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* AN EARLY canvass of the mem-
bership of this subcommittee in 1960
revealed a belief, on the part of a
majority of its members, that cer-
tain information regarding the capa-
city of bus lanes, bus stops and off-
street bus terminals should be devel-
oped. For example, the committee
believed that it would be of great
benefit to traffic engineers and plan-
ners if some or all of the following
information could be found in pub-
lished form:

1. Capacity of a theoretical bus
lane on freeways.

2. Capacity of reserved bus lanes
on city streets.

3. Capacity of freeway bus stops.

4. Capacity of bus stops on city
streets.

5. Capacity of bus loading and un-
loading platforms in off-street ter-
minals.

With the possibility of producing
something helpful and constructive,
the subcommittee resolved itself into
three working groups to investigate
effective passenger capacities of
transit vehicles under various condi-
tions of operations, capacities of bus
stops on city streets and on express-
ways, and capacities of off-street bus
loading and unloading platforms.

EFFECTIVE PASSENGER CAPACITIES OF
TRANSIT VEHICLES

In obtaining information as to vol-
umes of transit passengers moved by

transit vehicles under various condi-
tions, the working group in this area
of research purposely did not seek
out cities with the largest passenger
volumes anywhere in the United
States. Rather, it selected its sam-
ple for preliminary study by seeking
data from a dozen or so cities
throughout the nation where things
have happened recently in transit op-
erations—where something new or
unusual has been introduced on the
streets and highways—for example,
cities where bus operations on city
streets have been accorded the use of
reserved transit lanes, cities where
express motor bus service has been
instituted on expressways, and cities
with recent rail rapid transit instal-
lations of the conventional type.

No attempt was made to obtain
data from every such city. In the
case of the cities selected for study,
the data were obtained for the heavi-
est operation of the type specified in
each city. The observed data col-
lected are given in Tables 1, 2 and 3.

Local Bus Service on City Streets

Table la gives peak-hour passen-
ger volumes for local buses on city
streets with curb parking prohibited
in the prevailing direction of travel
except where otherwise indicated.

The 13 entries comprise the data
submitted by ten cities. Maximum
hourly transit passenger traffic flow,
based on the heaviest 15- or 20-min
period observed, ranges from 1,048
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passengers per hour for Birmingham
to 8,500 passengers per hour for Mar-
ket Street in San Francisco.

The passenger movement given in
Table 1 for Market Street, San Fran-
ciseo, is that for the motor buses and
trolley coaches using the regular
street roadways and designated bus
stops. In addition, the five streetcar
routes traversing this stretch carry
9,376 additional transit passengers
per hour, based on the maximum 15-
or 20-min rate. The fotal transit
movement over this stretch, there-
fore, occurs at a rate of nearly 18,000
passengers per hour, a substantial
movement for local transit operations
on city streets.

Local Bus Service on City Streets
with Reserved Transit Lanes

Table 1b gives peak-hour passen-
ger volumes for local buses on city
streets with reserved transit lanes in
the prevailing direction of travel.

The seven entries comprise the
data submitted by six cities. Pas-
senger movements in the peak hour
(heaviest consecutive 60-min period)
range from 1,435 passengers per
hour on 20th Street in Birmingham
to 4,982 passengers per hour in
Rochester. Absence of data for the
heaviest 15- or 20-min period in
Rochester prevents expression of this
range in terms of the maximum
hourly rate of passenger traffic flow.

Ezxpress Bus Service on City Streets

Table 2a gives peak-hour passen-
ger volumes for express bus service
on city streets with curb parking pro-
hibited in the prevailing direction of
travel except where otherwise indi-
cated. The six entries comprise the
observations submitted by a corre-
sponding number of cities. Maxi-
mum hourly transit passenger traffic
flow, based on the heaviest 15- or 20-
min period observed, ranges from
371 passengers per hour for the Bal-
timore entry to 4,185 passengers per
hour for Gravois Street in St. Louis.

OPERATIONS

Express Bus Service on Expressways

Table 2b gives peak-hour passenger
volumes for express bus service on
expressways. The 14 entries are di-
vided into two groupings: the first
four, comprising “specialized” ex-
pressway lanes into or out of a unique
metropolitan terminal center of very
high passenger and traffic density;
and the last ten, comprising what
transit and highway engineers might
more commonly regard as express-
ways in the usual sense of the term.

The specialized high-density lanes
approaching Manhattan show ob-
served rates of maximum hourly
transit passenger traffic flow ranging
from 9,468 passengers per hour on
the George Washington Bridge to
28,5656 passengers per hour for the
bus ramps leading into the Lincoln
Tunnel from The Port of New York
Authority Bus Terminal during the
outbound P.M. passenger movement.

