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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. 





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 findinEs 
are listed below. The strategy used in spacing bus stops varies 
significantly from city to city. 

0ne-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" 

I. safety of passenger, bus, and other traffic; 

2. effect on transi-t 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. 
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EFFICIENCY IN BUS STOP LOCATION AND DESIGN 

by 

Brian Bin-Mau Lin 
Reseamch 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 modific•ations in bus routes and schedules, express bus 
service, the preemption of traffic signals for buses, bus 
terminals, and simplified fare collection.(1) 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 at-tractiveness 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. identify elements relating to the location and desiKn 
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 



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. 

QU e S tionnei re.. survey 

Vamious stmategies fore locating and designing bus stops have 
been used in a number of cities to improve the efficiency of 
bus tran•sit 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 32• 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. 



The distribution and return of the questionnaires by popu- 
lation of the cities is given in Table I. 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 

Cit}z Population 
1970 Census 

50•000 or less 

50,001 •o i00,000 

100•001 to 200•000 

200•001 or more 

Totals 

Number 
Mailed 

5• 

78 

I02 

90 

32•. 

Number 
Returned 

2O 

32 

38 

27 

117 

Response 
Rate, % 

37.0 

41.0 

37.2 

30.0 

36.2 

Sur_vey of ..B..us .Tra..ns_it Firms 

The survey questionnaire was sent to 176 bus transit firms 
in cities across the nation. Of the firms surveyed, 60% operated 
between I0 and 90 buses and 40% operated 91 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 .Tra•spoIrta•i'0n •ervice-Iin• u, S" urban-ized Areas, • 2 ) 

A total of 67 questionnaires were returned by bus transit 
firms in 33 states• the District 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 

It it freedom, p value 0.855); however• more firms with 91 or mo•e 
buses returned the questionnaire than did smaller firms. 



Table 2 

Survey of Bus Transit Firms Response by Vehicle Requirements 

Peak-Vehicle 
Requirements 

1976 

30 or less 

31 to 60 

61 to 90 

91 or more 

Totals 

Number 
Mailed 

39 

29 

72 

176 

Number 
Returned 

12 

ii 

37 

67 

Response 
Rate, % 

19.4 

30.8 

37.9 

51.4 

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. 



STATUS OF BUS-STOP STRATIEGIES" A/• 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. Of the 117 trans- 
portation engineers who responded to the survey, only 14% 
indicated that a standard policy for locating or designing bus 
stops had been used (item I, 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 assigne.d 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 •, 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 • 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; 
namely, bus riders and transit companies. However• as shown in 
Table • the transportation engineers felt that drivers in moving 
traffic would be the next interest group while transit operators 
felt it would be bus drivers. 



Table 

Decision 

TSM Objectives Associated with Bus-Stop 
Location and Design Decisions 

Quality of Bus Transi• Service 

Efficiency of Existing Bus 
Transit System 

Environmental Impact 

System Costs 

TSM 0bjective 

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 

ImpPove security 

Increase transit patronage 

Minimize intemference with the 
traffic stream 

Minimize time for reentry into 
the traffic stream 

Avoid blocking entry to adjacent 
business 

Ensure compatibility with 
adjacent development 

Reduce transportation system 
energy consumption 

Reduce interference with 
pedestrian flow 

Reduce transit travel costs 

Minimize implementation costs 

Source- 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 theme 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 char.acteristics 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 
totalsystem 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. Of 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 Ii, 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. 



As a rule of thumb, bus-stop spacing ranges from one stop 
per 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 S top Mark e t .A rea 
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 repo-rted 
that they considered 1,320 feet (402m) as an acceptable walking 
distance in both CBD and outlying areas. 

Theoreti'cally, 
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.(8) 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 o.f 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 ii, Appendix B) and 69% of the transit firms 
(item I0, Appendix C) felt that these transfer points between 
bus routes should be given special consideration regardin.g 
location. 

To provide an easy, convenient and safe transfer, the 
transfer points should be located at major street intersections.(7,8) 
At the junction 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 91% 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 categorie.s.( 9 ) 

i. 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. 

Ii 



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

i. 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. 

,S a, feZy 

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. (I0) 
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 
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blocks the motorists' view of traffic signals. Also, neamside 
stops pose hazards for othem vehicles when a bus is loading or 
unloading passengems•because the following vehicles often attempt 
to bypass the standing bus and thus intemfere with othem traffic 
and the bus as it leaves the sZop.(ll) These stops also create 
a hazardous condition for vehicles making right tumns 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 pedestmian'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 sumvey(12) 
was made in which data weme collected on over 2•i00 pedestrian 
accidents occumming ovem a 10-month period in I• major cities in 
the countmy• and it was found that bus-stop-melated pedestrian 
accidents were 8% of the total pedestmian 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 r.elocated to the farside. 
Accordingly, the report on the survey strongly recommended that 
bus stops be located at the farside of the intersection or at 
the farside of a mid-block pedestmian cmosswalk to minimize 
visual intemfemence. 

