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ABSTRACT

The research reported here identified those elements
associated with the location and design of bus stops that affect
the efficiency of transit and traffic operations, and developed
guidelines to assist transportation engineers and planners in
technical and policy decisions concerning bus stops in urban
areas. Two nationwide questionnaire surveys, one for city
transportation officials and the other for bus transit operators,
were conducted to establish a systematic definition of the
operational dimensions of a bus stop which could be shown to
influence the performance of the traffic and bus transportation
systems. Criteria for evaluating the performance of bus stops
were then derived and applied in practical situations in
Arlington County, Virginia. It was found that the criteria used
to determine the location and design of bus stops should be in
the form of guidelines, not numerical warrants. In locating
stops each should be treated individually. Finally it was found
that right-turn-on-red and on-street parking conflict with bus
stop operations.
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SUMMARY OF FINDINGS

This study examined selected strategies for improving the
efficiency of locating and designing bus stops. The research
comprised a review of the literature, two questionnaire surveys,
and six case studies.

With regard to locating bus stops, the principal findings
are listed below. The strategy used in spacing bus stops varies
significantly from city to city.

One-quarter mile is the acceptable maximum walking distance

in both the CBD and outlying areas.

Transfer points should be located at four corners of
intersections and should be provided with bus shelters and
benches.

The factors which influence the selection of bus stop
locations are listed, in order of priority, as follows:

1. safety of passenger, bus, and other traffic;
2. effect on transit operation;
3. effect on traffic; and

4. impact on adjacent land use and development.

The major findings relating to the elements considered in the

design

of bus stops are as follows:

A minimum length for bus loading curb zones is necessary.

Bus bays are most effective in cases where the adjacent
roadway experiences moderate traffic volumes

When a bus bay is employed, a preemption signal to permit
the bus to immediately reenter the traffic stream is
desirable.

The number of bus riders boarding at or departing from a
bus stop is the criterion employed to justify the con-
struction of a shelter.

The ridership and length of wait at a bus stop should be
used in determining whether or not a bench should be
provided.

Finally, it was found that the transportation system management
actions of right turn on red and on-street parking conflict
with bus-stop strategies.

vii
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EFFICIENCY IN BUS STOP LOCATION AND DESIGN

by

Brian Bin-Mau Lin
Research Assistant

and

Michael J. Demetsky
Faculty Research Engineer

PURPOSE AND SCOPE

Numerous improvements to existing urban bus transit systems
are being implemented to increase their speed and efficiency,
including modifications in bus routes and schedules, express bus
service, the preemption of traffic signals for buses, bus
terminals, and simplified fare collection.(l) However, solutions
to the traditional problems associated with the location of bus
stops within the city block and along the bus route, as well as
with the attractiveness of bus transit service related to the
design of bus stops, are still being sought on an ad hoc basis.
This is true because no general guidelines for locating and
designing bus stops have been adopted by the transportation
professions.

Accordingly, the study reported here was undertaken in an
attempt to examine how parameters used in locating and designing
bus stops influence the efficiency of the operation of urban bus
and traffic systems and to recommend practices that will ensure
the effective development and use of bus stops along transit routes.
The specific objectives were to —

A. 1identify elements relating to the location and design
of bus stops that should be integrated into a comprehen-
sive planning strategy;

B. establish the interrelationships among the elements
identified in (A) above;

C. make recommendations concerning each element;

D. show a set of prototype bus stop designs for specified
design requirements such as adjacent land use, volume
of buses served, volume of pedestrians serviced, etc.;
and
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E. show the significance of the location and design of
bus stops to other actions in Transportation Systems
Management (TSM) planning.

METHODOLOGY

To establish a systematic definition of the operational
dimensions of a bus stop that influence the performance of traffic
and bus transportation systems, a review of the literature and
two nationwide questionnaire surveys were conducted. Moreover,
case studies were conducted to substantiate the subjective
responses to the questionnaires.

Literature Review

A file search of current literature available was made
through the facilities of the Highway Research Information Service.
Although the literature on the subject was limited, it provided
sufficient information for designing the questionnaires.

Questionnaire Survey

Various strategies for locating and designing bus stops have
been used in a number of cities to improve the efficiency of
bus transit and diminish its interference with normal traffic
flow, but a comprehensive survey of existing and planned
applications of guidelines for the location and design of bus
stops in the United States is not available. To examine the
state of the art, two questionnaires were designed to gain
relevant opinions of city transportation officials and transit
operators. The specific purpose of the questionnaires was to
obtain information that could be used to describe current
practices, to identify criteria that are appropriate for evaluating
the utility of bus stops, and to outline strategies for improving
their utility.

Survey of Transportation Engineers

The survey questionnaire, was distributed to transportation
engineers in 324 selected cities in the United States and Canada.
A total of 117 questionnaires were returned, yielding a response
rate of 36.2%. Appendix A lists the cities responding and
Appendix B summarizes the survey results.
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The distribution and return of the questionnaires by popu-
lation of the cities is given in Table 1. This distribution
indicates that each population category was proportionally
represented by the responses (chi-square = 1.12 on 3 degrees of
freedom, "p" value = 0.225).

Table 1

Survey of Transportation Engineers - Response by Size of City

Citv Populaetion Number Number Response
1970 Census Mailed Returned Rate, %
50,000 or less 54 20 37.0
50,001 to 100,000 78 32 41.0
100,001 to 200,000 102 38 37.2
200,001 or more g0 27 30.0
Totals 32y 117 36.2

Survey of Bus Transit Firms

The survey questionnaire was sent to 176 bus transit firms
in cities across the nation. Of the firms surveyed, 60% operated
between 10 and 90 buses and 40% operated 391 or more buses. These
firms were selected on the basis of peak-vehicle requirements as
identified in A Directory of Regularly Scheduled, Fixed Route
Local Public Transportation Service in U. S. Urbanized Areas.zZ)

A total of 67 questionnaires were returned by bus transit
firms in 33 states, the Distriect of Columbia, and Puerto Rico,
for a response rate of 38.1%. The distribution and return of
the questionnaires by peak-vehicle requirements of the cities is
given in Table 2 and the survey results are summarized in
Appendix C. The distribution in Table 2 shows that each category
of firms by peak-vehicle requirements was proportionally repre-
sented by the responses (chi-square = 5.38 on 3 degrees of
freedom, "p" wvalue = 0.855); however, more firms with 91 or more
buses returned the questionnaire than did smaller firms.



Table 2

Survey of Bus Transit Firms - Response by Vehicle Requirements

Peak-Vehicle Number Number Response

Requirements Mailed Returned Rate, %
1976

30 or less 38 7 19.%

31 to 60 39 12 30.8

81 to 90 29 11 37.9

31 or more 72 37 51.4
Totals 1786 67 38.1

Case Studies

After the questionnaire data were reviewed, case studies
were conducted to examine the operational and safety characteristics
at seven urban bus stops in Arlington County, Virginia. These
stops were selected by the Arlington County transportation planner
to represent typical problems relating to bus and traffic turning
movements, passenger and pedestrian activities, geometrical
features, land use, and environmental characteristics.

To provide a comprehensive summary of the features of the
bus stops, a form was prepared and is shown in Appendix D. This
form was used to record observations at the selected bus stops
and adjacent intersections.

REPORT FORMAT

The following discussion integrates the survey results with
observations documented in the publications that were reviewed.
An overview of the data is first presented to identify the status
of bus stop strategies in general; then, the individual parameters
relative to bus stop location and design are identified.
Finally, case studies are presented to show how the individual
location and design measures interact.
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STATUS OF BUS~STOP STRATIEGIES: AN OVERVIEW

To gain an understnading of the appropriate role of bus
stops in urbanized areas, the status of bus-stop strategies was
examined through the questionnaire surveys. O0f the 117 trans-
portation engineers who responded to the survey, only 1i%
indicated that a standard policy for locating or designing bus
stops had been used (item 1, Appendix B); while 27 bus transit
operators (40%) reported that they had adopted a set of criteria
for locating or designing bus stops (item 4, Appendix C), and
many of them (70%) indicated that the criteria were merely
derived from "A Recommended Practice for Proper Location of
Bus Stops".(3) These responses show bus-stop strategies are
not given consideration commensurate with their importance.

TSM Strategies

The use or nonuse of bus-stop strategies is interpreted as
an indicator of the role assigned to bus stops as a TSM strategy.
A proper bus stop location and design can yield beneficial
effects, such as those listed in Table 3.(4) Although more than
70% of the transportation engineers reported that they had not
considered bus-stop strategies in the areas' TSM plans, all
respondents indicated that one or more TSM tactics had been used
in the bus-stop decision process. For example, some small cities
had prohibited curb parking in bus-stop zones to ensure the
safety of bus operations.

As given in Table 4, the results of the survey showed that
both transportation engineers and bus transit firms agreed that
the primary TSM objective was to improve safety. However, bus
transit firms felt that two other TSM objectives, to provide
easy access to all major trip generators and to increase transit
patronage, would be almost of the same importance as safety,
while the transportation engineers thought that the next objectives
in importance were to provide easy access to all major trip
generators and to minimize interference with the traffic stream.

The implementation of TSM objectives should satisfy the
various needs of different groups of people. Both the transporta-
tion engineers (item 4, Appendix B) and transit operators (item
7, Appendix C) who responded to the surveys agreed that the TSM
objectives were influenced primarily by two interest groups;
namelys bus riders and transit companies. However, as shown in
Table 4, the transportation engineers felt that drivers in moving
traffic would be the next interest group while transit operators
felt it would be bus drivers.
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Table 3

TSM Objectives Associated with Bus-Stop
Location and Design Decisions

Decision TSM Objective

Quality of Bus Transit Service Reduce transit travel time
Provide adequate service to the
transportation-disadvantaged
and transit-dependent

Provide easy access to all major
trip generators

Improve bus rider convenience
and comfort

Improve safety

Improve security

Efficiency of Existing Bus Increase transit patronage
Transit System
Minimize interference with the
traffic stream

Minimize time for reentry into
the traffic stream

Environmental Impact Avoid blocking entry to adjacent
business

Ensure compatibility with
adjacent development

Reduce transportation system
energy consumption

Reduce interference with
pedestrian flow

System Costs Reduce transit travel costs

Minimize implementation costs

Scurce: Reference 4
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Effects of Ordinances

To gain insight into how local ordinances affected decisions
on bus-stop strategies, associated experiences and opinions were
examined through the questionnaires (item 6 of Appendix B and
item 9 of Appendix C). A total of 73% of the transportation
officials reported that they did not feel that there were any
local ordinances or state laws which affected bus stop strategies
in their localities. However, more than half of the transit
operators felt that they had to comply with all traffic laws
unless specific exceptions had been given. Both groups agreed
that the bus stop location and design had to be approved by the
governing public works agency or traffic engineering department.
In fact, some city codes delegated the authority for bus-stop
installation to transportation officials.

