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TRANSIT COOPERATIVE RESEARCH PROGRAM TCRP REPORT 69

The nation’s growth and the need to meet mobility, Project A-13 FY'97
environmental, and energy objectives place demands on publigSN 1073-4872
transit systems. Current systems, some of which are old and in ne!§§N 0-309-06704-9
of upgrading, must expand service area, increase service frequenkprary of Congress Control Number 2001-131617
and improve efficiency to serve these demands. Research is )
necessary to solve operating problems, to adapt appropriate n&?°0t Transportation Research Board
technologies from other industries, and to introduce innovations intgice $40.00
the transit industry. The Transit Cooperative Research Program
(TCRP) serves as one of the principal means by which the transit
industry can develop innovative near-term solutions to meet
demands placed on it.

The need for TCRP was originally identified TiRB Special
Report 213—Research for Public Transit: New Directions,
published in 1987 and based on a study sponsored by the Urban Mass
Transportation Administration—now the Federal Transit Admin-
istration (FTA). A report by the American Public Transportation NOTICE
Association (APTA)Transportation 2000also recognized the need The project that is the subject of this report was a part of the Transit Cooperative
for local, problem-solving research. TCRP, modeled after thesearch Program conducted by the Transportation Research Board with the
longstanding and successful National Cooperative Highwayipproval of the Governing Board of the National Research Council. Such
Research Program, undertakes research and other technical activi@proval reflects the Governing Board's judgment that the project concerned is
in response to the needs of transit service providers. The scopeapbropriate with respect to both the purposes and resources of the National
TCRP includes a variety of transit research fields including planResearch Council.

ning, service C_Onf'guratlon’ e_qument, fa(_:'l!t'es' _operatlo_ns, hl"ma“?he members of the technical advisory panel selected to monitor this project and
resources, maintenance, pollcy, and administrative practices. to review this report were chosen for recognized scholarly competence and with
TCRP was established under FTA sponsorship in July 1992e consideration for the balance of disciplines appropriate to the project. The
Proposed by the U.S. Department of Transportation, TCRP Waspinions and conclusions expressed or implied are those of the research agency
authorized as part of the Intermodal Surface Transportatiotat performed the research, and while they have been accepted as appropriate
Efficiency Act of 1991 (ISTEA). On May 13, 1992, a memorandumby the technical panel, they are not necessarily those of the Transportation
agreement outlining TCRP operating procedures was executed Bgsearch Board, the National Research Council, the Transit Development
the three cooperating organizations: FTA, the National Academie§orporation, or the Federal Transit Administration of the U.S. Department of
acting through the Transportation Research Board (TRB); angransportation.
the Transit Development Corporation, Inc. (TDC), a nonprofitgach report is reviewed and accepted for publication by the technical panel
educational and research organization established by APTAwccording to procedures established and monitored by the Transportation
TDC is responsible for forming the independent governing boardResearch Board Executive Committee and the Governing Board of the National
designated as the TCRP Oversight and Project Selection (TOP8gsearch Council.
Committee.
Research problem statements for TCRP are solicited periodically
but may be submitted to TRB by anyone at any time. It is the
responsibility of the TOPS Committee to formulate the researcfppecial Notice
program by identifying the highest priority projects. As part of the
evaluation, the TOPS Committee defines funding levels an

ex(p)ected pTOdUCgS' h . . . d tﬁje Transit Cooperative Research Program) do not endorse products or
nce selected, each project Is assigned to an expert pan anufacturers. Trade or manufacturers’ names appear herein solely because they

apPOi“ted by the Transportation Research Board. The panels PrePEre considered essential to the clarity and completeness of the project reporting.
project statements (requests for proposals), select contractors, and

provide technical guidance and counsel throughout the life of the
project. The process for developing research problem statements and
selecting research agencies has been used by TRB in managing
cooperative research programs since 1962. As in other TRB activ-
ities, TCRP project panels serve voluntanly wntljout compensation.,, .04 reports of the

Because research cannot have the desired impact if products HZ\H
to reach the intended audience, special emphasis is placed BRANSIT COOPERATIVE RESEARCH PROGRAM
disseminating TCRP rgsults tol the |nt§nded end users of ttg;e available from:
research: transit agencies, service providers, and suppliers. TRB
provides a series of research reports, syntheses of transit practi€gansportation Research Board
and other supporting material developed by TCRP research. APT)tional Research Council
will arrange for workshops, training aids, field visits, and othel2101 _ConSt't““on Avenue, N.W.
activities to ensure that results are implemented by urban and ruryé/fismngton' D.C. 20418
transit industry praCt_'tloners' . . and can be ordered through the Internet at

The T_CRP provides a forum Whgre transit agencies Caﬂttp://WWW.national-academies.org/trb/bookstore
cooperatively address common operational problems. The TCRP
results support and complement other ongoing transit research and
training programs. Printed in the United States of America

he Transportation Research Board, the National Research Council, the Transit
evelopment Corporation, and the Federal Transit Administration (sponsor of



FOREWORD TCRP Report 69'Light Rail Service: Pedestrian and Vehicular Safety,” provides
documentation and presents the results of a study to improve the safety of light rail tran-
By Staff sit (LRT) in semiexclusive rights-of-way where light rail vehicles (LRVs) operate at
Transportation Research speeds greater than 35 mph through crossings with streets and pedestrians pathways.
Board This report also presents the results of field tests conducted to improve the safety of
higher speed LRT systems through grade crossing design. The results of a “before and
after” evaluation of the effectiveness of presignals at highway-rail grade crossings on
motorist behavior at two locations are discussed. These results demonstrate the effec-
tiveness of presignals and were used to develop recommended guidelines for presignal
installation. The guidelines may be considered in planning and designing of new LRT
systems or in retrofitting and extending existing LRT systems. The report should be
useful to LRT system designers, LRT operations and maintenance personnel, transit
operations planners, traffic engineers, light rail safety officials, transit managers, and
transit law enforcement officials.

Even though most light rail transit (LRT) systems operate in exclusive or semiex-
clusive rights-of-way that permit higher speeds, there is still interaction with motorists,
pedestrians, and bicyclists at grade crossings and in the vicinity of stations. Safety
improvements previously identified INCRP Report 1,7¢Integration of Light Rail
Transit into City Streets,” do not always apply at higher speed operations at grade cross-
ings on semiexclusive rights-of-way.

Higher speed LRT grade crossings are often treated as standard railroad crossings,
but LRT systems and light rail vehicles (LRVs) have operating characteristics differ-
ent from both freight and passenger rail. Typically, LRVs operate more frequently and
in shorter trains. Thus, to improve safety and reduce incidents involving LRVs,
motorists, pedestrians, and bicyclists within this environment, further research into traf-
fic control devices, enforcement techniques, and public education is needed.

Korve Engineering, Inc., in association with Richards and Associates, Interactive
Elements, and University of North Carolina, Highway Safety Research Center, formed
the research team for TCRP Project A-13 and prepared the final report. To achieve the
project objectives of identifying, validating, and recommending safety enhancements
that will reduce incidents at higher speed grade crossing involving LRVs, motor vehi-
cles, pedestrians, and bicycles, the researchers conducted literature reviews and field
observations. Additionally, analysis of videotapes and structured interviews with offi-
cials representing 11 LRT agencies in the United States were performed.

Chapter 3, the application guidelines, focuses on six principal areas:

» LRT system design;
« LRT system operation and maintenance;



Traffic signal placement and operation;

Automatic gate placement;

Pedestrian control (including specific guidelines for selecting among the various
pedestrian control devices); and

Public education and enforcement.

Recent developments in Intelligent Transportation System architecture in the context
of LRT crossings are also discussed in this report.



CONTENTS CONTENTS
1 SUMMARY

10 CHAPTER 1 Introduction and Research Approach
1.1 Research Problem Statement, 10
1.2 Research Objectives, 10
1.3 Issues, 11
1.4 Research Approach, 12
1.5 Final Report Overview, 14

15 CHAPTER 2 System Operating and Safety Experience
2.1 Overview, 15
2.2 LRT Alignment Classification, 15
2.3 LRT System Description and Analysis, 18
2.3.1 Baltimore, Maryland, 18
2.3.2 Calgary, Alberta (Canada), 23
2.3.3 Dallas, Texas, 25
2.3.4 Denver, Colorado, 29
2.3.5 Edmonton, Alberta (Canada), 30
2.3.6 Los Angeles, California, 33
2.3.7 Portland, Oregon, 38
2.3.8 Sacramento, California, 41
2.3.9 St. Louis, Missouri, 46
2.3.10 San Diego, California, 49
2.3.11 San Jose, California, 52
2.4 Synthesis of Operating and Accident Experience, 56
2.4.1 Synthesis of Operating Experience, 59
2.4.2 Synthesis of Accident Experience, 59

63 CHAPTER 3 Application Guidelines
3.1 Overview, 63
3.2 Background, 63
3.3 Summary of Solutions, 64
3.4 System Design and Operations Guidelines, 64
3.4.1 System Design Guidelines, 64
3.4.2 System Operations and Maintenance Guidelines, 75
3.5 Traffic Signal Placement and Operations Guidelines, 77
3.5.1 What Is Traffic Signal Preemption?, 77
3.5.2 When to Preempt Traffic Signals, 77
3.5.3 Traffic Signal Placement and Operation Guidelines, 79
3.6 Automatic Gate Placement Guidelines, 91
3.6.1 Automatic Gate Placement: Angle, 91
3.6.2 Automatic Gate Placement: Sidewalk/Shoulder, 95
3.7 Pedestrian Control Guidelines, 96
3.8 Guidelines for Selecting Among Pedestrian Crossing Control
Devices, 103
3.8.1 Overview, 103
3.8.2 Available Devices, 104
3.8.3 Recommended Practice, 107
3.9 Education and Enforcement Techniques, 110
3.9.1 Public Education, 110
3.9.2 Staff Training, 111
3.9.3 Enforcement, 112

114 CHAPTER 4 Field Research: Evaluation of Presignals
4.1 Overview, 114
4.2 Background, 114
4.2.1 Presignals Versus Advanced Signals, 114
4.2.2 Michigan Presignals, 115
4.2.3 South Carolina Presignals, 115
4.2.4 California Presignals, 115
4.2.5 lllinois Presignals, 116
4.2.6 Additional Advance Signal Examples, 116



4.3 Obijectives, 116
4.4 Field Testing, 117
4.4.1 Field Testing Location Descriptions, 117
4.4.2 Risky Motorist Behavior, 117
4.4.3 Methodology, 118
4.4.4 Smith-Satterthwaite Test, 119
4.5 Data Collection, 120
4.6 Results, 120
4.6.1 Vehicles in the Clear Storage Distance, 120
4.6.2 Vehicles in the Minimum Track Clearance Distance, 121
4.6.3 Presignal Violations, 122
4.6.4 Effects of Keep Clear Zone Striping, 124
4.7 Conclusions, 124

126 CHAPTER 5 Presignal Design Criteria
5.1 Overview, 126
5.2 Definitions, 126
5.3 Criteria and Applicability, 126
5.4 Presignal Location, 126
5.5 Downstream Signal, 129
5.6 Presignal Phasing, 130
5.6.1 Normal Operation (Train Not Approaching), 130
5.6.2 Preemption (Train Approaching), 130
5.7 Keep Clear Zone, 130
5.7.1 Presignal Approach, 130
5.7.2 Intersection Departure, 130
5.7.3 Striping Detail, 131
5.8 Signing, 131
5.9 Presignal Stop Bar Location, 131
5.10 Intersection Geometry, 132
5.11 Conclusions, 132

133 APPENDIX A Literature Review
140 GLOSSARY



COOPERATIVE RESEARCH PROGRAMS STAFF

ROBERT J. REILLY Director, Cooperative Research Programs
CHRISTOPHER JENKSWanager, Transit Cooperative Research Program
GWEN CHISHOLM, Senior Program Officer

EILEEN P. DELANEY,Managing Editor

HILARY FREER, Associate Editor

PROJECT PANEL A-13

CAMERON BEACH,Sacramento Regional Transit District, @Bhair)

DAVID F. BARBER, Pennsylvania DOT

STEPHEN C. BIRCHYirginia DOT

LAWRENCE M. ENGLEMAN, Metropolitan Atlanta Rapid Transit Authority, GA
ROBERT SEDLOCKNew Jersey DOT

PRIANKA N. SENEVIRATNE,Utah State University

RHONDA M. CRAWLEY, FTA Liaison Representative

RICHARD PAIN, TRB Liaison Representative

AUTHOR ACKNOWLEDGMENTS

The research reported here was performed under the Traos#sing the observed problems and possible solutions at their
Cooperative Research Program (TCRP), Project A-13, by the frdspective light rail vehicle systems. The review of system operat-
lowing: Korve Engineering, Inc.; Richards & Associates; Interagag and safety experience at the various light rail transit systems was
tive Elements, Inc.; and the University of North Carolina, Highwayade possible through their efforts.
Safety Research Center. Korve Engineering, Inc., was the contrad®uring Phase Il of this research project, many people helped
tor for this study. The work undertaken by Richards & Associategather information on presignals throughout North America. Spe-
Interactive Elements, Inc.; and the University of North Carolinajal thanks go to John McNamara of the Michigan Department of
Highway Safety Research Center, was performed under subcontfaansportation and Carol Young of the South Carolina Department
with Korve Engineering, Inc. of Transportation for their assistance in obtaining information on

Hans W. Korve, P.E., President, Korve Engineering, Inc., was gresignals from their respective states.
principal investigator. The other authors of this report are Brent D.In addition, special thanks go to the following people in lllinois
Ogden, P.E., Vice President, Korve Engineering, Inc.; Joaquinfdr volunteering to participate in the field research of presignals at
Siques, Transportation Engineer, Korve Engineering, Inc.; Douglaghway rail grade crossings and for their assistance in evaluating
M. Mansel, P.E., Transportation Engineer, Korve Engineering, Inthg effect of presignals on motorist behavior: Kenneth C. Wood,
Roderick Diaz, Transportation Planner, Korve Engineering, Inc.; HBYE., lllinois Department of Transportation; John J. Blair Jr., llli-
A. Richards, Principal, Richards & Associates; Susan Gilbert, Presdis Commerce Commission; Stan Milewski, P.E., lllinois Com-
dent, Interactive Elements, Inc.; Ed Boni, Vice President, Transportgerce Commission; Daniel Powers, P.E., lllinois Commerce
tion, Interactive Elements, Inc.; Michele Butchko, Project Manag&pommission; and Maryanne Custodio, lllinois Department of
Interactive Elements, Inc.; Jane C. Stutts, Ph.D., Program Manadeansportation. Craig Alroth, Traffic Data Acquisition, conducted
Epidemiological Studies, University of North Carolina, Highwashe field data acquisition of the before and after presignal study.
Safety Research Center; and Ronald G. Hughes, Ph.D., Managke, lllinois Department of Transportation covered the cost and
Human Factors Research, University of North Carolina, Highwéiyne required to install the presignals and the signing and striping
Safety Research Center. Thanks also go to Norman C. Spersrudaambth locations. In addition, the lllinois Commerce Commission
Salvador Cortez, Korve Engineering, Inc., for their efforts in produand the lllinois Department of Transportation reviewed and com-
ing the graphics for this report and John Van Hoff, P.E., Principal Trafiented on the draft final report. The knowledge gained from this
fic Engineer, Korve Engineering, Inc., for his review of Chapter 3. field research effort will be used in both light rail transit and rail-

Special thanks go to the various individuals at the 11 light radad applications.
transit agencies and cities surveyed for assembling data and dis-






SUMMARY

LIGHT RAIL SERVICE:
PEDESTRIAN AND VEHICULAR SAFETY

Study Scope

This report addresses the safety and operating experience of light rail transit (LRT)
systems with light rail vehicles (LRVs) operating on semiexclusive rights-of-way at
speeds greater than 55 km/h (35 mph). The analysis presented in this report is based on
interviews with LRT agency officials, field observations, and analysis of accident records
and accidentrates at 11 LRT systems in the United States and Canada. The 11 systems—
Baltimore, Calgary (Canada), Dallas, Denver, Edmonton (Canada), Los Angeles, Port-
land, St. Louis, Sacramento, San Diego, and San Jose—represent a broad range of cur-
rent LRT operating practices and situations.

The report provides information to facilitate the safe, orderly, and integrated move-
ment of all traffic, including LRVs, throughout the public highway system, but espe-
cially at LRT crossings. This report is intended to assist those involved in the planning,
design, operation, and maintenance of LRT systems by providing a consistent set of
guidelines and standards for LRT operations through higher speed LRT crossings.