Effect on Transit Oper. ation 

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 lo•ation 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 
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near the intersection and to more frequently violate 
signals in reaching the farside stop. ¢I0) 

traffic 

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 nears ide 
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 nears ide stop immediately priom 
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.•14,15) 

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; (9) but if there is a .high volume of right- 
turning vehicles or cross-street pedestrians which 
might cause interference to the bus standing at the 
nearside stop, then a farside stop might be 
advisable, ii( ,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 
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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 i, if the left-turning traffic is 
heavy, then a relocation to the nearside might be advisable. 

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 i. 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 
implemenZed at the same intersection, regardless of the location 
of the bus stop. 

Imp.a.ct.s .0..n A.djacent Land Use... and Dev.e!opment 
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 •ransit 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 Zhe 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. 
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A. Considerations of parking and intersection capacities 

Due to bus maneuveming 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 megulations 

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.(IW) 

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.(• ) 

•'•The details of bus curb loading zones are addressed later under 
Elements of Bus Stop Design. 
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Sugary 

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

Table 6 

C•ite•ia Used to Select Bus-Stop Location 

CHOICES 

Criteria Farside Nearside 
Mid-Block 

Farsi:de- N earside 

S•afety. 
Passengem Movements 
Bus Movements 
Traffic Movements 
Pedestrian Movements 

X 

X 

X 

x 

X 

x 

x 

X 

Effect_ on_ T.r..a.nsit 0peration 

Bus Driver's Charactemistics 
Bus Turning Movements x 

x 

x x x 

Effect on Traffic 

Bus-Vehicle Conflicts 
RTOR Movement x x 

Impacts on Adjacent Land •se•and D eg•i' Op•_en• 
Commercial Activities 
Land Use 

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 and 
benches. 

Bus-Loading Cumbs 

According to the questionnaire response, more than •5% 
of the transportation engineers felt that curb length requirements 
for bus stops were necessary (item i$, 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 i•, 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 Length s 

In referring to minimum desirable lengths for bus curb 
loading zones, the Highway Capa.•ity •Manua! notes different ranges 
of zones for various uses of buses.i-•) 

When the average bus volume in one dimection exceeds •0 per 
houm, (II) the numbem of passengers to be loaded and the resulting 
time that each bus must spend in the bus curb loading zone 
incmease, and it is necessamy to provide a length fore each bus 
expected to stop at any one time at any given bus stop. It is 
recommended that •5 feet (l•m) of length be provided for each 
•0-foot bus (12m) and 5 feet (l. Sm) between buses. (8) Considering 
bus maneuvering characteristics, the lengths fore the curb loading 
zones should be adjusted to accommodate the turning radii.(Z) 

The survey responses of transit firms revealed that, in 
general, the adopted length requirements for curb loading followed 
the standards described in the Highw_aY _CapacitY•Man.u..a.l 

, 
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 80 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 
•ecommended, because the pmovision of insufficient space for a 
second stopped bus will make it obstruct the thmough-tmavel lane, 
and also create hazamdous and inconvenient loading and discharging 
conditions for the bus passengers. The provision of adequate 
loading-space is particularly impomtant in light of mecent fedemal 
mequiremenZs that new buses be equipped with wheelchair lifts or 
mamps. Pmoper operation of this equipment mequires Zha• the bus 
be parallel to the curb. (I•) 

It is recommended that at nears ide stops an extra length be 
added for right turning buses and vehicles.(9) For 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. 

,C.ondit_i,9_n 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. (ii) 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 9 inches (15cm to 23cm).(Ii) If curbs are 
too high, the bus will be prevented from moving close to it. 

Signs and Mark_ings 

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 ridems. 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. ( 2 0 ) 

Cumb Markings fore Pamking Restrictions 

Curb bus zones should be posted with "No Parking- Bus Zone" 
signs in addition to solid yellow markings to identify pamking 
restrictions. As recommended by the Manual on Uniform Traffic 
Control Devices (MUTCD), the two kinds of' 'standard signs f0• 
pamking"96'•ulations shown in Figume 2 are in general use by 
tmansit operatoms.(21) 

BUS STOP 

R7-107a It7-107 

12" × 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 marking• 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 •om Tu•nou..ts 
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 ..S•mategy 

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 abo•t the preemption treatment given to the buses for 
easier reentry into traffic, only 2 transportation engi.neers 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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Ef f e c t i..ve..n e s s o f• •Bu .s. B ay.s 

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

Configur, ati,o n. •of B.US..Bay.s 

To be fully effective, bus bays should be as long and 
shallow as 

feasible;(23) they should be at least I0 feet (3m) 
wide to allow buses to stand compleZely out of the tmaffic 
stream; they should be long enough to accommodate a bus standing 
at the stop; and the transition distances, as shown in Figume 3, 
should be long enough to allow a bus to decelemate and accelerate 
at a comfortable mate. The design speed should be slightly 
gmeater than the non-peak houm appmoach speed, which is a 
function of the posted speed limit. (13) 

i0 '-12 
I" = 0.3 in. 

• i 

trans it ion transition 
distance distance 

Figure •. Configumation of bus bays. 
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Bus S.t. op 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.(2•) Of the 36 domestic 
transit operators replying, 61% said they provided some type of 
shelter. However, .the 1979 survey conducted for this study 
revealed that of 67 transit operators, 8•% 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. 

