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Abstract

The Bus Priority System 1s beiang coanstructed Lo relieve congestion on freeways
city streets and to reduce the travel time of Bus passengers. Thus, providing

new degree of traffic control flexibility and strategy evaluation.



Intreoduction

With traffic congestion on urban streets increasing, the need to develop and evaluate
real-time traffic surveillance and control systems capable of counteracting this
growing congestion has, likewise, increased. The Bus Priority System (BPS) is such

an experimental system now being installed to provide a more efficient movement

of people.
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Bus Priority System
BACKGROUND

Buses serve a wide variety of transportation functions. They provide local and
express bus service between downtown and residental neighborhoods. In larger cities,
they provide for crosstown movements and serve as feeders Lo rapid transit lines.
They operate on local streets, arterial streets and expressﬁays. They provide a
high degree of service availability and flexibility and they are an integral part

of the modern multi-modal urban transport system. (Table 1, Page L)

Freeways. The first and most obvious reason for affording preferential treatment
to the bus is that it plays a crucial part in the balance of public and private
transport, and as such, potentially holds the solution for peak-pericd congestion.
A second reason for preferential treatment is that the bus is the only road vehicle
which is an inter-related part of a time dependent system. A delay to a private
car is experienced as time lost only to that vehicle. A delay tc a bus creates a
disturbance in time which is propagated throughout a route or network, ultimately
affecting all the buses in a system. A third reason is to maintain user conven-

ience. PFor services to remain attractive, access time must be kept to a minimum.

Arterials. The function of BPS is to provide extra green signal time to buses. The

increased "go"

condition for buses will be granted only i1f the time can be utilized
by a bus and if the net delay to all pecple at the intersection can be reduced.
Upon approaching an intersection the bus driver signals the bus' status as either
"through" or "stop" depending whether he plans to continue through the intersection

or stop and discharge or uvick up passengers. Knowing the status of a bus, the

computer can determine if an extension of the green interval will provide an advantage
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SUMMARY OF THE STATE OF TuE ART OF IS

e

TYPE OF TREATMENT

1. Freeway Related Treatments

A. Bugways

1. Busway on Special right-of-way

2. Busway on Freseway, median or righte
of-way

3, Busway in Railroad right-of-way

B. PReserved lanes and ramps

1. Bus lanes on Freeways -~ Normal
flow

Bus lanes on Freeways - Contra=-
flow | *
Bus lane bypass of toll plaza

Exclugive bus access to non- }
reserved

Freeway (or arterial) lanes )

8. Metered freeway ramps with bus)

Bypass Lanasg
6. Bus stops along freeways

~
.

B W

Arterial Related Treatmentgy

A, Reserved Lanes and Streets

.1y bus streets

2. C.B.D. curb bus lanes-normal flow .
3. arterial curb bus lanes-normal flow

4. C.B.D. median bus lanes-normal flow

5. arterial wedian bus lanes~-normal flow:

6. C.B.D. curk bus lanes-contra-flow

7. arterial curb bus lanes-contra-flow

B. Miscellanecus

1. Bus signal pre-emption .
2. Special signalization
3. Special turn permission

.

3. DTerminals

A, Central area bus terminals
B. Outlying transfer terminals
C. Outlying park-~and-ride terminals

PRIORITY TREATMZNTS

TYPICAL EXAMPLZ OF EXISTYING TREMTMENT

Runcorn, England puogway
Shirley Busway, Washington agrze

None

None
Southeoast Expresaway Bostcn

San Francisco = Oskland Ray Bridge
Seattle blue streak express bus
service and bus ramp,

Harbor Freeway, los Angeles

Hollywood Freeway, los Angeles

Nicollet Mall, Minneapolis,

Washington, D.C.

Hillside Avenuve, Qusens, New York City
Canal Street, Neutral Ground, New Orleans
None '

Alamo Plaza, San Antonic

Ponce de leon, Fernandoz Juncos, San Juan

Kent, Ohio

Cermak Road, Chicago

"No I« ft Turn, Buses Excepted,” lLcs
Angeles ’

. Midtown Terminal, New York City

Dan Ryan, 95th Street Bus, Bridge, Chicago
Lincoln Tunnel, Approach at I-495
contra flow bus lane
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for its passengers. If the exiension can be utilized, ithe computer next checks the
vehicular and people volumes on the crcss street and then determines if an extension
of green would reduce the net pecple delay. Thus, the PBPS emphasizes the importance

of the movement of pecple not Just vehicles.

METHODS OF BUS PRIORITY

With a rising volume of urban travel, transportation is tcecoming one of the biggest
problems facing urban planners and engineers today. 1t is generally agreed that
every urban region requires a balance between private autcmobile usage and public
transportation, with the latter becoming increasingly important as traffic volure
grows and streets and highways beccme overloaded. To maintain this balance, improve-

ments in private and public transpertation must continually be sought.

Freeways. Bus Lanes. The practice of reserving lanes exclusively for buses 1s one

improvement which has been considered.¥ The idea has long been advocated by transit
authorities. Such lanes have not achieved a broad level of acceptance because the
lanes would be under-utilized in the present context of traffic. Although the
capacity of a freeway lane varies, it i1s probably fair to state that a single freeway
lane with an average occupancy of 1.2 persons per car should carry up to 2,400
persons per hour. Current demand for public transit lies far below this figure on
almost all urban freeways. Therefore, a lance reserved exclusively for buses has

not been shown to be the mest efficlent means for moving people on freeways.

