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Kevin R. St. Jacques, of Wilbur Smith Associates, in association with Herbert S. Levinson, Transportation Consultant.

TCRP Report 26“Operational Analysis of 4. Albert Street, Ottawa, Ontario—Curb bus lane;
Bus Lanes on Arterials,” presented a new method5. Commerce Street, San Antonio, Texas—Curb

of analyzing the operational performance of arte- bus lane; and
rial bus lanes. This method was incorporated into6. Market Street, San Antonio, Texas—Curb bus
TCRP Web Document, 8Transit Capacity and lane.

Quality of Service Manual,” and the Year 2000

edition of the “Highway Capacity Manual.” This In addition, data on the bus speeds observed in bus

digest shows how the method was applied to sixlanes on Third Avenue and on Broadway in New

existing bus lane study sites and recommendsYork City were obtained from the local transit

refinements to the method. Readers will be betteragency.

able to apply thd CRP Report 2énethod by see- Physical conditions at each site (e.g., street

ing how its developers used it in the real world.  widths, travel lanes, bus stops, and berths) and traffic
signal timing were observed. Where possible, bus
travel along the arterial was videotaped from one

SUMMARY location between checkpoints. Usually, the evening
peak-period was observed, and speeds were aver-

This research analyzed the performance ofaged for 15-min periods. The total time in the

buses along bus lanes on downtown streets. Addistudy section and the dwell time at each stop were

tional field observations and measurements werecollected for each bus.

used to test and refine the bus capacity and speed Capacities and speeds were estimated in ac-

estimating procedures set forthTI@RP Report 26  cordance with the procedures set forthTi@RP

“Operational Analyses of Bus Lanes on Arterials.” Report 26 These estimated speeds were then com-

Transit agencies helped to conduct the field studies.pared with those obtained from the field observa-
tions.

Research Approach The research team focused on three basic
guestions:

New field data were collected for the follow-
ing six bus lanes: 1. Do the established procedures provide reason-
able estimates of bus lane capacity?
1. Fifth Avenue, Portland, Oregon—Dual bus 2. Do the procedures produce realistic estimates

lanes on bus-only street; of bus speeds and travel times?
2. Sixth Avenue, Portland, Oregon—Dual bus 3. What adjustments to existing parameters, pro-
lanes on bus-only street; cedures, and default values are desirable to
3. Second Avenue, New York City, New York— better reflect actual operating conditions and
Curb bus lane; observed speeds?
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Key Findings percent. This variability resulted from the variations in dwell
times and from the relatively short lengths of roadway sec-
The key findings and comparisons are given in Tabletions observed (typically less thdnmi).
1, 2, 3, and 4 and in Figure 1. These tables and this figure
document the strengths and weaknesses of the various e€apacity
mation techniques as demonstrated during observations of
almost 900 buses. The various capacity relationships and berth efficiency
factors generally produced reasonable results, assuming a
25-percent failure rate. However, the complex bus operating
patterns along Fifth and Sixth Avenues in Portland required
Table 1 summarizes the results of the field surveysusing a much lower failure rate to reflect the implications of
The bus stop frequency ranged from 5 stops/mi to 10 stopspill-back effects on bus lane capacity and bus speeds.
mi. Peak 15-min bus flowrates were as high as 164 buses/
hr; and 15-min median dwell times ranged from 18 to 32 se@Bus Speed Comparisons
The coefficients of variation for bus dwell times for
each 15-min period at each bus stop for each site were aver- Observed bus speeds were compared with those esti-
aged. The resulting values for the critical bus stop wermated by the procedures set fortTiDRP Report 26 Most
consistent with the 60-percent value suggestedGRP  bus speed estimates fell within 20 percent of the observed
Report 26 The critical bus stop has the lowest vehicularspeeds (approximately 1 standard deviation) and about one-
capacity (in buses/hr) as a result of either long dwell timebalf were within 10 percent of the observed speeds. How-
or heavy interference by right-turning vehicles. ever, estimated speeds often were higher than observed
The 15-min bus speeds ranged from 2.6 mph to 12.8peeds along Fifth and Sixth Avenues in Portland and
mph. The high bus throughput and speeds along AlbeBecond Avenue in New York. Estimated speeds often were
Street in Ottawa resulted from fewer stops, lower dwellower than observed speeds along Albert Street in Ottawa.
times, and traffic signals timed for bus flow. Accordingly, bus speed estimates were recalculated by
Bus speeds varied considerably. Standard deviations afodifying certain assumptions as follows:
bus speeds were as high as 3.6 mph, with values of 1 to 2
mph common. Coefficients of variation of average bus Along Fifth and Sixth Avenues, the incremental traffic
speeds were as high as 45 percent, with most exceeding 20 delay was increased from 1.2 to 2.0 min/mi to better

Survey Results

TABLE 1 Summary of observed bus performance

Fifth Ave Sixth Ave Second Ave Albert St Commerce St Market St
Portland Portland New York City Ottawa San Antonio San Antonio
Tvoe of Lane Dual Dual Curb Curb Curb Curb
M Bus Lane Bus Lane Bus Lane Bus Lane Bus Lane Bus Lane
Stops Per Mile 10 10 8 5 10 6
Hourly Bus Flow Rates
by 15-Min Interval
Range 76-164 88-112 16-52 100-164 56-100 8-108
Median 136 96 26 132 80 96
Dwell Times By 15-
Min Interval (sec)
Range 10-65 8-55 19-78 15-27 10-32 23-30
Median 29 32 29 18 22 26
Mean Coefficient of 0.52 0.54 0.57 0.59 0.81 0.57
Variation
Bus Speeds Compiled
by 15-Min Interval (mph)
Range in Mean Speed 2.6-4.7 3.7-4.2 4.4-8.0 9.1-12.8 4.2-6.3 6.0-7.0
Range in Standard 05-15 09-15 0227 1336 0.6-1.5 1.0-2.3
Deviation (mph)




account for the delays caused by intermediate traffiemplications
signals;
e Along Second Avenue, the incremental traffic delay was ~ Several refinements to the parameters and default values
increased from 2.0 to 3.0 min/mi to account for block-suggested iTCRP Report 2@merged from this study:
ing of the bus lanes;
< Along Albert Street, the incremental traffic delay was1l. Consideration should be given to increasing the effi-
decreased from 1.2 to 0.6 min/mi to reflect the prefer-  ciency of multiple, on-line berths and recognizing the
ential traffic signal timing for buses; and increased efficiency of platooned operations. Further
e A berth efficiency factor of 2.75 (rather than 2.50) was  analyses and extrapolation of the TRAF-NETSIM simu-
used to reflect the platooning effect of the upstream bus lation in TCRP Report 28uggest the factors shown in
stop on Albert Street. Table 3.

Table 2 shows how these adjustments reduced the absh- Single values of incremental traffic delay for various
lute differences between observed and estimated speeds. In types and locations of bus lanes, as presented in Table
almost every case, the average differences were less than the 3-3 of TCRP Report 26may not fully reflect specific
standard deviations of observed speeds. About 43 percent operating conditions. Further latitude is suggested to
of the individual 15-min periods had estimated speeds within  better reflect the effects of (1) traffic signals set to favor
0.5 mph of observed speeds, and 82 percent had estimated buses, (2) traffic signals located between (as well as at)
speeds within 1.0 mph of observed speeds. bus stops, and (3) bus lane blockage. Table 4 gives the

Figure 1 compares estimated and observed bus speeds. suggested values.

Nearly all speed estimates are within 20 percent and more

than one-half are within 10 percent of the observed bus This table, which replaces Table 3-3TIGRP Report
speeds. Still, speeds were consistently over- or unde6, contains the same information, but presents it so that the
estimated for some sites. information is easier to adapt to various situatidpart A of

Overall, theTCRP Report 2@pproaches appear to pro- the table presents the base travel time in minutes per mile
vide reasonable estimates of bus speeds. Under certdor various stop frequencies and average dwell times. These
operating conditions, which may either favor or impede bubase travel times represent optimal conditions—with no
operations, adjustments in the traffic-delay time losses amelay interference from signals, right turns, lane blockage,
desirable. and so forth. These travel times are adjusted in Part B by

TABLE 2 Summary comparison of bus speeds

Average Dallerence
. Between
Range ini . i .
o | e | o
Bite 15 Mim Sandard Deveation of Estrmated Speecls
. Speeds (mph)
II "
| Inperyvals ,:'|.;.'l||l- Initial .-'LdJu:Lc\d
|
Fifth Avenue, Portland | 26=4.7 .5-1.5 04 03
Suxth Avenue, Portlard i7-42 1.5 )] 0.8
Second Avenue
; 4.4- 217 { 05
New York City 8.0 0.3-2 08 | 0
Alber Street, . L ' | .
Ofttawa Q0-128 1.3-54 210 1.4
Conmmerce Street, 42463 0.6-1.5 0.5 NiA
San Anionio
Market Street p p
! 6.0-T 1 1.0-2.3 .9 .5
San Antonio
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Figure 1. Estimated versus observed bus speeds (adjusted).