Applicabilit 

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 ins•allment of bus stop shelters, as identified by the 
respondents, are those of level of passenger demand• expected 
wait time, and elderly and handicapped patronag.e (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 weaZher• 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) 

.D.,.e s i g n 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 hamdrails. (2•) 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, (24) 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). 

.Su •mmary 
The major elements considered in the design of bus stops are 

as follows 

i. 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. For each site 
examined, a general description of the area and bus stop is 
given, specific problems associated with the stops are identified, 
and alternative solutions 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 •hroughout 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 i 

S i t e. _D e..s. 9 r i p .t i9_n 
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- 
ment buildings, nine large hotels, a shopping mall, and a theater. 
Although no bus lane is provided in this area, the curb lane is 
wider than the left lane (approximately 14 to i0 feet [4-3m]) 
to benefit bus operations. RTOR is permitted while on-street 
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 
Jefferson Davis Highway. As scheduled, 36% of the bus arrivals 
from the south make a right turn and 64% of them go straight 
through the intersection after they leave the nearside stop, as 
shown in Figure 5. 

Intersection Geometrics Bus Movements and Volumes 

Figure 5. Study site I. 
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B. Bus T•avel Delays 

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

2. Right-turning vehicles cause bus delays (left-tumning 
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. 

Other vehicles are delayed when buses reenter the traffic 
stream. 

Alternative Lo.cations and Des_i.gn.s 
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, 
t.he 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 might be different 
if the severity of each of the cited problems is taken into 
consideration. 

Exi S t in. g Pro•b ! era.., s 

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

A. Safety 

I. 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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S.i..t,.e_ Descri. ption 
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 •2 feet (10m) wide and is divided into two lanes" 20 feet 
(6m) for the curb lane and parking vehicles, and 12 feet (3.5m) 
fo• the left lane. As the road approaches 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 •. 

•rked 
•ehicle 
@•.. 
Bus Stop 

50' 

(not in scale) 

Sheltered 
Bus Stop 

15' •Bus S%op?- 
50' 

Parked Vehicle 

Intersection Geometrics 

2 Buses/• 

14 local 

6 express 

5 •uses/Hz'. 

5 Buses/Hr. 

(?•i Peak) 

Bus Movements and Volumes 

Figure &. Study site 2. 
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Existing_ P•ob I ,e,m,s 

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. 

B. Safety 

i. 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 I. 

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. 

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. 

C. Bus Operations 

I. The bus dmiver's view is restricted when the bus 
stands right behind the parked vehicles at Stop i. 

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

3. Buses are delayed by vehicles turning into and out 
of the parking lot at Stop 2. 

D. Traffic Delays 

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

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

There are traffic delays when buses reenter the 
traffic stream. 

E. Bus curb-loading zone designs 

i. Bus curb-loading zones are inadequate. 

2. Passengers waiting at Stop 1 block business entrances. 

Passengers waiting at Stop 1 interfere with 
pedestrian movements. 

Parked vehicles are too close to the loading curb. 

Alterna_tive..L.0cati0ns• and_ Design s 

As mentioned for site I, 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 I, is recommended. 
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Site 

Site_ _Description 

The thimd site examined was located on Arlington Boulevard 
at its intersection with Fillmore StmeeZ. 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 mesidential, consisting of single and multifamily 
dwellings. Arlington Boulevard, which serves as State Route 50, 
is divided into six lanes. In each dimection, the cumb lane is 
resemved for high occupancy vehicles including buses and vehicles 
wiZh 2 om mome passengers during peak evening periods (• •-80 pm) 
and the other two lanes are fore normal traffic. The traffic 
signal at this intersection is a 2-phase one with actuated detectors 
on Fillmore Street. Bus opemations 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 
i0 local and • express buses fore every hour during the evening 
peak, go stmaight through the intersection after they leave the 
nearside stop, as shown in Figure 7. 

(no% in scal e) express 
local 

?eak) 

Intersection Geomet•i cs Bus Movements and Volumes 

Figure 7. Study site 3. 
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E x.i_s..t.in g P_r•oblems 

The pmoblems at this nearside bus stop, as listed below, 
relate t6 safety, bus travel delays, and traffic delays. 

A. Safety 

1. Right-turning vehicles inZerfere 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 

I. As they depart the stop, buses conflict with cam- 
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 

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

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

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

D. Bus-Loading Curb 

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

2. The bus-loading curb is inadequate for passenger 
operations. 

Alternative Locations and Desi ns 

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 

Si.te 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 
D•ive. 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. 
• 6 

(not in scale) 

Sheltere• :Parked 
,Vehicles 

46 '•5 9-- 

P•rked Vehicles 4 Buses/Hr. 

(.•[ peak) 

Intersection Geometrics Bus Movements and Volumes 

Figure 8. Study site 4. 
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Exi.s.t ing .P.r.ob !ems 
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 

i. 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 waiting areas are inadequate. 

B. Safety 

i. 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 

i. 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. 