(Figures 1, 2, Page 6, T)

o

¥The concept of reserving a bus lane was first suggested by Mr. Nathan Cherniak
in 1963.
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FIGURE 1. GENERAL FEASIBILITY OF RESERVED LANE CONCEPT
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Contra-flow, Contra-flow Bus L.ane 1s a bus lane using a porticn of the rcad-
way that serves relatively light opposing traffic flow and will not reduce peak
directional highway capacity or efficiency. It is an adaption of the reversible-

lane concept applied to urban freeways for more than three decades.

Dotentwal problems include the need to remove median barrisrs at crossover or

transition points, blocking of the lane by accidents or stslled buses, safely and
possible congestion in the remaining off peak direction. ?Aiutdig contra-flow bus
lanes operate only in peak hours on freeways that are 2t least six lanes wide and

rovide at least two lanes for general traffic in the off peak direction. (Figures
&

3, 4, Page 9, 10)

Ramp Metering. Provision of special bus ramps to and from freeways, and meter-

ing of other ramps with special priority for buses, can expedite bus {low with

-

minimum constiuction costs and winimum delay to other users. Bus ramps can bypass
queues, reduce bus travel distances, and promcte continuity in a system of bus

priority treatments. Ramp metering is designed to keep main freeway lanes operating

at reasonable speed levels.

For preferential bus entry to freewéys that are controlled by ramp metering, special
traffic signals on entrance ramps allow only those vehicles to enter the freeway that
can be accomodated without reducing main-lane speeds. Cars are required to wait

a few moments at ramp signals, although those on short trips may divert to parallel

routes to avoid waiting. Where ramp-metering is in effect, it is often possible to

provide a bypass lane for buses so that they can bypass automobile queues, and can ther
achieve better speeds on the freeway. At metered locations, buses nmay enter and

leave the freeway for pvassenger loading and unloading with minimum delay. Ramp



Typical view, 1-495 exclusive (contra-flow) bus lane, New Jersey.
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PEAX HOUR RUS VOLUMES ON UKRBAN ARTERIALS
RANKED BY PER CENT BUS PASSEMGERS OF TCTAL PASSERGERS - DOMINANT DIRECTICN OF FLOW

Current Conditions th

)
VEHICIES PER HOUR __PASSENGERS CARRIED PER CENT
A_RTEP.IAL LOCATION CITY BUS AUTO BUS AUTO TOTAL 0y ¢
1
Nicollet Mall * Mtinneapolis 64 0 2,900 o 2,900 100.0
Market Street . philadelphia 143 @ 465 8,300 695 8,995 92.5
(Eaat of Broad)
Btate street @ chieadgo 150 1) 0 qes 6,100 660 6,760 50,0
Madison
Hillatde Avenue ‘ New York 170 s30 A, 500 950 9,450 0.0
Pennsylvania Avenue wWashington, D.C. 120 600 6,000 900 6,900 B87.0
@ Beventh
Market Street - gan Francisco 15592} - 1,200 9,900 1,550 11,450 86.5
@ van Ness
Main Street 1.08 Angeles 115 720 5,850 1,100 6,950 a4.0
& Fourth Streot .
Main Street Dallas 100 ’ 635 4,400 900 5,300 83.0
‘& Harwood Street
Hill Street . Los Angeles 109 800 5,250 1,200 6,450 8i.%
@ Seventh Street
Broad Street Ntlanta 48 ‘ 290 1,920 435 - 2,35% B1.5
® Hunter Street
seventh Strcct Los Angelea 91 708 4,500 1,050 5,550 81.0
@ Main Street ‘ . . -
. '
Forbea Avenuc Pittsburqh 47 400 2,300 se0 2,860 . 9.5
(4 Wood Streot . . . -
Fifth Avenue i Pittsbuxrgh 47 420 2,300 530 2,890 79.5
@ Smithfield
Liberty Street = Pittsburgﬁ 66 650 ‘ 3,250 910 4,160 8.2
@ Sixth Avenue . :
¢
“K" Street NW Washington, D,C, . 130 1,300 6,500 1,950 8,450 7.0
@ 13th ctreet ’ .
Eye Stroet washington D,C, 104 1,100 $,200 1,600 6,800 76,5
@ 13th Strent ~
ssmithfield Street pittsburgh 50 550 2,450 770 3,220 76.0
@ Fifth Avenue .
Thirteenth Street "  washington, D.C, 101 1,050 5,000 1,600 6,600 75.8
@ "F” Street ! .
Broadway Los Angelesg 78 850 4,000 1,390 5,390 74.5
@ Sixth Street
** Adams Street Bridge Chicaqgo . 107 78% 3,425 1,220 4,645 73.7
. . . R
Granville Street , Vancguver 70 900 3,150 1,200 4,350 12.5
¥ Geoorgia
wisconain Avenue Milwaukee m 535 3,100 1,200 4,300 72,0
Chestnut Philadeliphia 67 a90 3,350 1,350 4,700- 71.5
fa 12th Street : ' : .
Btatc Street Chicaqgo 72 670 2,305 ‘ 938 3,240 71.4
w Rooscvelt
washington Street Chicaqgo io08 1,100 3,800 1,540 5,340 . J1.4
fa Wacker .
Wood Street Pittsburgh 35 800 2,700 1,120 1,820 70.8°
@ Forsyth Ave.
Seventh Street washington, D,C, 80 1,150 4,000 1,720 5,720 70.0
@ Pennsylvania Ave, . .
Main Street tartford 75 625 1,875 81S 2,690 70.0
@ Pratt
Jackson Blvd, Bridge Chicago 88 845 2,815 1,32% 4,140 68.0
gixth Avenue Pittaburgh 33 560 1,620 780 2,460 67,4
@ fmithfiold ’
2glington Avenue Taronto [ily] 1,200 3,300 1,700 3,000 S 66,0
» Bathurst
4
Elm Street pallas + Ao 1,345 3,500 1,180 %.380 65.2
» Harwnod
sacramonto Ktrent fian Francisce 29 410 1,000 )% 1,338 6%, 0
const itution Avepua washingrtin, 0,0, 120 2,200 4,000 1,100 ",300 64,8