The survey of the 11 LRT systems conducted in Summer 1996 reveals a wide vari-
ation in operating practices, safety issues and concerns, accident experience, and inno-
vative safety features among the LRT systems. Because situations and contexts at LRT
crossings vary, warning systems and traffic control devices for LRT crossings also vary
from system to system and among different portions of the same system. This lack of
standard treatment and uniformity results in confusion and divergent expectations
about proper response for safety at LRT crossings. Thus, the research presented in this
report develops a set of uniform traffic and pedestrian planning, design, and control
device guidelines based on use and experience with several innovative safety features
at each LRT system.

Alignment Classification

For simplicity of discussion and analysis, the research team classified the numerous
LRT alignments into categories based on similar conflict conditions between LRVs and
motor vehicles, bicycles, and pedestrians. Alignments can be classified and categorized
based on access control according to the categories in Table S-1.
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TABLE S-1 LRT Alignment Classification

Class Category Description of access control
Exclusive Type a Fully grade separated or at-grade without crossings
Semiexclusive Type b1 Separate right-of-way
Type b.2 Shared right-of-way, protected by barrier curbs and
fences (or other substantial barriers)
Type b.3 Shared right-of-way, protected by barrier curbs
Type b.4 Shared right-of-way, protected by mountable curbs,
striping, and/or lane designation
Type b.5 LRT/pedestrian mall adjacent to a parallel roadway
Nonexclusive Typec.1 Mixed traffic operation
Typec.2 Transit-only mall
Type c.3 LRT/pedestrian mall

Source: Transit Cooperative Research Program. TCRP Report 17: Integration of Light Rail Transit into City
Streets. Transportation Research Beard, National Research Council, Washington, D.C. {1988} p. 2.

The type of accidents and conflicts that were reported by the LRT systems, as well as
the applicable measures to increase safety, are similar within each category. Research
for this project focused on semiexclusive rights-of-way where LRVs travel at speeds
greater than 55 km/h (35 mph). Unless otherwise discussed, it is assumed that these
crossings are equipped with flashing light signals and automatic gates. Based on stan-
dard LRT industry practice and an 1877 Supreme Court ruliogt{nental Improve-
ment Company v. Steacegarding highway-rail crossings, the rail mode has right-of-
way over other users (motorists, pedestrians, and bicyclists) at higher speed crossings
because of the “character,” “momentum,” and “requirements of public travel by means
thereof,” but the rail operation is required to give timely warning of approaching trains.
Typically, at higher speed crossings, flashing light signals and automatic gates warn
crossing users to yield right-of-way to approaching LRVs. The research effort also
extends the findings reportedi@RP Report 1With regard to pedestrian safety issues
and remedies, including presentation of a proposed “decision tree” to select appropriate
pedestrian treatments.

Accident Experience

Although analysis of the frequency of accidents at higher speed LRT crossings
reveals that LRT systems in North America are generally safe, when collisions occur
at these higher speed LRT crossings they are generally more severe. Light rail acci-
dents at any given crossing are rare events. Table S-2 indicates that, among all LRT
agencies surveyed in 1996, the rate of accidents for an LRT system in semiexclusive
type b.1 and b.2 rights-of-way ranged from 0.04 to a maximum of 0.38 average annual
accident per LRT crossing. Furthermore, all of the 24 highest accident locations along
semiexclusive rights-of-way in the 11 LRT systems surveyed averaged less than one
LRV accident per year. In addition, LRT crossings on semiexclusive rights-of-way are
even safer than LRT crossings in shared rights-of-way with LRV speeds less than 55
km/h (35 mph). Whereas LRT crossings of semiexclusive type b.1 and b.2 rights-of-



TABLE S-2 Accident Experience at Higher Speed LRT Crossings

Semiexclusive right-of-way types b.1 and b.2
{>55 km/h)
Average Average annual accidents
total per

accidents LRT crossing
LRT system per year® Average annual accidents
Baltimore 298 0.8 0.04
Calgary 12.2 5.1 0.26
Dallas 6.0 20 0.09
Denver 34.0 0.5 0.25
Edmonton 1.7 1.7 0.21
Los Angeles 50.7 10.7 0.38
Portland 20.8 0.1 0.03
Sacramento 20.5 22 0.16
St. Louis 0.5 0.5 0.05
San Diego 285 59 0.14
San Jose 252 0.2 0.07
Average 209 2.7 0.17

Source: Korve Engineering research team interview/survey at the 11 LRT systems, Summer 1996.

%Includes all semiexclusive and nonexclusive right-of-way types (types b and ¢).

way comprise 32 percent of all LRT crossings, and the length of LRT trackway along
semiexclusive type b.1 and b.2 rights-of-way comprises 77 percent of all LRT track-
way! accidents at LRT crossings along semiexclusive type b.1 and b.2 rights-of-way
comprise only 13 percent of all accidents.

Despite the fact that these higher speed LRT crossings along semiexclusive type b.1
and b.2 rights-of-way have an excellent overall accident experience, collisions at these
crossings tend to be more severe than at lower speed LRT crossings. For example, about
19 percent of the total LRV-motor vehicle collisions at LRT crossings along rights-of-
way where LRVs operate at speeds greater than 55 km/h (35 mph) result in fatalities,
compared with only 1 percent at lower speed LRT crossings. For LRV-pedestrian col-
lisions, the difference is not as dramatic, with 29 percent of the higher speed collisions
resulting in fatalities, compared with 18 percent of the lower speed collisions. Even at
low speeds, an LRV-pedestrian collision is expected to be more severe because pedes-
trians do not have the protection of a motor vehicle chassis.

The increased severity of collisions at higher speed LRT crossings points to the need
for a set of guidelines to improve LRT crossing safety. In addition, the greater sever-
ity of pedestrian accidents points to the need for additional safety features.

! Excluding exclusive type a alignments, where collisions between LRVs and crossing users are rare.
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Overview of Common Safety Problems and Possible Solutions

The 11 LRT systems surveyed use semiexclusive rights-of-way in various amounts
and have different approaches to safety at LRT crossings along semiexclusive rights-of-
way. These differences exist both among systems and among different portions of the
same system. The safety problems experienced by these systems reflect a combination
of factors, including route alignment, geometric design, and traffic control devices.

The most common safety-related problems identified in this research are as follows:

» Motorists drive around lowered automatic gates.

» LRV operators are unable to confirm that flashing light signals and automatic gates
are functioning as intended because of sight distance limitations and lack of
advance indicator signals.

» Crossing users become confused about fast-moving LRVs and slower moving rail-
road trains.

« Motorists disregard regulatory signs at LRT crossings.

e Crossing users and LRV operators are unable to see each other at the crossing
because of sight distance restrictions.

» Motor vehicles often queue back from a nearby signalized intersection, blocking
the LRT tracks.

» Motorists are confused when both flashing light signals and traffic signal indica-
tions are used at the same location.

» Motorists hesitate to drive off the tracks during the track clearance traffic signal
interval.

» Motorists become confused about gates starting to go up and then lowering shortly
thereafter because of a second LRV coming from the opposite direction.

» Automatic gates descend behind stopped motorists or do not effectively block
turning traffic (especially at skewed angle crossings).

« Automatic gates at oblique crossings are installed 90 degrees to the roadway, which
creates an inviting area for motorists to drive around the gate arm and/or stop
between the gate arm and LRT tracks.

» Pedestrian crossings have limited warning devices because they are far removed
from the adjacent motorist crossing as a result of the skewed angle of the motorist
crossing.

» Pedestrians dart across LRT tracks without looking both ways (especially for a
second, LRV approaching the crossing from the opposite direction).

» Pedestrians ignore warning signs.

» Pedestrians trespass along the LRT right-of-way.

» Pedestrians do not cross the trackway at designated locations.

« LRT agencies lack guidance (warrants) about when to install pedestrian warning
devices.

Each of the LRT systems surveyed has addressed many of the problems listed above
in innovative ways. These innovations can serve as a model for solving these problems
among all systems. Thus, the research team suggests several possible solutions for each
of the problems discussed above based on successful applications of these innovative
designs and planning principles. Table S-3 presents the issues and summarizes the pos-
sible solutions. Each of these proposed solutions is addressed in the body of the report
in Chapter 3, Application Guidelines.

One area in which there has been ongoing concern expressed by LRT agencies is
selection criteria for various safety devices, especially for situations in which numerous



TABLE S-3 Possible Solutions to Observed Problems

Issue

Possible Solution

System Design

Vehicles driving around closed autornatic gates

LAV operator cannot visually confirm if gates are working

Slow trains share tracks/crossings with LRVs & near side
LRT station stops

Motorist disregard for regulatory signs at LRT crossings
and grade crossing waming devices

Motor vehicles queue back across LRT tracks from a
nearby intersection controlled by STOP signs (R1-1)

Sight distance limitations at LRT crossings

Motor vehicles queues across LRT tracks from
downstream obstruction

Automatic gate and traffic signal interconnect
malfunctions

Install raised medians with barrier curbs

Install channelization devices (traffic dots or
flexible posts)

install longer automatic gate arms

Phoeto-enforcement

Four quadrant gates

For parallel traffic, install protected signal
indications or LRV-activated No Right/Left
Tum signs {R3-1, 2)

For parallet traffic, install turn automatic
gates

Install gate indication signals or in-cab
wireless video link

Install and monitor at a central control
facility a Supervisory Controi and Data
Acquisition (SCADA) system

Constant Waming Time

Use gate delay timers

Avoid excessive use of signs

Photo-enforcement

Aliow free-flow (no STOP sign} off the
tracks or signalize intersection and
interconnect with grade crossing

Maximize sight distance by limiting potential
obstructions to 1.1 m (3.5 ft.} in height
within about 30 to 60 m {100 to 200 ft.) of
the LRT crossing (measured parallel to the
tracks back from the crossing)

Install “Do Not Stop on Tracks” Sign

Install Keep Clear Zone Striping

Install Queue Cutter Signal

Install plaque at crossing with 1-800 phone

number and crossing name and/or
identification number

System Operations

Freight line converted o, or shared with, light rail transit

Accidents occur when second LRV approaches
pedestrian crossing

Motorists disregard grade crossing warning devices

For new LRT systems, initially operate
LRVs slower, then increase speed over
time

When practical, first LRV slows/stops in
pedestrian crossing, blocking pedestrian
access until second, opposite direction
LRV enters crossing

Adequately maintain LRT crossing
hardware (e.g., routinely align flashing
light signals} and reduce device “clutter”

(continued on next paye




TABLE S-3 Possible Solutions to Observed Problemsgntinued

Issue

Possible Solution

System Operations (CONTINUED)

Emergency Preparedness

Public education and enforcement

Training of staff and emergency respense
teams (fire, police}

Traffic Signal Placement and Cperation

Motorists confused about apparently conflicting flashing
light signal and traffic signal indications

Track clearance phasing

Excessive queuing near LRT crossings

Turning vehicles hesitate during track clearance interval
Vehicles queue back from closed gates into intersection

LRT crosses two approaches to a signalized
intersecticn (diagonal crossing)

Motorists confused about gates starting to go up and
then lowering for a second, opposilte direction LRV

LRT versus emergency vehicle preemption
Turning motorists violate red protected left-turn indication
due to excessive delay.

With leading left-turn phasing, motorists viclate red
protected left-turn arrow during preemption

Use traffic signals on the near side of the
LRT crossing (pre-signals) with
programmable visibility or louvered traffic
signal heads for far side intersection
control

Avoid using cantilevered flashing light
signals with cantilevered traffic signals

Detect LRVs sarly to allow termination of
conflicting movements {e.g., pedestrians)

Use queue prevention strategies, pre-
signals

Provide protected signal phases for through
and tuming motor vehicles

Control turning traffic towards the crossing

Detect LRVs early enough to clear both
roadway approaches and/or use pre-
signais or queue cutler signals

Delay the lowering of the gates which
control vehicles departing the common
intersection.

Detect LRVs early enough to avoid gate
pumping (also allows for a nearby traffic
signal controller to respond to a second
LRV preemption)

Al near side station locations, keep gates
raised until LRV is ready to depart.

At higher speed LRT crossings (speeds
greater than 55 kmn/h (35 mph}), LRYs
receive first priority and emergency
vehicles second priority

Recover from preemption to phase that was
preempted.

Switch from leading left-turn phasing to
lagging left-turn phasing

Automatic Gate Placement

At angled crossings or for tuming traffic, gates descend
on top of or behind motor vehicles

Install gates parallel to LRT tracks

Install advanced traffic signal to control
turning traffic

Pedestrian Control

Limited sight distance at pedestrian crossing

Pedestrians dart across LRT tracks without looking

Install pedestrian automatic gates (with
flashing light signals and bells {or
alternative audible device))

Install waming signs

Install swing gates




TABLE S-3 Possible Solutions to Observed Problemsdgntinued

Issue Possible Solution

activated

5. Pedestrian Contrgl {(CONTINUED)

. Padestrians fail to look both ways before crossing fracks | Channel pedestrians {Z-crossings)

. Pedestrians ignore waming signs Mount signs closer to average eye level for

. Padestrians stand too close to tracks as train approaches warming outside of the dynamic anvelops
crossing
. Pedestrians and bicyclists routinely cross the LRT tracks | \"stall positive contral behind the sidewalk (if

behind the automnatic gate mechanism while it is

Paint LAT directional arrow between tracks

pedestrians
Install active pedestrian waming devices
Provide education and enforcement

Install pedestrian stop bar with tactile

present) or roadway shoulder

alternatives exist. Chapter 3 presents proposed pedestrian warrants for various cross-
ing warning and control devices.

Chapter 3 also describes possible strategies for implementing enforcement and pub-
lic education programs. Such programs are essential for compliance with traffic con-
trol devices. For example, the Los Angeles LRT system uses an advanced technology,
photo-enforcement program to improve safety at LRT crossings. Also, St. Louis had
an extensive educational program related to the higher speed of the new light rail line
as opposed to the existing railroad traffic and the incremental speed increase program.
Several other systems have instituted public education programs especially aimed at
children in order to inform potential crossing users of proper behavior for safety at LRT
crossings. LRT agencies should also take proactive roles in developing material about
light rail safety to include in driver handbooks and manuals, if none exist.

Results of Field Testing of Presignals on Risky Motorist Behavior

Phase Il of the Transit Cooperative Research Program (TCRP) Project A-13, “Light
Rail Service: Pedestrian and Vehicular Safety,” involved conducting field research on
presignals, a traffic engineering treatment gaining increased attention and use in the post
Fox River Grove collision environment, in order to improve the safety of LRT crossings
where LRVs operate at speeds greater than 55 km/h (35 mph). This report describes the
field evaluation and the statistical methodology used to determine the effectiveness of
presignals at highway-rail grade crossings. In addition, the results of the statistical eval-
uation and a discussion of the meaning of the results are included in this report.

The field testing of presignals in lllinois has demonstrated that presignals are effective
at significantly reducing the amount of certain risky behaviors at highway-rail grade cross-
ings adjacent to intersections. The following results were observed in the field testing:

« The number of vehicles stopped in the clear storage distah@ougar Road
declined by an average of 93 percent.

2 See Chapter 4, Section 4.4.2, for definition.



< The number of vehicles in the clear storage distance at Rollins Road declined by
an average of 80 percent.

« The number of vehicles in the minimum track clearadisance at Gougar Road
declined by an average of 91 percent, excluding the nighttime period, which was
not statistically significant.

» The number of vehicles in the minimum track clearance distance at Rollins Road
declined by an amount that was not statistically significant.

* The number of vehicles that conducted a right turn on red, when prohibited,
decreased by an average of 82 percent at Rollins Road.

« The number of vehicles that proceeded on a clear track green at both Rollins Road
and Gougar Road did not have a statistically significant reduction, possibly because
of the visibility of the downstream signal to motorists stopped at the presignal.

» The reduction in the number of vehicles that proceeded through the trackway as
the gates began to ascend was not statistically significant.

» Fewer than 3 percent of the vehicles stopped at the presignal on a red signal pro-
ceeded through the signal into the clear storage distance or conducted a right turn
on red.

» Through a cross-sectional analysis of the two crossings before the presignals were
installed, the percentage of vehicles that stopped in the clear storage distance or in
the minimum track clearance distance was, on average, 93 percent less where Keep
Clear Zone striping was installed.

Presignal Design Criteria

This report also presents design guidelines developed for the use of presignals at
highway-rail grade crossings. Criteria are established for the use of presignals. In addi-
tion, the design aspects of presignals are discussed, such as signal location, phasing
operation, Keep Clear Zone striping, appropriate signing, stop bar location, and con-
siderations in intersection geometry.

Future Directions

The application of newly developed intelligent transportation systems (ITS) tech-
nology can provide new opportunities for designing LRT systems for safety. The inte-
gration of various advanced technologies, such as innovative warning devices, LRV-
activated roadside message signs, variable message signs, in-vehicle advisory and
emergency warnings, and automatic collision avoidance, might provide a much more
effective solution to safety at LRT crossings than current technologies provide.