CONSIDERATIONS IN BUS-STOP LOCATION

Criteria for locating bus stops along transit routes . are
derived from line and block and point considerations. These
are discussed in the succeeding subsections.

Line Considerations

Three variables reflect the characteristics of bus-stop
locations along bus routes: bus-stop spacing, bus-stop market
area, and transfer points.

Bus-Stop Spacing

To improve bus service levels along a route transit
operators can increase bus speed by restricting the number of
stops. However, this strategy sometimes causes total revenue
to decline.(5) "Obviously, closely spaced bus stops provide short
walking distances to public transit, but they tend to increase
the jerkiness of the ride and bus travel times, and thus reduce
total system capacity. Therefore, a standard for prescribing
the minimum and or maximum distances between bus stops appears
to be warranted. The purpose is to maximize safety, comfort,
speed and capacity and at the same time to minimize the walking
effort required to access the bus. O0f the 67 bus transit
operators responding to the survey, more than half (52%) reported
that they specified the minimum and maximum distances between bus
stops (item 11, Appendix-C). In addition, two-thirds of the 25
bus transit firms with annual bus ridership in 1978 of 16 million
or more indicated that the standards for the spacing of transit

stops were helpful in providing guidelines to establish bus stops
and zones.
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As a rule of thumb, bus-stop spacing ranges from one stop
pPer block where city blocks are 500 or more feet in length to
stops in alternate blocks where blocks are shorter.(3) However,
it is noted that in practice bus-stop spacing varies significantly
from city to city. From examining the large transit systems in
urbanized areas, it can be seen that they use different criteria
for establishing distances between bus stops. For example, as
given in Table 5, the spacing in commercial and business areas
could be as long as 1,320 feet in Los Angeles, California, and
as short as 440 feet in Richmond, Virginia. Nevertheless, all
transit operators responding to the survey agreed that the spacing
standards must be applied in a manner to locate bus stops at
major generators such as schools, hospitals, employment centers,
and densely populated neighborhoods.

Bus-Stop Market Area

An area within walking distance of the transit stop is
considered to be a bus-stop market area. This market area, as
identified by the transit operators, ranges from 160 feet (49m)
to 2,640 feet (805m) in central business district (CBD) areas
and from 320 feet (98m) to a mile in outlying transit areas (item
12, Appendix E). However, over 31% of the transit firms reported
that they considered 1,320 feet (402m) as an acceptable walking
distance in both CBD and outlying areas.

Theoretically, a bus-stop market area is half of the bus-stop
spacing, provided a bus route along a straight road is used with
bus stops spaced equal distances apart.(6) It seems that
bus-stop spacing and the market area represent duplicated
standards. However, the bus-stop market area provides a guideline
by which transit operators can determine the distances between
bus stops. As indicated by one-third of the transit operators
who responded to the survey, the transit patrons desired to walk
no more than one-quarter mile from their origins to a transit
stop. This point, as shown in Table 5, had been used by the 25
large transit systems to establish the maximum distance between
bus stops in commercial and rural areas.
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Transfer Points

A basic assumption in public transit planning is that the
transit system should provide direct service and through routing
of buses between major traffic generators, and thus accommodate
a majority of transit travel demands in a manner such that trans-
ferring will not be necessary.(6) However, a small number of
transit passengers will always be required to transfer between
routes. The bus stops serving as the connections of bus routes
are transfer points. More than half (59%) of the transportation
engineers (item 11, Appendix B) and 69% of the transit firms
(item 10, Appendix C) felt that these transfer points between
bus routes should be given special consideration regarding
location.

To provide an easy, convenient and safe transfer, the
transfer points should be located at major street intersections.(7,8)
At the Jjunction of two bus lines proceeding in the same direction,
there should be a common bus stop to avoid the confusion of two
loading points for the same direction of travel, or, if there is
any transferring, to eilminate the transferree's walking effort.
In fact, over 81% of the transit operators did use the same bus
stops when bus routes overlapped on arterial streets (item 13,
Appendix C).

Block and Point Considerations

Commonly, bus stops are served at the sidewalk curbs and
classified in one of the following categories.(9)

1. Nearside-curb bus stops located at the approach to the
intersection.

2. Farside-curb bus stops located at the exit from the
intersection.

3. Mid-block-curb bus stops located in the middle of a
block.*

In selecting which of these three general types of bus-stop
locations to install, consideration should be given to several
factors identified by the transportation engineers and transit

*If a crosswalk is provided in the middle of the block, the mid-
block bus stop can be installed at the farside or nearside of
the crosswalk and is referred to as a "farsided-mid-block"-or
"nearsided- mid-block"-bus stop.

11
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operators responding to the surveys (item 2, Appendix B and item
6, Appendix C). Those given highest priority are the —

1. safety of passenger, bus, and other traffic;
2. effect on transit operation;
3. effect on traffic; and

4. impact on adjacent land use and development.

Safetz

To consider the safety factor, four groups of movements —
those of the passenger, bus, traffic, and pedestrian—were used to
examine each of the seven bus-stop locations examined in the
case studies. These movements are discussed below.

Passenger Movements

Passengers leaving a bus have a tendency to immediately walk
across the street through the crosswalk. This practice poses
hazards to the passengers if the bus stands at the nearside of
the crosswalk, because motorists approaching from the rear of the
bus cannot see the passengers crossing in front of it. Further,
when the bus finishes discharging passengers and attempts to
leave the stop, the crossing passengers constitute an unnecessary
interference. At the farside of the crosswalk, however, these
situations are not present.

Bus Movements

At farside stops, more access space is available for the bus
to pull out of the through-travel lane into the curb lane and
thus the potential for side-swiping parked vehicles is reduced.(10)
To prevent the rear of a stopped bus from obstructing the traffic
lane, the bus should be parked parallel to the curb and as close
as possible to it. In terms of bus-operating characteristics,
the farside stop has definite advantages in providing buses with
maneuvering space.(10)

Traffic Movements

Because of the visual obstruction created by the standing
bus, motorists may find sight conditions at nearside stops
unfavorable. This is an important safety problem at the inter-
section, because the bus standing at the nearside stop sometimes

12
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blocks the motorists' view of traffic signals. Also, nearside
stops pose hazards for other vehicles when a bus is loading or
unloading passengers, because the following vehicles often attempt
to bypass the standing bus and thus interfere with other traffic
and the bus as it leaves the stop.(ll) These stops also create

a hazardous condition for vehicles making right turns in front

of the bus standing at the stop.

Pedestrian Movements

A farside stop has a definite safety advantage because the
stopped bus does not block a pedestrian's view of traffic
approaching from behind the bus, and pedestrians do not conflict
with the movement of the bus as it leaves the stop. A survey(lz)
was made in which data were collected on over 2,100 pedestrian
accidents occurring over a l0-month period in 13 major cities in
the country, and it was found that bus-stop-related pedestrian
accidents were 3% of the total pedestrian accidents. Also, the
survey indicated that one city involved had no bus-stop-related
pedestrian accidents, and upon investigation it was determined
that over 90% of its bus stops had been relocated to the farside.
Accordingly, the report on the survey strongly recommended that
bus stcps be located at the farside of the intersection or at
the farside of a mid-block pedestrian crosswalk to minimize
visual interference. :

"Effect on Transit Operation

As identified by the transportation engineers and transit
firms responding to the surveys, awkward bus movement on the
arterial streets was one of the most important factors affecting
transit system efficiency. The criteria selected to examine a
bus-stop location included the bus driver's characteristics, bus
turning movements, and bus travel delays.

Bus Driver's Characteristics

Both transportation engineers and transit operators, as
shown in Table 4, did not feel that bus drivers were the important
group influencing the location of bus stops; however, the charac-
teristics and tendencies of the bus driver should be taken into
consideration. At nearside stops drivers' attention is not
diverted by cross traffic and turning vehicles when pulling into
the stop, and while at the stop they have a direct view of three
directions from which passengers may come. Furthermore, in
comparison with the nearside stop, the farside stop tends to
encourage the bus driver to maintain a greater approach speed

13
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near the intersection and to more fre%uently violate traffic
signals in reaching the farside stop.

Bus Turning Movements

In terms of bus movements, the bus stop generally can be
installed at any one of the three types of locations, i.e., near-
side, farside or mid-block. When any of the following conditions
exist, however, the location of the bus stop should be given
special consideration.

A. Bus right-turn movement.

If there is heavy right-turning traffic, a nearside
stop before the turn should not be used; a farside
stop after the turn is preferable. If a farside stop
is unacceptable, a mid-block stop before or after the
turn should be used.(13)

B. Bus left-turn movement.

For left turns, a nearside stop immediately prior

to a turn should never be used since the abrupt, sharp
turn may jeopardize vehicles in the traffic lane. A
farside stop, in this case, is strongly recommended.
If this farside stop is unavailable, then_a mid-block
stop after the turn should be used.z

Bus Travel Delays

There are three types of bus travel delays — bus dwelling
time, traffic signal delay, and the waiting time for the bus to
pull out of or reenter the normal traffic stream. A consideration
of dwelling time, which is considered as necessary service time,
was beyond the scope of this study. The other two delays will be
discussed with reference to bus-stop location on the basis of
experience.

