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Abstract 

The Bus PI'iori ty System is being C0;'1st::··uct ::d t.c' l'elieve conges·Gion on frecv.'Ecys and 

city streets and to reduce the travel time .of Bus passengers. 'I'hus, providing a 

new degree of traffic control flexibility and strategy evaluation. 

l 



Introduction 

With traffic congestion on urban streets increasing, the need to develop and evaluate 

real-time traffic survej_llance and control· systems capable of counteracting thi.s 

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 Priori t,y System 

BACKG IDU:ND 

Buses serve a -wide va:z-iety of transportation ±'unctions. They provide loc[d and 

express bus service between do,mtmm and residental neighborhoods. In larger citie.:;, 

they provide for crossto1m move:nents and se:rve e.s feeders to rapid transit lines. 

'rhey operate on local stn::st-s, arterial streets and expressways. They provide a 

high degree of service availability and flexibility and they are an integral part 

Of the modern multi.,..modal Ul'ban tl'ansport system. (Table ;t_, Page 4) 

Free1-rays. The first and most obvious l'eason 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-period congestion. 

A second reason for preferential treatrrent 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 to a bus creates a 

disturbance in time which is propagated throughout a route or net1wrk, ultimately 

affecting all the buses in a system. A third reason is to maintain user conven

ience. For services to remain attractive, access time must be kept to a minirnurn. 

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

increased "go" condition for buses will be granted only if the time can be utilized 

by a bus and if the net delay to all people at the intersection can be reduced. 

Upon approaching an intersection the bus driver signals the bus' status as either 

"through11 or "stopn depending whether he plans to continue through the intersection 

or stop and discharge or pick up passengers. KrlOHing the status of a bus, the 

ccmputer can determ5.ne if an extension of the green interval will provide an advantage 
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Tabl'3 1 

SW.MARY OF THE STI'ITE OF '!'rZ l!RT OF BUS PRIOf'u'IY TP-.EAT'r£t"1'S 

TYPE OF TREI\'TMENT 

1. Freeway Related Treatments 

A, Busways 

1. Busway on Special righ';:-of-way 
2. Busway on Freeway, median or right• 

of-way 
3. Busway in Railroad right-of-way 

B. Reserved lanes and ra~ 

1. Bus lanes on Freeways - Normal 
flow 

~. Bus lanes on Freeways - Contra
flow 

3, Bus lane bypass of toll pla~a 
4. Exclusive bus 11ccess to non- ) 

reserved ) 
Freeway (or arterial) lanes ) 

5. Metered freeway ran,ps with bus) 
Bypass Lanes ) 

6. Bus stops ~long freeways 

Arterial Related Trcatm~_n__t2. 

A. Reserved Lanes and Streets 

bus streets .1, 
2. 
3. 
4; 
5. 
6. 
7. 

C.B.D. curb bus lanes-normal flow 
arterial curb bus lanes-norwal flow 
C,B,D. median b~s lanes-normal flow 
arterial ~edian bus lanes-normal fiow 
C.B.D. curb bus lanes-contra-flow 
arterial curb bua lanes-contra-flow 

B. Miscellaneous 

l. Bus signa 1 pre-empt ion 
2. Special signalization 
3. Special turn permission 

3. Terminals 

A. Central area bus terminals 
B. Outlying ~ransfer terminals 
c. Outlying park-and-ride terminals 

·'..1 ;, 

.. 

4 

Runcorn, England D•~:<May 

Shirloy Bu•w&y, We8hi~gton ~rae 

None 

None 

Southeast Expres~way Boston 

San Francisco - Oakland I~y Bridge 
Seattle bluo stro~k express bue 

service and bus r~mp. 

Harbor Freeway, Loa Angelos 

Hollywood Free·lia~·· Lol! '-ng<9laa 

Nicollet Mall, Minneapolis, 
Washinqton, D.C. 
Hillside 1\venue, Qusens, New York City 
Canal Street, Neutral Ground, New Orleans 
None 
Alamo Plaza, San Antonio 
Ponce de Leon, Fernsndoz JUncoe, San Juan 

Kent, Ohio 
Cermak Road, Chicago 
"No Lf•ft Turn, Buses Except~d," Los 
Angeles 

Midtown Terminal, New York City 
Dan Ryan, 95th Street Bus, Bridge, Chicago 
Lincoln Tunnel, Approach at I-495 
contra flow bus lane 



for its passengers. If the ext,ensior:: c3.n be utilized, the corrcput'=:r r1ext cl:'lecl<:s the 

vehicular and people volumes on the cross street and then deter£rd.nes if an exter1sion 

of green would reduce the net people delay. Thus, the BPS emphasizes the importance 

of the movement of people not just vehicles. 