TABLE 3 Recommended effective bus berths for on-line bus stops

Number of Berths Effective Berths Factor, N,
Provided Random Platooned
1 1.00 1.00
2 1.75 1.85
3 2.45 2.65
4 2.65 2.90
5 2.75 3.00




TABLE 4 Recommended bus travel times for various stop spacing, dwell times, and operating environments

&, Base Trawvel Time Rates B inwtes Per Mile

Averzge Dwell Time Slops Per Male
Per Stop (sec.) b 4 5 1] 7 = a 1k 12
| |
10 240 in 3.7 4,30 LR 553 | 623 | 740 | B3
2 473 | 393 4pb | 330 | 64 | aby | T3 .47 | L1
El} ang | 4.5 h43 i 30 e .20 Q21 | 10.33 | 11735
2l 4o | &m0 6. 26 7.30 8,15 9.53 10.71 12,04 14.73
0 i | s 108 8.50 9,52 1083 12.21 1367 16.75
(1] 407 | 638 7.5 G0 167 12.21 1370 1533 | 1B.75
H. Additional Travel Time Logsesd mules Per Mile
CENTHRAL BUSINESS DISTRICT
I .
L;Tn: Bus Lane Bius Lanes Sined |
Mo Right With Baght Tum Blocked by Trallic |
E Delays Traffic Flow
Turns |
Typical 1.2 20 | 2530 EX
Signal Se1 For Buses 0.1 - 4 ] MA ) WA
Signals More Fraquent S .y ) " g
Than Bus Stops 1.7-2.2 2350 3040 1i=0
ARTERIAL ROADS OUTSIDE OF CBD
i
Bus Lane . “U.d
I'ralhic
Typical .7 1.2
Range 0.5-1.0 {1.8-1.8

Muges: Mdd values from Past A and Part B 1w obtain suggested setimsie ol Wl bas tmvel lirs
Conwerd 1olal trave] bme rate to estimated average spocd by doviding info S0 to obtain mph.
Imterpalation between shown valees of dwell tirwe is done on 2 straight line basis

adding travel time delay for various operating environmentsNTRODUCTION
Part B is divided into two sections: central business district
(CBD) and arterials outside of the CBD. In addition, the = TCRP Project A-7 analyzed the operational perfor-
original information from Table 3-3 on CBD operation wasmance of bus lanes on arterial streets. The research resulted
modified as follows: in procedures for possible use in updating the transit and
signalized arterial chapters of the “Highway Capacity
« When signals are set to favor bus operations, delay Manual” (HCM).. These procedures and their application
reduced by 0.6 min/mi; are set forth iINTCRP Report 26'Operational Analysis of
« When signals are more frequent than bus stops (e.dBus Lanes on Arterials?”
buses skip blocks), delay is increased by 0.5 to 1.0 min/
mi (depending on stop and signal spacing); and Procedures and parameters for estimating capacity and
« When lanes are blocked by traffic or no dedicated buspeed were set forth for three types of bus lanes:
lane exists, delay is increased by 0.5 to 1.0 min/mi
(depending on the amount of lane blockage). 1. A curb bus lane where passing is impossible or prohib-



ited—the lane may operate in the same direction as and
other traffic or against the flow (Type 1); e Market Street, San Antonio, Texas—curb bus lane.
2. Acurb bus lane where buses can use the adjacent mixed-
traffic lane for overtaking or “leap frogging” stopped Two locations in New York City were studied using

buses (Type 2); and average bus speed information provided by New York City:
3. Dual bus lanes where non-bus right turns are prohibited
(Type 3). e Third Avenue, New York City, and

e Broadway, New York City.
This research (TCRP Project A-7A) was designed to
test and validate the relationships set fortit@RP Report Field Surveys
26. Additional field observations and measurements were
obtained, results were assessed, and possible refinements to Physical conditions at each survey site relative to street
the relationships and parameters were identified. Informawidth, travel lanes, bus stops and berths, and traffic signal
tion on bus performance was collected or assembled in thréiening were observed. Where possible, bus performance
U.S. cities and one Canadian city. The research addressaadd adjacent traffic movements were videotaped from one
several basic questions that relate to the procedures apdint between checkpoints. Using synchronized watches at
default values set forth iIRCRP Report 26 the beginning and end of the study section and at each bus
stop, the research team obtained travel time and dwell times.
e Are the estimates of bus berth and bus lane capacijus speeds were then computed. Survey periods typically
realistic? covered the evening peak from 4:00 p.m. to 5:30 p.m., with
« How well do the bus speed (and travel time) estimatedata also collected during the morning peak (San Antonio).
predict observed bus speeds?
¢ What changes in assumptions, default values, anBata Summaries and Analyses
procedures are desirable to produce more realistic esti-
mates? Travel times and speed information were averaged for
each 15-min period. Average dwell times and speeds and
In addition to discussing what was learned in trying tatheir respective standard deviations and coefficients of varia-
answer these questions, this digest suggests areas wheom were estimated. Capacities and speeds were estimated

additional research is needed. according to the procedures set forthT@RP Report 26
Estimated speeds were then compared with those obtained
Research Approach from the field observations.

The research team interacted directly with the TCRROverview of Procedures
A-15 (Transit Capacity and Quality of Service) project team
and with transit agencies at key milestones throughout the Table 5 lists the procedures for estimating bus lane
project. The data and results were shared with the fowapacities and speedsd identifies the tables and equations
participating transit agencies: Tri-Metropolitan Area Transitfrom TCRP Report 2éhat should be used. A further discus-
(Tri-Met), Portland Oregon; New York City Transit, New sion of these steps and procedures follows.
York City; Ottawa-Charleton Transport Authority (O-C These procedures call for an identification of existing
Transpo), Ottawa, Ontario; and VIA Transit, San Antonio,conditions and parameters in the section of bus lane or road-

Texas. way to be analyzed, including the controlling or critical sec-
tions, in terms of dwell times, signal timing, and traffic con-
Study Sites flicts. This involves obtaining information on the following:

Eight bus lane sites were analyzed as part of thif. Roadway geometry and bus lane type,
research. Six locations were studied using field data coR. Traffic signal and turn controls,
lected by the research team: 3. Bus stopping patterns and bus stop length, and
4. Peak-hour dwell times at major stops.
e Fifth Avenue, Portland, Oregon—dual bus lanes on bus-

only street; The next step is to estimate the basic speed and capacity
e Sixth Avenue, Portland, Oregon—dual bus lanes on bussaalues. These, in turn, should be modified to reflect factors
only street; such as the following:
e Second Avenue, New York City, New York—curb bus
lane; e Bus-bus interference,

e Albert Street, Ottawa, Ontario, Canada—curb bus lane®  Availability of the adjacent lane for bus use, and
e« Commerce Street, San Antonio, Texas—curb bus lane; Right-turn impedances.



TABLE 5 Bus lane capacity and speed analysis steps

STEP 1

Identify Basic Parameters:

* Type of Bus Lane
+ Bus Stop Pattern
» Existing Traffic Signat Timing
(Cycle Lengths, Green Time, Offsets)
« Existing Dwell Times
» Bus and Traffic Volumes
* Number of Bus Berths

STEP 2
Estimate Bus Lane Capacities (Chapter 2):

2-1 Develop Basic Capacity Estimates
+ Stop Capacity — Equation 3-10
« Effective Berths
(Table 2-3)

2-2 Apply Adjustment Factors
A. Adjacent Lane Availability, Stop Pattern
%Equatmn 2-12 or Tables 2-14, 2-15)
ight Turn Impacts
(Equation 2- 13 or Table 2-17)
C. Compute Refined Capacity
(Equation 2-14)

2-3 Compute Volume, Capacity Ratio
For Bus Lane

2-4 Compute Level of Service
(Table 2-9)

TEP
Estimate Bus Speeds* (Chapter 3):

3-1 Estimate Basic Bus Speed
(Table 3-3)

3-2 Apply Adjustment Factors
. Adjacent Lane Availability/Stop
Pattern {Table 3-5)
B. Bus Bus interference
(Table 3-3
C. Estimate Refined Speeds
3-3 Estimate “Flow" Level of Service
(Table 3-1)

* Speeds may be measured

mates. If there are heavy right-turning volumes, bus flows,
and vehicle traffic in the adjacent lane, the adjustments
outlined in Chapters 2 and 3 ®CRP Report 26will be
necessary.

Capacities should be estimated for the critical locations
along a route. In estimating bus speeds, estimates generally
should be made over congruent sections of route and may
require some averaging of the conditions at individual stops.

Estimating Bus-Berth Capacity and Level of Service

After identifying existing conditions and parameters for
the critical sections, the next step is to estimate the basic
capacity of a bus lane. Obtaining such an estimate involves
using the bus berth and bus stop capacity equations and
tables set forth in Chapter 2 €RP Report 26 Basic bus
lane capacity is the capacity of the critical bus stop, which is
the product of the capacity of the bus berth multiplied by the
number of effective bus berths at the stop. Equation 2-10
from TCRP Report 2@stimates the capacity of the lane,
allowing user input for dwell-time variations and acceptable
failure rates. The number of effective bus berths can be
obtained from Table 2-3 GFCRP Report 26

The basic capacity values then should be adjusted to
reflect the effects of the following:

e Availability of the adjacent lane to allow buses to leave
the bus lane,

e Implementation of skip-stop patterns serving alternat-
ing bus stops, and

e The reductive effects of right turns across the bus lane.

Equations 2-14a and 2-14b BERP Report 2@rovide the
adjusted bus lane capacity.

The levels of service at critical bus stops can be obtained
by comparing the bus flowrates with the adjusted capacity
and using the ratios in Table 2-9TGERP Report 26 Alter-
natively, the level of service (failure rate) can be set ini-
tially; basic capacity then can be estimated, adjustments can
be applied, and the capacity can be compared with the bus
flowrate.

Estimating Bus Speeds

Bus-berth capacities should be estimated first because the

berthv/c ratio serves as input to the bus speed adjustment

factors.

Bus speeds for existing conditions can be obtained
directly through travel time studies. Bus speeds for changes

Finally, the bus operating levels of service can ban these conditions or for future conditions must be esti-

obtained for both bus stops and bus flows in the bus lane byated.

In such cases, analysis of existing conditions can be

comparing them with established criteria. The bus volumessed to help calibrate the estimates for the proposed condi-

should be expressed in terms of 15-min flowrates.

tions. The ratios of the after-to-before speed estimates would

In many situations, application of basic bus capacitype applied to the observed speeds to predict future con-
equations or capacity look-up tables will prove adequateditions.

with adjustments needed only for the number of effective

Bus speeds can be estimated from Table 3-BGRP

berths and the presence or absence of alternating stop patteeport 26 For CBD bus lanes, Column E of this table

Similarly, the basic bus speed values in Table 3-3GRP

generally should be used because the effects of right turns

Report 26can provide reasonable order-of-magnitude estiare reflected in the subsequent reductions. Next, the speeds



should be adjusted downward to reflect bus-bus interferenaperations appeared to approach capacity during peak periods
and adjacent lane availability. and when bus arrivals clustered. The 15-min average bus
Finally, the flow level of service should be obtained byspeeds during the study ranged from 2.6 to 5.3 mph (4.2 to
comparing the resulting speeds with these values in Tab&5 km/h); 15-min bus flowrates ranged from 104 to 164
3-1 of TCRP Report 26 These level-of-service criteria will buses/hr; and 15-min average dwell times ranged from 24 to
be applicable to buses on streets that have bus lanes as wiélIsec for the four bus stops in the skip-stop pattern.
as on streets with no bus lanes. Thus, the level-of-service
criteria can be used to compare bus operations on all arterfaixth Avenue. Bus flowrates on Sixth Avenue reached a
streets. These criteria and the bus speed analytical progeeak of 104 buses/hr between 4:30 and 5:30 p.m. The peak
dures developed as part of the research@RP Report 26  15-min flowrate was 112 buses/hr. The 15-min average bus
can be used to compare differences in bus operating condipeeds ranged from 3.7 to 4.3 mph (6.0 to 6.8 km/h); 15-min

tions. bus flowrates ranged from 88 to 116 buses/hr; 15-min aver-
In the course of this research, errors in Table 3-3 becanage dwell times ranged from 23 to 35 sec for the four stops
evident. Table 6 is a corrected version of Table 3-3. in the skip-stop pattern.