E. Potential Problems 

I. 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.. •nd 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 i0. 

Among those in Table 10, alternative A, which recommends 
removal of the parked vehicles, is preferable. However, consider- 
ing the establishment of the new northbound route on George Mason 
Drive, alternative B is recomJnended. 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 district 
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 8-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 straight through the 
intersection with an average headway of 8 minutes during the 
morning peak period, as shown in Figure 9 
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Figure 9 Study site 5. 
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.Existing P,rpblems 
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 

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

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

C. Tmaffic 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 Design. 9 

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- 

I. there is heavy right-turning traffic onto Randolph 
Street, and a nearside stop would increase traffic 
d, elays 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 

i. 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 pmevent the buses from incmeasing the delays when 
meentering the traffic stmeam, special signing devices such as a 
"Yield to Buses" sign and an actuated flasher at the exit of the 
turnout should be pmovided. 

Site 6 

S_ite .Description 

The study of site 6 was concemned with the envimonmental 
chamacteristics of a mid-block bus stop located on Pemshing Drive 
between North Barton Dmive and North Cleveland Dmive. The land 
use adjacent to the bus stop is residential, consisting of 
single- and multifamily dwellings. The traffic control devices 
used at the .intersections ame simple 2-way stop signs located on 
North Barton and North Cleveland Drives, as shown in Figure ii. 
Also, on these two streets cumb parking is permitted, but it is 
prohibited on Pershing Drive. Except fore crosswalk and centerline 
mamkings on Pemshing Dmive, there is no traffic marking. Bus 
operations at the stop include modemate traffic and pedestrian 
cmossings on Pershing Drive. As scheduled, 6•% of the bus 
ammivais from the west make a left turn and •7% of them go 
straight through the intemsection after they leave the mid-block 
stop, as shown in Figure I0. 
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Existing... P.ro_b.l.ems 

The existing problems at this location ame 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 te the left side of the lane before 
making left turns. 

C. Traffic Delays 

i. 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 Loca_tions, •nd. Designs 

The alternatives for this site require a relocation of the 
bus stop. A comparison between the alternatives is •iven in 
Table ll..Of these alternatives, a relocation to the fars ide or mid- 
block on North Barton Drive after buses make left turns is 
recommended. 



Table Ii 

Comparison of Alternatives Site 6 

Pro b 1 ems 

•xi S,t ins Problems 

Bus-vehicle conflicts occur when buses depart 
Bus-vehicle conflicts occur when buses make 

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

traffic 
Traffic delays occur when buses make left turns 
Property owner complains 
Sight difficulty exists 

N,eW,, p,r, •bl•s, 
Decreased curb-parking capacity 
Increased right-turning vehicle delays 

*Alternative A" 

Original 
Bus Stop 

Alternatives* 
A B C 

X X X X 

X X X 
X X X X 
X X X 
X X X X 

Al'ternative B: 

Alternative C" 

X X X 
X X X 
X X 
X X X 

Relocate at the nearside of the intersection o£ N. Cleveland 
Drive and Pershing Drive 

Relocate at the farside of the intersection of N. Cleveland 
Drive and Pershing Drive 

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 

STATE/CITY 

Alabama 

Bi rmi ngham 
Huntsville 

Alaska 

Anchorage 

Arizona 

Phoenix 
Scottsdal e 
Tucson 

Cali forni a_ 

Anaheim 
Burbank 
Chula Vista 
Downey 
Fresno 
Long Beach 
Los Angeles 
Modesto 
Norwa I k 
Oakl and 
Richmond 
Riverside 
San 
Be•na•din( 

San D•ego 
San Franci so 
San Franci sc, 
San Jose 
Santa Rosa 
Stockton 
West Covina 
Whittier 

Colorado 

Colorado 
Springs 
Fort Col I ins 

Connecticut 

New Haven 
Stamford 

1'970" i9"}6 **-• 1970" 
Population No. of STATE/CITY 
in 1000's passenger Buses 

'L 

301 
138 

175 

582 
68 

263 

167 
89 
68 
88 

359 

62 
92 

362 
79 

140 

104 

446 
50 

108 
68 
73 

135 
43 

138 
109 

143 

83 

78 

1860 

628 

284 
420 
227 
171 

Delaware 

Wi Imi ngton 

District of 
Col umbi a 

•ashington DC 

Florida 

Athens 
Atlanta 

Hawaii 

Hilo 
Honolulu 

Illinois 

Des P1 ai nes 
Evanston 
Joliet 
Moline 
Rock I sl and 
Urbana 
Chicago 

Indiana 

Fort Wayne 
Gary 
Hamnond 
Indianapolis 
Muncie 
South Bend 

C 1 ea rwa t e r 52 
Jacksonville 529 
Pensacola 60 
St. Petersbur!I 216 

497 

80 
80 
46 
50 

3367 

178 
175 
108 
7•5 
69 

126 

Population 
in 1000's 

1976• 
NO. of 

Passenger Buses 

81 

47 

13 
703 

15 
320 

106 

30 
2172 



1970" 
STAT£/CITY 

Iowa 

Ames 
Iowa City 

Kansas 
Wi chi ta 

Lexington 
Newport 

Louisian. a 

Baton Rouge 
New Orleans 

Maine 

Portland 

Annapol i s 
Bal timore 
Hagerstown 
Montgomery 
Rockvi I I e 

Massachusett• 
Cambridge 
Springfield 
Worcester 

Dearborn 
Detro i t 
G-ran d Rapids 
Saginaw 
Warren 

Mi nnesot, a 

•Bl oomi ngton 
Duluth 
Mi nneapol i s 

Population No. of 
fn lO00's 

40 

166 
593 

65 

30 
906 

590 
42 

100 
164 

104 
1511 
198 
92 

179 

82 

1970" 
STAT•/CITY Population 

Pas_senger BUS• e.s in. l O00's. 