METHODS OF BUS PRTORITY 

Hith a rising volume of urban travel, trans:9ortation is t::ocorninf'~ or,e of the biggest 

problems faci.ng urban planners and en2.:ineers today. It is gener:J.l1y agreed thst 

every urban region requires a balance between private antcrnobile usGge and put,Lic 

transportation, with the latter becor;-dng increasingly important as traffic volUJT,e 

grows and streets and highways become overloaded. To maintain this balance, improve-

ments in private and public transportation must continually be sought. 

Freeways. :Bus Lanes. The practice of reserving lanes exclusively for buses is 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 is 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 lan~ reserved exclusively for buses has 

not. been shown to be the most efficient means for moving people on freeways. 

(Figures l, 2, Page 6, 7) 

*The concept of reserving a bus lane was first suggested by Mr. Nathan Cherniak 
in 1963, 
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r---·----------------------------------------------------------------. 

RESERVED 
LANE 
RULE 

MEDIUM OCCUPANCY-INiTIAL MEAN~ 1.40 

LOW OCCUPANCY· INITIAL MEAN: 1.176 

., 
t-z 
c 
II. 
::> 
u 
u 
0 ... 
0 

0 
X 

NUMBER OF FREEWAY LANES 

RESERVED 3 
LANE 
RULE 

2 OR MORE 

3 OR MORE 

4 OR MORE 

.GOOD POTENTIAL 

LiMITED POTENTIAL 
(liTTLE SPEEO ADVANTAGE) 

LITTLE POTENTIAL 
(LARGE SHIFT REQUIRED) 

4 5 

NO POTENTIAL 
{RESERVED LANE JAIIOWEO) 

NO POTENTIAL 
(UNRESERVED LANE JAMMED} 

FIGURE 1. GENERi\.L FEASIBILITY OF RESERVED LANE CONCEPT 

j 
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Figure 2 
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Contra-flm.r. Contra-flo-vi .B'u.s T12ne is a bus lane using a portion of thc read-

way that serves relatively li.ght op:posini-; traffic flov and will not reduce peak 

directional highway capacity or efficiency. It is an adaption of the reversible-

lane concept applied to urban free't~t:;.~"s for more than three dec::cdc:s. 

Potential problern.s include the need to re11.ove median barriers at cros;:;over or 

transition points, blocking of the lane by accider:ts or stcc:lleC. buses, safety and 

possible congestion in the remainint; off peak directior1. :~;(:'.;:;t:l Dg contra--flow bus 

lanes operate onJ_y in peak hours on free1-rays that a.re at least six lanes wide anii 

provide at least two lanes for ge,1eral traffic in the off peak direct:~on. (:F'it;,u.n:;~; 

3, 4, Page 9, 10) 

Ramp Meterine;. Provision of special b1..1.s ramps to and from free1wys, and meter-

ing of other ramps 1-li th special priority for buses, can expedite bus :::'101 . .r v7i th 

minirr:J.I:, ccnst:..·uction costs and HiJ.l,iJriUlll delay tu uthe.r u.sers. Bus :rarnJ;s can b;;rpass 

queues, reduce bus travel distances, and :promote continuity i:::t a system of bus 

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

at reasonable speed levels. 

For :preferential bus entry to freeways 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 IT3in-lane speeds. Cars are required ~o wait 

a few moments at ramp signals, although those on short trips may divert to paral"2.el 

routes to avoid waiting. Where ramp-rnetering is in effect, it is often possible t'::J 

:provide a by:pe.ss lane for buses so ~hat they can bJ:!?ass automobile queues, aPd ca!'l then 

achieve better speeds on the freeway. At metered locations, buses may enter and 

leave the freeway for :passenger loading and unloading with miniJCrwn delay. Ramp 
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Figure 3 

Typical view, 1-495 exclusi\'C (contra-flow) bus lane, New Jersey. 
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Figure 4 

Special bus entry road, 1-495 exclusi1·e (cOI:tra-flow) bus lane. New Jersey. 
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ARTERIAL LOCATION 

Nicollet Mall 

Market Street 
(E~nt o[ llro,.d) 

st.1tf' strPrt ~ 
Madi.aon 

IIlli Rick> Avcnu" 

P@nnsylv~nt~ Avenu~ 
~ s~v<"nth 

Market Street 
~ van Ness 

Main Strrrt 
~ Fourth Stre~t 

Main Street 
iii fl,,rwood Street 

Hi 11 Stre<'t 
~ seventh Street 

Bro-'d stre,-.t 
<1i> Hunter Str<'et 

SlOYPnth Strcc·t 
.a Main strN't 

Forbca Avr.:·nuc 
r.• Wood Str<'f'lt 

Fifth /\vcntlC 
r.o r-mithfiel<l 

Liberty Stre~t ~ 

f.il S1xth Av<'nue 

"K" Str£>et NW 
~ 13th strP.~t 

Eye Street 
(a> 13th str<'"t ·· 

'Slhithficld Street 
r.l Fifth Avenue 

Thirteenth street 
r.t ''F" Stre<'t 

Broadway 
"" Sixth Str<'ct 

Adame Street Bridge 
. I 

Granvill~ Street 
r..- CJC"orqia 

Wis~onnin ~v~nuc 

Chestnut 
""12th str""t 

State Street 
r-v Roo~rve] t 

Washington Street 
tal wacker 

Wood Sc.rP.et 
~ Forsyth Ave. 