» 15th

10a
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Table 2, Cont,
t
PEAK HOUR BUS VOLIMES 0N I'RRAN ARTERIALS

RANYED BY PER CENT BUS PASSENGERS OF TOTAL PASSENGERS - DOMINANT DIRECTION OF FLOW
(1)

. Current Coudrtiona
N {Cong)
PI\_S:SEIN(‘.ER_}ii‘I\RRIFZI) PER CENT CARRIED
ARTERIAL _LOCATION CLTY BUS AITO TOTAL By _RUS
spraing Street f.on Anqgelea' 4,450 2,500 6,950 64.0
o Seventh Streeot
. . !
Sixteenth Street Washington, D.C. 80 1,500 4,000 2,250 6,250 64 .0
A Florida Ave, .
. ‘ N
Fourteenth street washington, D,C, 80 1,550 4,600 2,350 6,350 63.0
a Cconstitution Ave, - .
Connecticut Avenue Washington, D,C, en . 1,820 . 4,500 2,700 7,200 62.5
4 cathedral Ave,
Walnut @ 15th Street Philadelphia 48 960 2,400 1,450 3,850 62.5
Commerce Street ° paflas 7z 1,415 3,300 2,120 5,420 51.0
4 St. Paul
Sheridan 2 Hellywood Chicaqgo 32 500 1,100 0t 1.800 . €1.0
Michigan Avenue Chicaqgo 77 . 7170 1,81% 1,210 3,028 60.0
4 Roosevelt Rd,
Asylum » Main Strect itart ford 35 450 875 5R6 1,460 ho ., C
Michiran Avenue pridqge Ciluci)«yo 11% 1,590 3,580 2,390 5,970 60.0
(Uppex Level)
Sutter Strect San Francisco 63 1,300 2,500 1,700 4,200 59,5
Madison Avenue New York %6 2,400 4,800 3,600 8,400 s7.1
S 42nd Strect . , .
R - -
Second Avenuye New York 110 2,800 . 5,500 4,200 9,700 56.8
A 42nd Street *
First Avenue - New ‘York 110 2,800 5,500 6,200‘ 9,700 56.8
W 44th Strect
Sixth Street * Los Angeles .29 96S 1,875 1,430 3,305 56.7
@ Fiqueroa .
Georgia Avenue Vancouver " 45 1,200 2,000 1,600 3,600 55.5
@ Granville '
Clay Strect - san Francisco 26 650 1,050 850 1,900 85,3
Minth Street Philadelphia 22 600 1,100 %00 2,00C 55.C
Tty Market Streot
Sc¢cond Avenue North -. Birmingham,Ala. 44 1,400 2,300 1,950 4,250 54,0
Grand Avenue Los Anqgelea 24 e 855 1,400 1,215 2,615 53.5
» Temple Street
Geary streoot San Francisco 43 1,250 1,720 1,630 3,350 S1.4
“Howard street Baltimore 30 470 190 755 1,545 51.0
@ Fayette Strect
Marietta Atlanta 35 1,050 1,400 1,580 2,980 47.0
@ Spring Street .
Peachtree a Ellis Atlanta 55 1,700 2,200 2,550 4,750 . : 46,5
. [
Tryon Street Charlotte, N.C, 40 1,150 1,200 1,700 2,900 41.4
Eighth Strect Los Angeles 30 1,155 1,290 1,835 3,130 41.3
@ Los Angecles St,
O'Farrell Street - San Francisco 27 1,200 1,080 1,550 2,630 41,2
Trade Street Charlotte, N,C, Jo 1,000 1,000 1,500 2,500 40.0
Pratt Strect Baltimore 64 2,390 2,215 3,825 6,040 36.?
@ Paca St,
Charles Street Baltimore 33 ) 1,915 1,480 3,060 4,540 32.6
¢ Madison St,
Lombard Strect Baltimore 42 1,750 1,33% 2,800 4,135 32.0
a Greene st
Eleventh Stree! pridge wWashington,D,C, 54 4,120 2,870 7,715 10,605 27..1
Cathedral sireet #alt imore I 1,745 sy 2,470 1,150 26,1
e ey ‘
Al. ol Streot ol bimore , 4, 2,010 1,375 4,500 %,RR0 21.4 '
e Preston 4
Calvert Gtreet Ml timare s LY 2,040 1,188 4,210 5,419 21.9 .
e Loxington -

{I) " Data compiTad by Wilbur Smith and Agwociates involves axsumpt 1ONs An soRd casen Rw to CAr
or bua nrcupaney, - O
{2} nunon cparare in more than ong lans, L

T e
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metering is especially suitable for zpprlicaticr in corridors with low peak-hour bus

passenger demands and with freguent peak-hour congestion. (Figure 5, Page 12)

Arterial. Most urban bus service will continue to operate on arterial streets. Dus
ways and reserved bus lanes on Treeways moinly will ve limited to larger cities
(population usually over 1,000,0C0) where freeways provide direct service to down-
town areas. All cities, however, will benefit from effective coordination of transit
and traffic improvements. Radial bus routes generally cover a few downtown streets
where bus priority treatments can expedite flow. Bus headways frequently range

from 30 sec to 3 min.

