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SUMMARY

The purpose of this study is to determine the efficlency of mases
transit operations relative to the automobile in the tramsportation of
people and in the utilization of city streets. Previous claims as to
the efficlency of transit operations have been baged onl& on the number
of passengere transported and the physlcal dimensions of the vehicles.
These facte are inconclusive for the comparison ¢of the efficiency of
tranelt vehicles with that of the automeblile. To make a satisfactory
comparison of various modes of transportation, 1t 1s necessary to con-~
glder the spece In the traffic stream occupled by each person or
passenger and the length of time this space 18 occupied. Considering
these factors, a formula for the computation of a measure of the

efficlent use of clty streets and the movement of people could be

expressed 28]

P o
M=z (1)
vhere; M = measure of the efflclent use of clty streets and the move-

ment of people
P = number of passengers transported

v = gpeed of operation

'8 = reletive space occupled by & vehicle in the traffic stream.
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Considering the factors included in Formula 1, & formula for
the computation of the relative efficiency of various modes of trans-
portation in the utilization of atreete and the transportation of

people could be expressed as:

0

T
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(2)

H
F|F
|

o
<
o

vhere: Er = efficiency of one mode of transportation relative to the
efficiency of another mode of transportation in utilizing
city streets and transporting people

Ml’Pi’Sl’vl = gquantities defined in Fermula 1 for a type of transeit
vehicle

MQ,PQ,SE,V2 = quantities defined in Formula 1 for the automobile.

In order to obtain the values of P, v and B for each mode of
transporﬁation atudied, i.e., the automobile, the diesel motor bus and
the elecfric trackless trolley bus, the study was divided into an auto-
mobile operation study and a transit wvehicle atudy.

The value of P or the number of passengers transported by the
autamdbile in Atlanta was obtained from cordon count data maintained
by the Traffic Engineering Department of the City of Atlanta., The

value of v or the average cperating speed of the automobile wes deter-

mined by driving a test car in the traffic stream according to standard

traffic engineering practices, The value of 8 or the spﬁce cccupled by

the traffiec gtream for the sutomobile was agsumed as 1.0,
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The transit vehicle study consleted of & detai;ed analysis of the
operating characterlstics of translt vehicles on seven operating lines
of the Atlanta Transit System. 8Six of the lines studied were electric
tracklegs trolley bus routes and one was a dlesel motor bus route. The
values of P and v in the above formula for the two types of traneit
vehicles were determined by posting observers on a combined total of
395 transit vehicles and recording the numbef of passengers transported
by each vehicle and the time required for the vehicle to travel a
glven distance. The value of S or the space in the traffic stream’

" oecupled by a transilt vehicle was det..em:l._ned by ad,justing'the traffic
slgnal timing at eleven selected intersections 80 that the intersection
would be operating above its possible capaclity and then, by comparing
volumes of automoblleg traversing the intersection with and without
transit vehicle interference, the number of automobiles in a moving
stream of traffic displaced by a transit vehlcle was determiqed.

.The efficiency of the dieeel motor bus and eleetric trackless
trolley bus was computed relative éo the automobile by substituting in
Formula 2 the values of P, v and S as determined for each type of
vehicle studied.

Conclusions drawn from this study indlcate:

l. The space in a moving stream of traffic occupled by a transit

vehicle considering only the effect on street capaclty was
3.5 automobiles per bus on arterial streets and 3.8 automo-
bileg per bus on secondary streete with no.diatinction belng
made between a diesel motor bus and an electric trackless

trolley bus.
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Transit loading and unloading of passengers on streets wilth
no parking restrictlions had less effect on moving stresms of
traffic than on streetp with parking resgtrictions because of
passenger loading zones in parking lanes.

In the congested downtown area in Atlanta, the electrie
trackless trolley bus and diesel motor bus are 5.9 and 5.2
times, respectively, as efficient as the automobile in trans-
porting people and utilizing eity streets,

In the primarlly residential areas 1n Atlanta, the electric

trackless trolley bus and diesel motor bus are 6.5 and 3.7

times, respectively, as efficlent aa the automobile in tranﬁ—
porting people and utilizing city streets.

In the areas between the downtown area and the primarily
repsidential areas in Atlanta, the électric trackless trolley
bus and diesel motor bus are 8.5 and 5.8 times, respectively,
as efficlent as the automobile in transporting pe;ple and

utilizing eity streets.
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CHAFTER I
INTRODUCTION

The mass transportation of people in urben areas is an important
component of the overall transportation.scheﬁe for that erea. This can
readily be emphasized by observing the paralysis_of clties due to
strikes by transit workere and wae true during the transit worker
strikes in the Atlenta area in 1946, 1949 and 1950, Even though mass
traneit systems are important to the transportation schemes in cities,
they have experienced a marked Aecreaae in paironage while more and
more persons are transported in privately owned automobilesl. This in-
creaged ugage of private automobiles resultes in overcrawding of city
streets and an increased demand for off-gtreet parking. This is not &
problem peculiar to the City of Atlanta but ig found in citiés through-
out the United States. The increased usage of automobiles spells
trouble for traffic engineera and economic ruin for the transit companies
unless the ﬁrend can be arregted., Subsidization of the transit compsnies
hag been proposed ag a meansg of mﬁinthining mase transit serviceg. Free
parking facilities have been establiaked on the fringe of the transit
service areas in aseveral citles in an attempt to encourage the use of
the transit system, The Atlanta Transit System has established "park
and ride" service on several lines and 1s hopeful that this will be a
golution to serving Quburban areapg and preventing further congestion of

the downtown area.,




The problems faced by the Atlanta Transit Syatem are examples of
these confronting other transit companles throughout the nation. The
Atlanta Transit System provides mass transit service to the two county
metropolitan srea of Fulton and DeKalb Countles. To illustrate this
problem, a study of the two county area is necessary and will be dis-
cusged in the following paragraphe.

As the first portion of this study, the population trends of the
two county ares were gtudied. Filgure 1 18 a graph of these population
trends. The solid line is based on historical data and the dashed line
is based on estimates of the Atlanta Metropolitan Planning Commigsion.
The population of the two county area in 1930 was approximately LO1,000
and in 1955 thé egtimated population was 703,000 or approximately double
the 1930 figure.

Flgure 2 18 a graphic representation of the total motor vehicle
reglstration for Fulton-and DeKalb Counties. The vehicle registratioﬂ
in 1955 was approximately two and three gquarters times the regilstration
in both 1938 and 194k,

Figure 3 is a graph of the average occupancy per automobile in
the c¢city of Atlanta based on cordon counts at the fringes of the down-
town area. As is indicated in the graph, the vehicle occupancy in-
creaged during the early years of World War II to a peak in 1943 and
has decreased since that time to a fairly uniform value. The occupancy
has been practically uniform since 19h8, |

Figures 1, 2 and 3 show that there has been an inerease in the
number of automobiles in the Atlanta area and that the vehicle occu-

pancy is practically the same as in previous years.
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How then have these increases in populatlion and vehicles affected
the Atlaente Transit System? Flgure 4 1g a graph of the total revenue
pessengers transported each year by the Atlanta Transit System and the
Metropolitan Transit System, a branch of the Atlanta Transit System from
1936 through 1955. As can be seen, the mumber of passengers increased
fraﬁ 1936 to a peak in 1946 and has steadily_decreaaed gince that date.
The total) nuber of passengers trangported by the two companies in 1955
was only slightly more than was transported in 194l.