Seventh street 
~ Pennsylvania Avee 

Main Street 
'i!' Pratt 

Jackson Blvd. Bridge 

Ill xth AV<"nur 
(i'j !:mit.hft•'JrJ 

~9li~9tnn Av•nue 
~ 1\•lthnrat 

Elm 5tr<.·Pt 
,,.. HilrW'"lOd 

Cr,n•t ltJJtarJn /\v«nu• 
,.., l':;th 

Table 2 

Pf.Al< HOI'JR RUS VO!Y~ir-::s O!.; UF:Rf..N 1'\R'!'ERIALS 
RANKED BY PER CEliT BL'S ?!\SSUJGER.S 0F T0TI\L f'ASSE;;cr:r-CS - DO!HWINT DIRECTION OP' Fl.n<l 

Curr~nt Con~itions(l) 

VEIIICI ES PER !i<)UR 
BUs --------~UTO 

, 
Mtnn<'apolia 

Phi 1 ~delphia 

C'hicttqo 

Wafthinqton, o.c. 

S'fln Franc ilco 

t.oa 1\!'lga 1"• 

Dallas 

LOS Anqel"o 

Atlnnta 

Pittnburqh 

64 

143 (2 ) 

1 Sl (2) 

170 (2 ) 

120 

1 ss (2 ) 

115 

100 

109 

4fl 

'Jl 

47 

Pittsburgh 47 

Pittsburgh 66 

Washington, D.C, . 130 

Washington O,C. 

Pittftburgh 

Washington, o.c. 

Los 1\ngelea 

Chicago 

Phi !adelphia 

Ch!c.l•JO 

chicag<> 

Pittsburgh 

Washington, o.c, 

f'artford 

Chicago 

Pltt~burqh 

Tnrnnto 

'J 

104 

50 

101 

78 

107 

70 

7B 

72 

lOB 

55 

80 

75 

88 

33 

110 

ill) 

.,. ,, 
t~() 

0 

465 

&30 

600 

1,200 

720 

635 

BOO 

:190 

70~ 

400 

420 

&50 

1,300 

1,100 

550 

1,050 

850 

785 

900 

A'JO 

(,10 

1,100 

800 

1,150 

625 

845 

5(,0 

l. 200 

1,345 

2,100 

lOa 

PASSEriGFR~ CARRIE~) 

Bus· ~ ~ 

2,900 

8,300 

6,100 

A,S00 

6,000 

9,900 

5,850 

4,400 

5,250 

l,'l20 

4,500 

2,300 

2,300 

3.250 

6, 500 

5,200 

2,450 

5,000 

4,000 

3,425 

3,150 

3,100 

3,3~0 

2,lOij 

3,800 

2,700 

4,000 

1,875 

2,815 

1,6:10 

3,300 

1,500 

1 ,ooo 

'-,000 

0 

695 

(,60 

'l~O 

900 

1,5!:.0 

1,100 

900 

1,200 

435 

1,0'30 

560 

59.0 

910 

1,950 

1,600 

770 

1,600 

1,390 

1,220 

1,200 

1,200 

I, 350 

'!35 

1,540 

1,120 

1,720 

815 

1,325 

7BO 

I ,700 

l,BI!o 

l,lOU 

2,900 

8,9'}5 

&,7bO 

<J,4SO 

6,900 

1l,4SO 

6,950 

5. 300 

6,450 

2,3 ss 

5, 550 

2,860 

2,890 

4,160 

8,450 

6,800 

3,220 

6,600 

5,390 

4,645 

4,'350 

4,300 

4,700, 

3. 240 

5,340 

3,820 

5,120 

2,690 

4,140 

2,400 

5,000 

~.3RO 

1. ~)5 

t} ,.\00 

PEP CENT CARRIEO 
~y fH!S 

100,0 

'12,5 

'!0,0 

'10,0 

87.0 

86,5 

R4,0 

8) ,0 

81.5 

81,5 

81,0 

79.5 

79.5 

78.2 

77.0 

76.0 

75.8 

74.5 

·n. 7 

12.5 

72 .o 

71.5 

71.4 

71.4 

70.8 

70.0 

70.0 

68.0 

fo7." 



spr1nq Street 
'" ~t'V('nth Slr<><'t 

SnctC''·nth Str«'rt 
.t Florid.! AvP .. 