Buses carry more than one-half of all peak-hour travelers on aiterial streets leadin

m

to and within the downtown area. The relative use of buses - and in many cases the

actual number of bus passengers - exceeds those on freeways. Typical peak-hour bus

3

¢

and passenger characteristics, summarized in Table 2, underscore the Laporilance Or
bus use on arterial streets and the need for bus priority treatments to maintain

and increase patronage.

Bus priority treatments on arterial streets include:

(1) measures designed to separate car and bus movements and (2) general traffic

engineering ilmprovements designed to expedite over-all traffic flow.

Bus Lanes. Bus lanes comprise the treatment m&stly used. These lanes either
are used exclusively by buses or are shared with taxis and right turning vehicles.
They are located along curbs, or in street medians and they operate in or counter
to automobile traffic flow. Bus lanes generally irnvolve removing a travel lane from
automcbile use and giving it to buses. They are sometimes implemented in conjunction

with one-way street routings and curb parking prohibitions; in these cases, there is
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usually no net loss in street capacity. In other cases, buses normally dominate th
lanes used and the designation of bus priority lanes causes no appreciable change in

automobile capacity. (Figure 6, Page 1kL)

Curb Bus Lanes, Normal Traffic Flow. Curdb bus lanes in the normal direction of

flow are most common. These lanes are usually in effect during peak periods,
although some operate continuously. They are easy to implement and involve minimum
street routing change at little cost. However, they are often difficult to enforce

and may produce only marginal benefits to bus flow. Right-turning vehicles either

conflict with buses or must be prohibited. (Figure T, Page 15)

Median Bus Lanes. Median Bus Lanes are an outgrowth of streetcar operations.

The lanes are in effect throughout the day. They are removed from traffic confliets
along the curb, and They allow other {raffic to mske right turns without confiicting
with buses. However, they fequire wide streets with provisions for service stops
and pedestrian refuge in the median. DPassengers are reguired to éross active traffic
lanes to reach bus stops. Left turns must be prohibited br controlled to minimize

interference with buses. (Figure 8, Page 16)

Contra-Flow Bus Lanes. Contra-flow bus lanes are lanes in which buses operate

opposite to the normal traffic flow. Contra-flow bus lanes operate on one-way streets,
usually throughout the day; however, they can be provided in conjuction with peak-
hour bus ;ervice. Buses using the lanes are separated from traffic flow and are
therefore not affected by peak-hour congestion at signalized intersections. They

are largely "self enforcing" and are subject to less infringement by taxis. They
frequently are located to permit more direct bus routing. The lanes may complicate

loading and access to édjoining properties. They increase left-turn conflicts, with

13
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BOLLANDS I:ROL'D BREW

Typical view, Washington Street bus lane, Chicago, 1ll.



opposing traffic. On one-way streets with frequent signals, buses may have to

operate against the signal progression. (Figure 9, Page 18)

PLANNING AND DESIGN

Bus priority treatments vary widely in their planning philosophies; their design
concepts; their operating policies; and their documentation of costs, patronage and
impacts. The most striking variabilities are found when busways and contra-flow
lanes are compared. Standards for starting new are viewed differently than those
that optimize existing facilities. Variabilities in design standard affect ranges

in operating speeds, characteristics of existing freeways and local design process.

Freeways. Planning and design of bus services in relation to urban freeways suggests
the following broad guidelines:*

1. Existing btus volumes in fresway corridors sre not necesserily = troe
measure of potentials. It is not likely that the existing or the proposed busways,
wouldkbe Justified if existing bus volumes on the freeways or in their service
corridors were used as the only basis for their justification. Consideration also
should be given to the potential induced and diverted bus riders. A realistic
appraisal of both existing and projected bus demands is essential.

2, TIdentification of major overland points on existing freeways, and anticipated
overloads on proposed freeways, provide important guildes as to where special.bus

priority facilities should be bulilt. This approach is valid to the extent that the

future road network has been committed and forecast highway loads are realistic.

*Lev1nson, Herbert S., Hoey, William F., Sanders, David B., Wynn, Houston F., Bus
Use of Highways. Report 1h3, National Co-operative Highway Research Program. pp T3-30

17



Figure 9
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3. It is not feasible to remove existing freeway lanes from autos in heavy
flow direction and to give these lanes to buses. If the freeway is already congested,
reducing the lanes available to cars will further increase delay. The over-all loss
in person-time to motorists will exceed the time savings achieved by bus patrons.

4. When a bus lane is added in the existing flow direction, it is reasonable
to expect a gain in peak-hour auto-flows equal to the auto equivalents of the buses
removed.' A bus free-flowing in mixed traffic on level grades (O to L4 percent)
occupies space equivalent to 1.6 automobiles. Optimum use of bus lanes in freeways
or busways might be achieved by allowing buses and other vehicles to share the
exclusive lane or lanes up to the point where bus service is needed. It would give
buses a time advantage via a reserved lane that might otherwise not be available.
This approach, however calls for a very high level of control and enforcement; it
would be unlikely to maximize the benefits of bus travel over auto travel, nor would
it give buses a sufficient time advantage over all cars.

5. Right-hand freeway lanes are not usually desirable for exclusive bus use,
because of frequent conflicts with entering and existing cars, which would have to
weave across the bus lane on their way to and from ramps.

6. Standardization of freeway entrance and exit ramps to the right of the
through traffic lanes will permit use of median lanes by buses, either in normal
or contra-flow operations. Special bus entry and exit to and from the median lanes
can bé provided in many cases without interfering with normal auto traffic on the
right hand ramps.