Using 1941 and 1955 as years for comparison, the two-county
Atlanta Metropolitan Area in 1955 had about one and a half times as wmany
people and twice as many registered vehicles as in 1941, while in 1955
the transit system was transporting the same mmber of people as in 1941,

A gtudy of data contained in the preceding paragraphe reveals that
transit companles are facing a problem, What is the cause of this prob-
lem and what are the solutions for it? There are many factors involvea
in this problem. A thorough investigatioﬁ of the economics of masse
transit versus private avtomobile usege of eity streéts would include
.convenience and comfort factors, all phases of user costs, and efficiency
of operation. As one phase of the investigation, this study has for its
purpose a comparison of the relative efficiency of mass transit vehicles
and private asutomobiles in the transportation of people and the utiliza-
tion of city streets.

It may be said that the controversy as to the efficiency of mass
transit operations in the movement of people began with the advent of

the horge-drawn trolley. From that day forward it was the general belief
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that transit vehicles performed the Jjob of moving people and utilizing
¢ity streete much more efficiently than the horse-dwawn carriasge or the
"horseless carriage.” This belief has been accepted to the éxtent that
few have ever chosen to contést the claims that have been made as to the
greater efficlency of mass traneit operationa over other methods of
transportation for movement of people. Up to the time of thls atudy,
facts to substantiate these claims have inclﬁded only vehlele capacity
and standing dimensions of the vehicles3. As an example of the type of
comparison that has been made, the electric trackless trolley buses in
the downtown area of Atlanta, during the morning pesk hour, transport

an average passenger load of 52.9 persons. The average overall dimen-
slons of thle thicle are 8.5 feet by 35.0 feet and it occuples a stand-
ing street gpace of 297.5 square feet, The average street space occupled
by a pefson in an electric trackless trolley bug would then be 5,6 square
feet. The automobile in Atlanta transports an average of 1.7 persons‘
per automoblile, The average overall dimensions of the automobile are
6.4 feet by 17.2 feet and it occupies a standing street space of 110.1
square feet., The average street space occupied by a person in an auto-
mobile would then be 64.8 square feet per person. Considering only the
standing dimensions of the vehlele and the pasgenger load transported,
the electric trackless trolley bus is 11,8 times more efficlent than

the automoblle in transporting people and utilizing clty street. These
facts are inconclusive for the comparison of transit vehicles with the

automobile ap no conslideration has bheen given to the medium in which

the vehicles operate -- "a moving stream of traffic.” To make a satis-




factory comparison of various types of vehicles, it is necessary to
consider the space in a moving traffic stream occupled by each person

in the type vehicle studled and the length of time the space 1s occupied
in traveling a given dlstance., The space occupied per person in the
traffic stream is a measure of the efficient use of street space and
can be defined as the space occupled by the vehlcle in a moving stream
of traffic divided by the number of persons in the vehlele. The space
occupied by the vehicle in a moving stream of traffic, as determined in
thig study, is not an ares 1in square feet or square yards, but it 1s
the relative space 1n the traffic stream cccupied by a vehicle of one
type based on the number of vehicles of another type that are dlsplaced
from the traffic atream by the operation of the first type vehlcle. In
this study, the space in the traffiec stream occupled by a transit vehicle
is detemined relative to the number of automobiles displaced from the
traffic stream by the operation of the translt vehicle and has, as
dimensions, the number of automobiles displaced per bus, For example,
the space in the traffic stream occupied by a bus relative to the auto-
mobile is 3.5 autcomobiles per bus. The length of time the space is
occupled in traveling a glven distance or the speed of operation is a
meagure of the efficlent movement of people and can be defined as the
dlstance traveled divided by the speed of the vehicle., Consildering

the gpace occupied per person in a moving stream of traffic and the
length of time the space ig occupled 1n traveling a given distance, a
formula for the computation.of a measure of the efficlent use of streets
by a vehicle and the movement of people in a traffic stream.could be

deflned ag:
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M= — ‘ (1)

1§

wheret M = measure of the efficlient use of clty streets by a vehicle
and the movement of people in a traffic stream

P = nmumber of passengers transported

v = speed of the operation in miles per minute

8 = relative space occupled by a vehicle in the traffic stream.

By substituting the dimensions of P, v and S, Formula (1) becomes

Pasgengers 1

M= Relative Vehicle Space Velocity °

The quantlity, passengers divided by the relative vehicle gpace, 1s the
number of passengers tranasported per unit of relatlve vehicle space.
Since Formula (l).is used in comparing two modes of transportation,
the diptance factor was eliminated from the formula as it 1s eqyai for
both modee of transportation. If the distance factor is included in
Formula (1), the quantity of one divided by the velocity becomes dis-
tance dilvided by velocity and is equal to time, PFrom a study of the
dimensions, Formula (1) can be defined as the passengers transported
per wit of relative vehlcle space multiplied by the time,

Considering Formula (l), a formula for the computation of the
relative efficiency of various modes of transportation in the utilization

of streets and the transportatlion of people could be expressed ap:
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wheres Er = efficiency of one mode of tranaportati?n relative to the
efficlency of another mode of transportation in utilizing
city streets and transporting people. In thils case, the
efficiency of a type of transit vehicle relative to the
sutomobile,

Ml,Pl,Sl,vl = guantities as defined in Formula (1) for a type of
transit vehicle

M2,P2,82,v2 = quantities as defined in Formule (1) for the automobile.

The values of P, v and 8 were obtalned as accurately as practi-
cable for the types of vehicles studled, i.e., automobile, to include
the motor truck, and diesel motor bus and electric trackless frOlley

“bus.




CHAPTER II
PROCEDURE

The field work for this thesis was divided into two studies.
The first study was the "Motor Bus and Electric Trackless Trolley Bue
Operation Study" and consisted of a study of logding practices and
travel speeds for motor buses and electric trackless trolley busee in
normal operstion during various periods of the day, end of the effect
these vehicler have on street capacity. The second study wﬁa the
YAutomobile Operation Study" and consisted of the determination of the

average passenger load and the average travel time for the sutomobile,
Motor Bus and Electric Trackless Trolley Bua Operation

This study was divided into two secticna. The firat gection -
conaisted of the determination of the space occupied by the transit
vehicle in the traffic stream and the second section consisted of the
determination of the average operating speed and the average pessenger
load of the transeit vehicle.

Space occupied by transit vehicle in traffie stream.--The effect that

bueges have on street capacity or the space in a traffic stream occupled
by a transit vehicle varles with the street width, traffic density, the
nmumber of passengers loading and unloading, whether or not bus traffie

1s streight through the intersection, street gradlent, whether or not
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on~street parking is permitted, location of bus stope, rate of accelera-

‘tion and & number of lesger lmportant factorah.