A. Traffic signal delays.

In terms of traffic signal delay, a nearside stop has
a definite time-saving advantage because a portion of
the delay is combined with the bus-passenger-service
operation; (%) but if there is a high volume of right-
turnlng vehicles or cross-street pedestrians which
might cause interference to the bus standing at the
nearside StOE then a farside stop might be
advisable.(11,16,17)
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B. 'Waiting time for the bus to pull out of or reenter the
normal traffic stream.

Usually, the bus driver has less trouble in pulling

out of the normal traffic stream than he does in
reentering it. At a farside stop, when the traffic

light turns red behind the bus, the driver can find a

gap to reenter the traffic stream without interference;(13)
however, at a nearside stop, unless there is no vehicle

in the traffic lane, as the bus leaves the stop it

always conflicts with vehicles on the traveling route.

Priority treatment for buses can be used to reduce or
eliminate the bus travel delays cited above. For example, the
signal preemption treatment can reduce the waiting time during
the traffic signal; and the exclusive bus-curb lane, through
restricting the non-bus traffic flow, can provide the bus with .
an easy reentry and pullout and eliminate bus-vehicle inter-
ference. Of the 117 transportation engineers who responded to
the survey, only 29% indicated that priority treatment had been
given to buses over other vehicles in the service areas (item 13,
Appendix B). Furthermore, one of them reported that unless there
were tremendous bus travel delays, he would not sacrifice normal
traffic flow to benefit the bus. This indicates that although
the objective of a transportation system is to move people and
freight, and not only vehicles,(18) most transportation engineers
still look at the overall traffic volumes and delays.

Effect on Traffic

When a bus stands at the curb for passenger service, it
impedes the normal traffic stream and increases the traffic delays.
In some urban areas where the right-turn-on-red (RTOR) policy is
allowed, the problems of bus-vehicle conflict become more
pronounced and sound engineering judgement becomes critical.

Bus-Vehicle Conflicts
Bus-vehicle and resulting vehicle-vehicle conflicts occurring

when the bus stands at or leaves the stop cannot be eliminated
unless bus-exclusive lanes are provided.

RTOR Movement

Over 92% of the transportation engineers reported that their
cities permitted RTOR in the service areas (item 8, Appendix B),
and only 15% of them felt that the RTOR policy had caused changes

15



regarding bus-stop location (item 9). As a matter of fact, any
installment of a bus stop within 200 feet of the intersection
affects the RTOR movement.(9) Among those transportation officials
who cited changes in bus-stop locations due to RTOR, 88%

considered relocating the bus stop from the nearside to the far-
side. Indeed, a farside stop has a definite advantage in keeping
the bus from blocking the right-turning vehicles on the bus

route. But, as discussed below, there are exceptions which

cause reconsideration of nearside stops.

When a bus is standing at the farside stop and blocking the
curb lane, RTOR vehicles from the cross street conflict with the
left-turning vehicles from the opposite direction of the cross
street. As shown in Figure 1, if the left-turning traffic is
heavy, then a relocation to the nearside might be advisable.

f |

The RTOR vehicle (No.2) conflicts with vehicle No. 1 making a

left turn on a green signal, since the standing bus blocks the
curb lane.

Figure 1. Opposing left-turn RTOR conflict.
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When the percentage of right-turning vehicles approaching
at the nearside stop is much less than that of the cross street
vehicles approaching at the farside, a nearside stop might be
better because the total delays of the RTOR vehicles might be
smaller.

If either a farside or a nearside stop reduces the RTOR
effects a great deal, then a mid-block stop should be used.

At any intersection where major bus routes cross and trans-
ferees are numerous RTOR should be prohibited.

RTOR policy and bus-exclusive curb lanes should not be

implemented at the same intersection, regardless of the location
of the bus stop.

Impacts on Adjacent Land Use and Development

For local development and public relations promotion, it is
desirable to install bus stops at locations where they are
compatible with commercial activities and parking needs, and
where they cause least annoyance to adjacent property owners.

Commercial Activities

In congested CBD areas, it is advantageous to locate bus
stops at the major establishments where the greatest amount of
pedestrian traffic is generated so that the pedestrian crosswalk
movements can be minimized.(3) Both transportation engineers
and transit operators (item 3, Appendix B and item 6 Appendix C,
respectively) responding to the surveys identified the proximity
to passenger origins and destinations as the first-ranked factor
considered in the bus-stop location process, and they also
indicated that this factor would have quite often determined the
proper location of the bus stop, whether it be located nearside,
farside or at mid-block.

Automobile Parking

The lack of automobile parking space is a substantially
serious problem in most urbanized areas. The installment of bus
stops along any arterial street influences parking strategies
significantly. In fact, 60% of the transportation engineers who
responded to the survey indicated that parking needs would
govern the establishment of a bus stop. In the interest of
examining the effect, two factors were taken into consideration
as noted below.

17
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A. Considerations of parking and intersection capacities

Due to bus maneuvering characteristics, the lengths

of the bus loading zones at farside and nearside stops
are much shorter than those at mid-block stops.*
Therefore, the installment of bus stops at the inter-
section can provide better utilization of the curb

to meet parking needs and, when the bus is not standing
at the stop, the loading space can be used for
additional capacity for right-turning vehicles so as
to increase the capacity of the intersection.(8) How-
ever, if RTOR movements and the resulting capacity of
of the intersection are reduced significantly due to
the frequent bus service at the intersection, then
mid-block stops can be used to reduce congestion.

B. Enforcement of parking regulations

The best engineered bus stop is of little use if
parking regulations are not strictly enforced.
Motorists are used to the standard parking regulations
in effect on all sides of an intersection. Therefore,
parking prohibitions ar nearside and farside stops can
be enforced with comparatively little difficulty. The
mid-block stops require a parking restriction at the
loading areas where motorists are used to having
parking privileges and this restriction is more
difficult to enforce.(1lH4)

Land Use

In terms of land use, the bus stop should be installed
wherever there is a wide sidewalk and the stop will not block
entrances of local businesses. If there is a broader road pave-
ment on one side than on the other side at an intersection, the
broader road pavement should be used for the bus stop so as to
minimize traffic conflicts and enhance land use. (3

*The details of bus curb loading zones are addressed later under
Elements of Bus Stop Design.
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Summary

The bus stop location criteria 1identified above are
summarized in Table 6. An "X" placed in Table 6 indicates which
bus-stop-location choice best suits a specific criterion. How-
ever, the criteria only provide the guidelines and each stop
location must be evaluated individually. In general, Table 6
shows that farside stops are preferable to nearside and mid-
block stops.

Table 6

Criteria Used to Select Bus-Stop Location

CHOICES

Mid-Block
Criteria Farside Nearside Farside Nearside

Safetz

Passenger Movements
Bus Movements
Traffic Movements
Pedestrian Movements

]
KoxoX K

Effect on Transit Operation

Bus Driver's Characteristics X
Bus Turning Movements X X X X

Effect on Traffic

Bus~Vehicle Conflicts X
RTOR Movement X pid ple

Impacts on Adjacent Land
Use and Development

Commercial Activities X X X X
hand Use X X X X
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ELEMENTS OF BUS-STOP DESIGN

A well-designed bus stop should provide passenger services
with minimal interference to traffic and pedestrians and should
assure the greatest comfort and safety of the passengers. This
section identifies elements of bus-stop design that include
bus-loading curbs, bus bays (turnouts), and bus shelters an
benches. :

Bus-Loading Curbs

According to the questionnaire response, more than 45%
of the transportation engineers felt that curb length requirements
for bus stops were necessary (item 14, Appendix B); while 78%
of the transit operators indicated that the minimum desirable
bus-loading curb lengths shown in Table 7 were required to provide
a safe passenger service (item 14, Appendix C). Along with the
minimum desirable curb length, there are two other important
factors which ensure the safety and efficiency of bus-passenger
operation; namely, the condition of the curb lane and the curb
height, and the signs and markings in the loading zone.

Minimum Desirable Curb Lengths

In referring to minimum desirable lengths for bus curb
loading zones, the Highway Capacity Manual notes different ranges
of zones for various uses of buses, !/

When the average bus volume in one direction exceeds 40 per
hour,(11) the number of passengers to be loaded and the resulting
time that each bus must spend in the bus curb loading zone
increase, and it is necessary to provide a length for each bus
expected to stop at any one time at any given bus stop. It is
recommended that 45 feet (lum) of length be provided for each
40-foot bus (12m) and 5 feet (1.5m) between buses, (3 Considering
bus maneuvering characteristics, the lengths for the curb loading
zones should be adjusted to accommodate the turning radii.(3)

The survey responses of transit firms revealed that, in
general, the adopted length requirements for curdb loading followed
the standards described in the Highway Capacity Manual, but that
they were modified in some instances.

Some of the bus-transit firms reported that the curb-loading
lengths were dependent upon on-street parking demands, and they
could be as short as 60 feet (18m) for single-bus operations.

For those cities with critical curb parking needs, an easy
solution seems to be to provide room for only one bus and to
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restrict buses to a short length stop. But this solution is not
recommended, because the provision of insufficient space for a
second stopped bus will make it obstruct the through-travel lane,
and also create hazardous and inconvenient loading and discharging
conditions for the bus passengers. The provision of adequate
loading~space is particularly important in light of recent federal
requirements that new buses be equipred with wheelchair 1ifts or
ramps. Proper operation of this equipment requires that the bus

be parallel to the curb. )

It is recommended that at nearside stops an extra length be
added for right-turning buses and vehicles.(8) TFor safety
reasons, a nearside bus stop should allow adequate setback from
a crosswalk to facilitate right-turn movements by buses and other
vehicles and a clear sight path and walkway for pedestrians.
Some transit operators indicated that this standard had been used
at some intersections with heavy right-turning movements of buses
and traffic and had proved successful through the years.