During the site reconnaissance, it was observed that
Sixth Avenue generally operated at less than capacity dur-
ANALYSIS OF FINDINGS ing the peak periods. Tri-Met field supervisors indicated
that this was primarily because of the route structure.
This section compares observed bus speeds with thdthough similar bus volumes and routes use Sixth as on
speeds estimated by using the procedures summarized in fiéh, Sixth Avenue has fewer and predominantly alighting
preceding section. Location-specific procedures and illuggassengers during the p.m. peak period and lower average
trative calculations and tabulations of the detailed field surdwell times.
veys are available a&CRP Web Document 15
Capacity and Speed Comparisons
Fifth and Sixth Avenues, Portland, Oregon
Bus capacities and average bus speeds were estimated
Fifth and Sixth avenues in Portland, Oregon, operatasing the procedures set forth TCRP Report 26 Key
with dual (Type 3) bus lanes and have the same stoppiragsumptions and considerations were as follows:
patterns: four “nested” routes stop every two blocks, with
two distinct bus stops per block. Each block has approxi= A clearance timef, between successive buses of 15
mately 200 ft of curb face and can accommodate up to four sec was used in the capacity equation.
stopped buses. Bus operations use two bus stops on each In estimating capacities for multiple stops along the
block with a maximum of two bus berths at each bus stop. streets, the lowest capacity at any one stop for each stop
For both avenues, a four-block segment was selected that pattern was used.
included two complete skip-stop patterns for each of the The base speeW,, , was obtained from Column E in
four nested routes. The Fifth Avenue study section extended Table 6.
from S.W. Oak Street to S.W. Morrison Street; the Sixtrr  The bus dwell times used to enter Table 6 were com-
Avenue study section extended from S.W. Taylor Street to  puted from an average of all bus stops in the study sec-
S.W. Washington Street. The traffic signals along both tion during each period.
avenues operate on a 60-sec cycle; offsets from block to
block are approximately 16 sec. Figures 2 and 3 show the How to estimate the number of effective berths and how
arrangements of the bus stops on Fifth and Sixth avenuds, select the appropriate failure rate were given careful con-

respectively. sideration. The placement of two bus stop groups close to
one another on the same block face is critical in estimating
Field Surveys and Data Summaries capacity. On Fifth and Sixth Avenues, there are only two

bus berths at each stop and only room for four buses on each
Data were collected on Sixth Avenue on July 22, 1997hlock face. Whenever a queue develops at a bus stop, the

and on Fifth Avenue on July 23, 1997, with the assistance efaiting bus blocks the departure of buses at the upstream
the Tri-Metropolitan Transit Authority (Tri-Met). Tri-Met bus stop. Therefore, the acceptable failure rate (i.e., the
arranged for a team of data collection field personnel from probability that queues will develop at the bus stop) is
local agency to be available for hire, and it identified criticalessentially zero for operations at capacity. Accordingly, a
segments of the bus lanes. failure rate value of 1 percent was selected; this failure rate

has an associated one-tail normal varidtg,of 2.330.
Fifth Avenue. Bus flowrates on Fifth Avenue reached a An alternative assumption regarding the number of
peak of 156 buses/hr between 4:30 and 5:30 p.m. The peaKective bus berths was also tested. In this alternative, each
15-min flowrate (4:30-4:45 p.m.) was 164 buses/hr. Buslock face was considered as one 4-berth stop rather than
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{* Adjacent Lane, Not Continuous)
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260’ ~

SW. ALDER STREET St ;

260’ ;

SW. WASHINGTON STREET £ ;
260’ :

SW. STARK STREET T

260’

STOP
4D
(NEARSIDE)
(2 BEATHS)
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(MDBLOCK)
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(NEARSIDE)
(2 BEATHS)

STOP
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(2 BERTHS)

sTOoP
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(MIDBLOCK)
(2 BEATHS)

§TOP
1B
(NEARSIDE)
(2 BERTHS)

sToP
1A
(MIDBLOCK)
(2 BERTHS)

/—END STUDY SECTION

SIGNAL OPERATIONS

Cycle (PM) ~ 60 Seconds
glc (6th) = 05
offseta (5th) ~ 9 Seconds-

e = Signalized Intersection

SW. OAK STREET ————)r
\—BEGIN STUDY SECTION

Figure 2. Fifth Avenue study area, Portland, Oregon.
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Cydle (PM) = 60 Seconds
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offsets (6th) = 9 Seconda__
m—efemn = Signalized Intersection

SW. TAYLOR STREET ‘———K—
BEGIN STUDY SECTION

Figure 3. Sixth Avenue study area, Portland, Oregon.



13

two independent 2-berth stops. For this application, a failtedures. Overall, the relationshipsTi@RP Report 2@sti-
ure rate of 25 percent € 0.675) was used. mated bus capacities and speeds in complex settings with
reasonable accuracy. However, careful assumptions regard-
Fifth Avenue. The comparisons of observed and estimatedng the number of effective berths and the acceptable failure
bus flowrates and bus speeds, assuming two 2-berth stopsges were essential. There was a generally good match
per block and a 1-percent failure rate, are shown in Table Between estimated and observed conditions. Estimated
Field observations indicated that bus operations approaaapacities were usually reached during periods that had sig-
capacity beginning near 5:00 p.m. This phenomenon isificant congestion.
reflected in the estimated buE ratios in Table 7. As shown Estimated bus speeds for specific 15-min periods were
in Figure 4, the 15-min averages of the observed bus speeagisnerally within 1 standard deviation of the observed speeds.
are reasonably estimated using the relationships establish€de standard deviations of the bus speeds for 15-min periods
in TCRP Report 26 The difference between estimated andwere as high as 1.5 mph.
observed average bus speeds ranged from zero to 0.8 mph. Along Sixth Avenue, several periods with low dwell
On average, the speeds estimated were approximately Qighes had estimated speeds that exceeded observed speeds
mph higher than those observed. Capacities and estimatbg 1.0 mph or more. This condition was attributed to buses
bus speeds (assuming a single 4-berth stop and a 25-percgetting caught at traffic signals between stops and incurring
failure rate) are shown in Table 8. more than the 1.2 min/mi of delay suggested in Table 6. The
Table 9 compares estimated and observed bus speetifferences between observed and estimated speeds were
for both sets of bus-berth assumptions and failure rates. Botbduced when the incremental signal delay was increased to
sets of calculations provide reasonable estimates of observ2d min/mi to reflect the greater frequency of traffic signals.
speeds and are generally within 1 standard deviation of the
observed speeds. However, by assuming two 2-berth stofgcond Avenue, New York City, New York
and a 1-percent acceptable failure rate, a slightly better esti-
mation—an average error of 0.4 mph as compared with 0.7 Second Avenue is a wide multilane southbound street
mph for the 4-berth assumption—can be produced. in Manhattan. New York City Transit and the New York
The frequency of traffic signals (i.e., every block) asCity Department of Transportation indicated that the road
compared with the frequency of bus stops (i.e., every oth@perates at its capacity during evening peak hours and that
block) results in greater time loss (because of bus accelermaffic conditions delay buses. Traffic congestion is com-
tion and deceleration) beyond that accounted for by the 1r&don on approaches to the Queensboro Bridge and at inter-
min/mi signal delay. When this incremental delay issections with major crosstown arterials such &% 4ad
increased from 1.2 to 2.0 min/mi, as shown in Table 9, therg7th Streets.
is a slight reduction in the average error (from 0.4 to 0.3 mph). Second Avenue is a Type 2 curb bus lane; buses can use
the adjacent lane, as available, to leave the bus lane when
Sixth Avenue. Table 10 and Figure 5 compare observedhecessary. Bus stops are generally on the near side of the
and estimated bus flowrates and speeds, assuming irgersection, approximately every two to three blocks (about
1l-percent failure rate and two 2-berth stops, for Sixtlv50 ft), and can store up to two stopped buses. Buses stop at
Avenue. The estimated bus speeds are generally about @&ch stop. A five-block segment was analyzed. This seg-
to 1.0 mph higher than the observed speeds. Bus dwetient included two complete bus stop patterns. The study
times were usually short. Many of the 15-min average dweBection extended from %6Street to 53 Street, with a total
times were under 15 sec. Some buses were able to procdedgth of approximately 1,320 ft. The traffic signals operate
through the traffic signals in their “dwell range window”; on a fixed-time 90-sec cycle with a green-plus-amber-plus-
other buses incurred significant delay. For the relativelall-red time for Second Avenue of approximately 50 sec.
short segment of street analyzed, the traffic signal delay hakhe signals are timed for southbound progression with start-
a greater influence than expected. of-green offsets set at approximately 7 sec from block to
Accordingly, further comparisons were made, assumblock. Figure 6 shows the study area and the arrangements
ing an incremental delay of 2.0 min/mi (rather than the 1.2f the bus stops.
min/mi assumed in Table 6). Table 11 shows the resulting
speed comparisons. This adjustment reduced the averagield Surveys and Data Summaries
difference between estimated and observed speeds from 1.0

mph to 0.8 mph. During an initial site reconnaissance, a vantage point
was selected and, subsequently, arrangements were made to
Observations and Comments lease space for videotaping bus operations. Data were col-

lected on Second Avenue on Tuesday, October 21, 1997.