T. Effective downtown passenger distribution facilities are an essential
complement to regional bus rapid transit services. The cost/service implication

of off street distribution should be effectively explored.
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8. Busways should be of economical design. They should be built at a lower
per-mile capital cost +than the higher standards and costs for rail transit lines.
This th only will offset the higher operating costs normally asscciated with buses
as comparéd with trains, but also is a realistic approach to the provision of bus
facilities that may serve interim functions. The need for shoulders along busways,
should be carefully assessed in light of low bus velumes, infrequent bus breakdowns,
and low probabilities of delays to opposing bus traffic when stalled buses are
passed.

9. Busways should be designed to allow for possible future conversion to rail
or fixed guideway transit with built-in features that will permit service to be
maintained during the transition period. A 4O to 60 foot right-of-way would
generally provide sufficient width for stations and permit continuity of service
during the conversion period.

10. There may be merit in redirecting "busway emphasis" to developing facilities
within the Central Business District (CED), and on the close-in miles of radial
corridors adjacent to it. This would allow buses to serve the areas of heaviest
demand, a subject largely avoided in busway proposals. The heaviest transit demands
in most cities are within a 4 to 5 mile radius of the center. -

11. Metering of freeway ramps with bus b&pass lanes should be introduced only
where the technigue will improve mainline through-flow. Metering usually requires
available alternate arterial sfreet routes.

12. Street level bus stops are generally preferable to turnouts from freeway
lanes,' Most bus stops along existing freeways are lightly patronized. Street-level
stops, where buses leave the freeway for passenger pick-up and delivery, can provide

added convenience to passengers at minimum cost. Use of bus bypass lanes on metered
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ramp entering freeways will result in minimum delay to buses.

13. Current operating experiences indicate that exclusive bus lanes can effect-
ively carry up to 120 buses per hour with stops in the lane. Higher line-haul
capacities can be achieved by using larger vehicles and removing bus stop areas from
the thfough travel lanes, provided downtown distribution capacity is adequate to
absorb the additional loads.

14. There is a pressing need to increase peak-hour driver producti#ity, as
most existing expressway bus services operate in only peak-hour periods. This
suggests larger, higher-capacity vehicles, perhaps aiticulated buses, provided this
would not result in unacceptable arrangements that allow drivers to work elsewhere
during off-peak hours.

15. Bus technology should be directed to improving propulsion systems that
he neced for costliy ventllation systems cn tunneis. Juprove-

ment in bus loading capabilities (additional or wider doors, etc.) are also desirable.

Arterials. Most urban bus services operate along city streets. Even in cities with
extensive freeway mileage, express bus patronage usually represents about 10 to 15
percent of the peak-hour bus travel. Moreover, many freeway configurationé bypass
rather than penetrate the city center and thereby offer little opportunity for use
by the CBD-destined bus users.*

1. Effective enforcement of arterial bus lanes is essential. Many cities

report major problems of curb lane availability. These sometimes can be solved by

* Levinson, Herbert S.; Hoey, William F.; Sanders, David B.; Wynn,'Houston F.; Bus
Use of Highways. Report 143, National Co-operative Highway Research Program. pp &0




contra-flow bus lanes, which are not only self-enforcing, but also produce a sense
of transit identity.

2; A much wider applicaticn of bus lanes is necessary before schedule speeds
can increase sufficiently to produce operating economics and/or encourage additional
riding. Although bus lanes can improve speed and reduce delays, they are often
comparatively short segments of over-all bus routes.

3. BExtended bus lanes on radial arterial streets could produce important
benefits in service dependability. The lanes could often be provideé without reducing
lanes for cars in the heavy travel direction. On six lane streets, four lanes could
be designated in the heavy travel direction, with the curb lane giving priority to
buses.

4. Right-turns by non bus traffic can be allowed in curb bus lanes wherever
it is not feasible to eliminate such tﬁrﬁs. Right-turning cars could be allowed
in tne viock preceding tneir turn or alternately in tne 250 Ieet approaching the
intersection.

5. The high proportions of peak-hour urban travelers using buses in downtown
areas suggest that increased consideration be given to (a) bus streets and (b) bus
priorities in auto-free zones. Where land conditions permit, the extent and time-
limits of these treatmentcs should be adjusted to allow for essential services.

6. Segregation of bus and auto traffic should be actively pursued in new town

developments, as well as in existing urban areas.
CRITERTA

Existing criteria for bus priority treatments should be re-evaluated in relation to

the role that buses play in meeting peak-hour demands, in reducing congestion and in
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reflecting specified urban design or environmental objectives. The underlying
principle should be whether an exclusive bus lane or busway will carry more people
than when it 1s used by cars during peak-travel periods. The number of bus riders
in the exélusive lane should at least equal the number of auto occupants in the
adjacent lane. Criteria for removing lanes from auto use in the heavy-travel
direction must be more stringent than those for adding bus lanes or creating new

bus facilities. (Table 3, 4, 5, Page 24, 25, 26, 27) ; .

Freeway Criteria. Criteria should differentiate among (1) busway development (2)

provision of an additional (contra-flow) lane for buses in the heavy-flow direction
on freeways (3) reserving an existing lane exclusively for buses, and (4) ramp
metering.

1. Volumes of 120 to 180 buses per hour (6,400 to 9,600 bus seats) - once
suggested as conditions for desigrating a freewsay lane =as an exclusive busway -~ 2re
rarely found in cities without rail transit. This volume exceeds the total bus
fleetrin many medium to large urban areas. |

2. From the standpoint of person capacity, 50 to 60 buses per hour (2,500 to
3,000 bus seats) can generally accomodate the number of persons carried in cars in a
freeway lane (2,250 to 2,700 persons). This level of corridor volume alsc occurs
mainly in larger cities. If a minimum warrant of at least 3,000 existing and
divertable bus passengers per hour were rigidly applied, several existing bus priority
treatments would not have been implemented.