Planning for the field collection of data consigted of prepara-
tion of field forms, claseification of study areas and the selection
of intersections to be studied. For this portion of the study the
Metropoliten Area of Atlante was classiflied into three areas, 1.e.,.
downtown, intermediate end outlying arees. The downtown ares was com-
prised of the central business district of Atlanta. The intermedlate

area was the area between the central businegs diagtriect and the primeri-

ly residential districta. The outlylng aree was composed of the suburban

areag, The ares included in each classification ie shown on ?igures 5
and 6, Mase traneit service was available in each of the three areas.

The selection of street intersections for study was based on the
ceriterie of the geographic location of the intersection, the width of
the approach streets to the intersection end that comperatively large
volumes of automobiles and transit vehicles must traverse the selected
intersection. A total of thirteen intersections on nine arterial
gtreets and two secondary streets were pelected for study. It was
possible to select ‘these criticel intersections so that a sample could
be obtained in each of the study areas. Locations of studied inter-
sections are shown on Figures 7 and 8,

The field work for thie portion of the study was performed in
February and March, 1955, during the morning and afterncon peak hours
of traffic flow for week-day traffic, The field data were obtained by

versonnel of the City of Atlante Traffic Engineering Department. Traf-
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fic recorders and observers were stationed at the selected intersections
to inventory physical intersection characteristlce and to record data
pertaining to traffie flow through the intersection.

The inventory of physical intersection characterigtics was con-
dﬁcted o ag to reflect the intersection conditions that exlsted at the
time of each of the traffic flow studies conducted at the intersection.
The inventory included such items as classification and width of sireets,
existence of turning lanéa, slgnal timing, type of tfaffic, vehlele and
pedestrian control, location of bus stops, etc. Thege data were recorded
on an intersection conditione form. A copy of the completed form for
the Boulevard and Memorial Drive interaegtion for one such study is in-
cluded in the Appendix ag Figure 9. The number of such. intersection
conditions studies conducted and the quantity of data obtained precludes |
the inclusion of asll field data in this theéis. All data obtained at
each intersection were sumarized 1in Table 1. Thé intersectlion site
‘numbers shown on Table 1 correspond to the intersection numbers shown
on Flgures 7 and 8, The field data for all intersection studies are on
file at the Division of Highway Flanning, State Highway Departmént of
Georgia, Atlanta, Georgia,

| In the intersection traffic flow or bus interference study,
traffic recorders were stationed on the approach legs of the intersec=-
tlon to count and record voiumés and types of vehicular traffic using
the intersection when the traffic demand was equal to or greater than
the possible capacity of the approach streets to the intersection., The
poasible capaclity of e roadway is defined on page 6 of the Highway

Capacity Manual publighed by the U. S. Bureau of Public Roads in 1950
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Table 1.
by a Transit Vehicle in the Traffic Strean

Summary of Intersection Data and Space Occupiad

e g e TR b e n

Site location Direction of Tims of Strest Parking Street Location Sjgnal Time in Min.
No. Street At Irsvel Day Wjdth _Permitted ien op Tot Green
(6} {2) (3) {(4) {5) (&) (7) (8) (9} (10} {11)
Arterial Streets
1 Pisdmont Ave. North Ave. SB AN 35.0 No -2.0% Near 0.83 0.37
Note: No opposing traffic on green. Strest ons way southbound on scuth leg.
2 Decatur 5t. Ivy St. B M 42.0 No Lavel Near 1.00 0.40
3 Peters St. Fair 5t. 5B P %0.0 Yex -D.5% Near 1.33 0.81
P rial Dr. Boulevard B AN 48.0 No Level Near 1.33 0.71
5 Memorial Dr. Moreland Ave. WB AM 30.0 Ko +3.5% ¥ear 1.00 C.49
s Memorial Dr. Moreland Ave. M 30.0 No -2.5% . Near 1.00 0.49
. Peters St. Mchaniel $t. B AN %6.0 No Level Near 1.00 0.58
7 Mhitehall St. McDaniel St. B N 41.0 No Level Near 1.33 0.78
8 Cascade Ave. Beecher St. AN 40,0 | Yes Lavel Near 1.33 0.58
8 Cascads Ave. Beacher St. " ;] 46.0 Yos Leval Near 1.33 0.58
9 lee St. Gordon St. sB .} #0.0 Yas Level Kear 1.00 0.50
Secondary Stireets
10 Houston St. Pledmont Ave. EB ;| 40.0 ¥o ~2.0% Rear 1.00 0.3%
1 Pryor St. Merorial Dr. KB AN 36.0 Yas +3.5% Near 0.91 0.41

61




Table 1. Cont'd. Summary of Interaection Duta and Space Occupied
by a Transit Vehicle in the Traffic Stream

. Iran, Veh. Turning Movement Total Study Unweighted
Site Police at in —RBate of Flow Per Mipute of CGreen _In Per Cent Per Cent  Number Time Bus Equiv.
No. - ion Cyele . Autog Trucks Totsl Jransit Vehicles Left Right Irucks Of Operations In Mingtes Autcs/Bus
(1) {12} (13) {14} (1%) (16) (7) {1} {19) (20} {21) (22) (23)
Arterial Streets
1 No Ko 40.0 1.0 41.0 0,00 1.3 3.9 2.6 1 . 45,7
Yes 36.4 1.3 n.g 1.3 1.4 6.5 3.6 2,44,
2 No Ko 29.8 1.6 31.4 D.0D 0.0 0.0 4,2 1 4.0
Yes 3.9 2.6 20.5 1.40 0.0 0.0 7.9 2.07
3 No No 30.6 0.4 31.0 0.00 ¢.6 5.8 1.2 3 122.4
Yeos .8 0.7 28.% 1.29 C.3 6.3 2.4 1.93
4 No Xo 51.% 0.7 52.2 0.00 c.0 7.8 1.2 3 101.1
Yes 42.2 1.0 43.2 1.22 0.0 R 2,2 T.37
5 o] Mo .7 0.4 38.) 0.00 Py ) 2.1 1.0 1 30.0
Yes 33.2 0.8 34,0 1.% 2.9 3.5 2.9 3.0
L] Ko o nT 1.4 .0 | 0.00 3.6 2.6 3.6 2 57.0
Yes - 30.8 0.6 31.4 1.24 6.4 3.2 1.9 6.20
3 No Ko 42,5 0.3 42.8 .00 0.4 2.0 0.8 1 30.0
Yes 3.2 0.1 36.3 - 1,34 0.4 1.8 0.4 4,85
7 No No 3.9 1.0 34.9 0.00 0.3 0.7 2.9 2 71.8
Yes 5.2 0.5 2.7 1.24 0.4 0.0 1.7 4.19
B No No .0 0.3 n.3 0.00 0.0 8.8 1.2 1 1.9
Yo 5.6 0.0 25.6 0.86 0.0 6.7 0.0 1.97
8 Ke No al1.0 0.0 31.0 0.00 12.7 6.1 0.0 ) 39.9
Yes 7.2 0.6 1.8 2.06 9.8 4,9 2.4 1.55
9 He No 18.2 0.6 18.8 0.00 10.6 13.8 3.1 4 112.0
Yoy 16.6 0.4 17.0 1.30 10. 21,1 2.3 1.38
Total 671.8 .
Secondary Streets
10 e Ro 32.8 0.2 33.0 .00 0.0 5.8 0.8 1 2.0
Yes 26.6 2.8 29.4 0.9% 0.0 2.0 2.6 : . am
11 Ho No 22.4 0.7 23.1 0.00 6.3 $.2 3.1 6 232.1
Yes 17.3 0.7 18.0 1.4 5.4 5.4 4.0 3.80
: Tetal 4.1