Fourt~~nth str~ct 

~ Constlttltion Ave.· 

connecttcut Avenue 
~ cathPdral Ave. 

Walnut~ 15th Street 

comrnerc(' strf:'et 
'£ St. Paul 

Sh<'rtdan ~' lloll,..,ood 

Mich1qan 1\venu,~ 

'.\ RoosPVPl t Rd. 

A~ylum ~ M~tn Strert 

MtchirJan Avc•nuP Oridqe 
(Upp<'r L<'v<'l) 

Sutter Stt('et 

Madison AVf'nue 
~ 42nd Strc£"t 

Se-cond Avenue 
'1i. 42nd Street 

First f\Vf'nu(' · 

'·• 44th street 

Sixth Str£'et 
'ii Fi'lu('roa 

<::Porry:..a 1\vPnu~ 

~ Granvill£' 

Clay Str<'et 

N i nlh strt•1•t 
· '·" · M.u·kt•t strt·Pt 

Gr<lnd Av,...nuf~ 

r., TPmplt_· stn·ct 

Geary !J. t rt_•(> t 

··fl()l,ofard Str:et 
1 

'- F."lyette Str,..ct 

Marietta 
'dl Spring street 

Peachtr<><> '"'Ellis 

Tryon strC>et 

£iCJhth Street 
~ Los Anqrlcn st. 

O'Farrell Street 

Pratt str("t..•t 
rc"Jil Pnca St. 

Char l0s Street 
r.. M.1d 1 son St. 

Lombard Strc<'t 
'"' Green<· St .. 

C·lttwdrdl St.n•f·t 
'·•· '-·•·1~·r 

nt. l'·n• I !;I r•·"t 
'·• Pr•· ••t.nn 

C•llw•rt !itr''''t 
'·• Lf•><Jn•,trm 

(1) 

PI 

PP.AK !f00P. ntiS \',...,L!'!-'fS r._:!'; T'"RP:/\r\ l\R'i'ERIALr: 
IIANY.ED il'Y PER CEN1' BUS I'I'SS!':NGER.S OF T0T.>L f',\SSr:t<GEHS - DOMIN/INT DIR8CTION OP' Fln-1 

W.tGhinqton, o.c. 

W~shington, O,C. 

w~~hingtDn, o.c. 

Phlladc1 phi a 

Da! Ia~ 

Chicaqo 

(:hi Ci\tfO 

fl·trl ford 

S.1n Franc! aco 

N<'W ,York 

N<:>w York 

N<•w 'York 

Loa Anqelea 

V..1ncouvcr 

Snn Frnnci•co 

rht lildl'l phta 

., Dirmtnqham,Ala. 

1 .. 1m 1\nq(•les 

B<ll t i more• 

T\tl;,nta 

1\t lo1nta 

Charlottr, N,C, 

s.1n FranCisco 

Ch·lrlottl!, N,C, 

nat timor" 

Baltimore 

B.tltimore 

w.1shinrrton ,D,C. 

it•t It unorr· 

Jl.t I I i ""'rf• 
'J 

C''c!!!'('!;t C···;;.-~lt 1fH1P { J) 

(CPnt\ 

VEIIICLES PER 1!'1";: 
T\i1s -----~iT() 

Ill 

1eo 

eo 

gry 

48 

32 

71 

3S 

111\ 

63 

96 

110 

110 

29 

45 

26 

22 

44 

24 

43 

JO 

35 

40 

30 

JO 

64 

33 

42 

'>4 

~'. 

l'l 

J. SOl) 

1,500 

t 

1,550 

1,800 

960 

1,415 

IJOO 

170 

450 

1, 590 

1,300 

2,400 

2,800 

2,800 

965 

l, z.uo 

650 

600 

1,400 

855 

1,250 

470 

1,050 

1,700 

1,150 

1,155 

1,200 

1,000 

2,390 

1,915 

1, 750 

4,120 

:.l,HI,.• 

rASSENGEHS I"AARIEO 
BHS----·~l·o TOT& 

4,4'10 

4,000 

4,000 

4,500 

2,400 

3,300 

1,100 

1,81 ~ 

fJ75 

J, 5AO 

2,500 

4,800 

5,500 

5,500 

1,875 

2,000 

1,050 

1,100 

2,300 

1;~oo 

1,720 

7'10 

1,400 

2,200 

1,20!! 