3. A somewhat lower volume may be appropriate to achieve wider application of
freeway bus priority treatments, especially where low-cost measures (such as queue

bypass lanes or preferential ramp metering)are involved. A special ramp used by

10 to 15 buses in the peak hour may be justified by transit user time savings,



Table 3

SUGGESTED BUSWAY DESIGN CRITERIA

Ty

CLASS A CLASS B

Design Speed : " . Desirable - 70 mph Desirable - 50 mph

’ ‘ " Minimum - 50 mph Minimum - 30 mph

Lane width, . | 12 fe. (D) 11-12 £e. (1)
With Paved Shoulders

Lane width, 13 £e, (D 12 fe. (L)
Without Paved Shoulders

Paved Shoulder width(z) 8 ft. - 10 ft, 6 ft. - 8 ft.
(When Provided)

Total Paved Width o ' :
Normal. Flow Busway : " 26 - 44 ft. ' 24 - 40 ft.
Special Flow Busway 30 - 36 ft.

Contra-Flow Busway 30 - 36 ft.

Minimum viaduct width 28 ft. _ 26 ft.
(Curb-to-curb)

Minimum Tunnel Width 31 - 32 ft. 29 - 30 ft.

-Ramps: :

Design Speed 30 - 35 mph 15 -~ 25 mph

‘Lane wWidth, ‘ (3) (3)
With pPaved Shoulders 12 ft, 12 ft.

Lane 'Width, ' (3) (3)
Without Paved Shoulders 14 ft. 13 ft.

Paved Shoulder Wwidth 8 ft; ‘ 8 ft.

Total Paved Width ‘ 14 - 22 ft. 13 - 20 ft.

(1) Increase lane width one foot when non-mountable type

' curbs are utilized adjacent to travel lane.

(2) Applies only to normal flow busways

(3) Refer to Table 1-B for minimum ramp width on curves.
Increase lane width one foot when non-mountable type
curbs are utilized adjacent to travel lane.



1 Table 3, Cont.

CLASS A CLASS B
Maximum Superelévation .08 ft./ft.(4) .08 ft./ft.(4)
Horizontal Curves
Minimum Radius ' 70 mph - 1,600 ft.
60. . - 1,150
50. = 750
‘. 40 - 450
30 . - 250
Absolute Minimum Radius o - « o
(innexr lane edge)
Convertible to Rail - © . 250 ft.
Non-Convertible 0 30 ft.
Vertical Curve "K" Values(s) - .
. ’ Design Speed Crest K sag. K
70 mph 255 145
60 . 160 105
50 85 75
40 55 55
30 28 35
Maximum Gradient: ' . !
Convertability to Rail 3 -~ 4 per cent
Convertible , 5 per cent 6 per cent
Ramps . 6 per cent up 7 per cent up
7 " per cent down 8 per cent down
Minimum Vertical Clearaﬂce: . 14.5 - 18 ft.(s) - Desirable - 14.5 ft.
. ‘ ' Absolute Min. -
: 12,5 ft.
Minimum lateral distance to
Fixed Obstructians{(7) . . - -
Left 3.5 ft. 2 ft.
Right 6 ft. 3 ft.

(4) May be reduced to 0.6 ft./ft. in regions where roadway icing
is a consideration.

(5) Length of vertical curve = K x algebraic difference in
grades. The "K" values given above conform to current
AASHO policy.

(6) Minimum vertical clearances vary according to the require-
ments of the selected rail system.

(7) Distance from the edge of the traveled lane to the vertical
face of a non-continuous obstruction, such as a bridge
piexr or abutment.
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Table L

2 T

PAVEMENT WIDENING ON 2-WAY, 2-LANE BUSWAY CURVES

24 FT. ) 22 FT.
bESIGN SPEED, MPH ’ DESIGN SPEED, MPH

RADIUS 30 40 50 60 70 30 40

500 ft. 1.5 2.0 . 2.5 3.0

750 ft. 1.0 1.0 1.5 2.0 2.0

.1000 £t. 0.5 1.0 1.0 1.5 1.5 2.0

2000 ft. 0.0 0.0 0.5 0.5 1.0 1.0 1.0

3000 ft. 0.0 0.0 0.0 0.0 0.5 0.5 1.0

4000 £t. - 0.0 0.0 0.0 0.0 0.0 0.5 0.5

o

OTE: Values less than 2.0 may be d&i

n
+,
1
e
[+%
[}
o))
0
.,

L4
-
~
A

o
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Table 5

t

WIDTHS OF PAVEMENTS FOR: RAMPS

PAVEMENT WIDTH IN FEET FOR:

CASE I * - 'CASE 1II CASE III
RADIUS OF INNER : 1-lane,. one-way, 2—l;‘r'ie,
EDGE OF PAVEMENT, 1l-lane, one-way with provision for one-way
FEET no passing passing stalled vehicle or two-way
50 22 | 39 | 45
75 19 - 31 37
100 | 17 28 34
150 “, 16 . 25 31
200 : 16 | 24 30
300 15 23 29
500 15 22 ‘ 28
1000 | 14 ' 22 27
Tangent 12 20 24
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especially where it improves bus service and driver productivity. Moreover, warrants
should also ccnsider (1) projected bus flows (2) downtown employment intensity and

(3) downtown parking space costs.

s
Federal Highway Administration policies should be appraised in this context. In
adapting these policies, it should be clearly recognized that express transit is
essentially a peak-hour service. The policies suggest:

.s. that the general warrant for an exclusive bus lane

is whether such a lane will accomodate more people than
when used by general traffic. For an exclusive bus high-
way (as against a lane reserved for peak-period use), the
analysis should consider not only the peak period, but
the off-peak period as well. Analysis should examine the
alternative of exclusive bus use in the peak.period and
mixed use in other hours.