The orthodox expressway opera-
tions observed in the last ten entries
show passenger movements ranging
from less than 200 per hour for the
San Antonio entry to 2,700 maxi-
mum hourly rate (based on heaviest
15- or 20-min period) for the West
Memorial Freeway in Cleveland, the
Bayshore Expressway in San Fran-
cisco, and (2,640) the Hollywood Ex-
pressway in Los Angeles.

The following information pertain-
ing to the modest passenger volumes
reported for Richmond and San An-
tonio may be of interest in connec-
tion with Table 2:

Richmond—The expressway does not
lie in a location where it can
be used by transit buses for
heavy movements. It does,
however, afford the transit
operator an opportunity to
give a very good service to
a number of persons in an
outlying suburban commu-
nity.
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San Antonio—The expressway sys-
tem has not yet been devel-
oped to a point where maxi-
mum use can be made of it
for transit operations. The
example shown is a small
but interesting shoppers’
special operation where the
shoppers in a residential
area are collected in six
buses and taken downtown
for shopping via express-
way at a considerable sav-
ing in running time, which
appeals to the passengers
and the downtown mer-
chants.

The effective passenger capacity of
a transit motor bus service, within
the limits of practical operating
ability and safety, is a function of
the size of vehicle, the peak carry-
ing value assigned to it for sched-
uling purposes, and the frequency
(headway) of operation. It is in-
fluenced, particularly as to the speed
with which it performs its services,
by the nature of the facility provided
for its operation and the nature of
the traffic engineering or other ap-
propriate controls applied thereto.

Figure 1 shows the effective pas-
senger capacity in passengers per
hour (one-way) in relation to the
number of vehicles per hour passing
the maximum load point. The diag-
onal lines represent the effective ca-
pacities for various sizes of buses
from 35 to 50 seating capacity at
scheduled load factors of 150 percent
of the seating capacity in the peak
(solid lines) period, and 125 percent
of seating capacity (dashed lines) in
the pre- and post-peak periods.

The upper portion of Figure 1 re-
lates the frequency of service to ve-
hicles per hour.

For example, the effective passen-
ger capacity of 110 40-passenger mo-
tor buses per hour in rush-hour serv-
ice would be 6,700 passengers per
hour in the prevailing peak diree-
tion, and would provide a headway
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or frequency of service of slightly
more than 14 min.

The validity of the effective pas-
senger capacity values shown in Fig-
ure 1 is demonstrated by plotting
thereon the actual observed passen-
ger volume given in Tables 1 and 2,
representing data from more than a
dozen cities. These observations
show that the curves of Figure 1
are realistic, and in accord with fact.

It is apparent from Tables 1 and
2 and Figure 1 that many of the
transit facilities observed are not op-
erating up to fully effective capacity
at this time, and that they can be
readily expanded through improved
headways to handle more of the total
movement in their respective urban
areas as the degirability of doing so,
from an over-all community stand-
point, becomes apparent to public of-
ficials and the general public.

Rail Rapid Transit

Table 3 gives peak-hour passenger
volumes for three recent conventional
rail rapid transit installations on the
North American continent. Selected
for study were the Yonge Street sub-
way in Toronto, the center mall rail
service on the Congress Street Ex-
pressway in Chicago, and the private
right-of-way and subway rail instal-
lation in Cleveland.

Maximum hourly transit passen-
ger traffic flow, based on the heaviest
15- or 20-min period observed, ranges
from 8,349 for the Cleveland entry
to 39,840 passengers per hour for the
Yonge Street subway in Toronto.

The Toronto installation is charac-
terized by a large interchange of sur-
face transit passengers at its outer
terminus. Ten transfer platforms at
street level for incoming and depart-
ing trolleycoaches and motor buses
facilitate the process. Vehicles are
unloaded at the approach end of each
platform, moving forward after pas-
senger discharge to pick up their
loads at the other end of the platform.
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Cities represented in the transit volume observations:

1. Baltimore 5. St. Louis 9. San Antonio 13. Birmingham
2. Rochester 6. Chicago 10. Dallas 14. Toronto
3. Atlanta 7. Philadelphia 11. San Francisco 15. New Orleans
4. Cleveland 8. Richmond 12. Los Angeles 16. New York
Figure 1. Effective peak-hour passenger capacity of transit bus service on city

streets and expressways, with related frequencies
hourly rates based on heaviest observed 15-

The terminal station at Eglinton han-
dles about 18,000 passengers per
maximum hour, with 15,000 in the
heavy direction.

The Chicago installation shows in-
teresting possibilities for the incor-
poration of rail rapid transit in urban
expressways, using the center mall
for trains in both directions flanked

of service. Plotted values are
or 20-min period.

by parallel automobile roadways on
either side. Ramps connect the sta-
tion platforms to interchange stations
at the level of the surface street
overpass, where pedestrians, motor-
ists and transferring bus passengers
may enter and leave the rail service.