0g



as "the meximum number of vehicles that can pess a given point on a
lane or roadway during one hour, under the prevailing roadway and traf-
fic conditions." For a signalized intersection, the possible capacity
of an approach street would be exceeded when £he number of vehicles de-
siring to utilize the approach Btreét was greater than the volume that
could pase through during the green signal cycle so that a line of
vehlcles would be waiting at the completion of the green cycle. In
order for these "loaded" conditions to exist at all studied intersections,
it was necessary to decrease the green signal time In several instances.
Traffic volumes on each of the approach legs to the intersectlon for
each traffic signal cycle_wez;e clapsified by vehicle type and turning
movements, and were recorded on an intersectlon count field sheet., It
was not poaéible to insure that the approach street was "loaded" during
all signsl cycles eo it was necessary to record cbservations as to

vhether or not each cycle was loaded. ‘A copy of the completed field

‘gheets for westbound traffic on Memorisl Drive at Boulevard 1s included

in the Appendlx asz Figure 10, Volumea of local buses shown on Fligure
10 do not mean that the bus passed through the intersecticn during that
gignal cycle. BSince the purpose of thias portion of the study wae to

determine the interference of transit vehicles to the flow of traffie,

-each signal cycle was classifled as to the extent of interference by

transit vehicles. This interference might include loading or unloading
of papsengers, the trolley Jumping the overhead wire or other unusual
occurrences that would interfere with the flow of traffie., A transit

vehicle was classified as interfering with the flow of traffic as long
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as 1t was at the intersection regardless of the number of cycles in
which this interference occurred.

The field data for all intersections were summarized and recorded
on Table 1. In sumarizing traffie volumes for lnclusion in Table 1,
a%efage volumes were computed on the basls of the rate of flow per
minute of green. That is, the total volume of each type of vehicle
utilizing the approach leg of the intersection during the "loaded"
cycles was divided by the total green signal time in minntes for the
"loaded" cycles.

The formula for the computation of the space in the traffie
stream occupied by a trangit vehlele in terms of automoblles per bus

can be defined as:

v. -V
1 2
S = (3)
V¥
where: S = space occupled in automoblles per bus

Vl = yolume of automobiles with no bus interference
Vé = volume of antomobiles with bus interference
Vt = volume of interfering transit vehiecles.

As 1s stated above, vblumég were computed on the basis of flow
per minute of green signal time and included in Table 1. The space in
the traffic stream occupied by a transit vehlcle at each of the studied
intersections was computed by substituting in Formula (3) the data for
each intersection shown in Columns 13, 16 and 17 of Table 1. The number
of automobiles displaced by one transit vehicle in the traffic stream

~ at each of the satudled lntersections 1s shown 1n Column 23 of Table 1.
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Since the total study time at each of the selected intersections varied
from 22.0 minutes to 3 hours and 52.0 minutes, 1t was apparent that
these bus equivalents should be weighted according to the study time
spent at each intersection. For purposes of comparison, the A.M. and
P.M. bus equivalents were flret welghted separately and then as a com-

bined total. The formula for this computation can be ptated as:

w T T R |
where: Sw = the welghted bus equivalent
S., = the unwelghted bus equivalent for intersection number

one

T, = study time in minutes at intersection nmumber one

Su2 = the unweighted bus equivalent for intersection number
two
T. = study time in minutes at intersection number two

T = total study time in minutes at all intersections. If
bus equivalent 1s computed for A.M. then only total A.M.
gtudy time is summated.
The welghted bus equivalent in asutomoblles per bus for A.M.,
P.M. and combined studies is shown in Table 2, The weighted bus equiva-
lent for combined A.M, and P.M, studles is used in subsequent calcula-
tions in this thesis.
The welighted bus equivalent or the space occupied by a transit.
vehicle in the traffic stream was not computed for dlesel motor buses

separate from the computation for electric trackless trolleys. It was
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Table 2. Space in the Traffic Stream Occupled
by a Traneit Vehicle Weighted According
to Study Time.

Space Occupled in the

Traffic Stream

Ti?e in Automobiles per Bus

Day Arterisl Street Secondary Street
AM. Pesk 4.7 3.8

P.M. Peak 2.k 3.8
Combined A.M. and P.M. 3.5 3.8




not poseible to locate heavily traveled intersections in Atlanta that
had relatively large volumes of only dlesel motor buges or electrie
trackless trolley buses utilizing the intersection. Therefore, the
space equivalent computed in this study 1s for comblned dliesel motor
and electric trackleegs trolley buses,

Transit vehicle operﬁting speed and average pasggenger load.--Flanming

for this portion of the study conslsted of the selection of transit

vehicle routes to be gtudied and the preparation of field data forms.

Route selection was made in cooperation with the Atlanta Transit System.

Seven operating transit lines were selected and data pertaining to the
number of bus stops and distance hetween each bus stop were obtained
from the Translt Compeny. These data were used 1in preparation of the
field work sheet. Figure 11, Included in the Appendix, is an example
of the type of fleld sheet used. A fleld sheet was prepared for each
studied transit route. The data that were ineluded on.the field form‘
are typewrltten on Figure 1).. The data shown by Leroy lettering were
entered by the observer in the field (columns 2-5) or by the study
analyst in the office (columne 6-7).

Operation of the field portions of this study was by personnel
of the Divigion of Highway FPlanning of the State Highway Department of