Condition of Curb Lane and the Curb Height

A good condition of the curb lane and an appropriate curb
height are considered as to be essential to the efficient use of
the curb lane. In various experiments, it was found that bus
drivers avoided the poor pavement of the curb lane and stopped
the buses away from the curb.(1ll) Boarding and alighting
operations away from the curb were found more hazardous for
riders than were curb operations, especially for the elderly and
handicapped, and especially during inclement weather. The
additional hazard would appear to result from the increased
height from the ground to the first step of the bus and moving
vehicles such as bicycles between the curb and the bus.(19)

An appropriate curb height for efficient passenger-service

operation is from 6 to 2 inches (15cm to 23cm).(11) If curbs are
too high, the bus will be prevented from moving close to it.

Signs and Markings

The primary functions of signs and markings on a bus-loading
curb are to provide an easily identifiable location where passen-
gers board and alight and to inform motorists of the restriction
on parking.

Bus-Stop Sign
The placement of the bus-stop signs should be in line with
traffic regulations and the signs should be visible to bus drivers

as well as to bus riders. Wherever the same bus stop is used for
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bus routes that overlap on arterial streets, the bus-stop signs
should indicate route designations for each line serving the
stop.

Curb Markings for Parking Restrictions

Curb bus zones should be posted with "No Parking — Bus Zone"
signs in addition to solid yellow markings to identify parking
restrictions. As recommended by the Manual on Uniform Traffic
Control Devices (MUTCD), the two kinds of standard signs for
parking regulations shown in Figure 2 are in general use by
transit operators.(21)

THIS AREA MAY 8£ USED
#OM A TRANSIT LOGO.

{1F NOT USED OECREASE |

; SIGN MEIGHT BY 8 INCHESI 1
i

7 . N\
; PARKING

BUS
{Bus stop STPP

\E::::::EEV o’/
R7-1070 R7=107
127X 30" 12 x 18

Figure 2. No-parking standard signs
recommended by the MUTCD.

Further, some transit operators responded that they used solid
red curb markings for parking regulations in bus loading zones.
This marking is also noted as being acceptable in the MUTCD. (21)
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Bus Bays or Turnouts

Primarily, the function of bus bays is to allow a stopped
bus to stand completely out of the normal traffic stream and
parking lanes while loading and unloading passengers. Wherever
possible, these recessed bus bays should be used because the
separation of buses and traffic enhances safety and improves
bus-stop operations. A recent NCHRP investigation found, via
simulation studies, that the use of bays has the most impact
where moderate traffic volumes prevail.(22) This is because at
low volumes the buses stopped in a moving lane can be easily
bypassed, and at high volumes the traffic is so slow moving that
the buses do not substantially impede the flow. The problems
associated with bus bays concern strategy, effectiveness, and
configuration.

Bus-Bay Strategy

The use of recessed bus bays was reported by 55% of the
transportation engineers and 51% of the transit operators (item
15, Appendix B and item, 15 Appendix C). Those transit operators
who did not use the bus bays said that with the bus bays the
buses could not easily merge back into traffic. However, when
asked about the preemption treatment given to the buses for
easier reentry into traffic, only 2 transportation engineers out
of 184 respondents reported that the actuated loop signals were
used in conjunction with bus bays (item 17, Appendix B). These
figures indicate that the bus-bay strategy is considered only a
tool to get the buses out of the way of traffic flow, even
though the result is delays to both buses and traffic when the
buses reenter the flow. Whenever a bus bay is provided,
special signing devices, which could possibly be simple flashers
actuated by a presence detector at the exit of the bus bay,
should also be provided to indicate to other traffic that it
should yield to buses. (22

Both transportation engineers and transit operators felt
that an exclusive curb lane for buses was not an important factor
in recommending a bus bay or turnout (item 16, Appendix B and
item 16, Appendix C). Moreover, of the 16 transportation engineers
who reported that bus exclusive curb lanes were in use, more
than 37% indicated that bus bays were not used in conjunction
with bus lanes (item 13 and 16 , Appendix B). Where both are
not used bus travel-time savings through the use of bus exclusive
curb lanes will be diminished by bus-bus conflicts when buses
stand at stops for passenger operations.
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Effectiveness of Bus Bays

Basically, bus bays apply wherever buses would potentially
be forced to stop in the traffic lane. However, at some signalized
intersections where right turns are heavy, nearside bus bays
should generally be avoided, because the standing buses will
increase delays and create conflicts to the right-turning vehicles.
Furthermore, wherever bus bays are used, on-street parking should
be prohibited to give buses enough room to pull out of the
traffic lanes.

Configuration of Bus Bays

To be fully effective, bus bays should be as long and
shallow as feasible;(23) they should be at least 10 feet (3m)
wide to allow buses to stand completely out of the traffic
stream; they should be long enough to accommodate a bus standing
at the stop; and the transition distances, as shown in Figure 3,
should be long enough to allow a bus to decelerate and accelerate
at a comfortable rate. The design speed should be slightly
greater than the non-peak hour approach speed, which is a
function of the posted speed limit.(13)

1" = 0.3 in.
— 10'-12"

" -

r ™
transition transition
distance distance

Figure 3. Configuration of bus bays.
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Bus Stop Shelters

A bus stop shelter is considered to be a nonoperational bus
improvement helpful in attracting people to bus use. In 1971,
the Federal Highway Administration (FHWA) conducted a survey of
transit operators to obtain information on their experiences
with bus shelter programs and projects.(24) Of the 36 domestic
transit operators replying, 61% said they provided some type of
shelter. However, the 1979 survev conducted for this study
revealed that of 67 transit operators, 84% used bus stop shelters
to enhance the public image of the bus system (item 18, Appendix C).
Among the problems associated with these shelters are those
relating to applicability and design guidelines.

Applicability

As reported by the transit operators in the Research Council's
survey, more than 77% indicated that the shelters were provided
at fewer than 10% of the total bus stops and scattered throughout
the systems (item 19, Appendix C). The criteria used for decisions
about the installment of bus stop shelters, as identified by the
respondents, are those of level of passenger demand, expected
wait time, and elderly and handicapped patronage (item 20,
Appendix C).

In the selection of the most effective and efficient sites
for the bus shelters, locations with high passenger demands and
low frequencies of bus service are given priority. Other factors,
such as the percentage of elderly or handicapped passengers and
the days of inclement weather, are also considered. In the
selection process, priority should be given to locations at
shopping malls, grocery stores, factories, etc., where people
frequently carry packages onto the buses. Few shelters are needed
at locations near buildings which could serve as temporary
shelters.(25)

Design Guidelines

The primary functions of a bus stop shelter are to provide
protection from the weather, offer basic passenger amenities, and
enhance passenger safety.

Bus shelters should be highly visibile and meet the needs
of the handicapped. Shelters located near hospitals, sanatoriums
and residences for the aged should have facilities such as curb
ramps and handrails.(24%)  Considering rider access, it is important
for shelters to coordinate the entry and exit points with
external pedestrian and vehicular traffic flows. At night, light-
ing facilities are necessary, especially in high crime areas where
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the passengers' safety may be in great jeopardy.(26)

Where the waiting time is relatively long and where there
is a high percentage of elderly or handicapped boarders, it is
important to provide seats or benches for the comfort of people
waiting in the shelter. The FHWA survey in 1971 reported that
only 50% of the 22 transit operators provided benches in bus
shelters,(zu) while the Research Council survey found that 81%
of the respondents provided benches or seats at sheltered stops,
and half of them stressed that benches should be provided as an
integral part of shelters (items 21 and 22, Appendix C).

Summary

The major elements considered in the design of bus stops are
as follows:

1. A minimum length for bus-loading curb zones is necessary, and
parking restrictions within the bus zone should be enforced.

2. When a bus bay is employed, a preemption signal to permit the
bus to immediately reenter the traffic stream is desirable.
Bus bays should be implemented in traffic lanes that
experience no direct volumes.

3. The number of bus riders, expected wait time, and percentage
of elderly or handicapped patronage are the criteria employed
in the decision to install a bus shelter or a bench.

CASE STUDIES

The objective of the case studies was to demonstrate how
the evaluation criteria identified in the study applied and to
provide alternatives for each of the study sites. TFor each site
examined, a general description of the area and bus stop is
given, specific problems associated with the stops are identified,
and alternative solutilions are examined.

The observations at the sites were made under normal
conditions; i.e., roadways in the vicinity of the bus stops were
not under repair or construction, buses were operating on a
regular schedule, and traffic was as usual for normal weekdays.

The six study sites were scattered throughout the southeast
portion of Arlington County, Virginia. As shown in Figure 4,
four of them (sites 1,2,3, and 5) were located at the intersections

of major arterial streets and the other two (sites 4 and 6) were
located on minor streets.
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Site 1

Site Description

The first study examined two nearside bus stops on the
Jefferson Davis Highway at its intersection with 20th Street South
as shown in Figure 5. The major land use adjacent to the bus
stops is commercial and residential development known as Crystal
City. This area consists primarily of several high-rise apart-
and a theater.
Although no bus lane is provided in this area, the curb lane is
wider than the left lane (approx1mately 14 to 10 feet [4-3m])

RTOR is permitted while on-street

ment buildings, nine large hotels, a shopping mall,

to benefit bus operations.

parking is prohibited at the intersection.

The traffic signal is

a simple 2-phase one. Bus operations at the intersection include
a high volume of pedestrian crossings and of through traffic on
36% of the bus arrivals
of them go straight
through the intersection after they leave the nearside stop, as

Jefferson Davis Highway. As scheduled,
from the south make a right turn and 64%

shown in Figure 5.

Shelter
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|
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Study site 1.
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B. Bus Travel Delays

1. Buses conflict with the vehicles on the traveling route
as they leave the stops.

2. Right-turning vehicles cause bus delays (left- -turning
vehicles from the opposite direction do also).

C. Traffic Delays
1. Standing buses diminish the RTOR effects.
2. Standing buses cause delays of the following vehicles.

3. Other vehicles are delayed when buses reenter the traffic
stream.

Alternative Locations and Designs

For these nearside bus stops, there are several alternatives
that can be used to reduce or eliminate the existing problems.
Some of these alternatives may, however, introduce new problems.
In order to examine the relative effectiveness of the alternatives,
the problems associated with them must be identified. Table 7
shows the problems associated with five alternatives selected for
consideration at this site. Based on the assumption that all
criteria used to examine the problems are of equal weight,
Alternative E is considered best. The result mlght be different
if the severity of each of the cited problems is taken into
consideration.