The Cleveland installation, al-
though lower in peak passenger vol-
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39,840
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10
2
6

Yonge St. subway
Center-Congress Exp'y
Private R/W and

Toronto
Chicago
Cleveland

10,376
6,211

subway
b Stretch represents densest “‘transit’ mile of rail rapid transit operation, where two routes converge; consists of track and four auto lanes.

a Automobile operation on Yonge Street, above the subway.

ume, is of great interest because of
the growth of park-and-ride and kiss-
and-ride activities. This operation
illustrates the desire of many motor-
ists to use their automobiles for part
of the journey to the central business
area, completing it via public rapid
transit, thus avoiding driving in the
more congested areas and the prob-
lem of finding a downtown parking
space. Automobiles are left at the
rapid transit parking lots, or with
another member of the family for use
during the day.

The effective passenger capacity of
a rail rapid transit service, within
the limits of practical operating abil-
ity and safety, is a function of the
size of car, the peak carrying value
assigned to it for scheduling pur-
poses, the number of cars in the train,
and the frequency (headway) of
train operation. Track and signal
capacities, station platform lengths
and arrangements, and the capacities
of station stairways, ramps and es-
calators are important factors in de-
termining the limits of practical op-
erating ability and safety.

Figure 2 shows the effective pas-
senger capacity in passengers per
hour (one-way) in relation to the
number of trains per hour passing
the maximum load point. The diag-
onal lines represent the effective ca-
pacities of trains of various lengths,
based on an assumed “average” car
as defined at the top of the chart.

The upper portion of Figure 2 re-
lates the frequency of service to ve-
hicles per hour.

For example, the effective passen-
ger capacity of 40 10-car trains per
hour of average car size would be
48,000 passengers per hour in the
prevailing direction, while providing
a headway or frequency of service of
114 min.

The validity of the effective pas-
senger capacity values shown in Fig-
ure 2 is demonstrated by plotting
thereon the actual observed passen-
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Effective peak-hour passenger capacity of rail rapid transit service on

private right-of-way, expressways, and subways, with related frequencies of service.
Plotted values are hourly rates based on heaviest observed 15- or 20- min period.

ger volumes given in Table 3. Mak-
ing due allowance for the fact that
the rapid transit cars in Cleveland
and Chicago are smaller than the
“average” car of the chart, and that
the Toronto car is larger, these ob-

servations indicate that the values
shown in Figure 2 are realistic and
susceptible of achievement.

It is apparent from Table 3 and
Figure 2 that the three rail installa-
tions depicted are not operating up to
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fully effective capacity at this time,
and that they can be readily expanded
through improved headways to han-
dle more of the total movement in
their respective areas as the desir-
ability of doing so, from an over-all
community standpoint, becomes ap-
parent to public officials and the gen-
eral public.

Figure 3 shows the morning in-
bound passenger flow for the maxi-
mum hour (60 consecutive minutes)
on a typical weekday in May 1959 on
the Yonge Street subway. This value
reaches 24,774 passengers per hour
over the heaviest section of the route.

The corresponding value for the
maximum rate of hourly passenger
flow over this same section, based on

531

the heaviest 15-min period, was 29,-
164 passengers per hour. From this
point on, alighting passengers exceed
boarding passengers as transit riders
reach their destinations near or
within the central business district.
The locations of parking lots and the
distances between stations are indi-
cated on the diagram.

The greatest volume of boarding
passengers, more than 50 percent of
the total riders accumulating over
the heaviest section, occurs at Eglin-
ton Station (A), where 13 surface
transit routes connect with the ter-
minal of the subway rail line. Stud-
ies at this point show the following
breakdown of the 15,613 passengers
entering the subway at this point dur-
ing the maximum A.M. rush hour:

Number Percent of

Passenger Type of Total
Passengers Passengers
Transfer from transit ines.... ... ... ... ... i 13.041 83.5
Pedestrian entertig on food. .. .. .. .. ... ... o L 2.572 16.5
Including:
Taxl pass. 14
Kisa-n-ride pass. 254!
Park-n-ride pass. 5?
Sub-total 273

! Passengers brought to rail line by automobile.

2 Although there are only five park-n-ride passengers at this station during the maximum hour, there are 34 passengers
from 9:30 to 10:30 a.M., indicating a willingness to pay a relatively high parking fee for short-term parking close to the
subway, but not for all-day parking. There are probably 200 to 300 all-day park-n-ride motorists who park up to %4 mile
from this station. but cannot be identified as such on entering the station.