The closely spaced skip-stop operations of four alterBus flowrates on Second Avenue reached a peak of 40 buses/
nating bus route patterns in dual bus lanes was a good, albeit between 4:15 and 5:15 p.m. The peak 15-min flowrate

stringent, test of the bus capacity and speed estimating praas 52 buses/hr. Bus operations did not approach bus berth
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TABLE 9 Summary comparison of alternatives analyzed, Fifth Avenue, Portland, Oregon

Hus
Tme Flaw Average Observed a
Periad Rade [J'-\':If | Speed' Ew"f&wisw
[pm.) Huses! SBE. {mph) (rapl)
Fir
{Adjusted ) Takle &
Average | Standard 'f"{,'f [ ,b','“,_f'_lf ! {4 Berth)
Speed Dévistion (1% (1% .1.|||_'rr:_| (2585
Failure} 2.0 mindmi Failureg
Lok Rate)
315550 T kL] 4.3 r____l_.'I‘?' 4.0 4.5 4.5
3:30-3:45 101& 31 41 1.0 4.3 4.1} 4.5
B S 11014 24 4.7 1.0 .0 4.7 54
4:00-d4:15 136 15 17 1.2 4.7 4.3 4.7
d: 1 5-d4:30) 1018 23 i.6 1.5 5.5 5.1 5.6
d:30-4:45 1654 23 14 1.4 18 35 .6
L T 152 25 16 1.2 4.4 4.1 4.8
5-00-5:15 | 160 29 16 0.5 18 26 1.3
§5:15-5:30 148 27 10 0.8 12 2.1 | A
‘?.'\..'I.'-IHEI.' Dniference (Absalule) = 0.4 0.3 0.7
L | Esrirnated Minus Observed] /'n

Motes: | Observations with valid speed messurements
* 15=min flowrate expressed as huseshr
* Beyond = | Standard Deviation

capacity at this peak flowrate, although some delays weffellowing: (1) two-to-three signalized intersections between
incurred. These delays primarily were the result of stops dtus stops; (2) traffic interferences that block the bus lane
intermediate signals, right turns, and bus lane blockage. Tlfe.g., delivery vehicles and passenger pickup activities); and
bus lane was blocked for much of the observation period b{8) buses maneuvering around blockages of the bus lane and
stopped automobiles and trucks. Even when the bus lanm&o the adjacent general traffic lane.

was not blocked, buses used the adjacent lane, except when A review of the videotape taken along the Second Avenue
approaching the bus stop, to avoid delays caused by tistudy area found that buses commonly use the adjacent lane,
right turns of other vehicles and any potential blockage. Theather than the bus lane, to travel from bus stop to bus stop.
bus stop was not blocked by automobiles or trucks loadinghe effect of the lane blockage was highly irregular—
at curbside. The 15-min average bus speeds during the studgpending on when in the signal cycle the bus needed to
period ranged from 4.4 to 8.0 mph (7.1 to 12.9 km/h); 15enter the adjacent lane (availability of gaps) and how close
min bus flowrates varied from 20 to 52 buses/hr; 15-mirthe blockage was to the stop. When lane blockage occurred

average dwell times varied from 17 to 48 sec. near the corner with a heavy right-turn movement, the right
turns affected bus speeds significantly. Right-turn volumes
Capacity and Speed Comparisons (on every other street) were approximately 200 vehicles/hr.

Accordingly, adjustments appeared desirable in order
Bus capacity and average bus speeds were estimatedbetter predict the effects of lane blockage. Two possible
using the procedures set forthTi@RP Report 26 A traffic ~ approaches were examined:
delay of 2.0 min/mi was assumed-the suggested value for
curb bus lanes with right-turn friction. Table 12 compareg  The bus travel times were based on those anticipated in
observed and estimated speeds. mixed flow for a CBD environment. The delay value
The relationships iIMCRP Report 2Generally esti- for mixed-flow bus operations in a CBD (presented in
mated bus speeds that were 10 to 30 percent higher than the Table A-4 in Appendix A offCRP Report 26is 3.0
observed bus speeds between 3:30 and 4:45 p.m. The lower min/mi as compared with the 2.0 min delay/mi used in
observed speeds may be attributed to factors such as the Table 6 of this digest forlaus lanein the CBD. Thus,
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TABLE 11 Summary comparison of alternatives analyzed, Sixth Avenue, Portland, Oregon

; | Average | Observed Tahle 10 { Adjusted)
|L|rrin;1 ' Flfwl:m Dwell | Jvemge FMT-:T; e Batinased Speed
5 {Sec) Speead imph} {mph 1% Failare
ol A e = 1% Failre | 2.0 Min/mi Time Loss
145400 58 T EE 1.4 [ 34 1.7
400-4:15 | a6 17 | 37 | 0 | 56 | 5.1
415430 | B8 | 0 | 41 | 14 | s | 48
0445 | a [ 29 | a0 0.9 5 4.9 4.5
45-5:00 | wa | % | 42 | | I 15 ' 27
S00-5:05 | s | 24 | 41 | 08 | 55
508530 | TE: ' k] ' 41 | a5 13 [ 30
" Average Difference (Absolutc) ' . i,
¥ [Estimated Mimuws Observed ]
Mofes
1 Observed with valid speed measurements

2 | S=rman MNowrate, buseshr

* Beyvond | standard devintion of observed speeds

without a bus lane, general traffic delays add about 1.8peeds of buses on Second Avenue highly variable. Despite
min/mi to the CBD travel times. Table pBesents the similar average dwell times, bus speeds could be slower or
results of this analysis. The differences betweeraster, depending on various potential delay sources (e.qg.,
observed and estimated speeds are generally reducedhe location along the block that a certain vehicle blocked

e A reductive factor for lane blockage could be added tdhe bus lane, bunching of right-turn vehicles, the number of
the capacity and/or bus speed equations. One possilppedestrians crossing the street, queuing on the cross streets,
lane blockage factor could be a capacity reduction eleand the order of arrival of buses in the traffic stream).
ment that includes an additional term in the right-turn It seems appropriate to add a lane blockage factor to the

factor, such as the following: speed prediction relationships. This can be accomplished
by adding 1.0 min/mi to the traffic impedance value, thereby
fr= 115 (VK/Cg) — (0.4)8,/60)(v/c)* resulting in a total traffic delay of 3.0 min/mi-the same as

for mixed traffic. However, the effects of bus lane blockage
Where: B, = Number of minutes per hour that lane is blockednay vary widely, depending on other potential delay
v/c = Volume-to-capacity ratio in the lane adjacentsources, and user discretion should be applied when such
to the bus lane adjustments are used. Further study may be required to
quantify the effects of bus lane blockage under various con-
*This equation is a modified form of Equation 2-13 ditions.
on page 27 of CRP Report 26.
Albert Street, Ottawa, Ontario
Table 14 gives the results of using this reductive factor for
lane blockage. Albert Street is part of a one-way couplet (with Slater
Street) that serves downtown Ottawa and connects to the
Table 15 and Figure 7 compare the observed speetisisways on each side of downtown. A normal-flow Type 2
with the estimated speeds for each of the three methodsus lane and two adjacent travel lanes are provided. Bus
Using the traffic delays of 3.0 min/mi associated with mixedstops are located every two blocks, and all buses stop at each
traffic serves to make estimated speeds mirror observextop. The block spacing is approximately 567 ft (183 m),

speeds more closely. stop bar to stop bar; thus, the stop spacing is every 1,134 ft
for a stop density of 4.7 stops/mi. At streets where right
Observations and Comments turns are allowed, a right-turn pullover lane is provided, and

there are no bus stops on the near side.
There were relatively few observations made in most of  Buses arrive somewhat randomly onto Albert Street,
the 15-min intervals. The daily fluctuations in traffic move-but create queues up to several buses long at the Metcalf
ments and lane blockage occurrences make the avera§&reet near-side bus stop just upstream of the study section,
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TYPICAL SECTION
END STUDY SECTION
S5lst STREET —-————J(—
BUS STOP #2
232’
52nd STREET S
SIGNAL. OPERATIONS
Cycle (PM) = 90 Seconds
044 g/c (2nd) = 055
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Figure 6. Second Avenue study area, New York City, New York.
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TABLE 15 Summary comparison of alternatives analyzed, Second Avenue, New York City, New York

Time H"ﬂ” Observed Speed Estimated Speed
Period Bisses! (mph) {miph)
. Table 13 Tibiwls
Average Srandard Table '.fr iDelay=311 ':D"'Ia:'__:'!'l"
Speed Dizwraticn [D"-.Iu}-."'l rnln:'mi] ] rinm
minmi) (Adjusted) i Right Turmn
X 1 R [Delay Factor)

3:00-3:15 2 6.3 2.7 6.3 5.7 ' 6.
1:15-2:30 1 5.0 0.3 7.4 6.5% 7.3
3:30-3:45 4 49 1.1 6,10 5.7 B2
3:45-4:00 ] 51 1.0 63* | 8.7 T aa
4:00-4.15 2 53 1.9 6.2 6| 6.l
4:15430 3 5.7 1.5 .0 5.1 [ 34
4:304:45 3 59 14 6.7 54 | 68|
4:45-5:00 I 78 - 6.7 a0 .7
5:00-5:15 i | sa 02 51 17" 27
5:15-5:30 3 .1 .1 7.5 6.7 7.1
5:30-5:45 3 4.4 02 5.5 5.1e 5.4
5:45-6:00 2 5.0 0.2 450 4.2° a4

Average DilTerence (absolule) . | by 08

[Estimated minus Observed] ' '

Mates: "Observatans with valid speed measarements in | 5-min inberval
*Heyond £ | standard deviation

which begins at Metcalf. Typically, no more than threeField Surveys and Data Summaries
buses are served during one cycle length at the Metcalf stop
and these proceed in a platoon for the two blocks to the next Discussions were held with representatives of the Ot-
stop; the remaining buses in the queue move to the front tdwa-Charleston Transport Authority (O-C Transpo) regard-
the Metcalf stop. The signals are timed to facilitate the busmg O-C Transpo’s bus transit priority treatments and, in
flow to the next stop; the 55-sec cycle compliments the relgarticular, its Albert Street and Slater Street bus lanes. O-C
tively short dwell times, and the 17-sec offset to the downTranspo has been investigating the relationships between
stream signal minimizes the bus stop time at the signal. Thsgnal operations and bus operations along these and other
signal offset setting is somewhat less than optimal timingrterials for many years. The intersection of Albert and
for automobile traffic progression, but very efficient for busesMetcalf was identified as one of the busier p.m. stops.