1,290 

1,080 

1,000 

2,715 

1,480 

1 '33 5 

2,fl70 

I, 17~ 

l,IRf) 

2, 'iOO 

2,250 

2,350 

2,700 

1,45rl 

2,120 

I , 210 

2,YJO 

1,700 

3,600 

4. 200 

1,430 

1,600 

asr: 

'lOO 

1,950 

1 '215 

1 ,f.JO 

l,SAO 

2,550 

1,700 

1 ,83 5 

1,550 

1,500 

3,825 

3,060 

2,800 

7,?J'j 

6,950 

6,250 

6, 350 

7,200 

3,&50 

5,420 

1 .800 

5,970 

4,200 

8,400 

9,700 

9,700 

3,)05 

3,600 

1,'100 

2,00C 

4,250 

2,615 

3,350 

1,545 

2,980 

4,750 

2,900 

3,130 

2,630 

2,500 

6,040 

4,540 

4,135 

10.605 

),J'jO 

~ ,41 ~ 

PF:R r•:NT I'M<R 1 EO 
___ E!_Y_f1_lls; __ _ 

64.0 

64.0 

6J.tl 

62.5 

62.5 

&1.0 

61.0 

&0.0 

..,o.r: 
!>0 .o 

59.5 

56.8 

56.A 

56.7 

55.5 

55,C 

54,0 

53.5 

51.4 

51.0 

47.0 

41i.5 

41.4 

41.3 

'11.2 

40.0 

36.7 

31.6 

)2.0 

2'1.1 

21,4 



metering is especially sui.table for applicaticr.. in corridors ·vrith lovr peak-hour bt..cs 

passenger demands and with frequent peak-:Joc;.r congestion. (Figure 5, ?age 12) 

Arterial. Most urban bus service will continue to operate on arterial streets. Bus 

·vrays and reserved bus lanes on freeways mco.inly will "oe limited to larger cities 

(population usually over 1, 000:000) where freev1ays provide direct service to down

town areas. All cities, however, will bene:f'it from effective coordination of trans:i.t 

and traf.fic improvements. Radial bus routes generally co,.rer a few downtu;m 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 a:cterial streets leading 

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 

'H!.d J!fl.sse~g~:r ch2racteristics, su~.3rized ~:able 2, ander.scol'E: 

bus use on arterial streets and the need for bus priority treatments to maintain 

and increase patronage. 

Bus priority treatments on arterial streets include: 

(l) measures designed to separate car e.nd bus movements and (2) general traffic 

engineering improvements designed to expedite over-all traffic flow. 

Bus Lant:!S. Bus lanes comprise the treatment mostly used. These lanes either 

are used exclusively by buses or are shared with taxis and right turrdng vehicles. 

They are located along curbs, or in stree-::. medians and they operate in. or counter 

to automobile traffic flow. Bus lanes generally ir..volve removing a travel lane from 

automobile use and giving it to buses. They are somet:i.mes implemented in conjunction 

with one-way street routings and curb parking ~rohibitions; in these cases, there is 

11 
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usually no net loss in street capacity. In other cases, buses normally dominate the 

lanes used and the designation of bus priority lanes causes no appreciable change in 

automobile capacity. (Figure 6, Page 14) 

Curb Bus Lanes, Normal Traffic Flow. Curb 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 7, 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 conflicts 

along the ct;.:;:-b, and they allow other t..raffic to ruc.ke rig..l-J.t turr;.s ivithouc. conf.l..icting 

with buses. However, they require wide streets with provisions for service stops 

ahd pedestrian refuge in the median. Passengers are required to cross active traffic 

lanes to reach bus stops. Left turns must be prohibited or 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 service. 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 adjoining properties. They increase left-turn conflicts, with 

13 
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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:* 

measure of potentials. It is not likely that the existing or the proposed busways, 

would be 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. Identification of major overland points on existing freeways, and anticipated 

overloads on proposed freeways, provide important guides as to where special bus 

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

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

*Levinson, Herbert S., Hoey, William F., Sanders, David B., Wynn, Houston F., Bus 
Use of Highway;,. Report 143, National Co-operative Highway Research Program. pp 73-80 
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Figure 9 

Canal Strut coutra-fluw bus laue t1l Union Station, Chicago, Ill. 
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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 c~rs 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 (0 to 4 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 'v01_Ll_d 

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 be provided in many cases without interfering with normal auto traffic on the 

right hand ramps. 

7. 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 economi_cal design. They should be built at a lower 

per-mile capital cost than the higher standards and costs for rail transit lines. 

This not only will offset the higher operating costs normally associated wi~h buses 

as compared with trains, but also is a realistic approach to the provision of bus 

facilities that may serve interim fu..nctions. The need for shoulders al011g busways, 

should be carefully assessed in light of low bus volumes, infrequent bus breakdowns, 

and low probabilities of delays to opposing bus traffic when stalled buses ~re 

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 40 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 t!busway emphasis!! to developing facilities 

within the Central Business District (CBD), 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 bypass lanes should be introduced only 

where the technique will improve mainline through-flow. Metering usually requires 

available alternate arterial street routes. 

12. Street level bus stops are generally preferable to turnouts from freeimy 

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 indic~te 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 through travel lanes, provided downtown distribution capacity is adequate to 

absorb the additional loads. 