Figure 4 shows the morning in-
bound passenger flow for the maxi-
mum hour on a typical weekday in
May 1959 on the center mall rail op-
eration of the Congress Street Ex-
pressway. This value reaches 6,282
passengers per hour over the heavi-
est section of the Congress Street
“leg,” and 12,391 passengers per
hour on Congress Street below the
point of convergence with the Doug-
las Park Branch.

The corresponding values for the
maximum rates of hourly passenger
flow over these same sections, based
on the heaviest 15-min period, were
7,140 and 14,080 passengers per hour,
respectively. The locations of park-

ing lots and the distances between
stations are indicated on the diagram.

Volumes of inbound automobile
passengers on the parallel roadways
for the corresponding 60-min pe-
riod are shown to scale on the draw-
ing. These data were furnished by
the Cook County Highway Depart-
ment, based on three locations where
vehicle counters are operated. High-
way department counts of November
9, 1960, were used. An earlier count
would have given a distorted figure
because the stretch of expressway be-
tween Des Plaines and Central Ave-
nues was only recently (October 12,
1960) opened to traffic.
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A significant volume of park-and-
ride and kiss-and-ride movement
characterizes this rapid transit route.
Figure 4 shows a breakdown of
boarding passengers at each station
according to their methods of arrival.

Figure 5 shows the morning in-
bound passenger flow for the maxi-
mum hour on a typical weekday in
January 1960 on the rail rapid transit
route in Cleveland. This value
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reaches 6,015 passengers per hour
over the heaviest section of the west-
side route, before it enters the cen-
tral business district.

The corresponding value for the
maximum rate of hourly passenger
flow over this same section, based on
the heaviest 15-min period, was
6,860 passengers per hour.

The locations of parking lots and
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eration in Congress Street Expressway, Chicago, typical weekday (May 1959) A.M. rush.
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the distances between stations are
indicated on the diagram. Several
of the lots have rather high car capa-
cities. (Those at stations A, B, C
and G, for example, have capacities
in excess of 500 automobiles. The
largest lot at the westside line termi-
nal, shown in Figure 5 at 1,900 cars
in early 1960, now has a capacity of
2,200 autos.)

A high volume of park-and-ride
movement, together with some kiss-
and-ride activity, characterizes this
rail operation, which is routed over
private right-of-way in outlying sec-
tions and in subway in the center
city. Figure 5 shows a breakdown
of boarding passengers at stations A
and B on the westside operation, ac-
cording to their methods of arrival.

CAPACITIES OF BUS STOPS ON CITY
STREETS AND ON EXPRESSWAYS

For efficient and convenient trans-
portation in, through, or around con-
gested urban areas, adequate pro-
vision must be made for parking, and
for loading and unloading persons
and goods. The movement of auto-
mobiles, public transit vehicles, and
trucks must be given precedence over

the need for parking and loading and
unloading of goods.

The National Committee on Urban
Transportation, in its working man-
ual TA, entitled “Standards for Street
Facilities and Services,” urges the
following order of preference in allo-
cating curb space:

1. Loading and unloading of per-
sons.

2. Loading and unloading of goods.

3. Parking.

Bus Stops on City Streets

Experience indicates the desirabil-
ity, in local motor bus operations, of
the following frequency or spacing of
service stops:

In ordinary residential areas the
number of local surface transit stops
should not exceed seven per mile.

In commercial and industrial areas
the number and location of local sur-
face transit stops should be deter-
mined in each case by (a) the char-
acter of commercial or industrial de-
velopment and (b) concentrations of
people and their demonstrated de-
pendence upon transit services.
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In crowded downtown areas where
there are concentrations of stops of
several transit routes on a few major
streets, consideration may be given
to the possibilities of (a) expanded
peak-hour bus stop lengths, (b) re-
served transit lanes, and (c) provi-
sion of alternate stops for the several
routes.

In determining bus stop locations
consideration must be given to such
items as bus routing, frequency of
service, traffic volumes, pedestrian
movements, transit rider origins and
destinations, transfer movements be-
tween lines, and the nature and loca-
tion of traffic control devices.

The optimum location of bus stop
zones will depend on conditions pre-
vailing at each intersection, and
should be determined only after ade-
quate study. Objectives include con-
venience and safety of passengers,
avoidance of serious conflicts with
other traffic, minimizing pedes-
trian movements across high-volume
streets, safe and expeditious move-
ment of buses into and out of stop
zones, and adequate capacity (length)
of bus stops to meet the scheduled re-
quirements of all routes using them
without undue traffic delay or exces-
sive passenger interchange time.