Existing Problems

The problems associated with these bus stops are those of
safety, bus travel delays, and traffic delays, and are as
described below.

A, Safety

1. Passengers (pedestrians) conflict with buses when they
cross the street in front of the departing buses.

2. Standing buses block the motorists' view of crossing
passengers and other pedestrians.

3. Right-turning vehicles interfere with departing buses.

4. Vehicles following the standing buses pose hazards to
other vehicles in the left lane when they bypass the buses.
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Site 2

202¢

Site Description

The second study examined two closely-spaced bus stops on
Walter Reed Drive at its intersection with the Columbia Pike.
One of these stops is located at the farside of the intersection
and the other one at the nearside of a driveway near the inter-
section, as shown in Figure 6. The land use adjacent to the
intersection is commercial, consisting of a cafeteria and some
stores. Although a private parking lot is available for commercial
needs, curb parking meters provide space for vehicles to park
close to the bus stops. The roadway near the nearside stop is
about 32 feet (10m) wide and is divided into two lanes: 20 feet
(ém) for the curb lane and parking vehicles, and 12 feet (3.5m)
for the left lane. As the road approcaches the intersection, it
is separated into three lanes of equal widths, and the left lane
is for left-turning vehicles only. The traffic signal at this
intersection is a 2-phase one with a split phase for left-turning
vehicles; right-turning vehicles are permitted to turn only on
green. Bus operations include a high volume of transfer activities
between the intersecting routes, while the volume of through
traffic on Walter Reed Drive is light to moderate. All buses
serving these two stops go through the intersection with an
average headway of 12 minutes during the morning peak periods, as
shown in Figure 6.

&
g ‘ : Parked 6'9 i
off | | '}Vehicle
Al 1 ion 1 2 Buses/Hr
o | Bus Stop | . i
| | 50"
o ! | |
Columbia Pike™] \ M
_————— o —— - — ®
—_— e — - % —_—— o —— - 5 Buses/Hr.
A — p— S—— —-dr— —
) ®
P Sheltered 14 local -
; i Bus Stop 6 express ot
P
BN & PARKING LOT
(not in scale) : : ";“"”1*5"
[ L v & Y ©
t
! : Bus 3 o?o' 5 Buses/Hr.
) gro-- L (4 Peak)

' Parked Vehicle

Intersection Geometrics Bus Movements and Volumes

Figure 6. Study site 2.
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Existing Problems

The problems at these two closely spaced stops are those of
transfer accessibility, safety, bus operations, traffic delays,
and bus curb-loading zone designs. In the listing below, the
bus stop located at the farside of the intersection is referred
to as Stop 1 and that at the nearside as Stop 2.

A.

Transfer Accessibility

1.

Most transferees depart from Stop 1 and cross
Columbia Pike to gain access to the stop on the
other side.

2. Access time for transferees from .Stop 2 is relatively
long.

Safety

1. Potential for buses to side-swipe parked vehicles
when pulling into the curb of Stop 2.

2. Potential for buses to side-swipe parked vehicles
when pulling away from the curb of Stop 1.

3. Standing buses block the motorists' view of
vehicles coming out of the parking lot; also, they
block the view of the motorists coming from behind.

4. Vehicles following the buses standing at Stop 2 pose
hazards to other vehicles in the left lane when they
bypass the buses. ’

5. Vehicles turning into or out of the parking lot
interfere with buses leaving Stop 2.

Bus Operations

1. The bus driver's view is restricted when the bus
stands right behind the parked vehicles at Stop 1.

2. Buses waiting to reenter the traffic stream are
delayed.

3. Buses are delayed by vehicles turning intoc and out

of the parking lot at Stop 2.

Traffic Delays

1.

Buses fail to pull out of the traffic lane completely
at Stop 2 and thus obstruct following vehicles.
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2. In order to get into the traffic lane easily, buses

stand
block

3. Buses
queue

4, There

away from the parked vehicles at Stop 1 and
the cross traffic.

standing at Stop 1 make following vehicles
up to the intersection and block cross traffic.

are traffic delays when buses reenter the

traffic stream.

E. Bus curb-loading zone designs

1. Bus curb-locading zones are inadequate.

2. Passengers waiting at Stop 1 block business entrances.

3. Passengers waiting at Stop 1 interfere with
pedestrian movements.

4., Parked vehicles are too close to the loading curb.

Alternative Locations and Designs

As mentioned for site 1, the introduced alternatives cannot
eliminate all the existing problems. An =x placed in the

appropriate box in

Table 8 shows where a problem exists. Of the

two alternatives in Table 8, alternative B, which relocates Stop 2
to the farside of the driveway and the nearside of the intersection
and eliminates Stop 1, is recommended.
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Site 3

Site Description

The third site examined was located on Arlington Boulevard
at its intersection with Fillmore Street. The sheltered bus
stop located at the nearside is about 16 feet (5m) from the inter-
section, as shown in Figure 7. The land use adjacent to the
intersection is residential, consisting of single- and multifamily
dwellings. Arlington Boulevard, which serves as State Route 50,
is divided into six lanes. In each direction, the curb lane is
reserved for high occupancy vehicles including buses and vehicles
with 2 or more passengers during peak evening periods (4 - 6:30 pm)
and the other two lanes are for normal traffic. The traffic
signal at this intersection is a 2-phase one with actuated detectors
on Fillmore Street. Bus operations at the bus stop include a
high volume of through traffic, and pedestrian crossings on
Route 50 are light to moderate. All the westbound buses, including
10 local and 4 express buses for every hour during the evening
peak, go straight through the intersection after they leave the
nearside stop, as shown in Figure 7.
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Figure 7. Study site 3.

35



0N80

Existing Problems

The problems at this nearside bus stop, as listed below,
relate to safety, bus travel delays, and traffic delays.

A. Safety

1. Right-turning vehicles interfere with the buses as
they leave the stop.

2. Vehicles following the standing buses pose hazards
to other vehicles in the adjacent lanes when they
bypass the buses.

B. Bus Travel Delays

1. As they depart the stop, buses conflict with car-
pool vehicles and express buses on the reserved lane.

2. Right-turning vehicles from the adjacent lanes cause

bus delays (left-turning vehicles from the opposite
direction do also).

C. Traffic Delays

1.

2'

3.

Right-turning vehicles are delayed by buses departing
the stop.

Following car-pool vehicles and express buses are
delayed by standing buses.

Car-pool vehicles and express buses are delayed by
buses reentering the traffic stream.

D. Bus-Loading Curb

l'

2.

Alternative

The bus-loading curb is too close to the intersection.

The bus-loading curb is inadequate for passenger
operations.

Locations and Designs

The alternatives for solving the problems of this nearside
stop on the car-pool lane require a relocation of the bus stop
and provision of a bus turnout. The farside block of the inter-
section is too short and not feasible for locating the bus stop
and providing a turnout. A comparison of these alternatives is
shown in Table 9 where an x box shows that a problem exists.

Of the alternatives in Table 9, alternative C, which relocates
the bus stop to mid-block and provides a bus turnout, is recommended.
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Site 4

Site Description

The fourth study examined a farside bus stop on Pershing
Drive at its intersection with George Mason Drive, as shown in
Figure 8. Surrounding this intersection, some two- or three-~
story appartment buildings provide insufficient off-street
parking spaces and create a critical need for curb parking. Bus
operations at this intersection include moderate traffic on George
Mason Drive and light to moderate pedestrian crossings on Pershing
Drive. The traffic signal at this intersection is a 2-phase one
with a split phase for left-turning vehicles on the left-turn
lane. A bus turnout is provided and all buses serving at the
stop make left turns through the intersection before they reach
the stop, as shown in Figure 8.

Buses/Hr.l
2 6

eorze Mason Dr.

Tershing Dr, 2 ruses/. .
..... | : _ __.______K

i | A RN "
I , ®
g Parked
I 'V Ysheltered ehicles
| | e— 461 —R5 e \
N
(not in scale) | ' Parked Vehicles 4 Buses/Hr.
g
| . (AM Ppeak)
Intersection Geometrics Bus Movements and Volumes

Figure 8. Study site 4.
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Existing Problems

The problems at this farside bus stop relate to the
bus-loading curb design, safety, bus travel delays, and traffic
delays.

A. Bus-Loading Curb Design

1. Length of the bus-loading curb is insufficient
(approximately 50 feet (15m), between a 6-foot (2m)
wide, expanded curb and parked vehicles).

2. Passenger waliting areas are inadequate.

B. Safety

1. Access space is not enough for the left-turning
buses to pull out of the through-travel lane into
the curb area.

2. The rear of a stopped bus obstructs the traffic lane.

3. Buses conflict with the vehicles in the adjacent
lane when they leave the stop (due to the insufficient
turning radius provided).

4. Vehicles bypassing the standing buses pose hazards
to the vehicles in the adjacent lane.

C. Bus Travel Delays
1. The bus waits to get into the traffic stream.
2. The turning bus waits to pull out of the traffic due
to the conflict with right-turning vehicles from
the opposite direction.

D. Traffic Delays

1. Standing buses make following vehicles queue up to
the intersection and block cross traffic.

2. There are traffic delays when buses reenter the
traffic stream.

3. Buses block the vehicles on the traveling route when
they stand for passenger operations.
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E. Potential Problems

1. A new northbound bus route on George Mason Drive is
going to be established.

2. Transfer walking accessibility should be taken into
consideration.

Alternative Locations and Designs

Primarily, the alternatives used to improve the efficiency
of this farside stop are related to parking and intersection
geometrics. A comparison of the original bus stop to its alter-
natives is shown in Table 10.