Georgla and wag conducted during January 1955, The study extended over

a period of five days, Monday through Friday, and information was ob-

tained on 359 one-way bus trlips divided about equaslly between the morning

peak, afternoon peask and offpeak periods of traffic flow. Observers

were posted on buses on each of the seven operating lines studied. Six
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of the lines studied were electric trackless trolley bue lines (Routes
2, 3, 10, 17, 20 and 23) and one was a dlesel motor bus line (Route 21).
For each transit vehicle trip during the operating hours of the study on
each of the selected lines, the observers compiled complete records show-
ing the travel time bhetween Stqps, the number of passengers loading or
unloading at each stop and the number of passengers on board between
atops. These records were malntained on the field work sheet, Figure
11, provided for this purpose; In order to obtain more extensive data
for the downtown and intermediate areas, the cobservers were instructed
to terminate their run at some designated point within the outlying area
rather than continuing to the end of the line. By thus shortening the
trip lengths under observation, the resulting time saved allowed more
data to be coliected in the downtown and intermediate areas. Therefore,
the data for the outlylng area are considered o be less reiiable than
those for sther areas. |
Due to the large volume of fleld data obtalned in thie study
(395 trips), electronic IBM equipmeﬁt was used in sumiarizing the field
data. Only tabulating equipment was avallable, so many of the calcula-
tions were performed on an electric caleulator. Certain of these cal-
culations were necessary before thé data could be processed (columﬁs
6-7, Figure 11). The passenger miles shown in column 6, Figure 1l are
the product of the total number of passengers aboard between stops and
the mileage between stops. The passenger minutes showm in column T,
Figure 11 are the product of. the total number of passengers aboard be-

tween stops and the time in minutes between stops. After these calcu-
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lations were completed for all the trips on all the studied routes, the

information as to route number, direction of travel, trip number and the

~ data contained in columns 1, 2, 5-7, were punched into standard IBM

cards. Figﬁre_le, as included in the Appendix, is a copy of the "lay-
out card" which shows columnar designation for keypunéhed data. One
card was prepared for each stop made by the trﬁnait vehicle for each
transit vehicle trip studied; i.e., stop 1, 4, 5, 6, etc. on Figure 1l.
The location of each probable stop had been previously classified as to
the study area, i.e., downtown, intermediate or outlying. This infor-
mation was punched into éolumn 6 of the IBM card (Figure 12). The cards

for each route were "sorted” by IEBM procedures into groups by A.M. Peak,

P.M. Peak and Offpeak hours, direction of travel and study area classifi-

cation. The groups included: (1) A.M. peak, outbound, downtown; (2)

A. M. Pezk, inbouﬁd, downtown; {3) AM, peak, outbound, intermediate; .
ete. The card groups for the six electric trackless trolley routes were
combined by group classifleation. TBM tabulating procedures were used

and totalé were obtained by card group for the miles traveled, paasenger
miles, minutes consumed gnd passenger minutes, Totals for these quanti-
ties were also obtained for the one diesel motor bus route studied. The

average number of pasaengeré carried and the average travel time for

transit vehlcles were then computed.

The average péssenger load determined in this study is the average’

number of persons carried weighted according to the passenger wmiles

traveled., The weighted average carried load is the summation of the
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products of the mmber of passengers aboard between stops and the distance
in miles between stops divided by the total distance in miles., Thia can

be stated as:

PD +PD. +PD

P = 171 D2 2 nn | (5)
vhere: P = average ﬁasseﬁger load
Pl = mumber of passengefs carried between stops 1 and 2
Dl = distance in miles between stopé 1l and 2
P2 = muber of pasgsengers carrled between stops 2 and 3
D2 = distance in miles between stops 2 and 3
D = total diétance in miles. |

Table 3 1is a summary of the average passenger load carried by

electric trackless trolley buses classified as to type of service, direc-

tion of travel, time of day and proximity to the downtown business district.

Table 4 is a summary of the same information for diesel motor buses.

The operating speed determined j.n this study is the average speed
welghted according to passenger miles traveled and passenger minutes
consumed. The weighted average operating speed ls then the summation of
the products of the number of pagsengers aboard and the djistance between'
stops divided by the sumation of the products of the number of passen-
gers aboard between stope and the elapsed time between stops in minutes;
This can be stated as:

Plnl + P2D2 + P D (6)

lTl + PETE + P T

vV =




Table 3. Average Number of Passengers Carried by
" Electric Trackless Trolley Buses Classified
aa to Type of Service, Time of Day and
Proximity to the Downtown Business District.

Pype of Time of Direction Average Load (Number of Persons)
Service Day of Travel Dowmtown  Intermediate Cutlying

AM. Peak Inbound 52.9 54,3 2,7

" Outbound 46.3 43.1 29,0

Local  P.M. Peak Inbound Wh.9 39,4 28,7

Outbound 46.6 53.9 y,1

Off Pesk Inbound 30.5 £9.0 19.9

Cutbound 26,8 28.8 21.0
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Table 4. Average Number of Passengers Carried by
Diesel Motor Buses (Clasaified as to Tyype
of Service, Time of Day and Proximity to
the Downtown Business District,

Type of Time of birection Average Load'(Number of Persons)

Service Day of Travel Downtown Intermediate Cutlying

A.M, Peak Inbound k2.5 35.4 21.0

| Outbound 46.0 32.1 17.9

Local P.M. Peak Inbound 37.5 23.5 15.8

Outbound k9.5 41.8 35.0

Off Peak Inbound 28.4 23.4 12.8

Outbound 27.8 25.0 14,5
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where:; V = average operating speed in miles per minute
= number of passengers aboard between gtops 1 and 2

distance in miles between stops 1 and 2

Mg
i

g
L]

number of passgengers aboard between stops 2 and 3

)
L]

distance in miles between stops 2 and 3

3
]

.elapeed time in minutes between stops 1 and 2

)
[}

o elapsed time in minutes between stops 2 and 3.

Table 5 is a sumary of the average operating speed of the elec~
tric trackless trolley buses classified as to type of service, direction
of travel, time of day and proximity_to the dovntown business district.
Table 6 i3 a summary of the same information for diesel motor buses.

The average 6per€ting speed was computed in minutes per miles instead
of miles per minute to simplify succeeding calculations. These values

are the reciprocal of values in miles per minute,
Automobile Operation Study

In order to compare the relative efficiencies of transit vehicles
and asutomoblles, it was necessary to determine the same characteristics
of the automobile in the Atlanta area as those determined for the transit
vehicles. These charascteristice included the space occupied by the auto-
mobile in the traffic stream, average automoblle passenger load and
average automoblle operating speed.

Space occupied by the automoblle In the traffic stream.--Since the auto-

mobile, to include the motor truck, was used as the basis for comparison,
the space occupied per vehicle in the traffic stream for the automobile

- was assumed as unity.
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Table 5, Average Travel Time for Electric Trackless
Trolley Buses Classified According to Type
of Service, Time of Day and: Proximity to
the Downtown Business District.

Type of Time of Direction ___ Travel Time (Minutes per Mile)
Bervice Day of Travel Downtown Intermediate Cutlying
A .M, Peak Inbound 10.35 545 h.08
Outbound 10.47 5.25 3.77
Local P.M.Peak Inbound 10,65 5.37 3.95
Qutbound 12.19 6.39 L.12
Off Peak Inbound 10.0h 5.45 3.54
: Outbound 9.32 4.9k 3.51 -

e e e ety
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Table 6. Average Travel Time for Diesel Motor Bueses
Clagpified According to Type of Service,
Time of Day and Proximity t¢ Downtown Businegs

Distriet.