For example, when buses are re-
quired to make a left turn in travers-
ing their routes, bus stops should not
be located on the near side of the
turn, but should be placed on the far
side of the street entered. Where
buses turn right on a short curb ra-
dius, other conditions being equal, a
mid-block stop has certain advan-
tages. At intersections where many
vehicles turn right, far-side stops
may be preferred to avoid conflicts.
On the other hand, far-side stops
might not prove satisfactory where
accumulations of buses even occa-
sionally exceed the capacity of the bus
stop zone.

Location of bus stops near side, so
that passenger interchange periods
are more or less coincident with traf-
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fic signal timing, helps minimize de-
lays to transit and general traffic.

Generally speaking, traffic special-
ists say that (a) where parking is
prohibited, higher street capacities
are achieved when bus stops are lo-
cated on the far side in downtown
areas, and on the near side in other
areas, and (b) where parking is per-
mitted, except in the bus stop zone,
street capacity is increased when bus
stops are located on the near side of
the intersection.

Regardless of their position—near
side, far side, or mid-block—ade-
quate bus stop zone length must be
provided to handle the accumulation
of buses likely to use the zone at the
same time. Table 4 gives the mini-
mum desirable length for bus curb-
loading zones. Lengths should be ad-
justed upward from this minimum
standard in the light of local experi-
ence as headway intervals between
vehicles using a zone decrease.

Adequate provision must be made
in all areas—residential, commercial
and industrial—for safe and conven-
ient pedestrian access to bus stop
zones.

Fxpanded Peak-Hour Bus Stops

Table 1 shows a high volume of
travel by motor bus and trolley coach
on Market Street, San Francisco.
Transit headways during the heaviest
peak hour are closer than 14 min,
and the actual passengers carried in
that hour exceed 7,500. Rate of pas-
senger flow in the heaviest schedule
Eeriod reaches 8,500 passengers per

our.

The arrangement of bus stops on
Market Street has been a major fac-
tor in achieving such capacities. The
eight bus stops in the heaviest stretch
(Steuart to Turk Streets) average
normally 130 ft in length. During
the heaviest peak hour “advance
stop bars” are used at five of these
stops to increase temporarily their
capacity for buses and passenger in-
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TABLE 4
MINIMUM DESIRABLE LENGTHS FOR BUS CURB-LOADING ZONES!

Loading Zone Length 2 (ft)

Approx. Bus Seating Approx. Bus

One-Bus Stop

Two-Bus Stop

Capacity Length (ft)
Near Far Mid- Near Far Mid-
Side 3 Side 4 Block Side 3 Side ¢ Block
30 and less 25 90 65 125 120 90 150
35 30 95 70 130 130 100 160
40-45 35 100 75 135 140 110 170
51 40 105 80 140 150 120 180

L Source: American Transit Assn.

2 Measured from extension of building line, or from an established ‘‘stop’ line, whichever is appropriate. Based on side
of bus positioned 1 ft from curb; if bus is po itioned as cloge ag 6 in. from curb, 20 ft should be added to near-side stops,

15 ft to far-side stops, and 35 ft to mid-block stops.

3 Increase 15 ft where buses are required to make a right turn. If there is & heavy right-turn movement of other vehicles,

near-side stop zone lengths should be increased 30 ft.

4 Based on roadways 40 ft wide, which enable buses to leave the loading zone without passing over centerline of street.
Increase 15 ft if roadway is 36 ft wide, and 30 ft if roadway is 32 ft wide.

terchange. The advance stop bars
are painted in the pavement 40 to
50 ft beyond the head ends of the
regular stop zones. The first bus
pulls up to that point, thus permit-
ting the loading and unloading of
three or four buses simultaneously
at each of the expanded stops along
this busy stretch during the heaviest
hour.

Reserved Transit Lanes

A number of cities have taken
steps to assure adequate bus stop ca-
pacity at peak periods by adopting
“reserved transit lanes.” Among
these are the six cities listed in Table
1b. In the case of Chicago, the re-
served lane is the center lane of a
one-way street. In all other cases
the reserved transit lane is the curb

clusively for the use of transit buses
in movement and passenger inter-
change.

In each instance where the re-
served transit lane has been adopted,
a significant improvement has been
noted in both transit and general
traffic speeds (see Table 5) over the
stretch of street involved. The ad-
vantages of the reserved transit lane
have aroused the interest of the In-
stitute of Traffic Engineers, whose
Technical Committee 3-D on Re-
served Transit Lanes has reviewed
experience and operating data from
cities with transit lanes, and has de-
veloped warrants and operating cri-
teria for the establishment and op-
eration of such lanes.