Each bus stop can accommodate as many as five buses, Data were collected on Albert Street from 3:30 to 5:30
but bus-operating procedures discourage the fourth bus pam. on Thursday, October 23, 1997, by O-C Transpo. A
line from proceeding past the stop without stopping at théwo-block segment from Metcalf to Bank was selected that
first berth. The signals are timed so that the first set of thraacluded one complete stop pattern.
buses in platoon would typically leave the bus stop just as Bus flowrates on Albert Street reached a peak of 139
the next set of three buses in platoon arrive. The evenidguses/hr between 4:30 and 5:30 p.m. The peak 15-min
peak-period signal cycle is 55 sec (approximately 65 cycle$lowrate was 164 buses/hr. Bus operations approached
hr). It appeared that, if three buses could be processed ea@pacity at the stop upstream of the Metcalf intersection
cycle, the capacity of the bus lane would be 195 buses/hmhere bus arrivals clustered and queues of four to six buses
and average bus speeds would be approximately 13 mpitcurred. The 15-min average bus speeds in the study sec-
(including dwell times). Figure $hows the lane configura- tion ranged from 8.4 to 12.8 mph (13.4 to 20.6 km/h); 15-
tion along Albert Street. min average dwell times ranged from 15 to 27 sec.
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Figure 8. Albert Street study area, Ottawa, Ontario, Canada.
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Capacity and Speed Comparisons flows of only 164 buses/hr were attained, primarily as a

result of not always having three buses in the platoon.
Bus capacities and average bus speeds were estimated Thus, a higher value &§,, perhaps approaching 3.09,

using the procedures set forthli@RP Report 26 Table 16 more appropriate for this condition.
compares observed speeds with estimated speeds. A review
of Table 16 indicates the following: Accordingly, two adjustments were made to the basic

input parameters. First, signal delay was adjusted to 0.6
The estimated bus speebsfore adjusting for any bus- min/mi. At 4.7 stops/mi, this signal delay represents about 8
bus congestion, are sometimes lower than the observeédc/stop, which is closer to the average delay observed in
speeds. This phenomenon suggests that the initigthe field. Second, the number of effective berths for a three-
assumption of 1.2 min/mi for traffic signal delay is berth, in-line bus stop was increased from 2.5 to 2.75. This
excessive, given that the signals are timed progressivelyalue was suggested in previous simulation studie€RP
for buses. Report 26 The comparison of observed and estimated bus

speeds and capacities are shown in Table 17. The adjust-
The platooning of the buses at the Metcalf stop makements eliminate the consistent underestimates of speed; they
efficient use of the available berths at stops downstreameduce, but do not eliminate, the discrepancies between the
The HCM effective berth valudy,, of 2.5 appears to observed and estimated speeds.
underestimate bus lane capacity. The field observa- Table 18 and Figure 9 compare the observed and esti-
tions show that, typically, about 3 buses are processadated bus speeds. The refinements result in an average
per signal cycle, which would result in a maximumdifference of about 1.6 mph, slightly over 10 percent but
attainable flowrate of 195 buses/hr. However, peakvithin 1 standard deviation of observed average speeds.

TABLE 16 Observed bus flowrates and speeds versus estimated capacity and speeds, Albert Street, Ottawa, Ontario

Average _ .
Dwell, | Flow | 4VCPEE | AR | ooy, " Estimated
Time Rep Ratz, pecd -— Hus iy Ad) i
[T X Tahle &,
Perind o . Bluse we Factar
() “oefficient i {Coef. Ratio mp'h .
of mph | kmb o Buses®r {Cal. By 4 miph krmh
Warnabon | Yar'nl
nurbers i F]w £ f i thieses 1= 110
@BANK ST. [} in parcatheses wse =15, out of panes =10
Iz e 19 . . 14 168 | 0.7l - 8% | 95 | 153
3:30-3:45 — 120 | 128 [ 206 | greyy | e |osn| "7 | e | &n oy
. ; 15 13 123 052 Y7 1.1 178
Fas-an .36 6 119 90 egeny | 85y | (oss 1.4 xxx) | (106 | (17.0)
P T - . E 193 0TS - 085 51 | 146
AL pss | MM B I ey | ey | ss | ' oy | os | o2y
[ [1] 1 203 I L) 1,03 1.2 1E10
415 ] |
15430 063 LT IR wsy oy s | M sy | gos | s
15 13 212 77 0EY G5 153
4 Y L B L S— 5 .
e 0.6 R ey | amm wen | "M ey | om o
15 . . L5 214 {h62 0.3 g | 171
£:45- — - 7 I
5-5:00 T 132 | 1 fre | am | @ 1.4 | 086 | om [ sy
7 R 7 139 b B 074 N 11.4
g 1 I
i 0.45 136 | 105 ] 169 | ey (138) | (0.98) o 55 | (5.3 | &5
15.5-30 b ¥ | P 19 199 Q.62 - 0.93 100 | 161
1330 (.45 124 9.8 5.8 {40%4) [ 105) (0. 74} i [lLB&) (9.2 i 14.5)
Motes:
. gC=0.60
2, Capacity computed using the highlighied values of I} and C,, with r, = 10.
3. Average estimated speed computed using the critical dwell and O, for determining ¥,
4, V. inferpolated from Table & for 3 stops/mi.
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TABLE 17 Observed bus flowrates and speeds versus estimated capacity and speeds, Albert Street, Ottawa, Ontario
(AssumingN,, = 2.75 and travel time delay = 0.6 min/mi)

[—— |
1. -
d—r g Flow Average varnss | Camacin Fstimated
il Sped - CTRD LIy . F. from Spead
Tk S Roie, I eeill, | B Table & Al | -
I 1 K LY
Period Hiiges | S0 | 1 ) Facior
{p.me Coef. af hr . {Coed, al | FRatio - FI‘ . i ; 1
4 . mph kmidh N . Cod E} : e km'h
War Yarnj Ebuseshr
[ Hbip : : «nithe =i}
| - [numbers in parcnlhesis use =15, oul of parentheses L=iU)
| Bankse, | | -
1% T . . | 164 .71 ) 0,53 e | 175
s 8 | ¥ &4 e | s {1 ) .75 l.e (LA} {111 i |.|I|:\-|
[, . ™ Y 15 145 a4 | L 100 127 | 204
S 056 o : {3013 [0.57) 1= masy | oz | s
| J B T Ll .
5] ~ 19 ] . 0468 . [ER= K] my | 1.2
4:(H)d L b ES 1 1a
Hl-4:12 i1 EE o | = = E "0 B804 (OELS i) ! i15.4)
_— I | ) J ] ]
g 15830 1 P e g ] Ty .43 i ] 12.5 21
J X I y b  § | - . -
ST 5% | | [TRE} .53} - kY] (1w | (193]}
1 ] | } } :
A | 5 | 33 | 0,70 oEe 11.3 18.2
& q-8:45 i 0. g - | . . 2T - - % i
i 88 | EEY] (0.8 (0. 76 %7 {1 5.5}
N 5 5 24 .56 . 098 121 CX:
1 R} : 132 11.1 T4 - - 12 § -
#:83-1 05K | | (1973 {L6T) o oAy {11165} {1E.T)
77 - I ¥ 175 078 " 053 a0 119
5 5 | 0 1. .
HLA L] 13t ! 152 {2} ! (0.7 (7.4} R
[ : ) | r2p } 4
14 B 19 214 37 095 102 X
i ; q 5 1
4 i | T 124 158 (1851 06T} 11 (0017 i T (155}

TABLE 18 Summary comparison of alternatives analyzed, Albert Street, Ottawa, Ontario

Time Mumber of AverIge
]rj::::;l Ruses’ D;:lL Observed Speed (mph) Estimated Speed (mph)

Table 17
(Delay=0.6
min/mi,
Ny=2.75
Tty =10 [ a=15 [ =10 | 1=15
3:30-3:45 30 19 12.8 36 9.5 82* [ 108 |0
145400 | 29 15 11.9 18 111 106 | 127 | 121
4:00-4:15 36 19 90 | 22 9.1 76 | 107 | 96
415430 | 25 16 9.7 2.0 112 | s |25t | 1200
4:30-4:45 a1 15 9.6 1.9 9.5 73* | 13 [ 97
| 4:45-5:00 33 15 1.1 1.3 10.6 98 | 121 | 118
5:00-5:15 34 1? 15 1.6 T.1* 5.3+ Be T.4%*

5:15-5:30 3l 19 9.8 1.3 10.0 92 | 102 | 97
Average Difference (absolute)= ¥ [Estimated minus Observed]'n 1.2 2.2 1.6 1.2

Table 16

Average | Standard -

Speed Deviation {D“]“F:]-El ?;lrhﬁ'l'll,
FLY.