Type of Time of Direction Travel Time (Minutes per mile)
Service Day of Travel Downtown Intermediate Outlylng
A M, Peak Inbound 11.63 6.20 k.87
Outbound 9.07 5.40 4,19
Loocal P.M.Peak Inbound 13,40 5.93 L .59
Outbound 12.17 6.27 5.28
Off Peak Inbound 10.12 5.27 L.7h
: Outbound 10.33 5.07 4,49




34

Average automobile passenger.loads.--nata pertaining to the average

automobile passenger load in the Atlanta area were obtalned from the
Traffic Engineering Department of the City of Atlanta, In previous years,
personnel of thie department had conducted automobile passénger load
studies along a cordon line surrounding the central business district

of Atlanta. Studies were conducted during the years 1941, 1945, 1947 -
1948, 1951 and 1953. Table T 1s a sumary of the cordon county data ob-
tained from the Traffic Engineering Department of the City of Atlanta.
The information shown on Table 7 was used in the preparation of Figure
3. This figure Indicates that the automoblle passenger load in Atlanta
increaged during the years of World War II to a peak of 1.78 persons in
1943, The average automcbile passenger load has decreased since that
date to a fairly uniform value of 1.67 persons per asutomoblle. Due to
the fact that time, persgonnel and funde were not available for obtaining
these data for 1955 and since 1t appears from Figure 3 that the automo;
bile passenger load has attained a uniform value for all practical pur-
poses, the value of 1,67 or 1.7 persons per vehicle was used in this
study for the average automoblle passenger load.

Average automoblle operating apeeds.--The average operating speed of

automobiles was determined by driving a test car along the identical
routes that were covered in the transit vehicle study. On each of the
seven routes studled from nine to fifteen round trips were made with
the test car being driven at a speed which the driver thought wes
representative of the average speed of the traffic, In effect, this

means that the test car passed as many vehicles as passed it. No
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Table 7. Cordon Count Data for Computing Average
Automoblle Occupancy

Year Count Total Number of Total Number of Average Number of
wapg Made Automobiles Persons Counted -  Persons per
Counted Automoblle

1941 93,970 156,839 1.66
1942 78,918 134,h10 1.70
1943 58,508 104,089 1.78
19kk 65,908 114,681 1,74
1945 77,632 133,500 1.72
1947 96,503 163,591 1.70
1948 105,928 177,924 1.68
1951 116,278 192,669 1.66
1953 119,43k 199,486 1.67
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effort was made to bracket the peak pericds with a specified nmumber of
trips. The peak pefiods were aspumed to be the same és the peak bus
passenger perlods.

Table 8 1s a tabular summary of the results of the automobile
operating speed studies classified according to the time of day, direc-

L

tion of travel and proximity to the downtown business district.
Relative Efficiency of Transit Vehicles and Automobiles

The objeective of this thesls was to determine the relative effi-
clencies of 'various modes of transportation in the transportation of
people and the utilizatibn of city streets. The expression for comput-
ing the relative efficiency of'modea of transportation, as given in
Chapter I as Formula 2, recognizes both the space occupied per pérson
in the traffip.streaﬁ, which is a measure of the efficiént use of street
space, and the gpeed of operation, which is a measure of the ?fficient‘
movement of people.

The data cobtained in the field studies are summarized in Table 9,
to show the data used in the computation of relative efficiencies. The
data contained in Table 9 were substituted into Formala 2 and the effi-
clency of the diesel motor bus and.electric traclkiess trolley bus was

computed relative to the efficlency of the automobile.




Table 8. Average Travel Time for Automobiles
Claseified According to the Time of Day,
Direction of Travel and Proximity to the
Downtown Business District.

Area of City Time of Day Average Travel Time (Minutes Per Mile)

Inbound Cutbound In and Out
Dovmtown A.M. Peak 8.19 6.85 7.52
P.M. Pesk 8.30 8.62 8.46
AM. & P.M. 8.24 T.73 7.98
Combined .
Off Peak T.1h4 6.19 6.66
Intermediate A.M. Peak 5.29 h.,12 k.70
P.M, Peak 4,65 5.90 5.27
AM. & P.M. b, 97 5.01 h.99
Combined
Off Peak 4,32 .15 4,23
Outlying A.M, Pesk 3.69 3.31 3.50
P.M. Peak 3.68 k.16 3.92
AM. & P.M, 3.68 3.73 3.75
Combined

Off Peak 3.16 3.25 3.20




Table 9. Summary of Data Used in Computation of
Relative Efficlencieg., Morning and
Afternoon Peak Hours Combined for Heavy
Direction of Travel.
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Type Travel Time: Carried Load: Space per
of Minutes per Persons per Vehicle:

Vehicle Mile Vehicle Auto Unite

A. Dowmtown Area

Automobiles 8.0 1.7 1.0
D.M. Buses¥* 11.9 46.0 3.5
E.T.T. Buses** 11.3 4o.8 3.5
B. Intermediate Aresa

Automobiles 5.6 1.7 1.0
D.M. Buses 6.3 38.6 3.5
E.T,T. Buses 6.0 54,1 3.5
C. Outlying Area

Automobiles 3.8 1.7 1.0
D.M, Buses h.o 28.0 3.5
E.T.T. Buses L k1.9 3.5

¥ Diesel Motor Buses
** Electric Trackless Trolley Buses




CHAPTER IIX
DISCUSSION OF RESULTS

While the purpose of this study was to determine the efficlency
of two types of mass-transit vehicles relamtive to the efficiency of the
automobile, it is felt that the results of several.phaaes of the study
ghould be discussed in addition to the results of the relative efficlency
determination,

Space occupled by a transit vehicle in the traffic stream,--The resulis

of the study to determine the space occupled by a transit vehicle in the

stream were very erratic for arterial streets while little variation was

~ observed for secondary streets. The bus equivalent determined at the

nine 1nterse§tions on arterial streets varied from 1.38 to 7.37 automo-
biles per bus (Table 1). The range of the results was due to variations
in site cﬁnditions. The site conditions were analyzed to determine the
relationship between conditions and results. As can be seen on Table 1,
the poesible variablee in site conditions were time of day, street width,
perking conditione, gradient, location of bus stops, police control at

the intersectlion, turning movements and the percentage of trucks. The

- possible varigbles of location of bus stops, police control and the

porticn of the total turning movements made by transit vehicles was
eliminated from the analysis of slte conditlons as these factors were

identical for all of the nine studied loecations.