The ITE Committee has concluded
that a curb transit lane is practical,
under normal circumstances, at hours

lane. Such lanes are reserved ex- or under access conditions when curb
TABLE 5
IMPROVEMENT IN SPEEDS THROUGH RESERVED TRANSIT LANES
Speeds, Heaviest Hour (mph)
Improvement ()
City Before Reserved Lane After Reserved Lane - —— e ————
- Transit Auto
Transit Auto Transit Auto
Baltimore ! 4.9 10.3 6.9 13.6 40.8 32.0
Rochester 5.8 5.7 6.2 9.5 7.0 67.0
Atlanta 4.6 6.3 5.8 10.5 26.0 67.0
Dallas 3.7 7.5 4.2 8.1 13.5 8.0
Birmingham 5.2 11.4 6.6 16.4 27.7 44.0

1 From report to The Baltimore Transit Company by the Department of Transit and Traffic, City of Baltimore.
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access of vehicles to service abutting
property can reasonably be prohib-
ited, and justified if the flow of transit
vehicles is 60 per peak hour, or 400
per 12-hr period. Other conditions
are stipulated in its report (1),
which suggests a minimum of 75
transit vehicles per hour and 500
transit vehicles per 12-hr period per
transit lane to justify a full-time re-
served center transit lane.

In a foreword to the report, the
Committee says: “It should not be
concluded that the Committee does
not recommend the establishment of
a transit lane under circumstances
that do not meet the suggested war-
rants, or under operational criteria
which are at variance with those
listed (in the report) if such estab-
lishment may be otherwise justified
with official and public support.”

Bus Stops on Expressways

Table 2 indicates that most of the
reported express bus operations on
expressways operate nonstop on the
expressway portions of the transit
route. In three of the reported in-
stances there is a single service stop
in the freeway stretch.

At this stage of experience, the
operation of express and rapid transit
services on urban expressways is es-
sentially in its infancy. Students of
the problem visualize the following
future possibilities (2) :

1. Express bus operation on ex-
pressway.
(a) Stops at surface level.
(b) Bus turnouts and stop facili-
ties at freeway level.

(¢) Separate bus roadways as cen-
tral business area is ap-
proached.

(d) Special bus roadways and
appropriate stop facilities
throughout.

(e) Special bus roadways and au-

tomated bus trains.
2. Rail rapid transit service in ex-
pressway right-of-way.
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Development of any or all of these
forms will require provision of ade-
quate and appropriate stop facilities
for express transit service.

Freeway Bus Stop Capacity

Opportunity for freeway buses to
stop for the purpose of discharging,
loading and transferring passengers
may be provided either within or
outside the freeway right-of-way. A
number of schematic layouts of bus
stops have been given by the Ameri-
can Association of State Highway
Officials (2).

If the layout of a freeway bus stop
is of the type which does not require
the bus to cross any other vehicle
stream at grade, its capacity will be
affected primarily by the dimensions
of the loading area and the problem
of reentry into the freeway.

Loading Area. Capacity principles
applicable to off-street terminal load-
ing areas are equally applicable to
freeway loading areas where such
areas are physically separated from
all other roadways. The capacity
is dependent on the number of load-
ing stations, and on the design of the
vehicles (rate of discharging and
loading). The situation differs from
that of an off-street terminal only in
that the coaches, instead of being
completely cleared or loaded, receive
and discharge only a few passengers
each. Hence, the number of alight-
ing and boarding passengers per bus
should be estimated to calculate the
length of time each bus will be at a
loading station (see Tables 6 and 7,
and Figure 6).

Reentry to Freeway. Although no
data are available to show the extent
to which problems of reentry of a bus
into a crowded freeway lane may re-
duce capacity of the bus stop, it is
assumed that this will not become a
major factor if the acceleration lane
from the bus stop is designed to per-
mit the bus to achieve full running
speed before arriving at the merging
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Figure 6. Rush-hour starts per berth as
related to platform loading position, Port
of New York Authority Bus Terminal.

area. This is equally applicable
whether the buses merge into an on-
ramp or into the freeway itself.

If the layout of a freeway bus stop
involves crossing another vehicle
stream at grade (for example, if the
bus stop is at the cross-street level),
the capacity of the bus stop will be
further limited by the capacity of
such an intersection. The intersec-
tion must be analyzed with general
capacity principles in mind. There
will be almost no reduction in capa-
city if buses always have the right-
of-way at such an intersection (either
through STOP signs on the cross
street or through a preempting traf-
fic-actuated signal). Capacity re-
ductions will be more substantial if
the buses must wait for a green
phase in a traffic signal cycle, or for
a gap in the crossing stream where
the latter has the right-of-way.
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Freeway bus stop capacities may
also be reduced if the bus roadway
at the loading stations does not per-
mit one bus to pass another. Where
two or more loading stations are re-
quired and heavy discharging and
loading of passengers is anticipated,
the same geometric principles as used
in the island type of off-street ter-
minal layout should be used.

