6 5.57 7.28 72.67 Dodge Dart '72
76 59.8 6.25 10.87 104.00 Chevrolet Chevelle '73
77 56.5 5.90 11.03 105.63 Ford Maverick '74
78 56.5 2,87 5.37 105.72 Ford Maverick '75
79 53.1 4.97 11.45 122.33 Volvo Coupe 142 '74
80 60,0 6.95 10.30 88.92 Chevrolet Camaro '70
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Table B4. Bicycle Placements.

Traffic Situation - Moving Alone

Item No, Ral Rsl Del D1

1 27" 2.77" 4.18" 40.74"
2 27 2.47 3.75 40.99
3 27 2.67 6.33 64.01
4 27 2.22 3.60 43.78
5 . 27 2.78 3.53 34.28 '
6 27 2.25 3.57 42.84
7 27 2.28 4.50 53.29
8 27 2.47 5.03 54.98
9 27 3.02 3.48 31.11

10 27 2.30 7.02 82.41
11 27 2.52 5.30 56 .79
12 27 2.58 8.45 88.43
13 . 27 2.33 5.92 68.60
14 27 2.40 . 8.73 98.21
15 27 2.67 5.58 56,43
16 27 2.25 4.67 56.04
17 27 1.83 3,20 47.21
18 27 2.33 3.55 41.13
19 27 2.75 9.37 92.00
20 27 , ' 2.43 4.16 46.33
21 27 3.03 3.92 34.93
22 27 2.58 2.23 23.34
23 27 3.03 4.42 39.39
24 ■ 27 3.58 2.92 22.02
25 27 3.00 3.37 30.33
26 27 2.97 4.25 38.64
27 27 4.37 6.78 41.89
28 27 2.97 3.53 32.09
29 27 3.37 5.42 43.42
30 27 2.83 3.58 34.16
31 27 2.70 4.53 45.30
32 27 2.58 7.20 75.35
33 27 2.88 7.95 74.53
34 27 2.70 3.30 33.00
35 27 2.17 3.08 38.32
36 27 2.78 3.93 38.17
37 27 2.47 6.67 72.91
38 27 4.00 5.33 35.98
39 27 2, 20 5.45 66.89
40 27 2.63 6.63 68.06

. 41 27 2.62 4.93 50.'81
42 27 2.53 4.83 51.55
43 27 1.67 3.33 53.84
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Table B4. (continued)

Traffic Situation - Moving Alone

Item No. Ral Rsl Dsl D1

44 27" 2.88" 7.37" 69.09"
45 27 2.97 5.40 49.09
46 27 , 3.45 5.20 40.70
47 27 2.88 4.57 42.84
48 27 2.93 3.60 33.17
49 27 3.33 4.57 37.05
50 27 2.53 4.83 51.55
51 27 3.20 4.50 37.97
52 27 3.33 5.60 45.41
53 27 3.28 6.78 55.81
54 27 3.20 10.20 86.06
55 27 3.53 8.63' 71.70
56 27 3.20 5.42 45.73 _
57 27 3.07 6.08 53.47 '
58 27 2.87 3.42 32.17
59 27 3.20 9.08 76.61
60 27 - 3.17 7.90 67.29
61 27 3.25 7.82 64.97
62 . 27 3.03 6.53 • 58.19
63 27 3.27 4.02 33.19
64 27 3.42 7.08 55,89
65 27 3.62 7.77 57.95
66 27 2.97 8.20 74.55
67 27 2.83 6.42 61.35
68 27 3.75 6.60 47.52
69 27 3.53 ' 8.25 63.10
70 27 2.83 5.80 55.34
71 27 3.13 4.05 34.94
72 27 3.75 4.70 33.84
73 27 2.97 9.30 84.55
74 27 2.67 3.03 30.64
75 27 2.53 3.58 38.21
76 27 2.90 6.70 . 62.38
77 27 2.25 5.07 60.84
78 27 2.92 5.77 53,35
79 • 27 2.87 5.25 49.39
80 27 2.42 2.77 30,90
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Table B5, Automobile and Bicycle Joint Placements.