Perhaps the most promising aspect of ITS technology as it applies to LRT crossings
will be the ability to operate LRVs through crossings with enhanced safety and less dis-
ruption to the surrounding street network. For example, if the exact, continuous posi-
tion of every LRV in the system is known [e.g., by using differential global position-
ing system (GPS) satellites and LRV tachometers for areas (e.g., in a subway) where
GPS satellite signals cannot be received onboard], traffic signals in the vicinity of LRT
crossings could be preconditioned, ahead of LRV arrival, to reduce queuing in the
vicinity of the tracks or to adjust traffic signal progressions to minimize overall delays
to motor vehicles. The benefits of such a system would be increased safety at LRT
crossings and a lower level of mobility impact through interactive scheduling and traf-

2 See Chapter 4, Section 4.4.2, for definition.
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fic control. Such ITS systems potentially could eliminate the need for grade-separating
moderate traffic level crossings.

The research team observed presignals in California, lllinois, Michigan, South Car-
olina, and Virginia. There are considerable variations in the specific designs among the
states and, in some cases, within each state. Future research should address the design
variations, design standards, and compliance of the different systems.

Finally, this report lists possible future research efforts that should be conducted to
improve the safety of LRT at-grade crossings for motorists and pedestrians, including
the following:

» Use of lights embedded in the pavement at the stop bar location;

» Design variations for the use of presignals, including those without a downstream
intersection signal;

 Further research of the effects of Keep Clear Zone striping on motorist behavior;

* Increasing the visibility of the automatic gate arm;

 Evaluating the effect of low-floor vehicle station platforms on pedestrian behav-
ior at stations;

« Determining the impact of new “quieter” LRVs on pedestrian safety;

» Evaluating the use of overlay circuits to provide advance or supplemental warning;

» Replacing flashing lights with traffic signals at gated crossings; and

» Providing backup power for traffic signals at intersections that are interconnected
to the grade crossing and at adjacent intersections on the network.

The need for continued research in LRT safety will provide the necessary tools for
LRT agencies to increase the level of safety of their systems. One additional step is nec-
essary. Consistent collision data categorized by alignment type must be gathered by the
LRT systems and reported to the FTA. At a minimum, the collision statistics should
include alignment type; number and type of grade crossing and traffic control devices;
train speed; motor vehicle speed (posted and actual); roadway average daily traffic;
roadway and trackway geometry; and collision severity, collision location, time, and
date. The compilation and sharing of consistent data will enable researchers to develop
a better understanding of the factors contributing to LRT collisions in order to address
those factors that show the highest hazard potential.
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CHAPTER1
INTRODUCTION AND RESEARCH APPROACH

1.1 RESEARCH PROBLEM STATEMENT about 20 times more likely to result in fatalities than those in
which LRVs operate at speeds less than 55 km/h (35 mph).

Many major metropolitan areas throughout the United Higher speed LRT operation poses additional problems
States and Canada either have light rail transit (LRT) systemecause of inconsistencies between the perception of crossing
in place or are planning to construct such systems in thgsers (motorists, bicyclists, pedestrians) and the reality of the
future. Descendants of the streetcar, light rail vehicles (LRVS)perating environment. Many of the higher speed LRT route
have their own distinct characteristics, including a bfoa%egments are shared with currently operating freight and/or
range of possible operating environments. LRV can operajssenger railroad rights-of-way or were developed in former
on city streets and in semiexclusive and exclusive rights-ofynes, Individuals who cross the tracks at these locations may
way. LRVs also have a wide range of typical operating speedscpect low-frequency, slower train service. This expectation is
[from 25 to 105 km/h (15 to 65 mph)]. This flexibility of oper- quickly violated when high-frequency, higher speed LRV ser-
ation, coupled with the capacity and attractiveness to pagjce s initiated. Because LRVs typically approach crossings
sengers of LRVs, has made LRT an increasingly viable pulyiong semiexclusive rights-of-way at speeds between 55 km/h
lic transportation option. The increased presence of LRT(35 mph) and 105 km/h (65 mph), there is little opportunity for
especially as more communities construct and expand LRdrossing users to err and recover safely or for LRV operators
systems in existing lightly used or abandoned railroad corriry ayoid collisions. Adequate perception of crossing control
dors, requires a greater need for public awareness about §gyices and warning systems is critical to the overall safety of
specific characteristics of the operation of LRT that distiny g1 operations where LRVs operate at speeds greater than
guish it from the operation of traditional railroads. 55 km/h (35 mph) in semiexclusive rights-of-way.

Safety considerations are important to LRT agencies. |nteractions between LRVs and pedestrians/bicyclists are
AlthoughLRT systems have excellent overall safety recordsuniOlue and more complex than those interactions between
issues of public image and agency liability emerge each timerv/s and motorists. Pedestrians, moving primarily in the
an accident occurs. Some causes for concern about safety daigtively safe environment of the protected sidewalk area,
back to design practices from the streetcar era. Other causgg not as consistently attentive to potential hazards. Addi-
of concern are due to the railroad design and operating praganally, where the pedestrian path crosses the trackway,
tices. Still others have emerged with the advent of modernsign distance restrictions and high levels of activity (station
day LRT design and operating practices. areas) can result in risky behavior and accidents. The poten-

New challenges are posed when LRVs operate at speegs) |ack of formal training on the meaning and proper course
greater than 55 km/h (35 mph). Although LRT operations iny 4ction for traffic control devices and ordinances typically

semiexclusive rights-of-way are mostly separated from potenggits in misconceptions about proper behavior around LRT
tial conflicts by fencing or other substantial barriers, Conﬂ'Ct%rossings and in higher rates of violation of laws. Crossing

remain between LRVs and motorists, pedestrians, and bicyclgg o devices and systems intended for pedestrians or bicy-

at crossings and in the vicinity of the LRT stations. As demong s must therefore communicate the intended message in a

strated in this report, 77 percent of total mainline track 1engtQiear manner and indicate the required action and higher level
atthe 11 LRT systems studied are within semiexclusive rightSst risk associated with violating the crossing control device
of-way with LRV speeds greater than 55 km/h, but only 13, ,+(e higher speed LRVs cross.

percent of the average annual total accidents occur at cross-

ings along these higher speed segments. Despite the relatively

low numbers of accidents at these higher speed LRT crosg-»> ReSEARCH OBJECTIVES

ings, any collision with an LRV traveling at a higher speed

is likely to lead to much more severe injuries for passengers This project set out to identify, validate, and recommend
onboard the LRV and for those individuals struck by thesafety enhancements that will reduce incidents at higher speed
LRV. In fact, based on accident severity data provided by BRT grade crossings [crossings along semiexclusive rights-
of the 11 LRT systems studied, higher speed collisions aref-way where LRVs operate at speeds greater than 55 km/h
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(35 mph)] involving motor vehicles, pedestrians, and bicycles. « New devices to warn and control LRT crossing users

Particularly, the National Committee on Uniform Traffic Con-
trol Devices (NCUTCD) has endorsed the need to consider
crossing control devices, systems, and practices for LRT sep-
arate and different from those used for freight and commuter
railroad wherever LRT and freight railroad do not share a par-
allel, adjacent right-of-way (with shared crossings) or wher-

ever they do not share trackage. Thus, this research is aimed af

developing traffic control devices and systems specific to the
characteristics of LRT technology and guidelines to determine
the appropriate context for the use of these devices. In addi-
tion, this report also presents results from other research efforts
conducted on innovative LRT grade crossing safety improve-
ments. Changes and additions to existing control devices have
been suggested for inclusion in the new chapter (Part X), Traf-
fic Controls for Highway-Light Rail Transit Grade Crossings,
of theManual on Uniform Traffic Control Devices for Streets
and Highway5(MUTCD).

This research identifies the most promising techniques for
addressing problems such as the following:

« Motor vehicles operating on a street parallel to the LRT
right-of-way that inadvertently turn into the path of an
approaching LRV (often despite closed automatic gate
mechanisms);

< Motor vehicles and bicyclists intentionally driving around
closed (horizontal) automatic gate mechanisms;

* Motor vehicles failing to clear the LRT tracks when an
LRV is approaching the crossing;

¢ Pedestrian and bicyclist awareness of approaching LRVs

» Unsafe pedestrian and bicyclist activity (risky behavior).
in the vicinity of LRT tracks and stations;

« Higher speed, more frequent, and quieter LRT operation

(including the use of traffic signals instead of flashing

light signals);

Passive and active signs (including LRV-activated, inter-

nally illuminated signs);

LRT-specific warning signs instead of the railroad

crossing sign (crossbuck, R15-1);

Pavement marking, texturing, and striping;

Crossing geometrics and LRT alignment improvements;

Channelization (including roadway medians);

Audible crossing warning devices (including wayside

horns and other synthesized tones);

Application of advanced technology as it relates to cur-

rent research and planning for the intelligent transporta-

tion system (ITS)—for example,

— Off-track crossing control device activation (without
using track circuitry),

— LRV operation intervention (cab signaling, train stop
technology), and

— Automobile onboard warning devices (in-vehicle auto-
matic warning of an approaching LRV);

» Enforcement programs (including photo enforcement

programs); and
Public education techniques.

1.3 ISSUES

' The following fundamental research questions are answered
in this report:

as opposed to freight operation along the same corridor, « To what extent does the cause of LRV/crossing user inci-

resulting in misconceptions about the hazards;

« Misconception by crossing users, especially pedestrians
and bicyclists, about express (nonstop) LRT service vs.
regular (all stops) service at crossings in the vicinity of
LRT stations; and

« Nonstandard crossing configurations (skewed intersec-
tions).

The following types of devices, practices, and programs
were identified for potential LRT crossing safety improve-
ment:

< Automatic gate types (including four-quadrant and left-
turn automatic gates for motorists and pedestrian auto-
matic gates);

¢ Automatic gate placement (behind the sidewalk vs. near
the curb, parallel to the tracks vs. perpendicular to the
crossing roadway);

1 Manual on Uniform Traffic Control Devices for Streets and HighwdyS. Depart-
ment of Transportation, FHWA, Washington, D.C. (1988).

dents lie with the inability of the crossing users to ade-
quately see, hear, perceive, understand, and anticipate
LRV and/or railroad movements through the crossing
because of unclear or confusing messages from traffic
control treatments and crossing design features, espe-
cially with higher speed operations?

What are the underlying behavioral causes of these
incidents, and what are the most appropriate corrective
actions?

What geometric design, traffic control devices or treat-
ments, LRT operating practices, educational techniques,
and enforcement programs are needed to address the
more recurrent issues and concerns with higher speed
operation? For example, from a safety viewpoint, where
near-side LRT stations are used, when and how should
the automatic gates be activated? How does this influ-
ence the behavior of crossing users? Can improvements
in nearby traffic signal preemption operations improve
safety at LRT crossings?

How have the various LRT agencies in North America
and Europe addressed their safety issues and concerns at
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higher speed crossings, and how could the more effed-4 RESEARCH APPROACH
tive treatments be applied on other LRT systems? ) _ )

« What is the most effective traffic control device or treat-  Figure 1-1 presents the research plan for this project.
ment (including considerations for people who do notResearch is divided into two phases and each phase is divided
understand or do not speak English as a first Ianguagg)to several tasks. The completed research for Phase | is pre-
to deter crossing users from crossing behind an I_R\yented in Chapters 1-3 of this report. The research conducted

that has already passed through the crossing and bei Phase Il on the effect of presignals at highway or grade
struck by an LRV approaching from the opposite direcC 0ssings in reducing risky motorist behavior is presented in

. ; k . .. Chapter 4.
tion, which may be hidden from the crossing user’s view The tasks of each phase are as follows:

by the first LRV?
 As crossing users are often confused by the exact mean- _ _
ing of flashing light signals, to what extent can they be * Phase I: Identify safety concerns and issues and develop

replaced by devices unique to LRT as recommended by
the NCUTCD, among them standard traffic signal indi-
cations or two-section traffic signal indications with solid
yellow and red indications only? Because motorists,
bicyclists, and pedestrians are unclear about where and

effective, potential solutions (some of these solutions may
already be implemented at a specific LRT system).
Phase II: Perform field investigations at two installation
sites using behavioral-based evaluation methodologies
to determine the relative effectiveness of some more

promising crossing control treatments for LRT using a
before-and-after approach. The panel approved the field
research of presignals including their influence on risky
motorist behavior.

when to stop once the flashing light signals are activated,
can intersection traffic signal technology be transferred
to the LRT crossing (supplemented by automatic gates in
some cases) to improve safety, as suggested by the high-
way-railroad grade crossing worksfgponsored by the
U.S. Department of Transportation, Federal Railroad Within this framework, the research team identified issues/
Administration,Office of Research and Development? concerns and potential solutions relative to motorist, pedes-

« What additions or supplements specific to higher speettian, and bicyclist safety where LRVs operate at speeds
LRT crossings [where LRVs travel at speeds greater thagreater than 55 km/h (35 mph) by using ongoing domestic
55 km/h (35 mph)] should be recommended for inclu-2nd foreign research results, literature review, field observa-
sion in the upcoming new version of the MUTCD? Giventions and video taping of LRT crossings, and structured inter-
the existing at-grade crossing practices associated witjews with representatives from 11 LRT agenéiéster
railroads and the numerous existing railroad grade cros@PpProval of the Phase Il research plan presented in Chapter 4
ings, how can new provisions for LRT be applied? ~ Of this report, the research team:

» What guidelines or warrants should be included in the

new LRT part of the MUTCD to aid transportation engi-
neers and LRT safety specialists in determining the best
pedestrian crossing control treatment(s) (e.g., pedestrian
automatic gates, swing gates, Z-crossings, bedstead bar-
riers) at a given location? .
How can some of the advanced technology being devel-
oped for railroad operations be transferred to LRT oper- *
ations? What can be learned from a demonstration proj-
ect with the global positioning satellite-based positive
train control system in the Washington State high-speed
rail corridor in developing off-track LRV detection and
signal activation? ¢
Are presignals effective at reducing the amount of risky
motorist behavior conducted by motorists at highway-
rail grade crossings? If so, what presignal criteria and

Conducted a field evaluation (using risky behavior analy-
sis instead of accident analysis) to determine the relative
effectiveness of presignals on reducing risky motorist
behavior (see Chapter 4);

Developed presignal design criteria and guidelines for
their use;

Submitted comments to the most current version of Part
X (Traffic Controls for Light Rail Transit-Highway
Grade Crossings) of the MUTCD, particularly special
provisions, treatments, and devices applicable to improv-
ing safety at higher speeds;

Established promising approaches to the development
of warrants for the use of specific traffic control devices
for pedestrians at LRT crossings; and

design should be used for their installation? T r———— L .
% Baltimore (Maryland Mass Transit Administration), Calgary (Calgary Transit), Dal

las (Dallas Area Rapid Transit), Denver (Denver Regional Transportation District),
Edmonton (Edmonton Transit System), Los Angles (Los Angeles County Metropoli-
tan Transportation Authority), Portland (Tri-County Metropolitan Transportation Dis-

2 Safety of Highway-Railroad Grade Crossings, Research Needs Workshop, Volumgict of Oregon), Sacramento (Sacramento Regional Transit District), St. Louis (Bi-
| (DOT/FRA/ORD-95/14.1, DOT-VNTSC-FRA-95-12.1). U.S. Department of Trans- State Development Agency), San Diego (San Diego Metropolitan Transit Development
portation, Research and Special Programs Administration, Washington, D.C. (1996Board and San Diego Trolley, Inc.), and San Jose (Santa Clara Valley Transportation
pp. x (in Executive Summary) and 2-40. Authority).
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» Developed an implementation plan to incorporate the The remainder of the report is organized as follows:
research results of this project into practice by defin-
ing future research activities and likely demonstration ¢ Chapter 2, System Operating and Safety Experience, pre-
projects and appropriate and effective public education  sents the research findings relative to the transit agency
techniques. surveys, issues, and concerns.
e Chapter 3, Application Guidelines, presents a summary
of solutions, principles, and guidelines for planning and
1.5 FINAL REPORT OVERVIEW application.
» Chapter 4, Field Research: Evaluation of Presignals,
This report presents the findings of the research efforts in  details the research approach taken, the statistical method-
Phase | and Phase Il of TCRP Project A-13. It presents the ology used, and the results of the Phase Il field research.
results of surveys and interviews with 11 LRT systems in the ¢ Chapter 5, Presignal Design Criteria, develops recom-
United States and Canada and assesses recurrent safety prob-mended criteria for the use of presignals.
lems that occur on those systems. It also presents the results
of the evaluation of presignals on risky motorist behavior and The appendixes present a summary of the literature review
developed design criteria for the use of the presignals. (Appendix A) and a glossary of terms (Appendix B).
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CHAPTER?Z2
SYSTEM OPERATING AND SAFETY EXPERIENCE