14. There is a pressing need to increase peak-hour driver productivity, as 

most existing expressway bus services operate in only peak-hour periods. This 

suggests larger, higher-capacity vehicles, perhaps articulated 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 

mir:iffi::e or el::.::1::..::L:te; the r:ced for 2ostly ventilat::on systems en tunnels. Improve-

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 lO to 15 

percent of the peak-hour bus travel. Moreover, many freeway configurations bypass 

rather than penetrate the city center and thereby offer little opportunity for use 

by the CBD-destined bus users.* 

l. 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 Righway Research Program. pp 80 
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contra-flow bus lanes, which are not only self-enforcing, but also produce a sense 

of transit identity. 

2. A much wider application 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· Extended bus lanes on radial arterial streets could produce important 

benefits in service dependability. The lanes could often be provided 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 turns. Right-turning cars could be allowed 

in tne oloc.:k preceding tneir "turn or al."terna"tely in "tne ;2)0 ieet approacnlng 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 treatmen-:~s 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. 

CRITERIA 

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 

principl.e should be whether an exclusive bus lane or busway will carry more people 

than when it is used by cars during peak-travel periods. The number of bus riders 

in the exclusive 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 (l) 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 condi ti.ons for desi.gr~atin:::; a f'r~"'ewR:r la!"'? "''3 h11CT.1'<:'!'r ._ ---- .. -.; 

rarely found in cities without rail transit. This volume exceeds the total b~s 

fleet in 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 also 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, 
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Table j 

SUGGESTED BUSWAY DESIGN CRITERIA 

CLASS A CLASS B 

Design Speed Desirable - 70 mph Desirable - 50 mph 
Minimwn - 50 mph Minimum - 30 mph 

Lane Width, 
With Paved Shoulders 

Lane Width, 
Without Paved Shoulders 

Paved Shoulder Width( 2) 
(When Provided) 

12 

13 

8 

ft. 
( 1) 

ft. 
( 1) 

ft. - 10 

11-12 ft. 
( 1) 

12 ft. 
( 1) 

ft. 6 ft. - 8 ft. 

Total Paved Width 
Normal Flow Busway 
Special Flow Busway 
Cont_ra-Flow Busway 

. 26 - 44 ft. 24 - 40 ft. 

Minimum Viaduct Width 
( curb-t0-curb) 

Minimum Tunnel Width 

·Ramps: 
Design Speed 

Lane Width, 
With Paved Shoulders 

·Lane 'Width, 
Wi.thout Paved Shoulders 

' 

Paved Shoulder Width 

Total Paved Width 

30 - 36 ft. 
30 - 36 ft. 

28 ft. 26 ft. 

31 - 32 ft. 29 - 30 ft. 

30 - 35 mph 15 - 25 mph 

12 ft. 
(3) 12 ft. ( 3 ) 

14 ft. 
{3) 13 ft. ( 3 ) 

8 ft. 8 ,ft. , 

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. 
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Tabl.e 3, Cont. 

CLASS A CLASS B 

Maximum Superelevation .. o8 ft.,/ft. <4> .. 08 ft./ft. ( 4 ) 

Horizontal curves 
Minimum Radius 

Absolute Minimum Radius 
(inner lane edge) 
convertible to Rail 
Non-convertible 

Vertical curve "K" Values< 5> 

Maximum Gradient: 
Convertability to Rail 
Convertible 
Ramps 

70 mph 
60· . 
50 
40 
30 

1,600 
- 1,150 

750 
450 
250 

250 ft. 
30 ft. 

Design Speed Crest 
70 mph 255 
60 160 
50 85 
40 55 
30 28 

3 - 4 per cent 
5 per cent 
6 per cent up 
7 per cent down 

ft. 

K Saq. K 
145 
105 

75 
55 
35 

6 per cent 
7 per cent 
8 per cent 

up 
down 

Minimum Vertical Clearance: 14 .. 5 - 18 ft.~ 6) Desirable - 14.5 ft. 
Absolute Min. 

Minimum lateral distance to 
Fixed Obstructirn s ( 7) 
Left 
Right 

12.5 

2 ft. 
3 ft. 

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 11 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 
pier or abutment. 
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PAVEMENT WIDENING 

24 FT. 

DESIGN SPEED, 

RADIUS 30 40 50 

500 ft. 1.5 2.0 

750 ft. 1.0 1.0 1.5 

. 1000 ft. o.s 1.0 1.0 

2000 ft. 0.0 o. o- 0.5 

3000 ft. 0.0 0.0 o.o 

4000 ft. o.o 0.0 0.0 

O'IE: Values less th2~ 2.0 

' . . '\ 

,A 

.. 

Table 4 
. '. 

ON 2-WAY, 2-LANE BUSWAY CURVES 

22 FT. 

MPH DESIGN SPEED, MPH 

60 70 30 40 

2.5 3.0 
.._ ... 