Motes: ! Observations with valid speed measurements i 1 5-min inferval
*bevond 4 1 standard deviation
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Observations and Comments Commerce Street. Table 19 compares observed and esti-
mated bus speeds on Commerce Street. The estimated
The survey on Albert Street bus operations was purspeeds are generally within 0.5 mi of the observed speeds.
posely taken downstream of Metcalf Street because queuititpwever, as shown in Figure 12, there are wide variations
at the near-side Metcalf Street bus stop caused bus-bamong individual bus speeds. All estimated speeds are
delays that would have reduced the overall average bwgthin 1 standard deviation of the observed speeds.
speeds if the upstream block were included. Typically, three  Right turns were significant on Commerce Street and
buses left the Metcalf stop in a platoon. The platooning afmay have contributed to the speed variations. A review of
buses appears to create a higher efficiency in the bus bettie videotapes indicated that the effect of right turns depends
use. This phenomenon suggests higher values for the nuimn the variations of bus arrival (bunching) and whether the
ber of effective berthd\}), at least under such conditions. right-turning vehicles arrive before or after the buses.
A typical 60-sec cycle had 1.3 bus arrivals and 4.0 right
Commerce and Market Streets, San Antonio, Texas turns at the intersection of Commerce and Navarro; at that
level, only minor delays to the buses were observed. How-
Commerce Street and Market Street have Type 2Zver, shortly after 8:00 a.m., seven buses arrived at the entry
normal-flow bus lanes that enable buses to use the adjacegatthe study section within 3 min (three signal cycles), equat-
lane when necessary. Most buses stopped at each bus stupto a peak flowrate of approximately 140 buses/hr. The
in the study sections, although some buses entered and exif@sence of just under 10 right turns during these 3 min
the bus lane between the beginning and ending points.  contributed to delays of at least one and possibly two cycle
As shown in Figures 10 and 11, the block spacing variglengths to the last four buses during that period. For this 15-
from 250 to 550 ft (76 to 168 m), stop bar to stop bar. Thenin period, estimated speeds were 0.8 mph greater than the
stop density averages just over 10 stops/mi on Commeradserved speeds.
Street and just under 8 stops/mi on Market Street. Bus stops
are on the near side, and each bus stop can accommodatdlasket Street. Table 20 and Figure 13 compare observed
many as five buses. However, bus-operating proceduresmd estimated speeds on Market Street. The estimated speeds
discourage the fourth bus in line from proceeding past thare generally lower than the observed speeds by 0.8 to 1.4
stop without stopping at the first berth. Rarely were morenph. These speed differences are approximately 1 standard
than three buses observed to be queuing at any one stopdieviation from the observed speeds. However, a closer look
the study area. at the bus operating characteristics indicates that numerous
The traffic signals along Market and Commerce streetbuses at Bus Stop 1 had a zero dwell time, which suggests
operate on a 60-sec cycle. Offsets from block to block arthat buses pulled through the bus stop in the bus lane, but
approximately 7 to 12 sec, depending on the block lengtldid not stop to service passengers. These buses accounted
the signals are set for traffic progression of approximateljor between one-fourth and one-half of the bus flow. Buses

30 mph. that did not stop at Bus Stop 1 would have a stop frequency
of 4 bus stops/mi as compared with 8 bus stops/mi for those
Field Surveys and Data Summaries that did.

Accordingly, a second analysis was made in which the

Bus volumes and speeds were collected on Marketero dwell times at Bus Stop 1 were not considered in the
Street from 3:30 to 5:15 p.m. on Tuesday, September 22yerage dwell time computations and a net bus stop fre-
1998, and on Commerce Street from 7:00 to 9:00 a.m. aguency of 6 stops/mi was used. The revised results are
Wednesday, September 23, 1998. A four-block segment shown in Table 21 and are also in Figure 13. The revised
Market from Soledad to Presa and a four-block segment @omputations show a close correspondence between observed
Commerce from Presa to Soledad were surveyed. and estimated bus speeds.

On Commerce Street, 15-min average bus speeds dur- Table 22 compares the observed bus speeds with those
ing the a.m. study period ranged from 4.2 to 6.3 mph (6.8 testimated (assuming 8 and 6 stops/mi, respectively). The
10.1 km/h); 15-min bus flowrates ranged from 60 to 10dnitial estimates, based on 8 stops/mi, have an average error
buses/hr; 15-min average dwell times ranged from 18 to 2df 0.9 mph; however, several individual observations are
sec. On Market Street, 15-min average bus speeds duringpre than 1 standard deviation from the observed speed.
the p.m. peak study period ranged from 6.0 to 7.0 mph (9.8Bhe revised estimates are within 0.5 mph of the observed
to 11.3 km/h); 15-min flowrates ranged from 80 to 100 busespeeds, and all estimates are within 1 standard deviation.
hr; and 15-min average dwell times ranged from 17 to 26 sec.

Observations and Comments
Capacity and Speed Comparisons
The procedures provide reasonable estimates of esti-

Bus capacities and average bus speeds were estimatadted speeds along both streets. The Market Street analysis

using the procedures set forthli@RP Report 26
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Figure 10. Commerce Street study area, San Antonio, Texas.
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TABLE 19 Observed bus flowrates and speeds versus estimated capacity and speeds, Commerce Street, San Antonio,

Texas
A Tl I r
Tome H:“'I?: L Flw Avg Avg -~ . Fus Fa Ady Cale. Sl iTerence
. L rile, S . Capaeity freen - .
Period 7 = = h Teveil, Wi Faclior
(am} (octiicient of Bus' | b | kemt | See Bosesr | pogo | Table r ho| ks | Caloiibs
WERalion fr | i . P o
Stop | Stop Stop | =1
A B L Dev'n)
. E 25 4 ] E 4.1 23 el
TM-T-18 == 1001 &3 121 mLR3 54 0.TT 47 X o
M | 5% | Tre | o) | |5 Reak kel I " .
14 4 14 £l 2
P57 00 iy R iy a0 [0L5} 15 himg 116 69 5.3 (AR i} 43 7 15
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T:30-7-45 7% Fr T [0 (1.2} 1] T 133 4% L 1.y £4 BT HL5
17 11 o] L 149
T45. - 5 14 1 g T [ 7
800 2% 5% 3% o2 (1.2} 19 FrT 151 161 = _.-’I 13 K. H1.2
a 1% -] ] 45 149
- — = [ [ i 3 'L g T
Ea00-8:1 5 2% T Fr—3 ful {1y (LN L 134 160 k2 l....|-1 54 K. HLE
24 1] 2% 6l %
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LIy — e o i £ 7 1Luz £3 E A48
EI0-HAS 7 i 1% EE (1.5} 53 r 142 k2 . nn 5 E4 1
s 14 17 53 1E
845000 o T oo | 5] 72 | 00 | 84 T 4 | o5 | 58 | 100 | 58 | 93 05
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Average Difference (sbaniute V| Uhservad ve eetimased | 0%
51N
gle=035%

Capacity compiated using the kighlighted ertical values of D amd

Average cstimabed speed computed usng the sversge of the 15-minute dwell times for the period.

highlights the importance of making appropriate allowance400 buses/hr. The average bus speeds ranged from 3.9 to

for buses that do not stop. 5.2 mph. However, there was wide variability among indi-

vidual bus runs, as shown in Figure 16. Field observations

suggest that spillback from the Queensboro Bridgd (59

Street) and heavy northbound right turns reduce bus speeds
Additional investigations were made of bus lane operabeyond what would be estimated by Table 6.

tions along Third Avenue and Lower Broadway in Manhat-  For a normal bus lane in a CBD, Table 6 estimates

tan. Both streets operate one-way and have normal-flogpeeds ranging between 5.2 and 5.9 mph for 40- to 30-sec

curb bus lanes. Figures 14 and 15 show the street segmedtgell times. This assumes that the delay resulting from

where information was collected. traffic and signals is 2.0 min/mi. Changing this assumption
New York City Transit conducts systematic bus-by-bugo 3.0 min/mi to account for congestion reduces the esti-

speed surveys. Data are collected for beginning and endimgated speed range to between 4.8 and 5.3 mph.

times along specific street segments; however, bus dwell

times are not collected. Speeds on both streets ranged frarower Broadway

4 to 5 mph during the periods of collection.

Third Avenue and Broadway, New York City, New York

Lower Broadway is served by various local and express
buses. These create a complex stopping pattern. Block spac-
ing and bus stop spacings are irregular.

Third Avenue is a one-way, multilane, northbound road-  Reported bus volumes exceed 100 buses/hr. New York
way linking Manhattan with the Queensboro Bridge and th€ity Transit buses use the street from 4:00 to 6:00 p.m., and
Bronx. Buses stop at about 750-ft intervals, resulting irthe speeds they obtain are shown in Table 24. The 15-min
about 8 stops/mi. Reported bus flowrates and measured bligs flowrates range from 44 to 80 buses/hr, and 15-min
speeds provided by New York City Transit are summarizedverage speeds range from 3.6 to 5.5 mph. As shown in
in Table 23 The 15-min bus flowrates ranged from 20 to 52Figure 17, individual bus speeds vary widely.
buses/hr—well below an estimated capacity of about 90 to

Third Avenue
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TABLE 20 Observed bus flowrates and speeds versus estimated capacity and speeds, Market Street, San Antonio,
Texas

Tirme "f;“'"“" e Aversge Avernge | Hus d Adjesied Estrmaied
wgll, ) Capacity N from - .
Period — Rale, Speed el - W Factos Sl
.} Seconds zh L Buses'h Halie Table L
& Loell. of Vananan mph om'h <] P km'hi
Siop Stop {51°d :|
A LAE] Dev'n}
Bh0-344 1L £ g 85 1 o5 |2 1w Q.7 it {.87 139 0.2
11X £ H (.m ] o
Ldddo00 A H e 980 1 i, il 141 L 7 1.9 i1l 07
) BT bt | T P e | | ) ' o i
o 14 KL - i) - 4 - e
5 e S " ] 5 07 i 74
4014 =y Ty I ET q rrn 4 e A 0,7 4.0
#5430 L = 10 Lb 9 —— | om | 67 0Bz | 55 | &8
114% 45% (m T
F1 1 M. i)
0 T, [ | e iid T 0.7% i V.
sl T el MU - L i i il B il
445500 i al EH i w21 s ik 7.2 1145 ity 1L
I (1.1 [ Ew | !
13 IS a 4 % . .y
SAHI-5: 1% L] — [ LE AR | 3
HI-5:1 o | ome KR 23] 1 e 1 16 (A 1301 i 1.1
Motes:
1. ghe=055%
2. Capacity computed using the highlighted ertical valoes of D and .
3. Average eatimated speed computed using the averspe of the 1 5-min dwell times for the period
4. Average eatimated speed computed using B stopami.
5. bph = buscahr
Observations and Comments measurements were used to test and refine the relationships

developed inTCRP Report 26 The research focused on
The data provided by New York City Transit illustratesthree basic questions:

two points. First, the relationships among bus speed, capacity,
and level of service can be used to estimate operations that Do the established procedures provide reasonable esti-
are highly variable and depend on many factors. Driver mates of bus lane capacity?
behavior and passenger behavior can affect measured bus
performance significantly. Second, assumptions of average Do the procedures produce realistic estimates of bus
dwell time, given known street operating parameters, can be speeds and travel times?
used to estimate average bus travel speeds with reasonable
accuracy. The availability of bus lanes can be observed m  What adjustments of existing parameters, procedures,
the field, as can arterial or intersecting street spillbacks and default values are desirable to better reflect observed
across bus lanes. Dwell times can be spot-checked in the operating conditions and observed speeds?
field. Operating experiences and default assumptions from
similar roadways can serve as inputs. The real-world appliFhis section presents answers to these questions; these
cation of bus capacity and bus speed relationships shoudshswers are drawn from the case studies. This section also
produce easily obtained or estimated parameters, should lkentifies possible refinements to established procedures and
adaptable to various field conditions, and should producdefault values.
reasonable estimates.