Among those in Table 10, alternative A, which recommends
removal of the parked vehicles, 1is preferable. However, consider-
ing the establishment of the new northbound route on George Mason
Drive, alternative B is recommended. With the removal of the
expanded curb, a nearside stop can be installed and transferees'
access efforts can be minimized.

Site 5

Site Description

The fifth study examined the mid-block bus stop located on
Glebe Road between Carlin Springs Road and Randolph Street, as
shown in Figure 9 . The area is in an outlying business dlstrlct
consisting of drug stores, department stores, a gas station and
automobile dealers. On four-lane Glebe Road, no bus lane is
provided and on-street parking is prohibited. At the inter-
section of Glebe Road and Carlin Springs Road, there are heavy
right-turning and left-turning traffic movements into and out of
the parking garage, and a 3-phase traffic signal is designed to
give the right-of-way to those turning vehicles. Bus operations
at the sheltered mid-block stop include a high volume of through
traffic on Glebe Road, and there are light to moderate pedestrian
crossings. All the northbound buses go stralght through the
intersection with an average headway of 8 minutes during the
morning peak period, as shown in Figure 9
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Existing Problems

The problems associated with this mid-block bus stop are
those of safety and bus and traffic delays as listed below.

A, Safety

1. Vehicles bypassing the standing buses pose hazards
to the vehicles on the adjacent lane.

B. Bus Travel Delays

1. Buses must wait to get into the traffic stream
when leaving the stop.

2. Buses must wait to pull out of the traffic for
passenger operations due to congested traffic ahead.

C. Traffic Delays

1. Buses loading and unloading passengers block the
vehicles on the traveling route.

2. Traffic is delayed by buses reentering the traffic
stream.

Alternative Locations and Designs

Within the immediate vicinity, there is no feasible alterna-
tive location for this mid~block bus stop. This statement is
based on the following facts.

A. At the intersection of Glebe Road and Randolph Street —
1. there is heavy right-turning traffic onto Randolph
Street, and a nearside stop would increase traffic

delays; and

2. the three driveways along the farside block make
the installment of a farside stop impossible.

B. At the intersection of Glebe Road and Carlin Springs
Road —

1. the provision of a right-turn lane and the heavy
right-turning traffic prohibit the installment of a
nearside stop; and

2. a farside stop would be too close to the other mid-
block stop.
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The only effective solution to the problems caused by conges-
tion at the bus stop is to provide a turnout at the original
location. With the provision of a turnout, most delays would be
eliminated. To prevent the buses from increasing the delays when
reentering the traffic stream, special signing devices such as a
"Yield to Buses" sign and an actuated flasher at the exit of the
turnout should be provided.

Site 6

Site Description

The study of site 6 was concerned with the environmental
characteristics of a mid-block bus stop located on Pershing Drive
between North Barton Drive and North Cleveland Drive. The land
use adjacent to the bus stop is residential, consisting of
single- and multifamily dwellings. The traffic control devices
used at the intersections are simple 2-way stop signs located on
North Barton and North Cleveland Drives, as shown in Figure 11.
Also, on these two streets curb parking is permitted, but it is
prohibited on Pershing Drive. Except for crosswalk and centerline
markings on Pershing Drive, there is no traffic marking. Bus
operations at the stop include moderate traffic and pedestrian
crossings on Pershing Drive. As scheduled, 63% of the bus
arrivals from the west make a left turn and 37% of them go
straight through the intersection after they leave the mid-block
stop, as shown in Figure 10.
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Bus Movements and Volumes

Figure 10. Study site 6.
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Existing Problems

The existing problems at this location are those of safety,
bus travel delays, traffic delays and environmental impacts.

A, Safety

1. Buses leaving the stop conflict with vehicles in
the traffic lane.

2. Buses moving wide to make left turn conflict with
vehicles in the traffic lane.

B. Bus Travel Delays

1. Buses must wait to get into the traffic stream
after finishing passenger operations at the stop.

2. Buses wait to get to the left side of the lane before
making left turns.

C. Traffic Delays

1. Traffic is blocked by buses loading and unloading
passengers.

2. Traffic must wait for buses to complete left turns.
D. Environmental Impacts
1. Owner of the property adjacent to the stop complains
that passengers wait on his lawn for buses and requests
a relocation of the stop.
2. Sight distance is short for an eastbound bus

approaching the crest of the hill at the intersection
of Pershing and Cleveland Drives.

Alternative Locations and Designs

The alternatives for this site require a relocation of the
bus stop. A comparison between the alternatives is given in
Table 11, Of these alternatives, a relocation to the farside or mid-
block on North Barton Drive after buses make left turns is
recommended.
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Table 11
Comparison of Alternatives — Site 6
Original Alternatives®*
Problems Bus Stop

Existing Probiems
Bus-vehicle conflicts occur when buses depart x X x X
Bus-vehicle conflicts occur when buses make

left turns x x x .
Buses wait to reenter the traffic x x x x
Buses wait to move to left side for making turns x x x
Buses block the moving traffic behind x x x x
Traffic delays occur when buses reenter the

traffic x X x x
Traffic delays occur when buses make left turns x x x
Property owner complains x x
Sight difficulty exists x x x
New Problems
Decreased curb-parking capacity x
Increased right-turning vehicle delays x

*Alternative A: Relocate at the nearside of the intersection of N. Cleveland

Drive and Pershing Drive

Al'ternative B: Relocate at the farside of the intersection of N. Cleveland

Drive and Pershing Drive

Alternative C: Relocate at the farside or mid-block on N. Barton Drive after

the buses make left turns
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APPENDIX A

Cities Responding to the Questionnaire Surveys

1970% 1976%% 19707 15767
STATE/CITY Population No. of STATE/CITY Population No. of
in 1000's Passenger Buses in 1000's Passenger Buses
ATabama
Birmingham 301 143 81
Huntsville 138
Alaska
Anchorage 175 1567
|Arizona
Phoenix 582 52
Scottsdale €8 Jacksonville 529
Tucson 263 83 Pensacola 60
. . St. Petersburg 216 47
California
|Georgia
Anaheim 167
Burbank 89 Athens 13
Chula Vista 68 Atlanta 497 703
Downey 88
Fresno 78 Hawaii
Long Beach 359 .
Los Angeles 1860 Hilo 15
Modesto 62 Honolulu 320
Norwalk 92
Oakland 362 628 I11inois
Richmond 79 -
Riverside 140 Des Plaines 106
S%? a Lo Evanston 80
ernarding i
San Diego 284 ﬁg}iﬁz ig
San Francisc 420 Rock Island 50
San Francisc 2?7 Urbana 30
San Jose 446 171 :
santa Rosa 50 Chicago 3367 2172
Stockton 108
we§t Qovina 68 Indiana
Whittier 73 Fort Wayne 178
Ga
Colorado Ha;%ond igg
Indianapolis 745
CO]OradO 138 Muncie 69
Springs
Fort Collins 23 South Bend 126
Connecticut
New Haven 138
Stamford 109
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1970% 107677 1970% 10767
STATE/CITY Population No. of STATE/CITY Population No. of
in 1000's Passenger Buses in 1000's Passenger Buses
lowa Missouri
Ames 40 Inde
pendence 112
Towa City 14 Kansas City 507 253
Kansas Nebraska
Wichita 42 Fremont 23
K K Lincoln 46
[Kentucky Omaha 347 178
Lexington 57
Newport 76 Nevada
Louisiana Las Vegas 126
Baton Rouge 166 New Hampshirg
New Orleans 593 384 Concord 30
Mai Nashua 56
raine Manchester 30
Portland 65 60 New Jersey
{Maryland Bayonne 73
. Bergenfield 138
Annapolis 30 Trenton 105
Baltimore 906 855 WOOdbridgﬁ 99
Hagerstown 14
{Montgomery 590 :
Rockville 42 New Mexico
IMassachusetts ég:tgrg:es ' Z?
Cambridge 100
Springfield 164 jew York
62 Albany 116 185
Buffalo 463 368
Mineola - 250
104 - Westchester 296
1511 v
Grand Rapids 198 North Caroling
135 Chapel Hill 19
Greensboro 144
Raleigh 122 35
w51mington 46
B1oomington 82 Winston-Salem 133
87
inneapolis 434
Senbayl,. 54 856
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197 0% 1076%% 1970% 197677
STATE/CITY Population No. of STATE/CITY Population No. of
in 1000's Passenger Buses in 1000's Passenger Buses
[North Dakota Tennessee
Bismarck 35 Chattanocoga 119
Knoxville 71
{Chio emphis 624
Akron 275 64 ITexas
Canton 73
Columbus 228 rlington a1
Middletown 49 Beaumont 116
Parma 100 Dallas 389
Fort Worth 393 86
Oklahoma Galveston 62
Houston 372
Oklahoma Cit] 366 Lubbock 149
San Antonio 313
Oregon Waco 95
" |Eugene 76 Utah
Portland 435
Salt Lake City 191
Pennsylvania
Virginia
Allentown 46
Altoona 35 Alexandria 111
Bethiehem 73 rlington 174
Lancaster 32 Chesapeake 9a
Philadelphia 1027 Hampton 121 83
Pittsburgh 520 761 Lynchburg 54
Newport News 138
JPuerto Rico orfolk 138
Petersburg 36
San Juan 411 Richmond 168
Roanoke 92 35
Rhode Island Staunton 25
Pawtucket 77 ashington
{Providence 179 188
Bellingham 15
South Carolinma Seattle 531 574
Tacoma 106
Columbia 114
Florence 26
lGreenville 61
Spartansburg 45 45
Sumter 24 173
717 465
South Dakota 95
Sioux Falls 72

* Source: U.S. Census Bureau
** The number of passenger buses is the peak requirement of the particular transit firm in
1976; provided by Urban Mass Transportation Administration, DOT, February, 1977.
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APPENDIX B i
Results of Questionnaire Survey of City Transportation Engineers

4ll Zesc-onses: 1717 Cities

1. Has your organization adopted a standard policy and/or set of criteria
for locating and/or designing bus stops? a. 15 yes b. 92 no ¢, 9 o 2eply
[f you answer yes, please attach a copy of your criteria and/or policyT i
Tollow I™T suidelines/-olicy, compronisince where necassary; Isseatiall-
gneratins under =an intersgsection bug ston nolice wihile no formgl wolicy
nzs been adoonted.