2.1 OVERVIEW 2.2 LRT ALIGNMENT CLASSIFICATION

This chapter analyzes the characteristics, operations, andBecause LRT is capable of operating in many different
safety experiences of 11 light rail transit (LRT) systems opertypes of right-of-way (including aerial structures, subways,
ating in the United States and Canada. Based on the LRihd on streets with other road users), an alignment classifica-
alignment definitions presentedTCRP Report 17: Integra- tion scheme was developedli@RP Report 1*that describes
tion of Light Rail Transit into City Streets classification this range of operating environments. There are three gen-
scheme is described for higher speed LRT operations [wheszal classes of right-of-way: type a (exclusive), type b (semi-
light rail vehicles (LRVs) travel at speeds greater tharexclusive), and type ¢ (nonexclusive). LRVs typically operate
55 km/h (35 mph)]. Then, the chapter presents an overview at speeds greater than 55 km/h (35 mph) only in type a (exclu-
each of the 11 LRT systems, summarizes accident experienaiye) and in some subtypes of type b (semiexclusive). A brief
discusses LRT agency issues and concerns, and descriltiescription of the various right-of-way types (and subtypes),
innovative features/demonstration projects. Moreover, thencluding typical maximum LRV operating speeds, follows.
LRT system descriptions are updated through the year 2008ample rights-of-way are presented for those alignments
whereas the accident reports are from the year 1996. Finallwhere LRVs operate at speeds greater than 55 km/h (35 mph).
this chapter presents trends in LRT operating and accident
experience based on the combined histories of all 11 LRT ¢ Exclusive (type a): A right-of-way that is grade separated
sysems. (e.g., subway or aerial structure) or at ground level but

Portions of the 11 LRT systems surveyed—those in Balti-  protected by a fence or substantial barrier (as appropriate
more, Cafjary, Dallas, Denver, Edmonton, Los Angeles,  to the location) without at-grade crossings. Motor vehi-
Portland, Sacramento, St. Louis, San Diego, and San Jose cles, bicycles, and pedestrians are prohibited within this
(Figure 2-1)—are operated in rights-of-way that allow LRVs right-of-way. LRVs typically operate at speeds greater
to travel at speeds greater than 55 km/h (35 mph); that is, than 55 km/h (35 mph) and up to 105 km/h (65 mph)
exclusive and semiexclusive rights-of-way. These two classes (see Figure 2-2).
of rights-of-way either exclude crossing maneuvers by motor- < Semiexclusive (type b.2)A right-of-way with at-grade
ists, bicyclists, and pedestrians (exclusive) or allow cross- automobile, bicycle, and/or pedestrian crossings pro-
ing maneuvers only at specific locations that are controlled tected between crossings by fencing or substantial barri-
by automatic gates or other crossing control devices (semi- ers, if appropriate to the location. Motor vehicles, bicy-
exclusive). The LRT agency surveys followed an interview  cles, and pedestrians cross this right-of-way at designated
guide that focused on system and crossing control character- locations only. LRVs typically operate at speeds greater
istics, problem locations and types, accident experience, and than 55 km/h (35 mph) and up to 105 km/h (65 mph)
actions taken by the agency to correct any observed prob- (see Figure 2-3).
lems. The LRT lines at each property were videotaped to pro- « Semiexclusive

vide the LRV operator’s perspective of traffic control and — Type b.2: An LRT alignment within street right-of-
geometric features of each crossing. In addition, field recon- way but protected by barrier curbs (honmountable
naissance was conducted at crossings that had unique control  curbs) and fences between crossings. The fences are
devices or physical characteristics. These field observations located outside the tracks. Motor vehicles, bicycles,
provided further insight into the problems and potential for and pedestrians cross this right-of-way at designated
improvement. locations only. In type b.2 alignments with crossings

controlled by automatic gates, LRVs typically operate

* Transit Cooperative Research Progrd@RP Report 17: Integration of Light Rail
Transit into City StreetsTransportation Research Board, National Research Council, 2 Subject of this report.
Washington, D.C. (1996) pp. 13-17. 3 Subject of this report.
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Figure 2-1. LRT systems surveyed.

at speeds greater than 55 km/h (35 mph) and up to
105km/h (65 mph) (see Figure 2-4).

— Type b.3: An LRT alignment within street right-of-
way but protected by barrier (nonmountable) curbs
between crossings. A fence may be located between
a double set of tracks. Motor vehicles, bicycles, and
pedestrians cross this right-of-way at designated loca-

the LRT alignment freely and the parallel roadway at
designated locations only. Typically, the LRT right-
of-way is delineated by detectable visual and textural
pavement warnings and/or striping. Motor vehicles
and bicycles cross the LRT/pedestrian mall right-of-
way at designated locations only. LRVs typically oper-
ate at speeds less than 25 km/h (15 mph).

tions only. LRVs typically operate at speeds less than « Nonexclusive: Corridors where LRVs operate in mixed
55 km/h (35 mph). o . traffic with motor vehicles, bicycles, and/or pedestrians.
— Type b.& An LRT alignment within street right-of- — Type c.I: Mixed traffic operations. Motor vehicles

way but separated by mountable curbs, striping, and/or
lane designation. Motor vehicles, bicycles, and pedes-
trians cross this right-of-way at designated locations
only. LRVs typically operate at speeds less than
55 km/h (35 mph).

— Type b.8: An LRT alignment within an LRT/pedes-
trian mall located adjacent to a parallel roadway that
is physically separated from the LRT/pedestrian mall
by a barrier (nonmountable) curb. Pedestrians cross

and bicycles operate with LRVs in traffic lanes on
streets. Pedestrians cross this right-of-way at desig-
nated locations only. LRVs typically operate at speeds
less than 55 km/h (35 mph).

— Type c.2: Transit mall. Transit vehicles may operate

with LRVs in a transit-exclusive area for transporting,
embarking, and disembarking passengers. A barrier
(nonmountable) curb separates the transit/LRV right-
of-way from the pedestrian way. Nontransit motor

4 Studied in Transit Cooperative Research Program (TCRP) Project A-5 (results in
TCRP Report 17: Integration of Light Rail Transit into City Stres¢® footnote 1).

5 See footnote 4.

5 See footnote 4.

7 Studied in Transit Cooperative Research Program (TCRP), Project A-5 (results in
TCRP Report 17: Integration of Light Rail Transit into City Stres¢® footnote 1).
8 See footnote 7.
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Figure 2-2. Example exclusive type a right-of-way. (San Figure 2-3. Example semiexclusive type b.1 right-of-way.
Diego, California, LRT system.) (St. Louis, Missouri, LRT system, Plymouth Ave. crossing.)

vehicles and bicycles are prohibited in this right-of- The final LRT alignment consideration addresses isolated
way. Nontransit motor vehicles, bicycles, and pedespedestrian crossings (pedestrian-only crossings away from
trians cross this right-of-way at designated locationsany adjacent roadway) or bicycle paths. The type of alignment
only. Delivery vehicles may be allowed at certain timeswith at-grade pedestrian-only or bicycle path crossings is gen-
of the day. LRVs typically operate at speeds less thafrally considered to be part of the semiexclusive type b.1
55 km/h (35 mph). right-of-way definition as described above, even though spe-
— Type ¢.8 LRT/pedestrian mall. LRVs and pedestrianscial crossing control devices may sometimes be necessary. An
share this right-of-way. Motor vehicles and bicyclesexample of a pedestrian-only crossing occurs where a pedes-
are prohibited from operating on or adjacent to thdrian pathway crosses the tracks to enter a station location.
LRT tracks. Pedestrians may cross the LRT right-of- Table 2-1 summarizes the distribution of track length by
way freely. Typically, the LRT right-of-way is delin- alignment type and LRT route length for each system (in
eated by detectable visual and textural pavement wari@phabetical ordet) through 1996, when the initial survey
ings and/or striping. Motor vehicles and bicycles crosgvas conducted. About 52 percent of the total track length at
this right-of-way at designated locations only. LRVs all the LRT systems surveyed is located in semiexclusive
typically operate at speeds less than 25 km/h (15 mphtype b.1 right-of-way, and about 14 percent of total track
length is located in semiexclusive type b.2 right-of-way. The
As indicated in Figure 2-5, semiexclusive type b.1 and b.gombined share of track length in semiexclusive rights-of-
rights-of-way are immediately adjacent to railroad rights-of-way where LRVs travel at speeds greater than 55 km/h (35
way at many of the LRT systems surveyed. In other case8Ph) is 66 percent, about two-thirds of the total track length
railroad trains share track with LRVs during nonrevenuédmong the 11 LRT systems surveyed. This large share is
hours of operation. Parallel railroad operations or shared tradaracteristic of newer LRT systems, which have been con-
situations may adversely affect at-grade LRT crossing safefjfructed primarily in lightly used, abandoned, or wider rail-
because railroad trains typically operate at slower speeds thEgfd rights-of-way. As indicated in Table 2-1, the proportion
LRVs in these same alignments. LRVs can operate at speektrackage applicable to this project ranged from a low of 3
up to 105 km/h (65 mph) in semiexclusive type b.1 and b.percent (San Jose) to a high of 89 percent (San Diego).
rights-of-way, whereas parallel railroad trains typically oper- I the following system summaries, the statistics and
ate only at speeds up to 70 km/h (45 mph). This 35 km/h (Zg_escnpt_mm of accidents as well as crossing c_ontrol dewc_e
mph) speed differential between LRT and railroad operationg'scuss'ons have been screened to those that fit the selection

may cause some confusion to crossing users. Further, LRY iteria established for this research project—namely, those
operate much more frequently than railroad trains. LRVs als Oﬂgnfﬁ %er’gerr:]tsh\;v?ne;Z;@gﬁgﬁﬂe aét lj plezgz grgargeg ttgan
stop in stations located adjacent to crossings, whereas freigo -way Howevgr accident statistics Z\ﬁd/o.r crossin.g cc?ntrol
trains typically do not stop in the corridor. Implementing LRTdevice.s Where L’RVs travel at speeds less than 55 km/h
in a corridor where freight has been previously operating may

exacerbate confusion about the type of train operations.

10 Mainline route length represents kilometers of mainline LRT right-of-way (in one
direction only), whereas mainline track length represents actual kilometers of track
9 See footnote 7. (counting single-track segments once and double-track segments twice).
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Figure 2-4. Example semiexclusive type b.2 right-of-way.
(Los Angeles, California, LRT system, 55th Street crossing.

(85 mph) may be included in some LRT system descrip
tions because the discussion is relevant to semiexclusi\'u_-
type b.1 and/or b.2 rights-of-way and would have applica s e
tion at higher speed LRT crossings in general [even thoug
the case in point is where LRVs happen to operate at spee
less than 55 km/h (35 mph)]. For example, a specific pede
trian control device used at a track crossing in an LRT ste
tion along a semiexclusive type b.1 or b.2 right-of-way may
be described, even though LRVs typically operate at les
than 55 km/h (35 mph) because of the required station sto
In addition, pedestrian treatments applicable to stations alor
the high-speed alignment segments were included.
Accidents resulting from trespassing or incursion intoFigure 2-5. Examples of parallel LRT and railroad right-
exclwsive (type a) rights-of-way, where LRVs may travel atof-way. (Above: Denver, Colorado. Below: Edmonton,
speeds greater than 55 km/h (35 mph), are not discussedAiberta, Canada.)
this report because there are no designated motor vehicle,

bicycle, or pedestrian crossings. which currently links downtown Baltimore, including the

After the description and analysis sections for each of th : X
11 LRT systems, Section 2.4 of this chapter presents a Sygt_amden Yards baseball stadium, with Hunt Valley, Penn-

. ) . . . sylvania, to the north and Glen Burnie (near the Baltimore-
thesis of operating experience, including common problenﬂ‘

encountered at several of the LRT systems and combin ashington International Airport) to the south (Figure 2-6).

accident analysis and comparisons. Again, note that the acai. ree extensions to the initial line have been constructed and

dent history information for the 11 LRT systems is currenfconS'St of a 7-km (5-mi) northern extension to Hunt Valley,

I a 0.5-km (0.31-mi) extension to the Pennsylvania Station
up to 1996, y\{hen the initial survey of thg s_ystems was Conused by Amtrak and MARC trains, and a 4-km (3-mi) exten-
ducted. Additional treatments and descriptions of problems: . . . :

Sion to Baltimore-Washington International Airport.

encountered along extensions of systems since 1996 hav altimore Central Light Rail operates in a variety of right-
been included, but the accident data used to develop descri&- . g ' op ; . y 9
-way environments, including sharing right-of-way and

tive statistics include data only through 1996. track with railroad (during nonrevenue hours) on the northern
and southern portions of the system (semiexclusive type b.1

2.3 LRT SYSTEM DESCRIPTION and b.2 rights-of-way), where LRV speeds typically exceed

AND ANALYSIS 55 km/h (35 mph), and street rights-of-way along Howard

Street in downtown Baltimore, where typical LRV speeds
are 25 km/h (15 mph). Several sections of the semiexclusive

2.3.1.1 LRT System Overview rights-of-way are currently single-tracked with long double-
tracked passing tracks. As of 1996, when this survey was con-

The Maryland Mass Transit Administration (MTA) oper- ducted, the Baltimore Central Light Rail had 18 crossings
ates the 48.3-km (30-mi) Baltimore Central Light Rail Line,along its semiexclusive type b.1 and b.2 portions, not includ-

2.3.1 Baltimore, Maryland
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TABLE 2-1 Distribution of Alignment Type

Track Length
Exclusive Semi-Exclusive Non- Percent of
Exclusive Semi- Route
LRT System Total Exclusive Length
type b.1 type b.2 Other type b type ¢ Track Track, type (km)
type a (above 55 | (above 55 (below (below 55 | Length b1&b.2
km/h) km/h) 55 km/h) km/h) (km) {>55 km/h}
Baltimore .0 28.5 3.2 6.8 0.0 38.5 82% 351
Calgary 8.7 18.3 24.5 1.0 4.2 56.7 75% 28.3
Dallas? .0 34.7 0.0 4.0 0.0 38.7 90% 19.4
Denver 0.0 10.0 0.0 6.1 0.0 16.1 62% 8.5
Edmonton 9.7 15.3 0.0 0.0 0.0 250 61% 125
Los Angeles 2.3 13.2 37.0 16.1 0.0 68.6 73% 357
Portland 16.7 8.0 0.0 20.8 1.4 46.9 17% 24.3
Sacramento 1.0 299 10.6 7.6 7.2 56.6 72% 29.5
Saint Louis 10.9 43.8 0.0 0.0 0.0 54.7 80% 274
San Diego 0.0 93.3 1.6 11.3 0.0 106.2 89% 53.1
San Jose 30.2 1.9° 0.0 25.3 0.0 57.4 3% 31.2
Total 79.5 296.9 77.2 99.0 12.8 565.4 7% 305.0
Alignment 14% 52% 14% 18% 2% 100%
Type
Percent

Source: Korve Engineering research team interview/survey at the 11 LRT systems, Summer 1986.

a) Track and route kilometers include only those portions with revenue service LRT operations as of August
19986.

b) At the San Jose LRT system, LRVs operate at speeds less than 55 km/h (35 mph) along this segment of
semi-exclusive, type b.1 right-of-way.

ing the Hunt Valley Station and Baltimore-Washington Inter-tal) automatic gates. Two of the three collisions caused prop-
national Airport extensions. erty damage only and one involved injuries to the motorist.

2.3.1.2 Accident Summary 2.3.1.3 Issues and Concerns

In its first 4 years of service (1992-1996), the Baltimore MTA representatives noted that, even though Consolidated
LRT system had relatively few accidents between LRV<Rail Corporation (Conrail) and other freight railroads have
and motor vehicles and no accidents between LRVs antlack usage rights on the Baltimore Central Light Rail sys-
pedestrians at crossings along semiexclusive type b.1 aneim’s type b.1 and b.2 rights-of-way, maintenance of existing
b.2 rights-of-way. Table 2-2 indicates that three LRV-motorcrossing control devices is the responsibility of the LRT sys-
vehicle accidents occurred at higher speed LRT crossingsm. However, MTA maintenance is not under the jurisdic-
between April 1992 and May 1996. In the Clare Street antlon of the U.S. Department of Transportation, Federal Rail-
Camp Meade Road incidents, the LRV operator witnesseaad Administration. During field inspections, the research
the motorists driving around or through lowered (horizonteam identified a number of flashing light signals that were
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TABLE 2-2 Baltimore LRT System: Accident Experience (April 1992 to May 1996)

i T
Highest Accident Type
Accident Pedestrian Pedestrian
Locations Auto (At LRT (Trespassing Bike Total

Crossing) near LRT

Crossing)
{amp Meade Road 1 0 Q 0 1
Clare Street 1 0 0 0 1
Timonium Road 1 0 0 0 1
All Others (15) 0 0 0 0 0
Total 3 (] 0 0 3

Source: Mass Transit Administration

a} Where LRVs operate at speeds greater than 55 km/h (35 mph)

out of alignment. Such irregularities or disrepair in the instal-
lation and maintenance of crossing control devices may

that examined the use of a Second Train Approaching
sign at the Timonium Road crossing (Figure 2-7). The

cause some crossing users to disregard the intended message LRV-activated sign was designed to notify motorists that

of the warning.