TABLE 6

PASSENGER HEADWAYS ON AND OFF BUSES:
TYPICAL WEEKDAY RUSH HOURATO AND

FROM WORK
Time
Condition Ttem (sec)
Unloading Little hand baggage and parcels; 114-214
few transfers.
Moderate hand baggage or many 214—4
transfers.
Considerable baggage from racks.. 4-6
Loading Single coin or token fare box... .. 2-3
dd-penny cash fares. .......... 3-4
Mult.-zone fares:
Prepurch. tickets and regis. by 4-6
driver.
Cash including regis. by driver 6-8

CAPACITIES OF OFF-STREET BUS
LOADING AND UNLOADING PLATFORMS

In order that bus loading and un-
loading operations do not restrict the
capacity of streets and highways, it
is often necessary to provide off-
street station facilities. At transfer
points of high passenger density, and
at terminal points in central areas,
layouts must be carefully planned to
provide adequate facilities.

The design of off-street facilities
involves many factors. It is beyond

TABLE 7
BUS POSITIONS REQUIRED FOR VARIOUS PASSENGER AND BUS HEADWAYS

Bus Positions Required

Sched. Pasa. Hdwy.
3 S

€ecC.

Pass. Hdwy.
Sec.

Pass. Hdwy.
7 Sec.

Headway
(min)

30
Pass.

45
Pass.

60
Pass.

30

Pass.

30
Pass.

45
Pass.

60
Pass.

45
Pass.

60
Pass.

2
1
1

2
1
1

[=1%] &)

1
1
1

2
1

2 3 2 3
1 1 1 2
1 1

[l -8
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the scope of this paper to consider
these in detail, but the following out-
line indicates the many considera-
tions:

Factors Affecting the Capacity of Bus
Loading and Unloading Platforms

Physical Layout of Platform Areas
Platform width, length, and pedes-
trian access and egress.
Bus runway width; bypass possibility
around standing buses.
Arrangement of passenger queueing.
Common or separate loading and un-
loading platforms.
Free-flowing bus access and egress to
platforms.
Roadway connections to street sys-
tem.
Nature of Bus Operations
Bus headways; number of different
routes at platforms.
Enroute station or end-of-line sta-
tion.
Size of buses and door provisions.
Dispateh efficiency, communications
and holding areas.
Express or local buses.
Passenger Considerations
Fare collection system.
Regular users or occasional users.
Amount of baggage.
Shelter provided for queued pas-
sengers.

From observations of bus loading
and unloading operations, basic de-
sign information has been gathered
(Tables 6 and 7, and Figure 6).

The values shown in Table 6 for
loading and unloading operations in-
dicate the wide range of passenger
headways, depending on the amount
of baggage and the fare collection
procedure. For example, loading
time can increase threefold with com-
plicated multi-zone fares. The head-
ways shown are purely for the pas-
senger movements, and platform pro-
visions must allow for off-schedule
variations. For example, a bus load
of 50 passengers leaving the bus on
a 2-sec headway would require less
than 2 min to unload. If similar bus
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loads arrived on a 2-min headway,
theoretically one berth would be ade-
quate. In practice, however, sched-
ule or running time variations would
make two berths necessary even un-
der good operating conditions.

Table 7 presents the requirements
for available loading positions for
various combinations of bus head-
ways, passenger loading headways,
and passengers loaded per bus. These
requirements are based only on the
passenger loading time, and addi-
tional berths would be required to
allow for bus movement delays.

Figure 6 presents actual operating
data from the 72 loading berths of
the suburban bus level of the Port
Authority Bus Terminal in New York
City. This level is used by 14 dif-
ferent bus lines and has 15 separate
loading platforms of from two to
seven berths each. Four- and five-
berth platforms are most common
and all bus runways are single-lane
except at one platform. Multiple
routes are operated by most of the
bus lines and have varying headways
to meet route loads. The loading
platforms are operating essentially
at capacity during the evening rush
hour. Figure 6 shows the actual
average bus starts, or departures, per
hour by platform berth position.
Readily apparent is the sharp drop
in starts per hour for the rear berth
positions: the first berth had as many
starts as the 3, 4, 5 and 6 berths com-
bined.

It is noted that the first berth posi-
tion, where the shortest headway
routes are placed, averaged a head-
way of 5.5 min, whereas the actual
loading time for the bus (say 50 pas-
sengers at 3 sec each) was less than
3 min. In other words, under the
operating conditions prevailing, the
actual headway for the most active
position was about twice the normal
loading time.