2. WRAat specitic objectives are associated with bus stop location decisions
in your jurisdiction?

Primary Secondary Not an o
Objective Objective Objective  2eply
a. To reduce transit travel time 24 A% 135
b. To reduce travel costs 7 20
¢. To improve safety 8% 12 4 i3
d. To improve security 21 £ ﬁ?
e. To increase transit patronage 9% 24 e 21
f. To reduce transportation system i le 4 23
engrgy consumption
g. To provide adequate service to 42 37 15 23
the transportation disadvantaged _—
and transit dependent p A
h. To provide easy access to all 4 2 3 25
major trip generators . .
i. To minimize interference with the 55 25 £ 21
traffic stream
j. To minimize time for reentry into 38 45 12 25
the traffic stream
k. To reduce interference with 29 48 15 25
pedestrian flows i
1. To avoid blecking entry to adjacent 24 oY0) 12 24
business . P
m. To ensure compatibility with 23 4C 256 23
adjacent development
n., Other (please specify)
3. What specific transportation planning and engineering factors are
considered in your bus stop location process?
Primary Secondary Not a i
Consideration Consideration Consideration DRewly
a. Frequency of stops per length 22 Z2 25 27
of route
b. Availability of curd loading =7 24 10 24
space
c. Proximity to passenger origins 20 14 A 10
and destinations ) b
d. Traffic volume 29 390 13 24
e. Width of sidewalks 13 = 5 -
f. Intersection capacity 35 %% S = 2=
¢. Turning movements =0 26 7 e
n. Pedestrian movements EE) ki T2 e
i. Interference with traffic 22 ok g A
i. Visizility of signals - X 75 25—
k. Automobile parking 29 2 Pl 2B
b, Traffic flow delays A 23 e o=
m. Bus travel delay B A0 G -5
n. Adjacent development eFA =7 T 7
o. Population density o0 25 3% A
p. Security of traveler o 3 5 le
q. Visibility of stop el =7 i] 2
r. Safety of btus, passengers, i~ = 7= 2] 20

and other traffic
. Other (please specify)

w
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4.

5.

10.

11.

o

-

0 L

What interest groups influence your bus stop location process?

Strong Secondary Not o

Influence Influence Influential Reply
4. 3Zus rider £3 22 i 17
b. Bus driver ;z Vi 20 52
¢. Local business 52 20 ) L
4. Transit company 7 21 = 13
e. Padestrians 2 A= i) 2]
i £ = s e Z

f. Moving trarfic -—._2‘12_— __{,___ =] —?é_—

q.

Other (please specify)
Zolitical necw
Aranarts gumars s

3 aecuestors of on-street narkins smace; Zrivate

LA CITEL ToVermhent,

What measures are used by your department as indices of performance
of a particular bus stop location?

Primary Secondary Mot Useda ¢ Denly
a. Oalay to traffic flow iﬂ- o8 °7 28
b. Time lost attempting to PR 2 Z1 <G
reenter trarfic
¢. Humter of boardings and 4G 17 i2 28
departuras at stop
d. Local air guality 4 a0 & "2
e. Pedestrian conflicts 20 i a".."'" e
f. Qistance between stops id L) 17 ol
3. Accidents 2 i) i 23
h. Other (please specify)

Zumlex of conmwlaints Iron bus rider, citifen and
adjagcens oSusicaas,
Are there any local ordinances or state laws which affect bus stop
location in your locality?
a. o5 Yes

b. o No .
[f yes please describe appropriate laws.
2ity code delezates Tua ston irnsitelletios suthoxitr $g drafsfic
gnzinsexrs,

c. § o Deniy .

Co parking needs ever govern the establishment of a bus stop?

a. 71 Yes

ot —

b. z4 Nao

. 15 Yo Zevly . . .
oes—ytur Jurwsd?€t1on permit right turns on red?

~

No

2
PR —S—

. . ¢ Zewl i
ﬁas*k%&ﬂt‘f%rnenﬁyRed caused any changes regarding your agency's approach

b}
a. _1Cs Yes When was this policy initiated? Zrom 1940 <o Tulw, 1379
b

toward locating bus stops? a. 14 Yes b. 32 No =, 9 o Resly

If you answer yes, please briefly describe the changes.
If segvy rigrt tuwms, for side bus stows sre encoursiced: 30C2 wronibited

- — q -

- P — 2 o o~ - oy -
So lnvernsections where melor povies ¢ross sald freagforens ama igmana

Are any changes in your bus stop location policy being considered as a

{ i ?
result of experience with RTOR: a. _ o Yes b. 122 No
[f answer is yes, please describe anticipated changes.
possibilityr of chanmins sewvewal nus stows $o 21low 2702 traffic +s5 flow
wninveded; identilicotion of fixad rauts gre sasureteler.

c. 12

Are bus stops which serve as transfer points between different bus routes
given special consideration regarding location. a. 5¢ Yes b. =7 No c.
[f yes, please specify additional considerations.

Zese of transfer and distance for nagsenrers %o zalls aye of nmime concern:

et PRI,

o Zet

Lecuate TRitin . smase: “us grelisre: T1311-0fF hus la-ea.

B-2
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12.

13.

14.

15.

16.

17.

18.

19

29581

Is bus stop location a consideration in your areas' transportation system
management (TSM) plan?

a. 2C Yes
b. 23 No

If yes please send a copy or furnish the name of the agency from
which the TSM plan may be obtained.

C . 4 20 ﬂe "‘l1
Ind7cate aTT measures taken in your service area that give buses priority
treatment over other vehicles.
[6 ngne
signal preemption
——7;L—

_.exclusive curb lanes
priority lanes for express service

1; other (please specify) Preerptiorn fron many ct-intersection

turr mrosibvitions,

(DQ.("DCTD‘
o« e e

Does your city have curb space length requirements for bus stops?
a. DA Yes

b. _=sa No

c. 9 o Zerly
Indicate where you emp]oy recessed bus bays (turnouts) on your streets?

a. tione employed {go to number 18 if you answer none employed)

b. 2 On downtown local streets

c. On heavily traveled sections of arterial highways

d. 1 At bus transfer points

e. _28 Other (please spemfy) Jnexrs A lans widtih is less thoo 19r.

o
waere risht of worr IS cdesans

Indicate all factors that are used to rec0mmend a turnout?

a. 2 high number of boardings and departures
b, 2 high traffic volumes on street

€. 3 __exclusive curb lane in use for buses

d.

8 ocher(pumsesppmfy) CﬁnSlderat‘OﬁAQf *ccwde“‘ cxoerie ecces: Lengin

o

ol tus dwelling titer narrow sirzeel widtn: wnlurs okl b“"‘eS.

Are traffic signals employed in conjunction with bus turnouts to lessen
the delay to buses when reentering the traffic stream?

a. 2 Yes

b. 26 __ Mo . .y .
[f yes briefly describe the characteristics of stops where priority
signals are provided.  ciuatzd lag= vzad i ~oniwnal Bus ewis.

":'3
Do€§1ﬂﬁﬁ"?gency'pr8Q1de bus stop shelters?
a. 21 Yes »
If answer is yes check items below that apply

1. _ g at all stops
2. £ at C8D stops
3. ~ __at suburban stops ) . .
4, T2~ at other selected stops (please specify) cerrili ugmeld snd srage
I T IR | ~ Ryt 3 Y e R Lonn o D mam o S
avalicoles lons duration hetuse zxmiyslss Lo sfer noints,
b. 49 No

If answer is no check the item below that applies and then go to #23.

1. _23  none proviged in system
2. 21 provided by bus operator

o3 o Renly
What“UEZCEntage of "your bus stops are sheltered?
0-10%
10-25%
] 25-50%
G over 50%

o

P .ot ."“"l cable

(T) anom
N

B=3



20.

21.

22.

23.

Indicate all factors that are used to recommend that a shelter be
provided at a bus stop.

a. _12 suburtan location

b. ;: no other shelter in vicinity of stop

¢. AA tevel of demand L ' .

d. _2§ other (please specify) Dransfer =oints: itraffic zenerators;
“lderiy & handicarnec considerz2uionii: widt. 0@ side-walKs,

Are benches or seats provided at sheltered bus stops?
a. S Yes
b. No

<. _2 nge;jmeﬁl
If you é%kwétggzyé§:§?’§5metimes to question 21 what criteria are used
to recommend that seats be provided at bus stops?
a. 20  length of average wait ’
b. 2 transfer point
volume of buses
elderly and nandicapped considerations

: 20 availatle space .
. 327 otner (plesse specify) Reunciies are the initerral part of shelters;
leval of derasd: gmeciiic recuests Ui LransSiy USersS.
Would you Tike to receive a copy of the final report related to this study?
a. ap Yes
b. 15 No '
[f yes include your name and mailing address to insure proper delivery.

o
=
-

“h M A0

C. 7 Mo ZRevoly

Peturn Completed Questionnaire To:

Michael! J. Oemetsky

Faculty Research Engineer

Virginia Highway & Transportation Research Council
P.0. Box 3817 - University Station
Charlottesville, Virginia 22803
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6.

APPENDIX C

Results of Questionnaire Survey of City Transit Firms

A1l Reswonses: 67 Cities
Annual Bus Ridership

Tm
- e L

[e:355,340 to 533,097,439

Annual Bus Revenue 2ange

: 149,000 to ;138,592,450

Annual Bus Vehicle Miles of Service Rangs: 225,000 to 83,815,000

Zube

Has your organization adopted a standard policy and/or set of criteria
for locating and/or designing bus stops? a.

es

b.

no c.
[f you answer yes, please attach a copy of your criteria and/or policy.

9 no renly

What specific objectives are associated with bus stop location decisicns

in your jurisdiction?