2.0 2.0 

1.5 1.5 2.0 

0.5 1.0 1.0 1.0 

0.0 o.s o.s 1.0 

0.0 0.0 o.s o.s 

.-:' 
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Table 5 

'WIDTHS OF PAVEMENTS FOR RAMPS 

PAVEMENT WIDTH IN FEET FOR: 

Cl\SE I . CASE II 

RADIUS OF INNER 1-1ane, one-way, 
EDGE OF PA VE.M_ENT, 1-1ane, one-way with provision 
FEET no passing passing stalled 

50 22 39 

75 19 31 

100 l-7 28 

150 16 25 

200 16 24 

300 15 23 

500 15 22 

1000 14 22 

Tangent 12 20 

• 

27 

• 
' 

for 
vehicle 

.. 

CASE III 

2-1a.rie, 
one-way 
or two-way 

45 

37 

34 

31 

30 

29 

28 

27 

24 



especially where it improves bus service and driver productivity. Moreover, warrants 

should also consider (l) projected bus flows (2) downtown employment intensity and 

(3) downtown parking space costs. 

Federal Highway Administration policies should be appraised in this context. In 

adapting these po}icies, it should be clearly recognized that express transit is 

essentially a peak-hour service. The policies suggest: 

••• 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 exclus~ve bus high
way (as against a lane reserved for peak-perj.od use), the 
analysis should consider not only the peak period, but 
the off-peak period as well. Analysis should exarrdne 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 
treatllien.t inci.udes fn::cl-id.,'y llie ceriEg wi -ch ous b;rpass ramps, 
closing cer-cain 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.** They 

specify that: 

1. A curb transit lane is practical, under normal circumstances, only during 

peak traffic periods, when curb parking and stoppir.g 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, J+O 
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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. 

ConteffillOrary 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 justified by a lower number of buses per hour than 

median bus lanes or bus lanes on other streets. 

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

Ct"'Y'A nn"Y'r"f1~11 'T 1~f"'r,c.-i riA"'Y'Oi.::j -f'rl-yo ".."":1-......+o·,...~ Q1 h11C l 0'1-!0.1'"' 
---- ------.; _._. ________ ..... _ ---- _... .... ...., .......... _ ....... _ ..... _ ..... --.......... to.J .. 

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 (1,000 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 

(resulting in approxi~mately one bus in each block at any time) are desirable. At, 

or above these volumes, buses will tend to preeffillt 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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OOST 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 45 locations, 

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

ES'I'IMA'l'ED P.ESULTS 

Present busway patronage and forecasts for 1975 are summarized in Table 8 and 9, 

Page 32. If downtown employment growth continues, daily patronage 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 persons 

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

SUMMARY 

This ove~1iew of bus priority treatments provides important insights into the problems, 

and the prospects associated with a'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 

SUl\lMALY OF t_!~U/\N COln:mo;;. PROPOS,\LS, 
DALLAS 

ANNUAL 
DI:VF.L- OP£!!.-
OPMENT ATING AN!'<UAL 
cons COSTS BE:-iEFITS 

,PROPOSAL ($) ($) ($) 

:Freeway bus priority 
(Bus priority ramps; 
metered ramp3; 
coordin:lted frontage 
road signals) 101,900 16,000 245,000-

619,000 
Bus preferential treatment 

at 57 signalized intersections 
(Signals, 11 bus rot:tes) 93,800 35,100 3,450,310 

Bus turnouts on arterials 
(20 potentialloc;•!ions; 
increased turning radii, 

45 locations; 
reversal of STOP signs 

to favor buses, 15 
locations} 364,550 

Table 7 

DEVELOPMENT COSTS, NORTH CENTRAL BUSWAY, 
DALLAS 

COSTS ($1,000) 

JTEH PHASE 1 PHASE 2 TOTAL 

Parking terminal: . Land purchase 1,500 1,500 
Construction 500 500 
Engineering design 15 15 

Busway ::onstrurtion, 
right-of-way and air rirhts 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 l.SO 150 
Evalua:ion vf busway 40 40 

---
Total 2,175 32,511 34,686 
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Table 8 