14 

42 

57 
76 

384 

6O 

855 
14 

87 

856 

Misso,uri 

Independence 
Kansas Ci ty 

Neb, F,as ka 
Fremont 
Lincoln 
Omaha 

Nevada 

Las Vegas 

N__ew Ham• 
Concord 
Nashua 
Manchester 

NewJersey 

Bayonne 
Bergenfi el d 
Trenton 
Woodbri dge 

New MI•EX i CO•O_ 

Las Cruces 
Santa Fe 

New York 

Albany 
Buffalo 
Mi neol a 
Westchester 

North Carol i n 

Chapel Hill 
Greensboro 
Raleigh 
Wilmington 
W ins to n- S a I em 

112 
5O7 

23 

347 

126 

30 
56 

73 

105 
99 

38 
41 

116 
463 

296 

144 
122 
46 

133 

1.976..x 
NO. of 

Pa•,senger Buses 

253 

46 
178 

30 

138 

185 
368 
250 

19 

35 



STATE/CITf Population No. of 
in lO00's Passen•e r Buses 

ii 

North Dakot•a. 

•Bismaz, ck 

Ohio 

Akron 
iCanton 
•Columbus 
Mi ddl etown 
Parma 

Oklahoma 

Okl a homa C i tZ, 

Eugene 
Portland 

A11 en town 
Al toona 
Bethlehem 
Lancaster 
Philadelphia 
Pittsburgh 

Puerto Rico 
San Juan. 

Rhode I sl and 

Pawtucket 
Providence 

Sou th Caro I i •a 

,Cbl umbi a 
Florence 
Greenville 
Spartansburg 
Sumter 

South .Dakota 

Sioux Fal I s 

* Source- 

35 

27:5 

49 
100 

366 

76 

73 

52O 

77 
179 

114 
26 
61 
45 
24 

64 
73 

228 

435 

46 
35 

32 
1027 
761 

411 

188 

72 

U.S. Census Bureau 

Te,nnesse•e 
Chattanooga 
Knoxvi I I e 
Memp h i s 

Texas 

Arlington 
Beaumont 
Dal I as 
Fort Worth 
Gal ves ton 
Houston 
Lubbock 
San Antonio 
Waco 

Alexandria 
Arl i ngton 
Chesapeake 
Hampton 
Lynchburg 
Newport News 
Norfo I k 
PetersBurg 
Richmond 
Roanoke 
Staunton 

Bel I i ngham 
Sea tt I e 
Tacoma 

STATE/CITY 

119 

624 

gl 
116 

393 
62 

149 

g5 

Salt Lake Ci 

111 
174 
90 

121 
54 

138 

36 

92 
25 

531 

Wisconsin 

Eau Claire 
Madison 
Mi I wau kee 
Raci ne 

Pol::•lat ion 
in lO00's 

45 
173 
71• 
95 

No. of 
Passenger Buses 

71 

38g 
86 

372 

313 

191 

83 

138 

168 
35 

15 
574 
106 

465 

** 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. 





APPENDIX B 

Results of Questionnaire Survey of City Transportation Engineers 

i 
All ?.es-.;-onses: "7 Cities 
Has your organization adopted a standard policy and/or set of criteria 
for locating and/or designing b•s stops? a. •6 yes b. 92 no c. 9 iTo •eply 
If you answer yes, please attach a copy of your Criteria and/o•? policy.--"- 
?ol!ow •= •idei•nes/_•olic• •m "" "•-•here•:ces•• •ssential!• 
o••ti • "•nder a•..intersec•ion bus s•o• nolic•,..•hile no •o•l •lic• 

•__•"•,, •ir 
has been adooted. Wmat•s•ecifid ooject•ves are associated with bus stop location decisions 
in your jurisdiction? 

Primary Secondary No•. an 
Objective Objective Objective 

a. To reduce transit •rave| time 
b. To reduce I:raveI costs 
¢. To improve safety 
d. To imorove securi•:y 
e. To increase transit patronage 
f. To reduce transportation system 

energy consumption 
g. To provide adequate service to 

the transportation disaavan•aged 
and transit dependent 

h. To provide easy access •:0 all 
major trip generators 

i. To minimize interference with the 
traffic stream 

j. To minimize time for reentry in•:o 
the traffic stream 

k. To re(luce interference with 
pedestrian Flows 

I. To avoid blocking entry to adjacenl: 
business 

m. To ensure compaI:ibi]ity with 
adj ace1•t deve|opment 

n. Other (please specify) 

Reply 

/!2_/_-_ -,4-_ "'_;.19 
-•i _•_ -d..SZ_- 27. 