. To reduce transit tra

. To reduce travel cost

Ta improve safaty

. To improve security

To increase transit p

. To reduce transportat

enargy consumption

g. To provide adequate s
the transportation di
and transit dependent

h. To provice 2asy acces
major irip generators

i. Jo minimize intaerfere
traffic stream

Jj. To minimize time for
the traffic stream

k. To reduce interfarenc
pedestrian flows

1. To avoid blocking ent
business

m. To ensure compatibili
adjacent development

n. Other (please specify

D OO o

Primary Secondary HNot an _u0

Objective Objective Objective 2€D1¥
vel time _ 30 19 15 2
s 19 25 27 2
ptsl { Y 2
10 28 21 24

atronage S8 <] o] -t
ion system g bl 25 4
ervice to 42 18 4 2

sddvantaged

s to all 58 5 2 2
nce with the 40 23 2 2
reentry into 24 2 8 2
e with 22 27 15 2
ry to agjacent 27 28 10 2
ty with 23 C i2 2

)

To _airinize comnlaints from residentis.

What specific transportation planning and engineering factors are
considered in your bus stop location process?

Primary Secondary tot 3 o
Consideration Consideration Consideration 36?1:}-'

a. Frequency of stops per length 32 18 11 6

of route
b. Availatility of curb loading A5 13 5 4

space
¢. Proximity to passenger origins 52 2 1 2

and destinations
d. Traffic volume 258 30 7 2
e, Width of sidewalks g 20 19 p;
f. Intersection capacity 17 23 20 <
g. Turning movements AL 13 g <
h. Pedestrian movements 20 20 S p)
i. Interference with traffic Al s} 5 o
1. Wisizility of signals 29 ) Il 2
L. Automebile parking PR 3 2 2
1. Traffic flow delays i 2Q / ?_;
m, Bus travel delay A1 20 L 2
n. Adjacent cevelopment 35 24 ) 2
2. Population density L) 20 2 2
p. Security of traveler oks] 25 i 2
g. Visibility of stap AL 14 5 -2
r. Safety of bus, passengers, 3% i) i 3

and gther traffic

W

. Other (please spacify)}




/.

11.

P!

What interest groups influence your bus stop location process?

Strong jecondary Mot o
influence  Influence Influential Deply
1. 3us riger 5 4 1
0. 3us driver %% z5 ) i
c. Local business 1 AC 5 ]
3. Transit company 4G 5 4 1
e. Pagestrians g 3D 15 il
F. Moving traffic 31 26 i 3

. Otner {please specify) . .
Private pronerty ovmers adjacent to bus °tou, various citizens'! groups,
municipalities, locel zoverrment agencies & molice department,

What measures are used by your firm as indices of performance of a
particular bus stop location?

9

Primary Secondary Mot Used o Reply

. Delay ta traffic flow G 24 1
. Time lost attempting to :::2&:: <z
reenter trarfic
c. ‘tumber of boardings and 58 3 3
demartures 4t stap
d. Local air qualirty

oo

it

2. 7adestrian conflicts 26 1% %%
f. Distance between stops I3 _?‘3 o)
7. ccidents 42 9 3
n. dther (please specify)

Tumber of comnlaints from bus rider, citizen and adjacent business.

Are there any local ordinances or state laws wnich affect bus stop location?
a. 22 Yes
b. 34 No

[T yes please describe appropriate laws.

compliznce with 211 traffic laws “mnless svecific exception given;

aﬂﬁTOVaIS weguired fxom traffic cineerins devartment; parking rezulations.
o Reply
Are'EUE‘E%ops whwch serve as transfer points between different bus routes
given special consideration regarding locatian?
a. 16 Yes
b. 29 No
[T yes please specify these additional considerations.
rse four corners: Vinimization of the number of street crossings and
disterce walked bv transferees; ivailazilitr of adeguate bus loading zone
for simulisneous vassenger 2ctivities; Availabillily o1 shelier,
Does zour agency prescribe minimum and/or maximum distances between bus
stops?

a. 25 Yes

b. 30 No
[t yes please specify.greater than 660 feet and less than 1250 feet;
Sonventioral rule of thumb is that no more than 8 siops ner mile pe utilized
Levond OED. within CID & bus siow, when wossible, at every corzner,

What is the range (miles) of walking distance considered to be served
by a bus stop in your system?

45 in CBD __9 0.10 miles 27 G.25 mile; 195  else

b 35 at outlywng points 22 .25 miley 16 C.5 miles 23 else

evly

ent bus routes that overlap on arterial streets
3. yse the same stQos
5. ilzernate s:taos
<. __dg___ocha"auasesoecny) ern when tzers ls ¢ heavy bozrding terminal
oY One oY 10T TOULEeS -T6 fanliis & 18-% TUr. &b 2.t 1huErSectionm,
the altermztie stons will be usad.
d. 1

C-2



14.

15.

16.

17.

18.

19

20.

2550

Does your organization have curb space length requirements for bus stops?

a. 52 yes
b. 15 no

It yes please specify. I72 recomended nrectice for bus siov location

o ie

Do you employ recessed bus bays (turnouts)?

a. Z23 0 {If answer is no go %3 numcer :8)
5. __20 . 0On downtown local streets

<. z Cn heavily traveled sactions of arterial nighways
d. & At bus ftransfar zoints
2. 72 Other (please spemry) “There 2ight of ey is adeansies
vhere the curb s-Hsce nernils.
Indicate all factors that ares used to recommend a turnout?
a. nigh numoer of toardings and departures
2 high traffic volumes on street

G T cher (5] asse seacify) ek misher of buses:
‘vailabilitr of cde-upte pis-y of yawr,
Are traffic signals employed in conjunction with bus turnouts to lessen
the delay to buses when reentering the traffic stream?
a. 0 Yes
b. 41 No
[f yes briefly describe the characteristics of stops where priority
signals are provided.
C. 25 o Zeply
Does your agency provide bus stop shelters?
a. sz Yes
[f answer is yes check items below that apply
L. g 3ll steops
2. 7. CBO stoos
3. j suburban stops

. 48 ather selected stops (please snecx.y) Trecnsfer “o._r::s znd otirer
nezvy bozrdin . srers rhere —ubhlic recysste

Y

A9 Ie}

b. 11 No
If answer is no check the 1tem below that applies and go ta number 23.
1. __9Q __ none oravidad in systam

2. ___;1____ orovided by city
What percentage of your bus stops are sheltered?

3. 5 c-10%

- g

c. 25-30%

do 0 over 535 o, 7 o Revly
Indicate all factors that are used to recommend ‘that a shelter be
provided at a bus stop.

a., 1o suburban location
b. 25 no other sheiter in vicinity of stop
¢. & lavel of demand
d. _29 other (please soecxfy) Tysngsfer noints: Traffic éonerato
nldeply o 2ndiCRiSEl STTICMESTY o *'lit
Zas e dme Vé »

Are bencnes or seats provwded at sheltered bus stops?
1. AR ses d. Z o Lenly
3. o) * scmetimes

c. & a0 (if snswer is no go %2 numcer 23)
[T you answered yes or sometimes to question 21 what criteria are used to
recommend that seats bte provided at bus stops?

a. 4 lengtn of iverage wait

5. A trinst er-co1nt

c. 2 volume Qf husas

d. o glcerly ind nandicapped consideratiens

e. _17 jvailable space

T other (piease specify}) _ 11 srelferzs srye dposicmad wiih honoles

S oo Jokesmal noxds considop-tions gf —srsercess!

conafort and convenience; Level of demand.

C-3



23.

Would you like to receive a copy of the final report related to this

study?
a. 66 Yes
b. T No

If yes include your name and mailing address to insure proper delivery.

Return Completed Questionnaire to:

Michael J. Demetsky

Faculty Research Engineer

Virginia Highway & Transportation Research Council
P.0. Box 3817 - University Station
Charlottesville, Virginia 22903



APPENDIX D

oL

CASE STUDY DATA: BUS STOP LOCATION & DESIGN

Date:

*

PART A: Physical Features

INTERSECTION GEOMETRICS (not in scale)

LOCATION OF BUS STOP: On St. at its intersection with

®

Examined Items

St.

Yes

No

Bus Lane Provided?

Right Turn Lane Provided?

Left Turn Lane Provided?

Bus Loading Zone Marked?

bus stop and the intersection)

Traffic Lane Marking?

Crosswalk Marking?

Stop Line Marking?

Bus Turnouts Provided?

RTOR Permitted?

o

Bus Shelter Provided?

Benches Provided?

(Mark:(1) street names (2) no. of traffic lanes & Shoulder
widths (3) bus stop location (4) distance between

Width

Sidewalk Features

Curb & Gutter

REMARKS :

Yield - Sign

TRAFFIC CONTROL: Signal (cycle

) Stop-Sign

None




™~
2
o

Part B: Evaluation Criteria

TRAFFIC APPROACH TRAFFIC Heayy Moderate Light
MOVEMENTS % OF RIGHT TURNS High Medium Low

ONE-WAY CROSS STREET From Right From Left
BUS |__BUS FLOW BUSES/HR
MOVEMENTS MOVEMENTS Thru __ (%) R/T __ (%) L/T ___(%)
PASSENGER NO. OF PASSENGERS Heavy Moderate Light
MOVEMENTS | TRANSFER ACTIVITIES Yes No

BUS LOADING CURB Sufficient Insufficient

SIDEWALK WIDTH Sufficient Insufficient
LOCAL LAND USE Business Residential
DEVELOPMENT Public Open Space

Undeveloped Other

LOCAL PEDESTRIAN TRAFFIC Heavy Moderate Light

BUS STOP DESIGN Compatible Incompatible

CRITICAL NEEDS FOR CURB

PARKING, TRUCK LOADING Yes No

S, STORAGE LANE, ETC.
PARKING IN BUS ZONES ETiminated Permitted
Prohibited but not Eliminated
LOCAL BUSINESS ENTRANCE Yes No v
BLOCKED BY BUS STOP

OTHERS (PLANNING &
DESIGN DATA)

COMMENTS