For preferential treatment of buses, the warrant should

be applied when the number of persons served would be
insufficient to consider exclusive bus use. Such
treatment iluciudes Ireevay metering with tus bypass ramps,
closing certain ramps to all vehicles except buses and
emergency vehicles, reserving curb lanes for buses, right-
turning vehicles, and bus actuated traffic signals.*

Arterial Criteria. Warrants for reserved bus lanes in city streets, as developed

by the Institute of Traffic Engineers, provide some general guidance.¥¥ Tpey
specify that:
1. A curb transit lane is practical, under normal circumstances, only during
peak traffic periods, when curb parking and stoppirg regulations can be implemented.
2. A minimum of 60 transit vehicles per peak hour should use the transit lane

to justify the lane's exclusive use.

* Marple, G.E., "Warrants for Exclusive Bus Facilities". Instr. Memo., FHWA
(July 17, 1970)

** "Reserved Transit Lanes". Traffic Eng., Vol 29, No. 10 (July 1959) pp 37, 39, 40O
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3. The width of roadway must be sufficient for at least 2 lanes of travel in
addition to the transit lane in the direction of travel of the transit lane.

4. The number of transit patrons using the transit vehicle in the subject
street should equal or exceed 1.5 times the number of drivers plus passengers carried

by other vehicles during the peak hour.

Contemporary practice suggests that warrants should be broadened. The number of

-~
..

buses per hour necessary to justify arterial bus priority treatments’should be
influenced by planning, as well as traffic consideration.

Bus priority lanes on main shopping streets should be installed to improve
transit visibility and might be Jjustified by a lower number of buses per hour than
median bus lanes or bus lanes on other streets.

A bus mall that penetrates the hearf of a commercial area may be desirable for

1Tovwer voliimes of meol M 1oy than ora n
rowey lumes oY Meal Low Than 2re n

Armallsy annaddareg
craoaa_ T oeo iQere

N
oy

Accordingly, it appears desirable to establish specific criteria for: (a) main
street bus malls, (b) main street curb bus lanes, (c) curb bus lanes, (d) median bus
lanes, and (e) contra-flow bus lanes. The following factors should be considered
in refining warrants: -

From the standpoint of person capacity, 20 to 30 buses per hour (l,OOO to 1,500
seats) can accomodate more people than are carried in cars in an equivalent arterial
street lane (600 to 750 person per hour).

From the standpoint of enforceability, volumes of 40 to 60 buses per hour
(resultiné in approximately one bus in each block at any time) are desirable. At,
or above these volumes, buses will tend to preempt the curb lane when "no stopping"

controls are implemented.

When bus volumes are less than 60 in peak hour, taxis may be allowed in bus lanes.
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Q0ST ANALYSIS

A system of proposed freeway and arterial improvements was designed to improve bus
as well as auto flow. The estimated costs and benefits are summarized in Table

6 and 7, Page 31.

Restriction of certain ramps to buses, metering of other ramps and provisions for
bus bypass lanes around ramps, would cost $102,000. This compares with $245,000
to $619,000 in annual benefits, depending on the specific option that is implemented.

Bus preemption of traffic signals at 37 intersections on 14 bus routes would cost

nearly $1 million but would produce an estimated $3.5 million in annual benefits.

Bus turnouts at arterials at about 20 locations, increased radii at L5 locations,

and reversal of STOP signs to favor buses would cost $365,000.

ESTIMATED RESULTS

Present busway patronage and forecasts for 1975 are summarized iﬁ Table 8 and 9,
Page 32. If downtown employment growth continues, daily éatronage might reach
20,000 riders. There would be about 8,000 one-way peak-period work trips, of

which 4,000 would occur in peak hour. This is substantially more than 1,200 persouns

currently carried in buses on the North Central Expressway during the morning peak hour.
SUMMARY

This overview of bus priority treatments provides important insights into the problems,
and the prospects associated with &€fective utilization of highways by buses. The

effectiveness of these treatments can be measured in many ways -- for example, the

reductions in the mean and variance of bus travel times. The annual person-minutes
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Table 6

]
t
SUMMALY OF URBAN CORREINOR PROPOSALS,

"DALLAS
ANNUAL
DEVEL- CPER-
OPMENT ATING  ANNUAL
; COSTS COSTS  BENEFITS
. PROPOSAL (%) (%) ($)
. Freeway bus priority
(Bus priority ramps;
metercd ramps;
coordinated frontage
road signals) 101,900 16,000 245,000~
619,000
Bus preferential treatment ‘
at 57 signalized intersections
(Signals, 11 bus routes) 93,800 35,100 3,450,310
Bus turnouts on arterials
(29 potential locotions;
increased turning radii,
45 locations;
reversal of stop signs
to favor buses, 15
locations) 364,550 —_ -
Table T

DEVELOPMENT COSTS, NORTH CENTRAL BUSWAY,

DALLAS
cosTs ($1,000)
ITEM PHASE 1 PHASE 2 TOTAL
Parking terminal:
. Land purchase 1,500 — 1,500
Construction 500 _ 500
Engineering design 15 — 15
Busway construction,

right-of-way and air rights — 300 300
Roads and iighting (9.5 mi) —_— 25,118 25,118
Ramps and passenger loading .

areas — 1,843 1,843
Passenger stations _ 1,050 1,050
Engineering design -—_ 1,870 1,870