";.5 2:3 

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

a. Frequency of stops per length 
of route 

b. Availability of curb loading 
space 

c. Proximity to passenger origins 
and destinations 

d. Traffic vo|ume 
e. Winth of sidewalks 
F. Intersection capacity 
g. Turning movements 
b. Pedes•:rian movements 
i. Interference wi•b traffic 
j. Visi•ility of signals 
k. Automobile parking 
I. Traffic Flow delays 
m. Bus travel dela• 
n. Adjacent development 
o. Population densiI:y 
p. Security of I:raveIer 
q. Visibi|ity of stop 
r. Safety of bus, passengers, 

and ocher traffic 
s. Other (please specify) 

25, 

Primary Secondary ,Not. a 
Consideration Consideration ConsideraI:ion 

_•_ 

•7 2 • •" •. 10 

•... •1 • • t5 7 •# 

•9. 



I0. 

11. 

What interest groups influence your bus stop location process? 
Strong Secondary ;Io 

Influence Influence Infl uen•:ial 
i.To 

.•eply 
a. :•us rider -•,.. 2g 7 
b. Bus driver 27 •t9, 2.C 
c. Local business -_• z• •- • 
d. Transi• c•maany 7P 9i- • 

F. Moving •raffic _•.•,- • j• 
g. O•ber (please specify) 

••-• •:• •,--,i••,,•_] •,•:•,-•.-_ 

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

primary secondary :•Q• used L.:o 2eply 

60• •7 ;2 2e 

a.-Delay to traffic flow 
b. Time los• a•l:emp1:ing 

reenter ira ff c 
c. Number of boar•ling• 

deparl:ures a• •top 
d. Loca] air •uality 
e. Pedestrian cQnfl 
f. Distance between s•oOs 
.]. •cci•en•s 
h. Of:her (p ease •l:e(:i fy 

,,17 

Are there any local ordinance• or state laws which affect bus stop 
location in your locality? 
a. .• Yes 
b. •No 

please describe appropriate laws. 
•'" co•ie de!e•±.es bu• .•t•.• i'•:+.••+.• •,•+••, to t.:c•.ffic 

• e•.•. • 
c 7 "'o 
Do parking needs ever govern the establ•shment of a bus stop? 
a. ._7• Yes 
b. 

-yOur-Jurls•l-ction pemit righ• turns on red? 
a IC8 Yes When was this policy initiated • •m •Ro i• T•#:-,,.,!979 
b • No 

• •c •S-•;=ii£•U•n 
U• Red caused any changes regarding you• agency's approach 

to.wa•d locating bus sto•s? a. •_! • Yes b. • No c. • 30 •evly 
if you answe• yes, •lease btief]y describe the cna,ges. 
• f hea-•/ ri•:ht •" --• f•r 

Are any changes in your bus stop location policy being considered as a 
result oi = experience wi th RTOR? a. p Yes b. IC:X No c. 12 
If answer is yes, please describe anticipated changes 

•" "• ,,Of ,•--•ginT." ever&! bus..s.•.o•.s.. •o. =_,Io;, •'•,•.:• t%-T-.f•..i.c ..%.0. f!o•, .co SS--DI• it.':.,- 
,•:. ,--., 

.S "". 
unLmT.eded: identi/ica±ien of .fi_•s4 •eut.=-..• _:c_o_'r'e..a.Cc•'•_"mr',_'te![,r 

LTo 

Are bus stops which serve as transfer points between different bus rou•es given special consideration regarding location, a. •S.e..•.__Yes b. 
;•, 

No 
o. 11 ".,To [f yes, please specify additional considerations. ?.ep!y 

Ease of • and •',',-•..concern•, •_ans_e• di.s.%•,•.ce .for ,-.as•=.•.-'e-s to ,'•,.a!iI,.'.. £re of 
__•Le_,_'_•m.ze •,•+•-•-, she!•e -•" T:•:]1-off • space- •d• ou• 



Is bus stop location a consideration in yo•r areas' transportation system 
management (TSM) plan? 
a. SC.' Yes 
b. _S• No 

f-•es-please send a copy or furnish the name of the agency from 
which the TSM plan n•ay be obtained. 

d••te a-F-r,•easOres taken in your service area that give buses priority 
treatment over oth.er vehicles. 

a 76,. 
none 

b. • signal preemption 
c exclusive curb lanes 
d • priority lanes for express service •'0 

o (ple se spec e ther a ify) 
••- •mo,••.• •,• • • • • • .............................. 

Does your city have curb space length requirements #or bus slops? 
a. • Y es 
b. No 

c. 9 Fo Reply 
Indicate Where you employ recessed bus bays (turnouts) on your streets? 

a. _• None employed (go to number 18 if you answer none employed) 
b. -•-_ On downtown local streets 
c. • On heavily traveled sections of arterial highways 
d •_ At bus transfer points 
e. • Other (please specify) 

•here..ri•7ht oz, v:s.ic, is.. _c. • cee2•?•.• e ............. 
Indicate all factors that are used to recommend a turnout? 

a. ..2• high number of hoardings and departures 
b. • high traffic volumes on street 
c. exclusive curb lane in use for buses 
d. 3• o•her (please specify) 

Are traffic signals employed in conjunction with bus turnouts to lessen 
the delay to buses when reentering the traffic stream? 
a. 2 Yes 
b. 56 No 

If •es briefly describe the characteristics of stops where priority 
signals are provided. __c.,.,,•..•...•s•--,• ,-• •.•oT..U.•ed •,., •_..o•,.•zo!•- •u•_ e;,:•t 

c. 5 • i-.i o Re •,!.'f 
Does youYagency provide bus stop shelters? 
a. ol Yes 

If answer is yes check items, below that apply 
I. 0 at al stops 
2. __• at CBD stops 
3. ;.• at suburban stops 
• •" a[ o[her selected stops (please specify) •=•_ i uss.•.,,, ••'• s'•• 

•4• • 

b. ,•9 No 
If--answer is no check the item below that applies and then go to #•3. 