MTA representatives expressed concern about motorists
proceeding on green downstream traffic signal indications
(without programmable visibility heads) when red flashing
light signals activate at the LRT crossing. Motorists appear to
focus on the traffic signals at the intersection located on the
far side of the LRT crossing instead of on the flashing light
signals immediately in front of them. According to MTA rep-
resentatives, this type of motorist inattention is the primary
cause of broken automatic gate arms (motorists hit them while
they are descending).

2.3.1.4 Innovative Features/Demonstration
Project Summaries

« Lighter weight, longer automatic gate arms: The MTAF . e ;

has retrofitted some features of the Baltimore LRT sys
tem since it began operations. For example, automat'
gate arms were redesigned with lighter weight material
and a longer arm length. These changes have allowe
the arms to be repaired more easily when motor vehicle
run into them. '

» Pedestrian automatic gates for pedestrian/bicycle path
Design along new extensions has shown sensitivity t
pedestrian and bicycle safety. The new LRT alignmen,
to the Baltimore-Washington International Airport inter-
sects a bicycle trail at several crossings. To warn tra
users, pedestrian automatic gates were installed to blot
the pathway when an LRV approaches.

the automatic gates and flashing light signals remain
active after the first LRV passes because a second LRV is
approaching. Results from an evaluation of the Baltimore
Second Train Approaching sign by the Baltimore Mass
Transit Administration indicate that the Second Train
Approaching sign has reduced the number of risky behav-
iors by motorists at the crossing. The number of motorists
who began to cross the tracks as the gates were raised par-
tially and then lowered, between the departure of the first
train and the arrival of the second train, was reduced by
26 percent. The number of motorists who began to move
forward after the departure of the first train and before the
arrival of the second train, while the gates remained in the

» Second Train Approaching sign demonstration projectFigure 2-7. Second Train Approaching sign demonstration
MTA conducted a research project through the Transiproject site. (Baltimore, Maryland, Timonium Road
Cooperative Research Program (TCRP Project A-5ajrossing.)
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horizontal position, was reduced by 86 percent. In addi2.3.2.2 Accident Summary

tion to testing a Second Train Approaching sign, the LRV

detection system at this crossing was modified to keep the Calgary Transit's C-Train service had a fairly low rate of

automatic gates in the lowered (horizontal) position if twoaccidents in its 15 years of service between 1981 and 1996

closely spaced LRVs approaching from opposite direc{Table 2-3). The location with the most accidents, 32 Avenue

tions are detected. NE, may have more accidents than the others because motor
vehicles turn across the semiexclusive type b.2 right-of-way
located at the median of 32 Avenue NE and collide with

2.3.2 Calgary, Alberta (Canada) LRVs approaching at 80 km/h (50 mph). Potential conflicts
between LRVs and motor vehicles along this segment have
2.3.2.1 LRT System Overview been minimized by using the quasi-four-quadrant gate sys-

tem described in Section 2.3.2.4. The rest of the accidents are
Calgary Transit operates a 28.3-km (17.6-mi) LRT systengpread out among many locations. Calgary Transit did not
known as the C-Train (Figure 2-8). The system consists of tWgrovide the Korve Engineering research team with data on
lines, the 201/south-northwest segment and the 202/northeagflision severity.

segment. Line 201 operates from the Brentwood Station on

the northwest branch along semiexclusive type b.1 right-of-

way with short exclusive alignment sections (type a) that us

both below-grade and elevated structures. The northwegts'z'3 Issues and Concerns

branch serves the University of Calgary and the Southern Calgary Transit has identified two primary issues regard-
Alberta Institute of Technology. Line 201 continues throughng safety at LRT crossings. The first issue concerns pedes-
the Seventh Avenue Transit Mall (nonexclusive type .2 rightyian conflicts at stations where LRVs approach from two
of-way) in downtown Calgary and to the southern branchgjrections. The problem is especially evident at stations that
which parallels an active Canadian Pacific Railroad alignhaye side platforms. In a common situation, such as at the
ment in semiexclusive type b.1 right-of-way, serving StamBanff Trail station on the northwestern branch, patrons alight
pede Park and the southern suburbs of Calgary. Line 201 t§fom the LRV onto the platform and walk toward a crossing
minates at the Anderson Station. Line 202 operates from thg the forward end of the station. Because patrons who access
10th Street SW Station in downtown Calgary (near the Certhe farthest (northbound) platform from the street need to
tennial Planetarium and Mewata Stadium) to the east througltoss both sets of tracks to reach their desired destination,
the Seventh Avenue Transit Mall and then to the northeastere is potential for conflict when LRVs approach from both
branch, which is in largely semiexclusive type b.2 right-of-directions. Pedestrians may not readily notice this effect
way in the median of Memorial Drive and 36 Street NE. Thishecause they think flashing light signals and ringing bells are
line terminates at the Whitehorn Station. There are 6 crossitill active for the LRV from which they just alighted. The
ings on the northwest branch, 13 crossings along the nortpedestrians thus may cross the tracks knowing their LRV has
east branch, and 7 crossings along the southern branch. departed without regard to the hazards of an LRV approach-

TABLE 2-3 Calgary LRT System: Accident Experience (1981-1996)

Accident Type
Highest
Accident Pedestrian Total
Locations Auto {Including at LBT Crossing a.nd Near Bike ota
LRT Crossing (Trespassing)}

32 Avenue NE 4] 1 0 7

25 Avenue SE 2 2 0 4

12 Avenue NE 3 1 0 4

All Others (23) 43 18 0 61

Total 54 22 0 76

Source: Calgary Transit

a) Where LRVs operate at speeds greater than 55 km/h {35 mph)



24

ing from the other direction. In addition, some pedestrians
acknowledge the second train but still elect to cross at risk.
The operator of the second LRV has limited ability to see
pedestrians because the view of the pedestrians may be
blocked by the first LRV. Likewise, the departing LRV may
block the pedestrians’ view of the second approaching LRV.
Calgary Transit has adopted a procedure to address this issue
by training LRV operators to dwell or travel slowly outbound
through the pedestrian crossing upon leaving the station when
a second, opposite-direction, arriving LRV is on approach in
order to block pedestrians from entering the crossing. Effec-
tively, the LRV functions as a crossing gate. However, this
procedure can be employed only if the inbound train can be
seen in time to block the crossing.

LRT right-of-way. Often the shortest pedestrian path to and
from a station and locations in the vicinity of the station is
along the LRT right-of-way. Pedestrian pathways constructed
before the LRT system opened are sometimes longer and
more circuitous than the route along the LRT trackway. For
example, at the Erlton/Stampede Station, pedestrians previ-
ously trespassed from the center platform station into the bal-
lasted section between the double set of tracks in order to
walk to the nearest cross street, 25 Avenue SE. This path was
shorter than the path to the sidewalk of the roadway that par- |
allels the LRT alignment (MacLeod Trail SE). Pedestrian
trespassing created a hazard because there was no barrier
between the LRT tracks and the ballasted section on which the
pedestrians traveled. The problem was especially acute during
the annual Calgary Stampede at Stampede Park, which creates
high passenger loads and thus higher exposure of people to the
risks associated with conflicts with an LRV. To solve this
problem, Calgary Transit modified the station to accommo-
date these pedestrian movements by placing a concrete path-
way between the double set of tracks on the formerly bal-
lasted section from the station platform to the sidewalk on
the cross street. Thus, desired pedestrian flow movements
are accommodated with a safer solution.

2.3.2.4 Innovative Features/Demonstration
Project Summaries

* Left-turn automatic gates/quasi-four-quadrant gates: To .

discourage motorists from turning left across the LRT
tracks that are in the median of 36 Street NE when an
LRV approaches, Calgary Transit installed left-turn auto-
matic gates as well as two standard automatic gates for
the cross street (see Figure 3-25). These left-turn auto-
matic gates along with the standard automatic gates form
a quasi-four-quadrant gate system. Four-quadrant gate
systems completely close the rail right-of-way with
gates in each of the four quadrants of the crossing, effec-
tively preventing all vehicles on adjoining streets from
crossing onto the tracks. Quasi-four-quadrant gate sys-

tems function in a similar manner. The distinction is that
the quasi-four-quadrant gate system used in Calgary has
a shorter gate arm on the downstream exit (left turn)
gates, creating a gap between the tips of the automatic
gate arms. Although this allows vehicles to drive around
the gates and cross onto the tracks, the opening between
the gates allows vehicles that otherwise may be trapped
on the tracks to exit the enclosure of the four-quadrant
gate system.

The orientation of these gates is also noteworthy.
Originally, Calgary Transit installed the left-turn gates
perpendicular to the roadway (36 Street NE) and track-
way. However, motorists, often stopped beyond the des-
ignated stop line in the left-turn pocket. The automatic

The second issue concerns pedestrians trespassing along the gate then descended onto the roof of the stopped motor

vehicle and sometimes damaged the motor vehicle and
the gate arm, often breaking it off the mechanism. To
respond to this problem, Calgary Transit installed signs
at the stop bar for the turning pocket depicting the gate
arm striking the roof of a motor vehicle with the legend
“Caution—Stop Line.” These special signs were only
marginally effective. Calgary Transit then turned the
gate mechanisms 90 degrees so that the arm descended
parallel to the trackway. Calgary Transit representatives
indicated that this solution was effective.

Pedestrian swing gates and barriers: To address pedes-
trian safety at higher speed LRT crossings, Calgary Tran-
sit has installed various combinations of gates and bar-
riers. At several stations, Calgary Transit has installed
swing gates between the LRT tracks and the platform,
with active overhead railroad flashers (see Figure 3-31).
These gates prevent patrons from aimlessly crossing
into the track area without pausing. Calgary Transit has
also used pedestrian barriers installed in a maze-like pat-
tern on sidewalks and at LRT stations (see Figure 3-32).
Although these pedestrian barriers do not fully separate
pedestrians from the LRT tracks, they are arranged to
form a pathway shaped like the letter “Z.” The configu-
ration of these paths forces crossing pedestrians to face
the direction of a potentially approaching LRV. Since
the initial 1996 survey, Calgary officials have indicated
that pedestrian violations of the swing gates (opening
the gates while the warning devices are flashing) have
increased.

Second Train Approaching sign: On the campus of the
Southern Alberta Institute of Technology, Calgary Tran-
sit has installed a pedestrian-only crossing. In addition
to a flashing light signal, a bell, and typical warning signs,
a yellow warning beacon mounted above a sign with the
legend “Danger—2nd Train Approaching” illuminates
when two LRVs are approaching the crossing from
opposite directions, and the flashing light signal and bell
remain activated after the first LRV passes waiting for
the second LRV to arrive (Figure 2-9). If only one LRV
is detected approaching the crossing, the yellow warn-
ing beacon above the sign does not illuminate.
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DART LRT system comprises 19.4 route km (12.1 mi).
About 90 percent of the DART system is in semiexclusive
type b.1 right-of-way with a total of 22 crossings on those
portions open as of August 1996. In addition to Union Sta-
tion and the Dallas Convention Center, the Dallas LRT sys-
tem also serves the West End (a popular entertainment cen-
ter) and the Dallas Zoo. Figure 2-10 presents a map of the
Dallas LRT system. The new sections, extending south from
lllinois Station along the South Oak Cliff corridor and north
from Pearl Station along the North Central corridor, opened
in early 1997 (after the research team surveyed the system).
These new alignments are either in exclusive rights-of-way
(type a) or semiexclusive rights-of-way types b.3 and b.4,
where LRVs operate at less than 55 km/h (35 mph).

2.3.3.2 Accident Summary

Table 2-4 indicates that, during the first few months of oper-
ation, DART experienced very few accidents. There was only
one minor LRV-motor vehicle accident reported. In this acci-
dent, the motorist ignored and drove through lowered auto-
matic gates and into the side of an LRV. DART did not provide
the research team with data on the severity of this LRV-motor
vehicle collision. Since the initial evaluation of the DART sys-
tem, additional data were made available by DART. In fiscal
\ year 1998, DART experienced 13 collisions at ungated, sig-

ke o 0 nalized grade crossings, most of which occurred in a median
running alignment, and 1 collision at a gated crossing.

DART has implemented several programs to actively pro-
mote safety. One such safety program is the review of near-
misses at LRT crossings. When an LRV operator observes a

Figure 2-9. Second Train Approaching sign. (Calgary,
Alberta, Canada, Southern Alberta Institute of Technology ., 5iorist engaging in potentially risky behavior with the

pedestrian-only crossing.) approaching LRV or acting in an illegal manner, the opera-

tor immediately files a verbal report with DART central con-
trol. Central control logs the near-miss information on the

2.3.3 Dallas, Texas Dai.ly Summary of Train Operatiorier furt.h-er review and.
action by safety department staff. In addition, DART's Risk
2.3.3.1 LRT System Overview Management Department maintains a database on all reported

accidents, employee injuries, and third-party claims. DART
The first phase of the 33.2-km (20.6-mi) Dallas Areathen computes a preliminary hazard index, which establishes

Rapid Transit (DART) LRT system began operating in Jungyualitative risk ratings for each identified hazard at LRT
1996. The Dallas LRT system consists of two lines: the Regrossings.

Line and the Blue Line. At the time of the on-site survey for

this project (conducted in August 1996), both lines shared a

northern terminus at the Pearl Station in downtown Dallas2.3.3.3 Issues and Concerns

From the Pearl Station, the lines travel south along Bryan

Street and Pacific Avenue through downtown Dallas (semi- Despite the special considerations given to safety in the
exclusive type b.4 right-of-way). From downtown Dallas,design and operation of the Dallas LRT system, motorists,
both lines continue south to Union Station and the Dallas Corpicyclists, and pedestrians continue to exhibit risky behavior
vention Center, across the Trinity River to the Corinth Staand ignore warning devices. Such behavior includes the fail-
tion. From the Corinth Station, the Red Line continues southdre of motorists to acknowledge traffic signals and obey active
west along the West Oak Cliff corridor to the Westmorelandvarning devices and traffic signs, motorists stopping beyond
Station. The Blue Line continues south along the South Odkwered automatic gate arms (just short of the LRT tracks),
Cliff corridor to the Ledbetter Station. This first phase of theand pedestrians trespassing along the LRT right-of-way.
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TABLE 2-4 Dallas LRT System: Accident Experience (July 1996 to September 1996)

Highest Accident Accldent Type
Auto Pedestrian Pedestrian
Locations (At LRT (Trespassing | Bike Total
Crossing) Near LRT
Crossing)
Ewing Avenue 1 0 0 0 1
All Others {25) 0 0 0 0 0
Total 1 0 0] 0 1

Source: Dallas Area Rapid Transit

a)

Where LRVs operate at speeds greater than 55 km/h {35 mph)

Finally, crossing users have complained that automatic gates gates have skirts attached to them so that, when lowered,
stay down too long. Because the Dallas LRT system does not the gate arms and skirts block the movement of pedes-
use delay timer circuitry to prevent automatic gates from acti-

vating while LRVs are stopped in nearby stations, automatic «

gates often descend long before an LRV arrives at the cross-
ing (sometimes longer than 60 s at crossings near stations).

2.3.3.4 Innovative Features/Demonstration
Project Summaries

LRV-activated No Right/Left Turn sign control: At
several signalized intersections, the Dallas LRT system
has implemented LRV-activated No Right/Left Turn
(R3-1, -2) symbol signs to restrict turns into horizontal
(activated) automatic gates from parallel streets.

Active LRT Train Coming icon sign: DART was expe-
riencing problems in their median running alignment at
ungated crossings controlled by traffic signals, where
motorists in the protected left-turn lane turned left onto
the tracks and were struck by a train approaching from
behind. To increase motorist awareness of an approach-
ing LRV, DART installed an LRT Train Coming sign
that incorporates an LRV icon and the text “Train Com-
ing” (Figure 2-11).

Channelization at LRT crossings: Opposing traffic direc-
tions at an LRT crossing are usually channelized and use
raised medians with barrier curbs or a double row of
100-mm (4-in.) tall, yellow traffic dots with double yel-
low striping to minimize the incidence of motorists
driving around lowered automatic gates (see Figure 3-2).
Pedestrian automatic gates: The Dallas LRT system uses
several innovative measures to address pedestrian safety.
At LRT crossings where sidewalks exist, automatic gate
equipment for motor vehicles has been installed behind
sidewalks to block both pedestrian and motorist crossings
in those quadrants. Special pedestrian automatic gates are

trians, especially small children, across the sidewalk.
Advance traffic signal preemption: The Dallas LRT sys-
tem also provides advance preemption of traffic signals at
intersections located near LRT crossings. If a pedestrian
phase is active when the preemption pulse is received
from the LRV detection system, pedestrians receive a
flashing Don’t Walk signal that is long enough for them
to cross the street before the motor vehicle track clear-
ance phase starts. At other pedestrian crossing locations,
Z-crossings are used.