The analysis of site conditions related to the time of day re-
vealed that during the morming peak hour studies there was a higher space
equivalent than during the afternoon peak hoﬁr. This may be explalned
by the fact that traffic during the morning peak hour travels at &
faster rate of aﬁeed than 1t.does during the afternocon peak hour (Tables
5, 6 and 8). Any delay to this normally faster flowing stream of traf-
fic, such as transit passenger loading or unloading, would possibly re-
sult in a greater muber of automobiles belng displaced by the delsaying
transit vehicle than would be displaced during the slower moving traffic
gtream of the afterncon pesk hour. Table 10 1s & summary of the space
in the traffic stream occupled by a transit vehicle classified according
to the time of day each study was conducted,

Table 11 is a sumary of the repults of the studies of the space
in the traffic gtream occupied by a trangit vehicle, classified accord-
ing to street wldths at the study locations. It should be noted that
the values for space equivalents determined at intersections with street
widths of 30.0 feet, 46.0 - 50.0 feet, and 56.0 feet were higher than
thoge for street widths of 39.0 - 42,0 feet. This 1a explained by the
fact that s street with a curb-to-curb width of 30.0 feet 18 8 two
moving traffle lane facility and does not have adequate width for park-
ing lenes. A transgit vehicle stopping to load or unload passengers on
thls street would block a moving lane of traffic resulting in a higher
space equivalent for the transit vehicle. A street with a curb-to-curb
width of 46.0 feet to 50.0 feet is normally a four moving traffic lane

facility 1f parking is prohibited. If parking is permitted, the street
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Table 10. Space in the Traffic Stream
Oceupied by a Transit Vehicle
Classified According to Time
of Day.
Space Equivalentas¥® Space Equivalents¥
Determined During Determined During
A.M, Peak Hour P.M. Peak Hour
1.97 1.38
2.4k 1.55
3.01 1.93
4.19 2,07
4.85 6.20
437
Average 3.97 2,63

* See Table 1, Cols. 2, 3, 5 and 23 for location and time of day for

each Intersection study.




Lo

Table 11. Space in the Traffic Stream Occupiled
by a Transit Vehicle Classified
According to Approach Street Width
at Study Location

Street Width Space Equivalents

in Feet in Automcbile per Bus¥
30.0 3.01
6.20
39.0 - k2.0 1.38
1.97
2,07
2.k
4.19
46.0 - 50.0 1.55
1.93
T.37
56.0 4.85

*Zee Table 1, Cols. 2, 3, 5 and 23 for location and time of day for
each intersection study.
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would normally operate as a two or three moving traffic lane facility,
The two low space equivalents‘*shown on Table 11 for streets with widths
of hG.O feet to 50.0 feet occurred on streets with parking permitted.
The effect that parking conditlons have on the transit vehicle space
equivalent will be discussed in later paragraphs. The street with a
curb-~to~curb width of 56.0 feet operated as a four moving traffic lane
faclllity with parking prohiblted. The same remark applies to a street
of this width as to the 30.0 feet street above.

Table 12 is a sumary of the space in the traffic stream occupied
by ﬁ translt vehicle classified according to parking condltions at the

gtudy site. It should be noted that the space equlvalent was lower at

‘loeations where parking was permitted. This was due to the fact that

parking was prohiblited near the intersection for a transzsit loadlng zore.
This removed the transit vehicles from & roving lane of traffic during
loading or unloading operations resulting in 2 fewer number of automo-
blles displaced by a tranait vehicle.

Table 13 is a sumary of the space in the traffic aﬁream occupied
by a transit vehicle claselfled according to the gradient of the approach
getreet at the intersection, There was a wide variation in the space
equivalent when classified in thie manner but the averages by gradient
type were close,

Table 14 is a summary of the space in the traffic stream occupled
by a transit vehicle eclassified according to the turniﬁg movements at
the study locatlons. Transit vehicle movement was straight through the

intersection in all cases. As can be seen from Table 1k, there does not
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Table 12. Space in the Trafflec Strean
Occupied by a Transit Vehicle
Classified According to Parking

Conditions.
Space Equivalents Space Equivalents
on Streets with on Streets with
Ne Parking® Parking Permitted*

2,07 1.38

2.4k 1.55

3.01 1.93

4,19 1.97

4,85

6.20

7,37

*See Table 1, Cols. 2, 3, 5 and 23 for location and time of day for
each intersection study, “




Table 13.

45

Space in the Traffic Stream
Occuplied by & Translt Vehicle
Classified According to the
Gradient of the Approach Street.

Approach Space Equivalents Average
Street in Automobiles per Bus*

Gradient

-0.5% to -2.5%

Level

+3.5%

N =
8 ES

-

3.52

~SFEDH PR
- L

WEHQOIW

[0\ o

* w

3.34
3.01 3.01

*¥3Jee Teble 1, Cols. 2, 3, 5 and 23 for location and time of day for

i each intersection atudy.




Table 1%, Space in the Traffic Stream
Occupied by & Transit Vehicle
Classified According to the
Turning Movements.

Turning Movements in Per Cent Space BEquivalent in
Left Turns Right Turns Automoblles per Bus¥*

0.0 0.0 2.07

0.0 6.7 1.97

0.0 9.4 T7.37

0.3 6.3 1.93

0.k 1.7 L.19

0.4 1.8 .85

1.h 6.5 2.

2.9 3.5 3.01

6.4 3.2 6.20

9.8 h.g 1,55

10.5 21.1 1.38

*See Table 1, Cols. 2, 3, 5 and 23 for location and time of day for
each Intergectlion study.
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appear to be a direct relatlomship between the percentage of left and
right tums by automobiles and the space occupied by a transit vehiele
in the traffic stream.
Table 15 iz a summary of the space in the traffic stream occupied

by a transit vehicle clasgsified according to the percentage of trucks.
As in the case of the classification according to the percentage of turn-
ing moveﬁenta, there does not appear to be a direct relationship between
the percentage of trucks and the gpace in the traffic stream occupied by
a transit vehicle. |

As wasg shown in Table 2, the welghted average of the space in the
traffic stream occupied by a transit vehicle was 3.46 or 3.5 automobiles
per bus, This means that each trangit vehilcle displaces 3.5 automobiles
in the traffic stream, or conversely, 3.5 automobiles displace 1.0 tran-
git vehicle In the trafflie stream. This informﬁtion will be utilized in
the discugsion of the results of the relative éfficiency determination:

Average operating speéd of trangit vehicles and the automobile.--Table

16 is a summary of the average operating speed of diesel motor buses,
electric trackless trolley buses and the automobile expressed in minutes
per mile. The results of this portlon of the study were about as ex-
pected with the operating speed oflthe automoblle higher than that of
the transit vehicles in all but one instance. This exception cannot be -
explained. In all but three instances the operating speed of the elec-
tric trackless trolley bus was higher than that of the diesel motor bus.
The speed differentiel in each of the three exceptlons was lese than

0.18 miles per hour.




Table 15. Space in the Traffic Stream
Occupied by a Transit Vehicle
Classifled According to the
Per Cent of Trucks.

h8

Per Cent Syace Equivalent in

Trucks Automoblleg per Bus¥*
0.0 1.97
0.4 h.85
1.7 L.,19
1.9 6.20
2,2 7.37
2.3 1.38
2.4 1.5%
2.4 1.93
2,9 3.01
3.6 2.4k
7.9 2.07

*Bee Table 1, Cols, 2, 3, % aend 23 for locaticn and time of day for
each intersection study.
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Table 16. Average Operating Speed of Diesel
Motor Buses, Electric Trackless
Trolley Buses and Automobiles in
. Minuteg per Mile

Time of Study Diesel Motor Electric Trackless Automoblle

Day Aren Busges Trolley Buses
A.M. Peak* Dovmtown 11.63 10.35 8.19
Intermediate 6.20 5.45 5,29
Outlying .87 4,08 3.69
P.M, Peak® Dovntowm 12.17 12,19 8.62
Intermediate 6.27 6.39 5.90
Outlying 5.28 k2 k.16
Off Peak¥* Downtown 10.23 9.68 6.66
Intermediste 5.7 5.20 4,23
Outlying h.62 3.52 3.20

* Peak direction of travel.
¥¥ Combined direction of travel.

i v ———
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The data included in Table 16 show that a passenger in an automo-
bile traveling in the dowﬁtcwn area during the morning peak can travel
one mile in 8.19 minutes while a passenger in a diesel motor bus or
electric trackless trolley bus would require 11.63 minutes and 10.35
minmutes, respectlvely, to travel the same dlstance.