•. • none provided in system 
2.. •I provided by bus opera•or 

What pe centage oT'ybur bus stops are sheltered? 
a. •-•<,_ 0-I0• 

c. • Z5-50% 
d. • over 50% 
e. 3.- ol ...• .... 

Zzc•e 



Indicate all factors that are used •o recommend that a shelter be 

provided at a bus stop. 
a. •9 •ubur•an loc•t:ion 
b...2•,. no other sne•:er (n vicinit• of szop 
c <K lave] of demand 
d. -95 otmer (please specify)Tr•ns•er.i•.O•n•..•.: traf%ic .•enera•o•s• 

•Ider• v h•udica•ed consider•it•6h: •i•%b.-of's•d•wal•. 

Are benches or seats p•ovided at sheltered bus stops? 

.c. •• Sometimes 

If you answer•d-yes'•r sometimes to question 21 what criteria are used 

to reco•end that seats be provided at bus stops? 
a. 20 length of average wai: 
b. X •ransfer poin• 
c. volume of buses 
d, elderly and handicapped considerations 
e. • availa•le space 
f. •7 o•ner (please specify) •enches are %he intec•l •ar% of shelters; 

Would you like to receive a copy of £he final •eport related to this study? 
a. •e_ Yes 
b. 

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

c. 7 No Re-oly 

P, eturn Completed_ Quest•ionna r•e• To" 

Michae! J. Demetsky 
Faculty Research Engineer 
Virginia Highway & Transportation Research Council 
P.O. Box 3817 UniversiCy Station 
Charlottesville, Virginia 22903 



APPENDIX C 

Results of Questionnaire Survey of City Transit Firms 

All Resnonses: 67 Ci±ies 
Annual Bus Ridership '• •Ag •40 to 533,097•-•9 

•", •qo 460 Annual Bus Revenue •?•e: 3149,000 to 

Annual Bus Vehicle.Miles of Service2•n•e: 22•,000 ±o 8},81•,000 

Has your organization adopted a standard policy and/or set of criteria 
for locating and/or designing b•s stops? a. 2_•___•ves b. __yL1____no o. 9 mo 
If yOU answer yes, please attach a copy of your criteria and/or poiic• 
What s•ecific objectives are associated with bus stop location decisions 
in your jurisdiction? 

Primary Secondary Not an ".TO 
Objective Objec:ive Objective 2-eplzF 

a. To reduce transit travel time 
b. To reduce travel costs 
¢. To improve saFe•y 
d. To improve •ecu,'ity 
e. To increase transit patronage 
f. To re(•uce transportation system 

energy consumption 
g. l'o provide adequate service to 

the transportation disadvantaged 
and transit dependent 

h. To proviae easy access to all 
major trip generators 

i. To minimize interference with the 
traffic stream 

j. To minimize time for reentry into 
the traffic stream 

k. To reduce interference with 
pedestrian Flows 

I. To avoid b|ocki.ng entry I;o adjacent 
business 

m. To ensure compatibility with 
adjacent development 

34 

22 

23 8 2 

2'7 6 2 

2•_ ,,, •0 2 

,•0 12 2 

n. Of:her (please specify) 
•o_ minimize comnl•in±s from residen%s. 

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

a. Frequency of stol•s per ]enqth 
of route 

b. Availal:ility of curb loading 
space 

c. Proximity to passenger origins 
and destinations 

d. Traffic volume 
e. Width of sidewalks 
F. Intersection capacity 
g. Turning movements 
h. Pedestrian ,,ovemen[s 
i. [nterference with traffic 
]. Vf•i•ilit7 of sionals 
k. AutOmobile oarkinQ 
I. Traffic •low delays 
m. 8us •ravel delay 
n. Adiacent development 
o. PoPulation densit'.,' 
p. Security of •rave]er 
q. Visibility of stop 
r. Safety of bus, passengers, 

and other traffic 
s. Other (please specify) 

•imary Secondary ;lot 
Consideration Consideration Considera•io, 

32 18 11 

62,., 2 2 



ii. 

WhaC i•-terest groups influence your bus stop location process? 
r.rong •econda ry '1o 

[nflue•C.= InfluenCe [r•f] ue•1:ia 



21. 