* Public notification of problems at LRT crossings: DART

has posted a local telephone number at each LRT cross-
ing on a small plague located below the flashing light
signals (see Figure 3-10). The telephone number pro-
vides an opportunity for citizens to alert DART central
control of any perceived problems with traffic signals,
flashing light signals, automatic gates, and so forth. The
telephone number and crossing name are displayed on
each roadway approach to each crossing.

[ 4] [a]

' «]
I
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J ' : ]

used at crossings near schools (see Figure 3-29). TheSigiure 2-11. Active Train Coming icon sign. (Dallas, Texas.)
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that motorists often drove around lowered automatic gates
(probably expecting a slower moving freight train). Accord-
ing to RTD representatives, the raised median has reduced

) ) o the incidence of vehicles driving around gates to almost zero
The Denver Regional Transportation District (RTD) LRT (the aforementioned collision is the exception).

system extended 22.5 km (14 mi) between 30th Avenue and The one LRV-motor vehicle collision at the West 13th
Welton at the north end to Mineral at the south end when thg\,ene crossing, where LRVs typically operate at 90 km/h
initial survey was conducted in 1996 (Figure 2-12). This Iine(55 mph), resulted in a fatality. Conversely, in downtown
serves the University of Colorado at Denver Auraria Campenver where LRVs operate at about 55 km/h (35 mph) in
pus, the Colorado Convention Center, downtown Denvelgemiexclusive type b.4 rights-of-way, there were 13 LRV-
the 16th Street Mall, and the Five Points business districinotor vehicle collisions and one LRV-pedestrian collision
LRVs operate on semiexclusive type b.4 right-of-wayqyring the 7 months from January through July 1996. The
between 30th and Downing Station and the Auraria Starz | Rv-motor vehicle collisions resulted in property dam-
tion. From the Auraria Station to the southern terminus ajge and the LRV-pedestrian collision injured the pedestrian.

2.3.4 Denver, Colorado

2.3.4.1 LRT System Overview

the I-25 and Broadway Station, LRVs operate on semiex-
clusive type b.1 right-of-way parallel to the tracks of the

Union Pacific and the Burlington Northern Santa Fe2-3-4.3 Issues and Concerns

(BNSF) Railroad. Along this section, LRVs operate at
speeds up to 90 km(B5 mph) through two crossings.

The 14-km (9-mi) extension from the 1-25 and Broadway.d
Station along semiexclusive type b.1 right-of-way parallel td
the BNSF railroad was completed in July 2000. This exten
sion serves communities in the city of Englewood and the

r

an

The primary issue at the Denver LRT system is motorists
iving around closed (horizontal) automatic gates, which

ncreases the likelihood of a crash between motor vehicles

d LRVs.

city of Littleton, which has grade-separated crossings ovez.3.4.4 Innovative Features/Demonstration
major roadways with one pedestrian-only crossing across @roject Summaries

BNSF industrial spur track.

2.3.4.2 Accident Summary

Along the higher speed section of right-of-way, the RTD
LRT system has experienced only one accident since begin-
ning in October 1994 through August 1996 (Table 2-5). This
accident was caused by a motorist who ignored the flashing
light signals and the automatic gates at the West 13th Avenue
crossing. The motorist crossed the roadway centerline into
the opposing direction traffic lane and drove around the left
side of a raised median with barrier curbs as well as other
motor vehicles in queue behind the horizontal gate arm and
was then struck by an approaching LRV traveling at about
90 km/h (55 mph). The raised median and barrier curbs were
installed at this crossing because RTD LRV operators noticed

TABLE 2-5 Denver LRT System: Accident Exp

 Raised medians with barrier curbs on approaches to LRT
crossings: RTD has installed raised medians with barrier
curbs at both LRT crossings in order to deter motorists
from driving around the horizontal automatic gates (Fig-
ure 2-13). Because the semiexclusive section of the LRT
right-of-way parallels existing freight tracks, motorists
expect long delays between the start of the flashing light
signals and the arrival of a freight train. Motorists became
accustomed to driving around the lowered automatic gate
arms. However, LRVs arrive within a shorter period
of time of the initial warning and at faster speeds than
freight trains. RTD initially installed High-Speed Train
Approaching warning signs with an LRV-activated flash-
ing yellow beacon in an attempt to distinguish between
slower freight trains and faster LRVs. These signs, how-
ever, did not dramatically decrease the rate of automatic

erience (October 1994 to August 1996)

Accident Type
Highest - -
Accident Pedestrian Pedestrian Total
Locations Auto (AtLRT {Trespassing Bike ola
Crossing) Near LRT
Crossing)
West 13" Avenue 1 0 0 0 1
All Others (1) 0 0 0 0 0
Total 1 0 0 0 1
Source: Denver Regional Transit District
a) Where LRVs operate at speeds greater than 55 km/h (35 mph)
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North Saskatchewan River, under Edmonton’s central busi-
ness district, and then northeast to Clarke Stadium, Edmon-
ton Northlands Exhibition Grounds, and finally the commu-
nities of Belvedere and Clareview (Figure 2-14). Opened in
1978, Edmonton’s LRT system is the oldest modern LRT
system in North America. Unlike many of the more recently
constructed LRT systems that operate on city streets down-
town, Edmonton’s LRT system is in a subway under down-
town and the University of Alberta, with a bridge segment
over the North Saskatchewan River (exclusive type a right-
of-way) connecting the two.

The LRT system emerges from the downtown subway at
95 Street (between 105th and 106th Avenues) and operates
to the northeast in a semiexclusive type b.1 right-of-way
immediately adjacent to Canadian National Railroad right-
of-way. In his type b.1 right-of-way, LRVs operate at
70 km/h (45mph) through four of the seven at-grade cross-
ings equipped with flashing light signals and automatic gates.

2.3.5.2 Accident Summary

The Edmonton LRT System, which operates exclusively in
type a and b.1 rights-of-way, has experienced only 30 crossing
accidents over its 18 years of service from 1978 to 1996 (fewer
than 2 accidents per year on average). As indicated in Table
2-6, half of these LRT crossing accidents were collisions
between LRVs and pedestrians, with 40 percent of those occur-

Figure 2-13. Raised median with barrier curbs. (Denver, - ing at the 129th Avenue crossing near the Belvedere station.
Colorado, West 13th Ave. crossing.) Top: before median  The | Rv-pedestrian collisions at 129th Avenue are primarily
installation; bottom: after installation. due to limited sight distance at the southbound LRT track

2.3.5 Edmonton, Alberta (Canada)

caused by the location of the station access building itself.

gate violations. RTD has since installed raised medians collisions between motor vehicles and LRVs constitute
with barrier curbs to deter motorists from crossing into theypgut 37 percent of the total number of accidents over Edmon-
opposing Ian(_e of traffic to drive arqund th_e automaticgn Transit System’s 18-year operating history throL@®6
gates. According to RTD representatives, this has reducggpnout 1 LRV-motor vehicle accident every 1.6 years on aver-
the rate of violations to almost zero. age). Unlike the LRV-pedestrian collisions at 129th Avenue,
Automatic gate indication signal for LRV operators: At ihe causes of LRV-motor vehicle collisions have not been
the West 13th Avenue crossing where LRV operators arfed to any single factor, even though most of them occur
unable to see if the east-side automatic gate has been aclj-ihe g6th Street crossing. In fact, 3 of the 11 total LRV-
vated, RTD installed a special light visible to approachyy, ooy vehicle collisions (27 percent) involved automobiles
ing LRV operators to indicate whether the flashing lightyying around the tip of a closed (horizontal) automatic gate
signals and automatic gates are functioning as intendedy - 3 of the 11 (27 percent) involved automobiles driving
LRT crossing information in Colorado’s driver train- y,.o,4h lowered automatic gates and into the side of an LRV
mg/mformatu_)n ma’?“f”": RTD hag included ”_‘ate“a' Ir'already in the crossing; 3 of the 11 (27 percent) involved
f[he state’s driver training/information ma_nual in order t_otru ks either driving around closed automatic gate arms or
INCrease awareness about the safety ISSues associal elerating through closing automatic gate arms; and of
with th_e new LRT _sys_tem and proper dnvgr behaV'Orthe remaining 2 LRV-motor vehicle collisions (19 percent)
(the driver information in Colorado’s manual is based oM involved an abandoned vehicle at an LRT crossing and
f[he mate_rial developed for California’s driver training/ 1 involved a vehicle trespassing along the semiexclusive
information manual). type b.1 right-of-way and sideswiping an LRV (the vehicle
entered the right-of-way at an LRT crossing).

As indicated in Table 2-7, LRV-pedestrian collisions tend to

2.3.5.1 LRT System Overview be more severe than LRV-motor vehicle collisions. Of the col-

lisions that have occurred at the Edmonton LRT system

Edmonton Transit System operates a 13.9-km (8.6-mipetween July 1978 and June 1996, 43 percent of the LRV-

LRT system from the University of Alberta, north across themotor vehicle collisions resulted in injuries or fatalities,
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TABLE 2-6 Edmonton LRT System: Accident Experience (July 1978 to June 1996)

Accident Type®
Highest i I
Accident Pedestrian Pedestrian
Locations Auto {AtLRT {Trespassing Bike Total
Crossing) Near LRT
Crossing)
66 Street G 3 0 1 10
129 Avenue 1 6 0 0 7
(Belvedere
station)
120 Avenue® 0 3 0 0 3
All Others (5) 4 3 1 2 10
Total 11 15 1 3 30
Source: Edmonton Transit System
a) Where LRVs operate at speeds greater than 55 km/h (35 mph)
b) Excludes Suicide Attempts

c) Grade Separated in 7/96
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TABLE 2-7 Edmonton LRT System: Accident Severity (July 1978 to June 1996)

Auto® Pedestrian®
Severity Number Percent Number Percent
Property Damage or 8 57% 1 8%
Contact Only (No Damage)
Injuries 4 29% 1 69%
Fatalities 2 14% 4 25%
Total 14 100% 16 100%
Source: Edmonten Transit System
a) Where LRVs operate at speeds greater than 55 knvh (35 mph)
b} Includes LRV-bicycle collisions
c) Includes LRV-pedestrian collisions near (trespassing) an LRT crossing

whereas 94 percent of the LRV-pedestrian collisions resulted mucted. Of those interviewed, 59 percent noticed the modifi-
either an injury or a fatality. This difference is primarily due tocations at the crossing, and, of those, 81 percent thought the
the relative protection provided by the metal frame of the motamodifications improved safety at and around the station.
vehicle; pedestrians are largely unprotected from collisions.  Other pedestrian safety issues include trespassing along
the adjacent LRT/Canadian National Railroad rights-of-way
and pedestrian control before-and-after events at the Com-
monwealth Stadium located near the 112th Avenue crossing.
Pedestrians reportedly cross the LRT tracks at 112th Avenue

' ¢ X foty | q H large groups, even when flashing light signals and bells are
a var_let)_/ of crossing sa ety ISSUES and concerns. OWeveirready activated by an approaching LRV. According to pub-
they indicated that pedestrian control is their primary safety

. ) Ic opinion surveys conducted by the Edmonton Transit Sys-
concern, especially at the 129th Avenue LRT crossing ne P y y y

. X . . . %m, these risky pedestrian behaviors are attributed to the
the Belvedere LRT Station. At this station, sight distance Helief that there is safety in numbers. This same sort of risky

tr:etiscr)‘uthboun(g Iﬁ; triaclk IS tegtLeTvsly :rpr:teglvbeca:usef S‘%ehavior also occurs at the 129th Avenue crossing where
station access buliding IS ‘ocated between e two Sets o usloads of pedestrians cross the Canadian National Railroad

tra_cks. This access b_undm_g was constructed |mmed|atelgnd LRT tracks in route from the bus transfer facility to the
adjacent to the pedestrian sidewalk of 129th Avenue as a te@'elvedere LRT Station

porary facility. However, the access building was never recon- .
A . : To address these two pedestrian safety concerns, the
structed (primarily because of lack of funding) to provide bet- .
. . . . Edmonton Transit System uses the LRV horn to warn tres-
ter sight distance for pedestrians. Concerned about poor si

distance, the Edmonton Transit System conducted a Compaa??ssers and pede.strlans of th_e ap.proach.mg LRV. T(.) make
é_e horn as effective as possible in alerting pedestrians to

hensive safety evaluation of the crossing and station, inclu .

ing the pedestrian crossings across 129th Avenue from tv\;ommment danger,' LRV operators sound the horn only when

park-and-ride lots (south side of 129th Avenue) to a bus tran§ccessary to avoid a collision. Thus,. LRV operators do .not

fer facility and the Belvedere LRT Station (north side of 129thSound the horn ‘_"It cevery LRT crossing. The_ only location
here the horn is required to be sounded is southbound,

Avenue). As a result of this study (and a series of follow-u . . .
) v ( gaving the Belvedere LRT Station (because of the limited

studies), pedestrian automatic gates were installed ) - .
described in Section 2.3.5.4. Although the Edmonton TransﬁIght distance). In addition to using the horn for trespassers
alking too close to the LRT tracks, LRV operators report

System did not perform a detailed before-and-after comparY—V - . :
son of accidentt, a pedestrian interview survey was con- all trespassers to a central control facility and transit security/
’ supervisory staff are dispatched to the site.

2.3.5.3 Issues and Concerns

Representatives of the Edmonton Transit System describ

11 According to representatives of the Edmonton Transit System, improvements at this
crossing, including installation of pedestrian automatic gates, were implemented gra? : :
ually over the course of several years; different control devices were tried until the aut -'3'_5'4 Innovatl\_/e Features/Demonstration
matic gates with channelizing barriers and other devices were implemented. Therefo@,roject Summaries
a simple before-and-after study of accidents may yield insignificant statistical results.

However, based on accident data provided by the Edmonton Transit System, no pedes- . . . . .
trian accidents have occurred at this crossing between the final implementation of all * Pedestrian automatic gates with queuing areas: The

the improvements in spring 1995 and summer 1996, when the initial accidentdatawere  Edmonton Transit System uses pedestrian automatic

reviewed for this report (before 1996 the last pedestrian accident at this crossing . .. . .
occurred in 1991). gates with channelizing barriers and queuing areas at the



center platform Belvedere LRT Station positioned imme-
diately north of the 129th Avenue crossing (Figure 2-15).

A bus transfer facility (on the north side of 129th Avenue)
and park-and-ride lot (on the south side of 129th Avenue)
are located west of the southbound LRT track and a sin-
gle Canadian National Railroad track. An additional park- *
and-ride lot is located east of the northbound LRT track
(on the south side of 129th Avenue). As indicated in Fig-
ure 2-15, each track (two LRT and one Canadian National
Railroad) has its own set of pedestrian automatic gates.
Only the pair blocking the track on which the LRV (or
train) is approaching descend. The other pedestrian auto-
matic gates remain vertical, allowing pedestrians to cross
those tracks on which an LRV (or train) is not approach-
ing. These pedestrian automatic gate mechanisms are not
equipped with flashing light signals alignéx pedes-

trian viewing within the crossing.

Because pedestrians do not require the 20 (or more) s
of warning time typically provided for motorists, the
pedestrian automatic gates descend 10-15 s before the
LRV (or train) arrives at the crossing. The gate arms
have a foam cushion mounted on the underside to min-
imize the possibility of injury if the arm descends onto
a person attempting to duck under a lowering gate. Fur-

33

ther, the tip of the gate arm descends into a metal catcher
that is attached to one of the pedestrian channelizing
barriers. Because the tip of the gate is in the catcher
when the gate is horizontal, it is significantly more dif-
ficult for pedestrians to walk around a lowered gate arm.
Motor vehicle queuing prevention system: The Edmon-
ton Transit System uses a unique motor vehicle queue
control/prevention system at LRT crossings located near
signalized intersections (e.g., 112th Avenue and 82nd
Street). Inductive loop detectors buried in the pavement
on the far side of the LRT crossing detect queues build-
ing back toward the tracks from a downstream traffic sig-
nal. When the loops detect a queue forming, flashing yel-
low beacons next to Do Not Block Crossing signs activate
before the queue actually builds across the LRT tracks
(Figure 2-16). These beacons and signs are mounted on a
mast arm immediately upstream of the LRT crossing. In
addition to warning motorists not to block the crossing,
the queue control/prevention system alters the timing and
sequence of downstream traffic signals to allow for better
traffic flow across the LRT crossing. It is important to
note that this system is active whether or not an LRV is
approaching the crossing. Also, this device is effective at
preventing queuing across the LRT tracks; thus, down-
stream traffic signal preemption is not necessary.