Average passenger load.--Table 17 1s & summary of the average passenger
load carried by the automobile, diesel motor bus and electric trackless
trolley bue classified according to the time of day, pesk direction of
travel and study area. In practlically all cases the electric trackless
trolley bus carrled the heaviest passenger load, as was expected, Elec-
trie trackless trolley routes are normelly established in areas that
will afford large volumes of passenger travel due to the expense of the
construction and malntenance of overhead trolley wires.

Relative efficiencles,--Table 18 is a summary of the relative efficlencies

of various modes of urban transportation in the transportation of peoPie
and the utilization of clty streete. In the congested downtown areﬁ,

the relative efficiencies of the dlesel motor bus and the electrie track-
leas trolley bus wﬁen compared with the automobile were 5.2 and 5.9, re-
spectively, but in the intermediate area the relative efficiencies were
5.8 and 8.5 respectively. The fa;t that there was an inerease in the
difference between the relative efficlencies of the two modes of trans-
portation in the intermediate area is explained by an increase in the
passenger load and operating speed of the electrie tracklegs trolley

bus and a decreage In the passenger load and a smaller inereasse in op-

erating speed of the dilesel motor bus. While there was a decrease in




~Table 17. Average Passenger Load Carrled
by the Automobile, Diesel Motor
Bus and Electric Tracklees
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Trolley Bus.

Time of Study Diegel Motor Electric Trackless Automoblle
Day Area Bus Trolley Bus :
A.M, Peak¥ Downtown ho.5 52.9 .7

Intermediate 35.4 54.3 1.7
Outlying 21.0 ho,7 1.7
P,M, Peak¥  Downtown k9,5 hé.6 1.7
Intermediate 41.8 53.9 1.7
Qutlying 35.0 b1,1 1.7
Off Pealck#* Dovmtown 28.1 28.7 1.7
Intermediate 2,2 28,9 1.7
Outlying 13.7 20.5 1.7

*  DPeak direction of travel.
¥* Combined direction of travel.
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Table 18. Relative Efficlencies of Automobiles, Diesel
Motor Buses and Electric Trackless Trolley
Buses in the Utilization of Street Space and
Movement of People During Peak Hourg of Traffic
Movement on Surface Streets.

Area Type of Vehicle Relative Efficiency

Downtown Automobiles
Diegel Motor Buses
Electric Trackleess Trolley Buses

VWO

Intermediate Automobiles
Diesel Motor Buses
Electric Trackless Trolley Busee

WV g
VM-Jo Vvvmo

Outlying Automobiles
Diesel Motor Buses
Electric Trackless Trolley Buses

i
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in the relative efficiency of the two modes of tranapqrtation in the
ocutlylng area, the differehce in the efficiencies remained practically
the same,

The determination of relative efficiencies of various modes of
transportation in this thesis congidered the space occupied by a vehicle
in & moving stream of traffic, the length of time this space was occu-
ried or the operating speed and the number of.peraons tranaported. Re-
ferring to Tables 2, 16 and 17, a transit vehicle replaces 3.5 automo-
biles in the traffic stream but the electric trackless trolley bus in
the downtown ares transports 31.1 times ag many persons ag each automo-
bile. Therefore, each person in an automobile occupies 8.89 times as
much space ip the traffic stream as does one passenger in the electric
tracklese trolley bus. Bach transit vehicle in the traffic stream could
be replaced by 3.5 automobiles without inereseing traffic congestion but
the 52.9 passengers transported by the electric trackless tro}ley bus in
the downtown ares would be replaced by only 6.0 persons in sutomobiles

but the 6.0 persons would cover the sgame distance in 0.79 of the time,




CHAPTER IV
SUMMARY OF RESULTS AND CONCLUSIONS

Considering the scoﬁe of the study end the data availasble, the

following results may be considered,
Summary of Results

1. The space in a moving stream of traffic occupled by a transit
vehicle considering only the effect on street capacity was 3.5 autamo- |
biles per bus on arterial streets and 3.8 automobiles per bus on second-
ary streets. _

2, Transit.loading and wnloading of passengers on streets wifh
no parking restrictions had less effect on moving streams of Fraffic
than on streets with parking restrictions because of passenger loading
zones 1n parking lanes, |

3. In the congested downtown areﬁ of Atlants, the electric track-
less trolley bus is 5.9 times as efficient as the automobile in transport-
ing people and utilizing city streets.

k., In the congested downtown area in Atlanta, the diesel motor
bus 18 5.2 timesg as efficient as the automobile in transporting people
and utilizing city streets.

5. 1In the afea between the doﬁntown area and the primarily resi-
dential areas in Atlanta, the electric trackless trplley bus is 8.5
times as efficient as the automobile in transporting people and utilizing

clity streets.
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6. In the area between the downtown area and the primarily resi-
dential areas in Atlanta, the diesel motor bus is 5.8 times as efficient
ag the automobile in transporting people and utiligzing city streets.

T. In the primsrily residential areas in Atlanta, the electric
trackless trolley bus is 6.5 times as efficient as the sutomobile in
transporting people a.nd utilizing city streets.

8. In the primarily residential areas in Atlanta, the diesel
motor bus is 3.7 times as efficient as the automobile in transporting

people and utllizing city streets,
Conclusions

Based on the findings revealed by this study, it is concluded
that the diesel motor hus and the electric trackless trolley bus are more
efficient than the automoblle 4in transporting people and utilizing clity

gtreets.




CHAFTER V
RECOMMENDATIONS

Numerous recommendations have been made to improve the efficiency
of mess transit operations in urban areas and also to entice more people .
to ride mase trunsit vehicles in order to reduce the nunﬁer of autano-_'-
biles utilizing city streets.

One of the recommendetions for improving operating efficlency in
the dawntown area ig the establishment of curd lanﬁs for the exclusive
use of transit vebicles!. The City of Atlanta has established one such
transit lane along Peachtree Street in the downtown areaa. It 48 recom-
mended that future research on mass transit operations include a compari-
son of the space occupied in a moving streem of traffic by a transit
vehicle utilizing an exclusive transit lane and the gpace occupied under
the conditions that exiasted when the fiald work for this thesis was per-
formed.

Another suggested method for improving the operating efficiency
~ of mass traneit is the establishment of streets designed primarily for
transit uaaseg. Traffic signals on thoﬁe streets wvould be timed for
efficient transit operations and would discourage automobiles from using
thense streeta, Future research on mass transit Op;ratiOMI should include

e study of such streets.
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