Dwell Times and Capacities

APPRAISAL, CONCLUSIONS, AND SUGGESTED Stop frequencies, hourly bus flowrates, and dwell times
RESEARCH for the six study sites are summarized in Table 25. The high
bus throughput in a single bus lane along Albert Street in

The research was designed to analyze bus lane perf@ttawa results from fewer stops and from dwell times that
mance on downtown arterial streets. Field observations arate relatively low compared with those experienced in the
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TABLE 21 Observed bus flowrates and speeds versus estimated capacity and speeds, Market Street, San Antonio,
Texas (6 stops/mi)

L Average : ) | . ¥, )
Tire Dwell, Flovw AvrTage | Avernge Capacity Hus fromn Adjsied . Estirmated
Periad il Rase, Specd Draell, e Foector | Speed
ip.m ) Seponids Hus'hr | geg Beasesthr Haths Table i |
Coafl. od Venagtom i kmvl | | ) i mph | ki
Swp | Swp (se'd
oA #H D)
330345 1) L B L. TY 7 we | om | 75 | amr | 65 | ios
113% (7% {10k S
20 1 (L] ]
Jod 500 P - 6 L1 13 (.68 ik RG] 7.1 1.4
AT fifita [T Gl%
14 14 G0 T -
ERLIEH R 14Kl w7 114 ¥ T | 53 ]
. AT, [T 1%y 1% B8 ¢ " o ‘
11 n i 15
4115430 11} ki 127 0.79 1.7 &z 63 11
4% | as% (1.0) 50 '
X ]| &l 1
2:30-4:45 104 %8 115 Q.87 12 073 53 B.5
A 4% {1.2} 56%
12 | 6 i |
404 5-5:00 Bl |———— 0] | 152 058 1% 095 11 1.7
133% 5% {1k SE%
12 25 T 26
5:0M0-5:15 HE e 113 119 a8 | T [RL 8] =1 1.4
Titfe | 67% 23] i el
Moles:
I ple=05%
2. Capacity estimated using the highlighted critical valwes of D and .
X Average estimated speed compuied using the average of the 13-min dwell times for the period
4. [Drvell nmes recarded as xero in dats were eleminsted lrom average bus dwell timmes. Parbion of buses with wera

dwell were calculabed & not stopping &t bus stop, which equated to 4 slops'mi for those buses, Thus, Table 6 was

entered for & stope'mi, which 13 the average of the two bus stopping paiterns.

TABLE 22 Summary comparison of alternatives analyzed, Market Street, San Antonio, Texas

Hux
Time Flow Ohserved Takle 21
Perind Rate, Speeds HTBLEI'? i'n'J \ {6 stopaimi)
ipm) | Buses imph) P [ Adjusted)
fir
Average Estimated .ﬂ.w:rag;t- | Estimated
'Zkﬂaff i[-i.l'ld;&l’d Dowell Specds Dwell Speeds
|ESS Y YA (- FI1.FI|'| 5‘“ (LK I'I1rlh
BR0-5045 g0 .5 1.0 i 57 27 05
Aol 5o a5 i 1.4 21 6.0 21 71
400415 10e]) i 1.2 14 4.6 27 53
] B30 10} Gy 1.0 e | 5.5% 25 [
430445 106} i1 1.2 4 4.7 Ei] £3
4:45:5:0K) BE [ 1.1 17 | L] 4 7.3
Sol-3:15 He T 23 19 ] 6.1 2 s
Average Difference (absolate) = 0.9 0%
L [Estimated minus Observed)n ' )

Motes: 0 Excluedes buses that did not stop
* Beyond + 1 Standard Deviation,
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TABLE 23 Observed bus flowrates and speeds, Third Avenue, New York City, New York
(36t Street to 58" Street: June 8, 1995)

. |
I,I Irllm_;, Flowrate, | Measured Avernge Speed*
STl .
Rusest —
inam) useshr . — "t
i Standnard
Lieviation)
i ; 4.5
5-413 | {717
4:15-4:20 41) (.6
4:30-4:45 M 1 G
N [
. 1.9 .
i 5-5:000 44 : i i3
-5 1% 48 m | i fi
4.1 o
$:15-5:30 14 |_5([_L_| J .0
0545 | ! ¥ E3
il (1.1}
- ) 18
B4 565000 15 | Ty i
songises| 36— 7
6:15-6: 30 52 . - -
(0.9

*Data provided by New York City Transit Authority
*2Hus lane designation ends at 600 pam.

other cities. Contributing factors include wide doors o  Along Fifth and Sixth avenues in Portland, observed
articulated buses, extensive use of passes, platooned bus bus speeds are relatively low. Along the arterials, sig-
operations, and traffic signals timed to benefit bus opera- nals are located at every block and buses stop every
tions. other block. The buses that are stopped at these inter-
The coefficients of dwell-time variation for all the 15- mediate signals have a different pattern of acceleration,
min intervals were averaged for each study section’s critical ~ cruise, deceleration, and stopping than is suggested by
stop. The resulting values, shown in Table 26, are consis- the basic speed table (Table 6).
tent with the 60-percent coefficient of variati@, used in « The observed bus speeds on Second Avenue in New
TCRP Report 26 York City are generally lower than the speeds estimated
The various capacity relationships and berth efficiency by the procedures iNCRP Report 26 The additional
factors generally produced reasonable results, assuming a delays result from standing vehicles in the bus lane (not
25-percent failure rate. However, along Fifth and Sixth  necessarily at the bus stop) and the need for buses to use
avenues in Portland, with nested pairs of two-berth stops, the adjacent mixed-traffic lane.
avoiding spillback was essential. Accordingly, the capacities Some of the observed bus speeds on Albert Street in
were estimated assuming a 1-percent failure rate; this com- Ottawa are higher than those estimated. Three factors

putation produced reasonable results. result in the higher speeds:
Bus Speeds 1. Signal progression is set for buses. As a result, the
1.2 min/mi signal delay component of the travel
Figure 18 compares the observed and estimated bus times overstates the delay incurred.
speeds. Most bus speed estimates are within 20 percent of 2. The berth-efficiency factor of 2.50 for five in-line
observed speeds (approximately 1 standard deviation) and berths suggested in the HCM ah@RP Report 26
about one-half are within 10 percent of observed speeds. may be too low for platooned operations. Further

Some of the principal discrepancies are as follows: analysis of the simulation results suggests that five
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TABLE 24 Observed bus flowrates and speeds, Broadway, New York City, New York (Warren Street to Battery
Place: June 21, 1995)

Time Period 1{1::: Measured Average Speed®
(p.m) Buses'hr mph - km'al."
{ standard
Dieviation)
. . 4.2 i
A4 ¥
d:00-4:15 i [0.4) _ f}.’_.*
- 4.6
15-4:30 | - LT
4:15-4:30 | &0 e | 3
4:30-48:45 60 r?:__g,.] S F:
g7 -
4:45-5:00 48 ' == H.5
| 1 (1.5}
1.6
SiH)-5:15 GE (1.0) 5.8
- | 4.7
B EEA T T
5:15-5:30 2 05 7.5
5:30-5:45 56 = 5.8
S {0.B)
5:45-6:00 s 32 7.9

*Data provided by New York City Transit Authority

berths would have an efficiency of at least 2.70. In  ing from signals set for buses. In addition, a berth effi-
Ottawa, with effective bus platooning, this factor ciency factor of 2.75 (rather than 2.50) effective berths
could range from 2.75 to 3.00. The result is a  was used to reflect the greater use of the bus stops.
greater estimated capacity, lower bisratios, and
less bus-bus interference. Figure 19 shows the resulting comparisons of estimated
3. The provision of right-turn bays, prohibition of se- and observed bus speeds. Nearly all speed estimates are
lected right-turn movements, and curbside loadingwithin 20 percent and over one-half are within 10 percent of
controls have minimized the interference of adja-the observed bus speeds. Although there was generally a
cent traffic on bus operations. good fit between observed and estimated speeds, there were
some study sites where speeds were consistently over- or
Accordingly, bus speed estimates were recalculated famderestimated, even with adjustments. It should, however,

these streets by modifying certain default values for thée recognized that the observed speeds were highly vari-
incremental traffic delay as follows: able. Standard deviations of 15-min observed speeds were

as high as 3.6 mph, with values of 1.5 to 2 mph common.
Along Fifth and Sixth avenues in Portland, the incre-Coefficients of variation commonly ranged from 25 to 30
mental delay was increased from 1.2 to 2.0 min/mi tgercent. Moreover, the speeds were usually measured across
better reflect the delays caused by the intermediateslatively short sections, which made small differences in
traffic signals. travel time appear significant.
Bus speed estimates were recalculated for Second Table 27 summarizes the ranges in observed speeds and
Avenue in New York City based on 3.0 (rather than 2.0}heir standard deviations and shows the average differences
min/mi of incremental delays to represent traffic inter-between observed and estimated speeds. The adjusted aver-
ference in the bus lanes. age differences are generally within 1 mi of the observed
Bus speed estimates were recalculated for Albert Stregpeed and are usually less than 1 standard deviation of the
in Ottawa based on 0.6 (rather than 1.2) min/mi ofobserved speeds.
incremental delay to represent decreased delay result- Table 28 gives a more detailed breakdown of absolute
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TABLE 25 Ranges in bus stop spacing, volumes, and dwell times

Frequency | Hourly Bus | 5=Min .."n.'.-'-.-.'rangc
. Flowrases szl Times, sec
it of H.“. {b | 5-rnimite -
Stopaimi intervals) Range Median Sean
| | Range | Median
Fifth Avere-Portland 10 | Te-le4 | 13n 1)t 65 s 3
Sixth Avenue-Portland 10  EBR-112 e £ 5S 32 ki
Second Avenue-NY(C i T 16-51 : i 19 s 75 H 14
Adbert Z1-Citawa 5 1 (W16 132 158027 | 1B i 15
Commmerce SL-5an Anlonic n =100 B | 10wl Fir) 21
Market St-San Antonio 5 B0-100 4 w0 | 26 | 26