Traffic Situation - Passing Position

item R 
No. a Rs Ds 2 Dsl - D2 D1

Vehicle Model 
and Year

1 61.3" 6.05" 11.92" 4.58" 120.78" 46.41" Plymouth Bar. 172
2 62.9 4.27 10.37 3.22 152.76 47.43 Ford Tor. ’73
3 59.3 3.30 7.72 2.18 138.73 39.17 Chevrolet Monte 

Carlo ’74
4 51.8 4.23 12.33 3.12 150.99 38.21 Fiat 125 '72
"5 52.8 4.10 11.17 4.08 142.76 52.14 BMW 2000 ’73
6 54.5 2.55 7.18 1.47 153.45 31.42 Ford Capri '74
7 54.5 4.08 10.42 2.72 139.19 36.33 Ford Capri '72
8 53.1 2.43 7.37 2.13 161.05 46.54 Volkswagen 

Beetle ’73
9 59.0 6.32 12.25 4.30 114.36 40.14 Buick SkyIk, '71

10 51.7 2.90 8.12 2.42 144.76 43.14 Volvo Sports '74
11 60.0 4.23 9.37 2,70 132.91 38.29 Ford Gran Tor. 

Wagon '73
12 58.5 5.20 12.08 3.52 135.90 39.60 Ford Mustang I 

'68
13 52.0 3.62 10.50 . 2.15 150.83 30.88 ' Toyota Corona 

Coupe '72
14 53.0 2.75 8.25 2.25 159.00 43.36 Datsun Sportster 

1600 '74
15 58,5 2.75 7.17 2.25 152.53 47.86 Merc, Cougar * 68
16 52.0 4.57 13.07 2.77 - 148.72 31.52 Toyota Corona 

Sedan '72
17 57.1 3.67 8.33 3.08 129.60 47.92 AMC Gremlin '74
18 53.1 5.50 15.77 2.33 152.25 22.50 Volkswagen Wagon 

1600 '72
19 53.0 4.23 . 12.53 3.57 157.00 , 44.73 Datsun Sports car 

'72
20 55.8 5.78 13.17 3.67 127.14 35.43 Ford Pinto '74
21 54.5. 4.03 11.35 3.92 153.49 53.01 Ford Capri '74
22 53.1 3.95 7,40 3.25 99.48 43.69 Volkswagen Beetle 

'70
23 62.0 6.75 11.03 2.17 101.31 19.93 Chrysler Newp. '72
24 59.0 3.58 7.58 2.47 124.92 40.71 Chevy Nova '73
25 54.5 4.12 8.75 2.18 115.75 28.83 Ford Capri *74
26 59.0 3.92 9.40 3.28 141.48 48.62 Pontiac Vent. '74
27 55.6 4.80 8.88 3.38 102.86 39.15 Plymouth Valiant 

'73 '
28 58.5 8.18 15.76 4.27 112.71 30.54 Ford Mustang '71
29 63.0 3.78 8.45 3.00 140.83 50.00 Cadillac Fleet

wood '68
30 58.7 4.82 11.28 3.05 137.37 37.14 Plymouth Satel

lite '73
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Table. B5. (continued)

Traffic Situation — Passing Position

Item Ra Rs n Dsl D2 D1
Vehicle Model

lo. s2 and Year

31 52.0" 4.13" 10.45" 3.12" 131.57" 39.28" Opal Manta 1 73
32 52.6 6.30 8.53 3.25 71.22 27.13 Toyota Corolla *74
33 62.9 7.33 10.37 4.00 88.99 34.32 Ford Torino ’72
34 58.5 4.45 10.80 3.08 141.98 40.49 Ford Mustang ’69
35 60.0 5.13 12.55 3.88 146.78 45.38 AMC Javelin *73
36 55.6 3.87 10.78 2.10 154.88 30.17 Plymouth Valiant '72
37 60.0 5.17 11.33 3.13 131.49 36.32 Plymouth Fury '70
38 51.4 3.80 9.97 1.43 134.86 19.34 Toyota Celica Sports 