2.3.6 Los Angeles, California

2.3.6.1 LRT System Overview

The Los Angeles County Metropolitan Transportation
Authority (LACMTA) operates two LRT lines. The Metro
Blue Line extends 35.7 km (22.2 mi) between downtown Los
Angeles to the north and Long Beach to the south, serving
several communities south of Los Angeles, including Ver-
non, Florence, Watts, Willowbrook, Compton, Carson, and
Long Beach (Figure 2-17). This line entered revenue service

Figure 2-15. Pedestrian automatic gate installation at an Figure 2-16. Motor vehicle queue prevention system.
LRT station. (Edmonton, Alberta, 129th Ave. crossing.)  (Edmonton, Alberta, 66th Street crossing.)
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in July 1991. The Metro Green Line, which began service ithe LRT and Union Pacific Railroad tracks. These crossings

1995, operates largely in the median of 1-105 (the Glenare equipped with standard automatic gates and flashing light

Anderson Freeway) between El Segundo at the western esignals.

and Norwalk at the eastern end [about 23 km (14 mi)].

Because the Metro Green Line operates entirely on grade-

separated/elevated track (type a), this project examined ondy3 g > Accident Summary

the Metro Blue Line. References to the Los Angeles LRT

system henceforth refer to the Metro Blue Line exclusively. of the 309 total accidents involving LRVs between July
The Los Angeles to Pasadena Metro Blue Line Construcrggp and June 1996 on all alignment classifications, 32 (10 per-

tion Authority is currently constructing an extension of thecent) involved motor vehicles driving around closed auto-

Los Angeles light rail system from Union Station to the cityymatic gates at crossings along semiexclusive type b.1 and b.2

of Pasadena. Like the existing Metro Blue Line t0 LONGjghts of-way, where LRVs typically operate at speeds greater

Beach, the exten§|on will operate |.n'aW|de variety o]‘ al|gn~[han 55 km/h (35 mph): 46 (15 percent) of the accidents

m.ent types, serving the communities of Mt. WaSh!ngton_involved pedestrians. Collisions at the three highest accident

Highland Park, South Pasadena, and Pasadena (includi ations along the higher speed section are grouped by type in

Old Pasadena and Pasadena’s business and financial centef),, 5 o A eight accidents at the Vernon Avenue crossing
The Metro Blue Line right-of-way between Los Angeles. '

dL Beach contai bout 2 km (1 mi) of sub involved LRVs and pedestrians. Accidents at 55th Street,
and Long beach contains abou m (1 mi) of subway Segme&treenleaf Boulevard, and four other crossings included both
(exclusive type a) in downtown Los Angeles, about 10 k

6 mi) of iexclusi b.3 and b.4 riahts-of ‘M RV-motor vehicle and LRV-pedestrian accidents.
(6 mi) of semiexclusive type b.3 and b.4 rights-of-way in " a6 5 g ingicates the relative severity of each of the col-

Los Angeles and Long Beach where LRVs oper.ate at Ie,sﬁ;sions between an LRV and motor vehicle or pedestrian.
than 55 km/h (35 mph), and about 24 km (15 mi) of semig j e the data for the Edmonton LRT system, the data in

exclusive type b.1 and b.2 rights-of-way from the Washingrapje 2.9 indicate that LRV-pedestrian collisions are gener-
ton Station south to the Willow Station. In the type b.1 andd"y more severe than LRV-motor vehicle collisions. For
b.2 rights-of-way, LRVs operate at a maximum speed Ofyample, where LRV operate at speeds greater than 55 km/h
90 km/h (55 mph). For most of this route section, the LRT35 mph), 35 percent of the LRV-motor vehicle collisions
tracks parallel an existing Union Pacific Railroad (formerlyinyolved either injuries or fatalities, whereas 59 percent of
Southern Pacific Railroad) right-of-way. the LRV-pedestrian collisions involved injuries or fatalities.
Twenty-eight of the crossings along semiexclusive type b. should also be noted that, although there are fewer overall
and b.2 rights-of-way are traversed at speeds of up to 90 kméecidents where LRVs operate at higher speeds [greater than
(55 mph). Many of the LRT crossings along this higher speeg5s km/h (35 mph)], the accidents along these segments tend
segment between Los Angeles and Long Beach are locateslbe more severe. For example, 240 accidents occurred where
immediately adjacent to a parallel roadway on both sides afRVs operate at less than 55 km/h (35 mph), compared with

TABLE 2-8 Los Angeles LRT System: Accident Experience (July 1990 to June 1996)

Accident Type®
Highest
Accident Pedestrian Pedestrian Total
Locations Auto (At LRT {Trespassing Bike ola
Crossing) Near LRT
Crossing)
Vernon Avenue 0 8 Q 0 8
55" Street 3 4 1 0 8
Greenleaf 5 0 0 0 5
Bouievard
All Others (25) 24 18 1 0 43
Total 32 30 2 0 64

Source: Los Angles Country Metropolitan Transportation Authority (LACMTA), Metro Blue Line Grade Crossing
Improvement Program, Summary of Metro Blue Line Train/Vehicle and Train/Pedestrian Accidents, August
26, 1996.

a) Where LRVs operate at speeds greater than 55 km/h (35 mph)
b) Excludes Suicide Attempts
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TABLE 2-9 Los Angeles LRT System: Accident Severity (July 1990 to June 1996)

LRV Speed greater than 55 km/h?® LRV Speed less than 55 km/h®
i Auto Pedestrian® Auto Pedestrian®
Severity
Number Percent Number Percent Number Percent Number Percent
Property 21 65% 13 41% 207 90% 6 60%
Damage or
Contact Only
(No Damage}
Injuries 5 16% 9 28% 21 9% 2 20%
Fatalities 6 19% 10 3% 2 1% 2 20%
Total 32 100% 32 100% 230 100% 10 100%

Source: Los Angles Country Metropolitan Transportation Authority (LACMTA), Metro Blue Line Grade Crossing
Improvement Program, Summary of Metro Blue Line Train/Vehicle and Train/Pedestrian Accidents, August

26, 1996.
a) Semi-Exclusive, type b.1 and b.2 right-of-way
b) Semi-Exclusive, type b.3, b.4, b.5 and non-exclusive, type ¢.1, ¢.2, ¢.3 right-of-way
c) Includes LRV-pedestrian collisions near {trespassing) an LRT crossing

only 64 along the higher speed segments. However, only 4 afttive after a first LRV (or freight train) has cleared the cross-
the 240 lower speed collisions (with motor vehicles and pedefiag in order to warn of the arrival of a second LRV or freight
trians) involved fatalities (2 percent), whereas 16 of the 64rain on an adjacent track. Many pedestrians assume the
higher speed collisions (with motor vehicles and pedestriangxtended signal is associated with the first LRV (or freight
involved fatalities (25 percent). train) and enter the trackway without watching for the sec-
ond LRV (or freight train).
Additional pedestrian safety issues arise from the current
2.3.6.3 Issues and Concerns design of the system. In several locations, poor visibility
) ) ) (sight distance) down the LRT alignment forces pedestrians
Some safety issues occur in the higher speed segmetsanier the trackway in order to assess whether or not an LRV

where LRVs operate at speeds greater than 55 km/h (35 mMpR).orriving. At other locations, there is insufficient pedestrian

Several issues arise because the corridor has parallel railro&geumg space between the trackway and the adjacent road-

trackst and (ffc?r?nls with parallel roadd\évalys. Crossing Use{z.y This often forces pedestrians to spill over into the road-
accustomed to the longer warning and delay times associa y or trackway as they wait for traffic or the train to pass.
with slow-moving freight railroad operations often cross into

the tracks despite closed automatic gates, believing they can

beat slow-moving railroad trains to the crossing. With fast-

approaching LRVs, these illegal crossings often result in coR.3.6.4 Innovative Features/Demonstration

lisions. In addition, because there are two parallel rights-ofProject Summaries

way with four parallel tracks (two LRT tracks and two railroad ) ] )

tracks), the greater distance between the lowered automatictACMTA has introduced several innovative features and
gates in opposite quadrants makes it easy for motorists to mafigémonstration projects along the Metro Blue Line since a
an “S"-shaped maneuver around the gates. The crossing widdfde-crossing safety program was initiated in 1992 to address
also allows left-turning vehicles from the parallel roadway tosome of these safety concerns and evaluate the effectiveness
easily turn across the tracks. In some instances, no flashifgmethods to discourage illegal movements by motorists and
light signals are directed at these left-turning vehicles, leavingedestrians.

motorists potentially unaware of an approaching LRV.

Several safety issues specific to pedestrian conflicts also* Pedestrian swing gates: To address the problem of pedes-
arise. At the end of the high-platform LRT stations, pedes- trian inattention while attempting to catch a bus or LRV
trians often ignore approaching or departing LRVs as they near a station area, LACMTA installed swing gates at
attempt to catch a bus. Confusion also arises for pedestrians the Rosa Parks (Imperial/Wilmington) Station (see Fig-
when two LRVs approach the crossing within a short period  ure 3-31). These swing gates separate the platform ramp
of time. Many times, flashing light signals and bells remain  and LRT trackway from the station approaches. Pedes-



Figure 2-18. Second Train Approaching sign demonstration
project site. (Los Angeles, California, Vernon Ave. crossing.Figure 2-19. Four-quadrant gate system installation. (Los
Top: Before sign installation; Bottom: after installation.)

trians must open the gates in order to gain access to the
station platform and to the opposite side of the station.
Because pedestrians must actively open the gates, they
are forced to be more alert to the risks associated with ¢
crossing the LRT tracks. Further, these gates provide a
positive barrier between where it is safe to wait when an
LRV is approaching and where it is dangerous to stand.
Second Train Approaching sign demonstration project
and pedestrian automatic gates: At the Vernon Avenue
crossing and station, two pedestrian safety projects are
planned. The first involves installation of a Second Train
Approaching warning sign. This sign, which is being
evaluated as part of TCRP Project A-5a, will remind
pedestrians that the duration of flashing light signals and
bells may be extended after one LRV clears the crossing
to warn of another LRV approaching from the opposite
direction (see Figure 2-18). The second safety improve-
ment project at the Vernon Station involves installing
pedestrian automatic gates with an enlarged pedestrian
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area. These pedestrian automatic gates will be installed
after the Second Train Approaching project is complete
and the Second Train Coming sign is removed.
Automated photo enforcement program: To address the
problem of motor vehicles driving around closed auto-
matic gates, LACMTA has implemented the nation’s
first automated photo enforcement program at its higher
speed LRT crossings (see Figure 3-39). The Metro Blue
Line’s automated photo enforcement program uses a
camera mounted in a bulletproof box on top of a 4.6-m
(15-ft) pole. Inductive loop detectors are used to detect
the presence of a vehicle driving around the tip of a hor-
izontal automatic gate arm. When the violator's motor
vehicle crosses the detection loops while the flashing light
signals and gates are in operation, a photograph is taken
with data imprinted onto the photograph. Another photo,
taken 1.2 s later, detects the location of the violating
motor vehicle within the crossing. The owner of the vio-
lating motor vehicle is identified by the license plate num-
ber and from the California Department of Motor Vehi-
cles records, and a citation in English and Spanish is sent
to the owner. Upon receipt of the citation, the owner of
the motor vehicle has four options: (a) pay the citation;
(b) implicate the driver of the vehicle at the time of the
violation and mail in that information; (c) call a toll-free
telephone number to receive an explanation of the cita-
tion and process; and (d) go to the appropriate police sta-
tion and view the photo of the violation. This program
has had substantial effects on reducing the rate of
crossng-gate violations, with a 92-percent decrease in
violations and a 70-percent decrease in the number of
LRT-motor vehicle collisions.

Four-quadrant gate demonstration project: LACMTA
implemented a demonstration project to test the viabil-
ity of a four-quadrant gate system at the 124th Street
crossing in the city of Willowbrook (Figure 2-19). A four-
guadrant automatic gate system is designed to prevent
motorists from driving around lowered automatic gates

Angeles, California, 124th Street crossing.)
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and into the path of an approaching LRV. Because auto- In the downtown loop segment (semiexclusive type b.4),
matic gate arms descend on both sides of the street faRVs operate one way on the left side of the street, parallel to
each approach, the crossing effectively becomes entireyehicular traffic. From the downtown loop, LRVs operate in
blocked. This arrangement should deter motorists fronsemiexclusive and pedestrian mall alignments (semiexclusive
driving into opposing lanes of travel to defeat the gateypes b.3, b.4, and c.3) on First Street until they approach an
arms. To preclude motor vehicles from becoming trappeéxclusive (type a) alignment on the approach to the Steel
on the tracks between the four lowered gate armsBridge over the Willamette River. LRVs then travel along
LACMTA installed a series of self-checking, inductive the side of Holladay Street (semiexclusive type b.3) and then
loop detectors, which, upon sensing a motor vehicle ifin an exclusive type a alignment along the northern side of
the crossing after the flashing light signals and gates actihe Banfield Freeway between the Lloyd Center and Gate-
vate, will hold the downstream (exit) gate in the verticalway Stations. East of the Gateway Station, the LRT align-
position or raise it as appropriate. It should also be notechent turns south toward Burnside Street and then follows
that the exit gates are designed to fail-safe in the vertic&urnside Street to the east along a semiexclusive type b.3
position (the two standard automatic gates at the crossight-of-way until the Ruby Junction Station. Speeds along
ing will continue to fail-safe in the lowered position).  this section are limited to 55 km/h (35 mph). At Ruby Junc-
The four-quadrant gates were tested for 6 months anibn (about NW Eleven Mile Avenue or 199th Avenue), the
reduced the number of motorists driving around or undekRT tracks run along the former Portland Traction Railroad
the lowered gates by 94 percent. The effectiveness of thigght-of-way to the end of the line at the Cleveland Avenue
test location and the information learned from this crossStation in the city of Gresham. This section of the route has
ing has prompted LACMTA to recommend installing recently been double tracked. Because LRVs travel at speeds
four-quadrant gates at various other locations along thgreater than 55 km/h (35 mph), this section of right-of-way
Metro Blue Line, with installations to occur at a rate ofis the primary focus of this study. There are nine LRT cross-
two or three per year. In addition the light rail extensionings along this section of right-of-way. The western exten-
to Pasadena is designed to include over 10 crossingson of MAX was completed after the initial survey in 1996;
with four-quadrant gates. thus, the accident data are not included in this report. How-
The effectiveness of four-quadrant gates prompted thever, issues and concerns as well as innovative features on
California Public Utilities Commission to approve Res-the new extension are discussed.
olution SX-31 on April 6, 2000. Resolution SX-31 is the
authorizing rule change to General Order No. 7R€Y-
ulations Governing the Protection of Crossings at Grade2.3.7.2 Accident Summary
of Roads, Highways, and Streets with Railroads in the o ) o )
State of Californiato incorporate the definition of a four- A indicated in Table 2-10, in its 10 years of service

quadrant gate system and provide a standard on how folretween July 1986 and June 1996, the Portland LRT system
quadrant gates will operate. has experienced only one accident at its higher speed LRT

crossings. That accident involved a pedestrian. After the
western extension of the LRT system began operation, Tri-

2.3.7 Portland, Oregon Met encountered a number of pedestrian collisions along the
_ west-side extension. After a thorough review of the pedes-
2.3.7.1 LRT System Overview trian treatments along the west-side extension, numerous

safety enhancements were undertaken, including installation

The Tri-County Metropolitan Transportation District of ¢ neqestrian automatic gates, pedestrian swing gates, pedes-
Oregon (Tri-Met) operates the Portland LRT system called thgia 5. dible warning devices, and active Train Coming/Look
Metropolitan Area Express (MAX). The 53.1-km (33-mi) sys-gipy Ways signs for pedestrians.

tem runs in a west-east direction from a one-way loop in the

downtown area along the west side of the Willamette River,

across the river, and then east to the system terminus 3.7.3 Issues and Concerns

Gresham at the Cleveland Avenue Station (Figure 2-20).