Subtotal, development 2,015 30,181 32,196

costs
Purchase of 40 buses — 1,920 1,920
Project administration 10 370 380
Operating subsidy (12 mo)

-until busway is completed 150 — 150

Evaluation of busway — 40 40

Total 2,175 32,511 34,686



. Table 8

DAILY CAR AND BUS TRIPS INTO DALLAS
CBD FROM NORTH CENTRAL CORRIDOR

ALL TRIPS INTO CiD  CORRIDOR INTO CBD

VLH. VE- : VE-
PERIOD TYPE PLRSONS HICLES PLRSONS  HICLES
6:30 are- Aulo 179,329 123,882 78,487 54,136
6:30ry Bus 52,535 2,162 22,383 921

Alt 231,864 126,044 100,870 55,057
7:30 am- Auto 33,569 23,633 14,703 10,328

8:30aM* Bus 11,346 269 5,046 115
Al 45415 23,902 19,749 10,443

24-hr Auto 217,632 157,410 95,323 68,788
Bus 63,756 2,747 27,160 1,170

All 281,388 160,157 122,483 69,958

Table 9
PROJECTED 1975 PERSON-TRIPS TO DALLAS,
ON NORTH CENTRAL BUSWAY

. PERSON
ITEM TRIPS
1. Work trips to CBD * ‘ 175,900
. Corridor-to-CBD work trips " 70,400
1. Corridor-to-CBD work trips between 7 and 9 aM ™ 42,200
4. Nondivertible peak-period corridor-to-CBD work
trips ¢ 3,700
s. Divertible peak-period trips © 38,500
6. Percentage of peak-period work trips diverted to .
busway * (20)
9. Peak-period person-trips diverted to busway # 2,700
g. Estimated total 24-hr person-trips on busway * 19,300

» CBD employment projeciions for {975 from Ref. (8-8).

% 40 percent of CBD werk trips frem corndor.

€ 60 percent of CBD work trips in anM peak period.

260 percent of (a) 3,700 CBED work tries by auto from locations within
3 miles north of CBD, and¢ (b) 2,506 “captive” bus rider CBD work
wips in corridor. No future increase in these trips is anlicipg(cd, with
CBD work trip growth oftset by rising per capita auto ownership.

e Jtem 3 minus ltem 4,

t Based on Ref. (8-9).

e Item 6 percentage applied to Item S, .

» Jtem 7 doubled to cover two-wly peak-period trips (7 to 9 am and 4
to 6 PM), based on Ref. (B-6). Total peak-period trips estimated at
80 percent- of 24-hr trips to and from CBD, based on commuter-iype
transit system cxperience in New York City, Chicago, and Philadelrhia.

P W
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saved per dollar of investment provides another quantifiable benchmark. Equally
as significant is the recognition cf public transport as important urban resources,

and an essential public service.
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APPENDIX



Addendum

My Coop job for this period has mostly consisted of drafting on the three phases
of the Urban Corridcr Demonstration Project of the City of Dallas. A minute amount

of field work was done since most of the preliminary field work had been completed

before I arrived.

The drafting consisted of drawing the intersection and placing control cabinets,
conduit, splice cans, etc., where needed or desired. The field work was mostly
checking to see where existing structures (e.g. signals, conduit etc.) were and

to see if additional wire, condult, control cabinets, etc., were needed.
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Table 7

TENTATIVE RANGES IN PEAK-HOUR BUS VOLUMES
FOR BUS PRIORITY FACILITIES (ONE-WAY)

(1)

TYPE OF TREATMENT . , DESIGN YEAR BUSES

Freeway Related : :
Busway 40-60

Contra=Flow Bus Lane : S 40-60

Bus Bypass Iane at Metered Ramp 10-15

Arterial Related(z)

Bus Streets (3) 3 20-30
CBD Curb lLanes - Main Street( ) - " 20-30
Curb Lanes 30-40
Median Bus Lanes ‘ 60-90
Contra-Flow Bus Lanes (Extended) 40-60
Contra~Flow Bus Ianes (Short Segments) : 20-30

(1) Existing conditions should meet 75 per cent of these volumes.

(2) Where arterial bus volumes are under 60 per hour, taxis may
utilize bus lanes.

(3) Environmental considerations may influence bus lane and bus
street installation.

L



Table ©

GENERAL CONDITIONS' CONDUCIVE TO URIBAN RAPID TRANSIT DEVELOPMENT

. ]
~

C e RATL

) “Desired Conditions 'For‘
PRIMARY DETERMINANTS ’ Rail System Deve.cpment RAIL OR BUS BUSWAY
~ (Minimum)
1. Urban area population ) 2,000,000 1,000,000 750,000
2. central city population® 700,000 . a 500,000 - 409,000
3. Central city populationa .
density, in people per : , -
: square mile 14,000¢ 10,000 - 5,000
4. High density corridor Extensive and clearly Limited but Limited but
© - development defined® defined defined
5. CBD function : Regional Regional or ‘Regional or
sub-regional sub-regional
6. CBD floor space, in , . . . )
square feet ; 50,000,000 25,000,000 20,000,000
7. CBD employment - : 100,000 _ 70,000 ‘ 50,000
8. Daily CBD destinations, _ .
per square mile : 300,000 : 150,000 100,000
9. Daily CBD destinations -
per corridor _ 70,000 40,000 30,000

'10. Peak hour cordon person
movements leaving the CBD ,
(four quadrants) 100, 000 ' ) -~ 70,000 35,000

-

a.- "Effective Central City"--central city and contiguously developed areas of comparable
porulation density. ‘

¢ - Derends on land use assumption. ,

SOURCE: Adapted from Urban Transportation Conceots, Wilbur Smith and Associates, 1970.
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