Sedan '73
39 59.8 3.77 7.80 1.30 123.72 20.62 Chevrolet Chevelle 

El Camino '74
40 58.9 3.97 10.63 3.90 157.71 57.86 Chevrolet Nova '73
41 60.0 4.73 8.88 4.28 112.64 54.29 AMC Javelin ’74
42 60.0 7.07 13.58 3.50 115.25 29.70 Ford Torino Wgn. '73
43 51.8 6.42 17.92 3.25 146.54 26.58 Fiat 128 '73
44 52.8 6.17 16.33 2.80 139.74 23.96 BMW 2000 '74
45 53.1 3.87 9.77 2.50 134.05 34.30 Volkswagen Beetle '72
46 60.0 6.40 14.67 3.03 137.53 28.41 Chevrolet Camaro '74
47 55.8 4.62 10.50 2.17 126.82 26.21 Ford Pinto '73
48 52.6 6.08 17.28 3.05 149.49 26.38 Audi Fox '74
49 60.0 4.63 12,23 3.47 158.49 44.97 Chevrolet Camaro '73
50 53.1 3.72 9.78 3.42 139.60 48:82 Volkswagen Beetle '73
51 53.0 4.67 13.95 3.57 158.32 40.52 Datsun Coupe 1600 '74
52 63.4 6.83 14.20 3.03 131.81 28.13 Dodge Polara * 72
53 53.1 3.58 8.88 3.80 131.71 56.36 Volkswagen Beetle '72 

Fiat 128 '7454 52.0 3.80 7.88 3.00 108.87 41.45
55 58.5 4.37 11.47 3.50 153.55 46.85 Mercury Cougar * 69
56 53.6 4.63 11.33 3.07 131.16 35.54 Chevrolet Vega ’ 73
57 55.6 5.63 14,10 3.37 139.25 33.28 Dodge Dart '70
58 53.1 3.80 10.43 3.63 145.75 50.72 Volkswagen Beetle '72
59 60.0 5.15 12.67 3.65 147.61 42.52 AMC Javelin '74
60 53.1 4.50 12.06 3.00 142.31 35.40 Volkswagen Beetle '74
61 53.1 5.00 14.38 3.50 152.72 ' 37.17 Volkswagen Kharman 

Ghia '72
62 55.8 4.33 11.85 2.75 152.71 35.44 Ford Pinto '73
63 53.1 4.53 10.73 3.33 125.78 39.03 Volkswagen Beetle '72
64 55.6 5.88 14.17 3.90 133.99 36.88 Plymouth Valiant '74
65 60.0 4.53 10.30 3.75 136.42 49.67 Chevrolet Camaro '68
66 60.0 6.78 10.88 2.22 96.28 19.65 Ford Torino '74
67 58.7 5,87 15.30 2.53 153.00 25.30 Plymouth Satellite '72
68 58.9 6.03 11.17 4.12 109.11 40.24 Chevrolet Nova * 74
69 55.6 6.63 15.67 3.17 131.41 26.58 Plymouth Valiant '73
70 60.0 6.78 16.33 4.17 144.51 36.90 Ford Torino '72
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Table B5. (continued)

Traffic Situation - Passing Position

Item _ 
No. a Es D s 2 Dsl C2 D1 ,ehtodeYearel

71 60.0" 6.00" 14.95" 4.07" 149.50" 40.70" Pontiac Grand Prix *73
72 63.3 5.83 13.20 4.07 143.32 44.19 Chevrolet Bel Air '66
73 58.7 6.50 14.00 3.50 126.43 31.61 Plymouth Belv. '70
74 60.0 7.47 15.17 3.33 121.85 26.39 Plymouth Fury * 72
75 53.1 5.13 12.40 4.05 128.35 41,92 Volkswagen Wagon '70
76 51.5 5.07 11.80 4.27 119.86 43.55 Renault 16 '73
77 61.0 5.33 14.28 4.28 163.43 48.98 Ford Hustang '7 2
78 54.5 4.67 13.17 2.92 153.70 34.08 Ford Capri '74
79 52.0 4.22 13.25 2.78 164.84 34,59 Fiat 128 Sport '74
80 60.0 5.00 11.97 3.78 143.64 45.36 Ford Torino '72
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