Does your organization have curb space length requirements for bus stops? 
a. •.p yes 
b. ._.•5 no 

Do you employ recessed bus bays (turnouts)? 
a. • '1o (': •nswer is no oo ;o num•:er !8) 
b. • f• On •owntown loc.%l str•et• 
•. i? -•0n heavily •r•veled sections of arterial highways 
•. K At bus •ransf•r :oints 
e. Other (please specify) 

• •. y Indicate all factors that are used to recommend a turneut? 
a. __25 high hummer of boarding• and de:ar•ures 
b. •. --•ig• :raffi• volumes on 
c. exclusive curb ane in use For buse• 

Are traffic s•gnals employed •n conjuncZJon w•th bus turnouts to lessen 
the delay to buses when reentering the traffic stream? 
a. 0 Yes 
b. 4.1 NO 

If yes briefly describe the characteristics of stops where priority 
s•gnals are provided. 

c ..... 
26 ":0 Reply 

Ooes your agency provide bus stop she]ters? 
a. •g Yes 

[•nswer is yes check items, below that apply 

3. •i_ suburban 
•r_•ozr.ts ,•nd 0• er 

nes,•; boardin: sre•<,s 
b. 1.•, No 

If answer is no check the item below that-a•l i es and 9o te n•ber 25. 
I. • none Drovi •a• n SyS 
2. 2 •rovidee by city 

What percentage of your bus stops are sheltered? 

b. • 
c. •_P Z5-50% 
d" .C_ over 5G% e. • No 

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

a. I0 suburban location 
b. 25 no o•her •neiter in vicinity of 
c. • level of demand 
d pq other {please s.•eci•y) •r•nsfer •oJ.n%s• ?•S..ffJc cenera%o•s• 

Are benches or sea•s provided a• sheltered bus stops? 
•ies d. 7 ;.;o Ze•iy 

b. 0 sometimes 
•- c. • nm (;f answer •s no g• •m number 

If you answered yes or sometimes to question 2! what criteria are used to 
reco•end that seats be provided at bus stops? 

a. o length of average wai• 

c. <! vol•me of .buses 
d. • e]•erly and handica#De• considerations 
e. ,i• •vailaele spac• 

r,,--,,i-'f'•, • •';•,• •-•.-,• 

co•for% and •onvenience; Level of 



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

6 6 
a. Yes 
b. ']/'" No 

If •yes- ncl ude your name and mai I ing address to insure proper del ivery. 

Return. Compl_eted Q.u.e.s.ti.ocn.na ir•e to: 
Michael J. Demetsky 
Faculty Research Engineer 
Virginia Highway & Transportation Research Council 
P.O. Box 3817 University Station 
Charlottesville, Virginia 22903 



APPENDIX D 

CASE STUDY DATA" BUS STOP LOCATION & DESIGN 

PART A" Physical Features 

Date- 

INTERSECTION GEOMETRICS (not in scale) 
LOCATION OF BUS STOP: On 

(Mark" (I) street names (2) no. of traffic lane• & 
width• (3) bus stop location (4) distance between 
bus stop and the intersection) 

at its intersection with St. 
Examined I, terns..,, Yes No BU,.S..,Lane Provid'ed? 
Right Turn Lane Provided?: 

Left Turn Lane Provided? -Bus• '•L'oadin'g •o'•e Marked? 
Traffic Lane Marking? 

Cro•swal k Mar, king? 
Sto,p Line Marking? 

Bus Turnouts Provided? 

RTOR Permitted? 

Bus Sbelter Provided? 

Benches Provided? 

Sidewalk Features 

Shoulder Curb & Gutter 

Width 

RE-MARKS. 

TRAFFIC CONTROL" Signal (cycle 

Yield- Sign 

Stop-Sign 

None 



Part B- Evaluation Criteria 

APPROACH TRAFFIC Heavy Moderate L % dF R•GHT TURNS 'Hig• Medtdm Ldw 
ONE•WAY CRO'SSSTR•Y From Right Fr•i Lii'ft' 

BUS BUS. FLOW BUSES/HR 
MOVEMENTS MOVEMENTS Thru ___.(%). R/T (%) L/T ___,(%) 

PASSENGER NO.. OF PASSENGERS Heav• Moderate Light 
MOVEMENTS TRANSFER.ACTIVI..TIES... ..,i.. -. .•.. Yes No" 

_BUS LOADIN.,G..-CUR.B •_ . Suff_{ci.ent •[nsu?ficient 
SIDEWALK :WIDTi• • Sufficient "'i•ns•f'iC'i"eh{ 

LOCAL LAND USE Business Residential 
DEVELOPMENT Public Open Space 

Undeveloped Other LOCA[ pEDESTRIAN ,T,,,.,RAFFICl.......i.,..i. Heavy i,,Mo'd•..ate .Li gi•t-_ [.,'mill il"111r.,i -.'".,"., 
BUS STOP DESIGN Compatible Incompatible CRITICAL NEEDS FOR CURB ............................................. 
PARKING, TRUCK LOADING Yes No 
ZONES, S.T.O.,RA•E. LANE,..ETC, 
PARKING IN BUS ZONES Eiimina•ed Pe•mi•tt'ed 

Prohibited but not E1 iminated 
••BLOCKED•'"° •,,,..•oBy 

BUS 
STOP•"'•"•c Yes No 

TRAFFIC 
MOVEMENTS 

OTHERS (PLANNING & 
DESIGN DATA) 

COMMENTS 