DAILY C/d( A":D f.L'S TJUPS JNTO Dt\LLAS 
CBD I=Ro:>t ~ORTH cr=:---:·1 'C\L CCJRi\JDOR 

ALL Tf:IPS INTO CI:D COERIDOP.. INTO CBO 
--------

VI: H. VE· 
PERIOD TYPE PLRSONS I !let ES Pr:Rso:-;s 

6:30 A~.!· Aulo 179,329 123,882 78,487 
6:30 I'M Bus 52,535 2,162 22,383 

----- --- ----
All 231,864 126,044 100,870 

7:30AM· Auto 33,569 23,633 14.703 
8:30AM • Bus 11 ,84G 269 5,046 

--~-

All 45,415 23,!J02 19,749 

24-hr Auto 217,(,32 i57,410 95,323 
Bus 63,756 2,747 27,160 

---
All 281,338 160,157 122,483 

Table 9 
. ' 
f•ROJECTED 1975 PERSON-TR! 0 S TO DALLAS, 
ON NORTH CE!':TRAL BlJSWA Y , 

1. Work trips to CBD • 
:!. Corridor-to-CI>D work trips" 
~- Corridor-to-CllD work trip> between 7 and 9 AM • 
4. Nondivertible peak-period corridor-to-CBD work 

trips d 

S. Divertible peak-period trips • 
6. Perccnt:~ge of peak-period work trips diverted to 

busway' 
1. Peak·pcriod person-trips diverted to busway • 
8. Estimated total 24-hr person-trips on busway " 

• CBD emph,yment ;nojections for 1975 from Ref. (8-8). 
t. 40 percent of CBD wcrk trir-; !rem coaidur. 

VE-

HICLES 

54,136 
921 

55,057 

10,328 
115 

10,443 

68,788 
1,170 

69,958 

PERSON 
TRIPS 

175,900 
70,400 
42,200 

3,700 
38,500 

(20) 
7,700 

19,300 

• 60 percent of CBD work trirs in HI peak reriod. 
•60 percent of (a) },700 CEO wcrk tri~s by auto !rom locations within 

3 miles north !'( CBD. ant' (b) 2.500 "captive" bu< rider CBD work 
trips in corridor. No futur~ incre3se in these trirs ic; J.nticif't::tted. with 
CBD work trip growth oflset by risin~ per capita auto ownership. 

• Item 3 minu'> Iter.-~ 4. 
r Based"" Rd. (fl-9). 
•Item 6 percclll"~e applied to Item 5. 
• Item 7 doubled to cover 1" o-" .1y peJk·pcriod trips (7 to 9 AM and 4 

to 6 PM). boseJ on Rd. (lJ-6). Total reoJ.:.period trips rstima:cd at 
10 percent c>f ::4-hr trip5 to and !rem CBD, boscd on cc•mmuter-type 
transit system c•rcricnce in ~ew YDrk C::)·, Chicago, <~nd Philadelrhia . 

. '-· 
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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 es9ential public service. 
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Addendum 

My Coop job for this period has mostly consisted of drafting on the three phases 

of the Urban Corridor 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, conduit, control cabinets, etc., were needed. 
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Table 7 

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

TYPE OF TREATMENT 

Freeway Related 
Busway 
Contra~Flow Bus Lane 
Bus Bypass Lane at Metered Ramp 

Arterial Related (2 ) 
Bus Streets (3) 
CBD Curb Lanes - Main Street (3 ) 
Curb Lanes 
Median Bus Lanes 
Contra-Flow Bus Lanes (Extended) 
Contra-Flow Bus Lanes (Short Segments) 

DESIGN YEAR BUSES (l) 

40-60 
40-60 
10-15 

20-30 
20-30 
30-40 
60-90 
40-60 
20-30 

(1) Existing conditions should meet 75 per cent of these volumes. 
(2) Where arterial bus volumes are under 60 per hour, tqxis may 

utilize bus lanes. 
(3) Environmental considerations. may influence bus lane and bus 

street installation. 

' 
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Table '.> 

GENERAL CONDITIONS'· CONDUCIVE TO URBAN RAPID TRANSIT DEVELOPMENT 

"•"'·-

PRIMARY DETERMINANTS 

1. Urban area population 

2. Central city populationa 

3. Central city populationa 
density, in people per 
square mile 

4 • ..; High density corridor 
·. development 

5. CBD function 

6. CBD floor space, in 
square feet 

7. CBD employment 

8. Daily CBD destinations 6 

per square mile 

9. Daily CBD destinations 
per corridor 

10. Peak hour cordon person 
movements leaving the CBD 
(four quadrants) 

RAIL 
~ Desi:=-ed Conditions For. 
Rail Svstem Dev~~.cernent 

2,000,000 

700,000 

14,000c 

Extensive and ~learly 
defined c 

:Regional 

50,000,000 

100,000 

300,000 

70,000 

100,000 

RAIL OR BUS 

1,000,000 

500,000 

10,000 

Limited but 
defined 

Regional or 
sub-reg iona 1 

25,ooo,o_oo 

70,000 

150,000 

40,000 

70,000 

BUSWAY 
(Minimum) 

750,000 

409,000 

5,000 

Limited but 
defined 

Regional or 
sub-regional 

20,000,000 

50,000 

100,000 

30,000 

35,000 

a.- "Effective central City"--central city and contiguously developed areas of comparable 
population density. 

c - De~€nds on land use assumption. 
SOURCE: Adapted from Urban Transportation conceots, Wilbur Smith and Associates, 1970. 
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