TABLE 26 Coefficients of dwell-time variations by 15-min intervals

SITE MEAN C,
Fifth Avenue-Portland 0.52 B
_ Sixth Avenue-Portland s
Second Avenue-New York 057
_ Albert S1-Oiawa 1 54
Commerce St -San Antonio .81
Market St-San Antomo 0.57

MNote: Excludes values <ih.26 or= 1.60

differences between observed and estimated 15-min speeit:n of the TRAF-NETSIM simulation iTCRP Report 26
by site. Overall, 43 percent of the differences were withirsuggests the factors for multiple in-line berths shown in
0.5 mph and 41 percent were within 1.0 mph of observedable 29.
speeds. There was relatively little systematic over- or under-
estimation of bus speeds. Travel Times
Overall, theTCRP Report 2@pproaches and values
appeared to provide reasonable estimates of bus speeds, The research indicates that single values of incremental
except where operating conditions differ from those initiallytraffic delays as presented in Table 6 for various types and
anticipated. The incremental travel time losses resulting frohocations of bus lanes (as well as for buses operating in
traffic delays may need upward or downward adjustmentsmixed traffic) may not fully reflect specific operating condi-
tions. Therefore, further latitude is desirable to better reflect
Recommended Modifications tofCRP Report 26 traffic signal frequency and timing, blockage of bus lanes,
and traffic congestion in mixed operation. Suggested
Several modifications to the procedures, parametergmendments to Table 6 are given in Table 30 and include
and default values should be considered in updafe€RP  the following:
Report 26the HCM, and the “Transit Capacity and Quality
of Service Manual® These modifications will produce « When signals are set to favor bus operations, delay is
estimates closer to actual bus operations. They will also reduced by 0.6 min/mi;
give the user more flexibility in addressing various condi= When signals are more frequent than bus stops (e.g.,

tions encountered in practice. buses skip blocks), delay is increased by 0.5 to 1.0 min/
mi (depending on stop and signal spacing); and
Berth Efficiency Factors e« When lanes are blocked by traffic or no dedicated bus

lane existed, delay is increased by 0.5 to 1.0 min/mi
Consideration should be given to increasing the effi- (depending on the amount of lane blockage).
ciency of multiple berths. Further analysis and extrapola-
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Figure 18. Observed versus estimated bus speeds.

Application Guidelines

Some additional guidelines follow:

1.

The computation of average dwell times, as used in
Table 3-3 inTCRP Report 26s based on the average
dwell time per stop. When bus lanes are being exam-

ined, the length of the study area, the number of bus.

stops, and the dwell times per stop will affect the speed
results. The capacity calculation should be made at the
critical points along the arterial (i.e., where the combi-
nation of signal timing, dwell time, and dwell variation
results in the lowest calculated capacity).

2.

Capacity should be estimated for each section analyzed,
and locations with the greatest dwell time and dwell
time variations should be used. This estimate should be
compared with the observed bus lane flows to obtain
the busv/c ratio and the appropriate bus-bus interfer-
ence speed reduction factor.

Average speeds can be calculated for any distance and
series of stop patterns. The sections should have gener-
ally homogenous characteristics in terms of street
geometry, bus lane features, stop frequency, and dwell
times. Sections should be shorter in the CBD than along
outlying arterial roads. Sections should be at I&gst

mi long, preferably/, mi long, within the CBD and in
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Figure 19. Observed versus estimated bus speeds (adjusted).

major outlying business districts. Sections along arterivariations in performance from day to day, from cycle to
als should be at lealt, milong, and preferably 1 to 2 cycle of traffic signal, and from stop to stop.
mi long. The average dwell times in each section should  The bus lane capacity and speed estimating procedures
be used to estimate speeds. derived inTCRP Report 26how, in a systematic and some-
times simplified way, how the many factors influence bus
4.  Where buses run in skip-stop patterns, individual estiperformance. These procedures were tested in four cities,
mates should be made for the group of buses using eaglith observations of over 900 buses, to see how well the

stop. procedures would estimate or replicate observed conditions.
In the field tests, the procedures frGi@RP Report 26
Conclusions and Suggested Research provided a reasonable representation of observed field con-

ditions. The ranges of error between observed and esti-

Many variables influence bus operations on downtowmmated speeds were generally within the variations associ-
streets. These variables interact in a complex way, withted with the observed speeds. The differences were often
reduced when adjustments were made in the default values
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TABLE 27 Summary comparison of bus speeds

Average
Rangz in Range in [hfference
Average Standard Between Cheerved
Sile Observed Dreviation And Estimated
Speeds (mph) of Speed Speeds
15-Min [ntervals {mph) [Absolute)
Fifth Avense-Portland
Suath Avenue-Fortland
Second Avenue-MYC : ]
Albert St-Oetaawn D128 1.3-3.5 In 1.6
Commerce 51.-San Antomio 4.2-6.3 0.6-1.5 (13 0.5
Market St.-San Antanio 6.0=7.0 1.0-23 0w 0.5

TABLE 28 Summary comparison of estimated versus observed bus speeds (15-min intervals)

I A Initial Analyses
| Ahsalute Difference (mph)

0.5-1.0

Fifth Avene-Partlard 5
| Sixth Avenue-Portland T 1
Second Avenue-NYC 12 4
Albert St-Ontawa B F
Commerce 54.-5an Antonio b i3
blarket St-San Amtonie T
TOTAL

e

Toml Absolute Difference (mph) |
0510 | L0185 | 1520

Fifth Avenue-Portland 9 7 A [ [ 0
Suith Avenue-Fortland 7 2 3 2 i il
Second Avenue-MYC 12 2 B 1 | 0
Albert St-Ottawa & 1 2 (] 2 3
Commerce 51.-5an Antonia -] i 2 ¥ ] il
Market St-San Antanio T 4 ) L o i
i1 22 n E] k] 3
TOTAL
U 10 41,1 192 59 54 29

Note:  Adjusted speeds are those obtained using modifications to the parameters contained in TCRF
Reporr 20,



TABLE 29 Recommended effective bus berths for on-line bus stops

Number of Berths Effective Berths Factor, Np
Provided Random | Platooned
| 1.00 - Lo |
2 1.75 ' 185
3 245 165
4 | 2 65 2.90
5 275 00

TABLE 30 Bus travel times for various stop spacing, dwell times, and operating environments (suggested)

A, Base Travel Time Bates (Min™a)

Average Dwell Time | StopsMi
Fer Slop [s860.) 2 4 5 3 7 B G I 12
1 ) 240 127 | 397 4.3 488 551 6,21 7.0 878
20 2.73 103 260 53 | 604 | 687 | T3 | E67 | 1075
30 307 4 60 543 6, M} 720 220 0.21 1033 | 1275 |
140 5.27 6,26 7.3 B33 G52 10,71 12,00 |-1:‘5
1,74 592 708 10 9,52 1088 1220 13,67 16,75
4,017 .58 7.90 9,1 1067 1221 1370 | 1533 18,75

1. Additionzl Travel Time Losses (AMmdi)

CENTRAL BLISINESS DISTRICT

B

Lane Fus Lane Pus Lames Mixed
Mo Right With Right-Tuwm Blocked by Traffic
& Drelays Traflic Flow
Turms |
1.2 2.0 2530 | £l
(. 1.4 MiA | M A
1.5.20 25310 055 3540
ARTERIAL ROADS QUTSIRE QOF CRD
Mimed PR
Bus Lanc TraiTic £
PR
07 1.2 -? i
e A
0.5-1.0 0 §-1.6 i

Mote: Add values from Part A and Part B o oblain suggested estimate of tclta] bus travel tme.
Convert total travel time rate 1o estimated average speed by dividing into 60 to obiain mph.
Interpolation between shown values of dwell time 15 done on a straight line basis.
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for incremental traffic delay to account for conditions suchs.
as cars blocking bus lanes, traffic signals set for bus opera-
tions, or signal frequenies that are greater than the bus stop
frequency.

Accordingly, default factors were suggested to better
reflect the range of conditions commonly encountered.

There remains a need to test, validate, and refine sug-
gested default values for bus speed relationships along out-
lying arterial roads.

Additional simulation studies may be desirable for bus
operations both within the city center and along arterial

Kittleson Associates with Texas Transportation Insti-
tute and Transportation Consulting Limited+, Project
A-15, Contractor’s Final Report‘Transit Capacity and
Quality of Service Manual,” Transportation Research
Board, National Research Council, Washington D.C.
(1996).Later published aCRP Web Document 6.
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roads. These simulation analyses should address the vdrem the following agencies and their representatives who
ability in bus speeds and travel times. Contributing compoprovided insight and guidance on bus operations and special
nents include variations in dwell times at stops, arrivals assistance during data collection:

traffic signals, and general traffic conditions. Representa-
tives of several participating transit agencies indicated that
the variability of bus speeds was a major concern.

Traffic signal timing and possible preemption strategies
for buses could reduce bus delays. Traffic signals constitute
a major source of delays, especially in downtown areas.
Additional research and experimentation are needed to show
how traffic signal timing can be better adapted to bus flow
while still accommodating motorists and pedestrians.
Selecting cycle lengths tailored to bus operations, better allo-
cating green times along bus routes, and setting signal off-
sets for bus flow are among the subjects that need further
exploration and application. Research should include fur-
ther simulation of bus performance under various traffic
signal timing and bus stop location patterns. Demonstration
projects should be pursued to allow case study documenta-
tion of the benefits of preferential treatment of buses in the
traffic flow.

Bus dwell times and their variability should be reduced
to effect higher bus travel speeds and more predictable bus
operation. There are many ways to control dwell times,
including low-floor buses, fare collection strategies, and
information systems. Current initiatives regarding bus rapid
transit should examine and analyze these treatments.

The Ottawa experience—where stops are widely
spaced, signals are timed for buses, and most riders use
monthly passes—results in one-third less dwell time at stops
and about double the bus speeds of other systems, with bus
lane throughputs of over 100 to 160 buses/hr. The transfer-
ability of this experience to other cities should be explored.
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