A last comment on Figure 6 con-
cerns its implication as to the opti-
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mum number of berths per platform.
Obviously, if space and cost consid-
erations are ignored, single-berth
platforms would produce the most
starts per berth. However, in most
station locations, efficient space utili-
zation is a major requirement. The
space required for the platform and
bus runway for a single berth is about
22 ft by 41 ft, or 900 sq ft. For ac-
cess to this berth, a portion of the
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platform circulation roadway must
be assigned to each platform. In this
particular terminal layout an area
22 ft by 50 ft is required at each end
of the platform, or a total of 2,200
sq ft. Based on these two space re-
quirements and the starts-per-hour
data from the various berth positions
in Figure 6, the following calcula-
tions have been developed:

Area (3q ft)

No. of Peak- Area
Berths per Platform and Circul. Total Hour per Start
Platform Runway (sq ft) Roadway Starts (8q ft)
1 900 2,200 3,100 11 282
2 1,800 2,200 4,000 19 210
3 2,700 2,200 4,900 24 204
4 3,600 2,200 5,800 27 214
5 4,500 2,200 6,700 29 231

Thus, the calculations show a require-
ment of from 204 to 282 sq ft per
peak-hour start. Under the particu-
lar conditions at this terminal, it ap-
pears that platforms of from two to
four berths give better space utiliza-
tion. It is noted that the peak-hour
start data were gathered from pre-
dominantly four- and five-berth plat-
forms where loading at the fourth
and fifth positions occasionally inter-
feres with use of the leading posi-
tions. Consequently, the data some-
what minimize the efficiency of op-
eration in the leading berths. To
generalize, two- and three-berth load-
ing platforms appear most desirable
for a central area terminal of this
type.

The general layout or arrangement

and size of platforms and runways
for off-street bus terminals should
be determined from studies of the
types previously described, as well
as many others, depending on the
particular problems of the project
involved.
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DISCUSSION

GEORGE W. HOWIE, Director of Public
Utilities, Cincinnati, Ohio:—Exclu-
give bus lanes, mentioned favorably
in this report, have merit under some
circumstances, but are not invariably
beneficial to traffic flow or even to
transit movement.

Tests in Cincinnati (1958) indi-
cated that when traffic in peak hours
is moving at or close to the practical
capacity of the street, introduction
of an exclusive bus lane reduces the
total capacity of the street and, con-
lays in the traffic stream. This effect
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sequently, may result in increased de-
was 8o severe on Fourth Street (Cin-
cinnati) that the bus movement itself
was retarded.

This test, made on a downtown
one-way street, 40 ft curb-to-curb
width over a 5-block length of about
2,400 ft, showed an average increase
of 10.5 percent in bus travel time in
the 4 to 6 p.M. peak. During the
morning peak, when congestion was
less severe, bus travel time decreased
2.2 percent.

At the same time, average travel
time for the traffic stream as a whole
was much more severely increased
by use of an exclusive bus lane in
the right-hand curb lane. Average
travel time for all traffic increased
25.3 percent in the afternoon peak
and 20 percent in the morning peak.

Setting aside one of the four avail-
able lanes for the exclusive use of
buses resulted in overloading the
three remaining lanes, thus creating
additional delays in the general traf-
fic stream. Buses in the curb lane
were prevented by heavy traffic from
passing other buses stopped for load-
ing, turning, or other reasons, with
the result that delays in the exclusive
bus lane tended to become cumula-
tive.

Observations of exclusive bus lane
trials in other cities indicate that
these efforts usually include other
traffic improvements which may con-
stribute more to expediting the traf-
fic stream than may be derived from
the bus lane itself. Such improve-
ments include street markings, park-
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ing controls, traffic signal retiming,
and “No Standing” regulations in
curb lanes.

This point of view also is sup-
ported by W, A. Carsten, Director of
Traffic, Dallas, Tex., who writes:
“The greatest reason, undoubtedly,
for our increase in speeds was due
to the elimination of a ‘secramble sys-
tem,” which previously had taken up
17 seconds of the total cycle length
for a walk interval. At the same
time the bus lanes were put into ef-
fect, ‘walk’ and ‘don’t walk’ signals
were installed at several locations on
the streets and also certain turns,
both right and left, were prohibited.”

Cincinnati’s experience seems to
indicate that execlusive bus lanes are
no substitute for over-all good traf-
fic management. The principal ob-
jective should be to improve move-
ment of the total traffic stream, thus
effectively increasing working capa-
city of the street. No element in the
traffic stream can move much better
than the stream itself. Setting aside
part of the street for a specialized
use reduces capacity of the street;
therefore, if the full capacity of the
street is needed for traffic movement
at peak times, an exclusive bus lane
may produce negative results.

A strict “no-standing-or-parking”
regulation in downtown right-hand
curb lanes on bus routes is being en-
forced in Cinecinnati. This, coupled
with other good traffic controls, has
been found to be most effective in
expediting peak-hour bus movement
as well as total traffic movement.