MAX serves downtown Portland, the Memorial Coliseum, Two safety issues at the Portland LRT system pertain to

the Oregon Convention Center, the Federal Building, anthe placement of the automatic gates. The first gate placement

Lloyd Center (a shopping mall and convention area). issue is with respect to motor vehicles. As at other LRT sys-
In September 1998, the Portland LRT system extende@ms, some street approaches have automatic gates that are

from downtown Portland to the west. The line was extendeglaced behind the location where motor vehicles may stop.

from the downtown loop segment, serving Portland CivicSuch is the case at the intersection of Mignonette Avenue

Stadium, through a tunnel under Washington Park (with and Tenth Drive in the city of Gresham. Vehicles turning

station at the Metro Washington Park Zoo), through the cityight from Mignonette Avenue to Tenth Drive often need to

of Beaverton, to a western terminus in the city of Hillsboro.advance beyond the gate position to see approaching traffic
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TABLE 2-10 Portland LRT System: Accident Experience (July 1986 to June 1996)

Accident Type
Highest . .
Accident Pedestrian Pedestrian Total
Locations Auto {AtLRT (Trespassing Bike ota
Crossing) Near LRT
Crossing)
NE Kelly Avenue 0 1 0 0 1
All Others (8) 0 0 0 0 0
Total 1] 1 0 g 1

Source: Tri-County Metropolitan Transportation District of Oregon (TRI-MET).

a) Where LRVs operate at speeds greater than 55 km/h (35 mph)

and to wait for the traffic to pass on Tenth Drive. If an LRV Many of the innovative solutions and demonstration proj-

were to approach, the gate would descend behind the waéets for pedestrians listed in the following section resulted

ing vehicle. from the safety review and are currently undergoing an eval-
The second automatic gate issue concerns automatic gatation to determine the effectiveness of the devices on pedes-

placement with respect to a pedestrian path or sidewalk. hian behavior.

many locations, pedestrians are channelized to go around the

automatic gate mechanism, crossing behind the gate arm.

Because an official path is placed around the automatic gaté,3.7.4 Innovative Features/Demonstration

this may encourage pedestrians to ignore the signals assogroject Summaries

ated with the automatic gate and other LRT crossing devices. o )

Also, the turn in the pedestrian path around the automatic gatePortland has useq several distinctive strategies to promote

directs pedestrians using the path away from the direction GPEYY at LRT crossings.

an approaching LRV. Thus, pedestrians may be less aware of i ,

an approaching LRV as they walk toward the trackway. * Automatlc gate plgcement angle'at oblique LRT cross-
Since the initial 1996 survey, the west-side extension has ings: Atmany locations, the_LRT right-of-way and tracks

opened and there have been various pedestrian safety con- anq a parallel road both mtersect another road at an

cerns. Two pedestrian fatalities at grade crossings within oblqu_Je angle. If an au_tomatlc gat_e were to be P'?Ced per-

3 months prompted Tri-Met to conduct a thorough safety pendicular to the obhqge crossing approach, it would

review of each grade crossing along its 53.1-km (33-mi) leave a free path fqr vehicles from the road pargllel to the

alignment. Tri-Met immediately responded by installing new LRT tracks to turn into the path of an approaching LRV.

. . . o : To block the path from the parallel road as well as from
passive warning signs speC|f|caI'Iy for pedestnans'at CVEY  the intersecting road, the automatic gates have been
gated crossing and at many st_atlon platform Crossings. Tri- placed so that they are parallel to the LRT tracks, effec-
Me'_[ contracted Ko_rve Englnee_rlng, Inc., to _assst in the safety tively blocking all paths crossing the LRT tracks (Fig-
review and to review the design of the Airport-MAX LRT ure 2-21). To maintain visibility, the small, round lights
extension (under construction) and the Interstate-MAX

A : ) on top of the automatic gate arms are turned to directly
extension (in final design). The safety review focused on the face the traffic approaching on the intersecting road.
following key factors:

Bicycle lane advance warning striping: On some road-
ways with curbside bicycle lanes, advanced railroad
(RXR) striping is painted in the lane to alert bicyclists to
the proximity of an LRT crossing.

Pedestrian awareness of the crossing: Passive signing,
tactile warning strips.

Pedestrian awareness of approaching LRV and ability to «
see the LRV: Pedestrian audible warning devices, active
LRV Approaching signs, adequate sight distance.
Pedestrian path across the trackway: Pedestrian chan-
nelization, swing gates, pedestrian automatic gates.
Pedestrian understanding of potential hazards at grade
crossings: Increased public education and outreach,
devebpment of a multijurisdictional task force, and use

of the Internet.

Passive Look Both Ways sign: At all pedestrian cross-
ings adjacent to a gated motorist crossing and at many
station platform crossings, passive Look Both Ways
signs were installed. The location of the sign is note-
worthy. The signs are mounted back-to-back between
the double set of tracks (eastbound and westbound) and
are mounted at a height of 1.2 m (4 ft) to allow for
increased pedestrian awareness of the sign. Vandalism
of the signs, because of the low mounting height, was
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location, the tactile warning is also supplemented by a
red pedestrian stop bar imprinted with the text Stop Here
in white.

» Pedestrian swing gates: At station locations where sight
distance may be a concern because of adjacent buildings,
Tri-Met has installed swing gates to deter pedestrians
from darting out across the trackway without stopping to
look for an approaching train. The swing gates were
installed as a demonstration project to determine the
effectiveness of the gates on pedestrian behavior. Data for
this demonstration project are currently being collected.

« Pedestrian channelization at oblique crossings: At oblique
crossings, pedestrians may be tempted to cross the
trackway across the roadway, stopping in the median
instead ofollowing the desired pedestrian pathway (Fig-
ure2-22). This situation is potentially hazardous if a sec-
ond train approaches and the pedestrian is not aware of
it. This situation resulted in a fatality at a grade crossing
on the Tri-Met system. To increase the safety of the
crossing, Tri-Met installed channelization to direct
pedestrians to the appropriate crossing location. In addi-
tion, Tri-Met installed channelization in the median
island of the roadway to discourage pedestrians from
crossing the roadway at the oblique grade crossing.

« Active Train Approaching/Look Both Ways icon sign:
Tri-Met has developed an active Train Approaching/
Look Both Ways icon sign to warn pedestrians of an

Figure 2-21. Automatic gates installed parallel to LRT approaching train at stations. The internally illuminated
tracks. (Portland, Oregon—Above: North Main Ave. Below:  light-emitting diode sign displays an LRV icon in yel-
NW Eleven Mile Ave.) low, with one arrow pointing left above the icon and one

arrow pointing right below the icon that flash red inter-
_ _ mittently when a train approaches. This sign has been
a concern before the signs were installed, but as of the jnstalled at the 122nd Avenue Station location as a

time this report was being prepared, the signs were in  demonstration project to determine how the sign affects
place for 1 year and no vandalism had been reported. pedestrian behavior.

» Pedestrian automatic gates and audible warning devices:
Sight distance concerns prompted Tri-Met to install
pedestrian automatic gates at the 128th Street and base- I
. . . . . 3.8 Sacramento, California

line crossing as a demonstration project to determine the
effects of the gate on pedestrian behavior. The gateswill 3 g 1 | RT System Overview
be supplemented by a pedestrian audible warning device
that announces the message Train Approaching/Look The Sacramento Regional Transit District (RT) operates a
Both Ways in both Spanish and English. 33.2-km (20.6-mi) LRT system, which began service in 1987.

* Pedestrian tactile warning: Pedestrian tactile warning’he RT system is shaped like a boomerang with two lines: the
strips have been used at pedestrian crossings at statiNorth Line extends from downtown Sacramento to Sacra-
locations and to delineate the station platform, as requireghento’s northeastern suburbs and terminates at the Watt/
by the Americans with Disabilities Act to increase aware4-80 Station, and the Folsom Line extends to the eastern sub-
ness of the potentially hazardous area for the visuallyrbs and terminates at the Mather Field/Mills Station (Figure
impaired. This was taken one step further by Tri-Met; &-23). The LRT system serves the Downtown Plaza Mall, the
visual and tactile warning was provided through the us&tate Capitol, California State University at Sacramento, and
of scored concrete at all grade crossings. The warning the University of California at Davis Medical Center (via a
located outside the dynamic envelope of the train anttansit shuttle).
provides a tactile and visual cue to pedestrians of the From the northeastern terminus at the Watt/I-80 Station
safe location to wait when a train is approaching thehrough downtown Sacramento and to the eastern terminus
crossing. To further inform pedestrians of a safe waitingt the Mather Field/Mills Station, the RT LRT system passes
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through many different right-of-way types. From the Watt/2.3.8.2 Accident Summary

[-80 Station to Arden Way, the LRVs operate in the median

of I1-80 (exclusive type a) and parallel to the Union Pacific In the 10 years of service from 1987 to 1996 (when this
Railroad tracks with no higher speed LRT crossings. BetweetHrvey was conducted), the Sacramento LRT system experi-
Arden Way and downtown, LRV operate in various combi£nced 20 accidents at higher speed LRT crossings. This is a
nations of semiexclusive and nonexclusive rights-of-wayfairly low rate of accidents for the time span and level of ser-
In downtown Sacramento on K Street, Seventh and Eightfc€ Of the RT LRT system. A factor contributing to the excel-
Streets, O Street, and immediately east of downtown on €Nt experience of RT in avoiding accidents is the provision
Street, LRVs operate in alternating segments of nonexclusivl Sufficient sight distance at locations of potential conflict.
right-of-way (types c.1 and c.3). From the 29th Street Statio T did not prov_|d_e the quve Engineering research team
to the Jackson Road LRT crossing, LRVs operate in a sem‘f‘fIth data on collision severity. .
exclusive type b.1 right-of-way at speeds up to 90 km/h Table 2-11 reveals that all but two of these LRT crossing

(55 mph). From Jackson Road to the existing end of the lin ccidents involved collisions between motor vehicles and
at Mafhef Field/Mills Station, LRVs operate (?n a semiexclu. RVs. Of the accidents at identified locations, most of those

. : . gccurred at crossings near LRT stations. This may be due to
sive type b.2 right-of-way. There are 14 crossings along tht(:ﬁe tendency of motorists to misjudge the approach of an

iggée)fﬁ Iuige tytpe db'é tahnde f‘ nghlt_s_-of}way.tlhn SBeg:eTbaerv after it departs or arrives at a nearby station. This prob-
o, (e K 1 extended the Foisom Line from the BULETelge , has peen addressed at two locations by delaying the low-
Station northeast to Mather Field/Mills Station, about 4 kmering of the automatic gates to accommodate LRVs dwelling
(2.5 mi). The ex}ension is in a semiexclusive t}’p‘? b.2 ri,ghtét the nearby station. (See description in Section 2.3.8.4.)
of-way, paralleling Folsom Boulevard and existing Union -t a6 accidents occurred at the intersection of Stockton
Pacm(? Railroad track;. ) . . Boulevard and 34th Street crossing. These accidents are most
RT is currently designing and constructing various extenyyely due to the complicated intersection geometry. A more

sions of the light rail system. By 2003 the light rail system Wi"thorough discussion of the Stockton Boulevard crossing

to the city of Folsom, the Sacramento Amtrak Station, and Only one accident involved a pedestrian. The pedestrian was
Meadowview Road in south Sacramento. The Folsom Corfl‘respassing near the LRT crossing to gain access to the
dor line will begin at the neWIy Completed Mather Field/Mills Watt/Manlove Station. The Watt/Manlove Station has rela-
Station and will extend light rail into the city of Folsom. This tively open station access with little separation between pedes-
project also includes the 0.8-km (0.5-mi) downtown Sacratrian pathways and LRT tracks. In addition, there is no formal
mento extension to the Sacramento Amtrak Depot, where ligifedestrian access from Watt Avenue to the east toward the sta-
rail will connect with Amtrak intercity and capitol corridor ser- tion. Formal station access is from the north of the station on
vice as well as with local and commuter buses. The project Solsom Boulevard and from the south at the park-and-ride lot.
expected to be completed in 2002. The South Sacramento Céitthe Power Inn Station, potential pedestrian-LRV conflict has
ridor Project is a 10-km (6.3-mi) extension south of the downbeen deterred by the creation of a formal pedestrian pathway
town area and is expected to be complete in 2003. from the street and separation from the track with fencing.

TABLE 2-11 Sacramento LRT System: Accident Experience (1987-1996)

Accident Type
Highest
Accident Pedestrian Pedestrian
Locations Auto (At LRT (Trespassing Bike Total
Crossing) Near LRT
Crossing)
28" Street 3 0 0 0 3
Stockton 3 0 0 0 3
Boulevard
Watt Avenue 2 0 1 0 3
(South of Folsom)
All Cthers {11) 10 0 0 1 11
Total 18 0 1 1 20

Scurce: Sacramento Regional Transit District.

a) Where LRVs cperate at speeds greater than 55 km/h (35 mph}



2.3.8.3 Issues and Concerns

RT representatives expressed a variety of concerns, espe-
cially with regard to future safety research needs. One par-
ticular concern is a need for research on the signaling con-
figurations when both traffic signals and LRT warning systems
are displayed to approaching traffic. The California Public
Utilities Commission currently requires RT to install canti-
levered flashing light signals or median automatic gates with
flashing light signals at crossings with two or more lanes of
traffic. When such a crossing is near a standard traffic signal,
there is a potential for motorist confusion caused by the
visual clutter created by the multiplicity of systems or possi-
ble conflict between the two sets of signaling systems.

RT representatives have also expressed a need for an acci-
dent prediction model or a hazard index for LRT crossings.
The Railroad-Highway Grade Crossing Handbdbkon-
tains various accident prediction formulas to generate indices
of hazard. These formulas, however, are based on the fact
that conventional trains cannot effectively slow down or stop
at crossings if a motor vehicle or pedestrian enters the cross-
ing. RT representatives would like to see similar hazard
indices developed with formulas tailored to the stopping and
deceleration ability of LRVs. RT representatives would also
like to see the development of a national database for LRT
accidents with information on the context, circumstances,
and contributing factors for each accident. This would pro-
vide the opportunity to track trends in accident rates and to
find out what factors contributed to accidents in different cat-
egories of crossing types.

Field investigation by the Korve Engineering research
team revealed complex intersection geometry at the Stockton®
Boulevard and 34th Street LRT crossings. At these two LRT
crossings, queues extend on two orthogonal approaches to the
single downstream, signalized intersection of Stockton Boule-
vard and 34th Street back across the LRT tracks, which cross
both approach legs at an angle. Both intersection approaches
have relatively high traffic volumes, especially because of
the nearby freeway ramps. Thus, early LRV detection is crit-
ical in order to preempt traffic signals to clear vehicles off the

tracks. In this context, conventional traffic signal preemptior\/

timing may not effectively clear all motor vehicles from the
tracks because of the presence of queues on the two, se
rately phased legs.

2.3.8.4 Innovative Features/Demonstration
Project Summaries

RT uses several different innovative features at its LR
grade crossings.

« Motor vehicle channelization on the approaches to LRl
crossings: Stand-up delineators [900 mm (36 in.) tall] ar

2 Railroad-Highway Grade Crossing Handbodnd ed. FHWA, U.S. Department
of Transportation, Washington, D.C. (1986) pp. 63—-79.
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used at the intersection of Folsom Boulevard and Jack-
son Road to channel traffic coming from Jackson Road,
which intersects the LRT tracks at an oblique angle (Fig-
ure 2-24). The stand-up delineators separate the two
directions of traffic on the approach to the crossing and
channel the approaching traffic into the lane blocked by
the crossing gate. By providing a division between the
two directions of travel, the stand-up delineators dis-
courage motorists from driving around lowered auto-
matic gates.

At other crossing locations, protrusions in the roadway
are used to discourage motorists from driving around low-
ered automatic gate arms as they approach the crossing.
At two locations, 39th and 48th Streets, 150-mm (6-in.)-
tall steel bars (barrier-type) are placed at the centerline of
the street to make it difficult to cross into the opposite traf-
fic lane at the approach to the LRT crossing (Figure 2-25).
Alternative audio pedestrian warning device: One inno-
vative pedestrian warning device used is a truck backup
alarm that emits a soft electronic beeping sound at the
39th Street Station instead of the standard crossing bell.
Because the 39th Street Station is close to a residential
neighborhood, concern about noise levels precludes the
use of the continuous bell that is typically used at LRT
crossings. When an LRV approaches the crossing, the
automatic gate arm descends and bells are activated to
warn pedestrians. Once the gate arm is down, however,
a more faint warning system identical to a truck backup
warning signal is used to warn pedestrians that an LRV
is still approaching.

Automatic gate activation delay for near-side stations:
Another innovative feature involves LRV operations at
LRT crossings near stations. As part of a demonstration
endorsed by the California Public Utilities Commission,
RT has conducted a crossing warning device activation
delay project at two crossings with heavy traffic vol-
umes located immediately adjacent to two near-side LRT

Figure 2-24. Motor vehicle channelization. (Sacramento,
California.)
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Figure 2-25. Raised steel bars in the roadway median.
(Sacramento, California, 48th Street crossing.)

stations, the Watt/Manlove Station and the University
65th Street Station. RT installed delay timers to allonsss
LRVs to dwell in the station on the near side of these twE==
LRT crossings without activating the crossing warning
systems until the LRV is ready to depart. When the LRV:
detection system senses an LRV approaching the crossi
the flashing light signals and automatic gates activate on
after a predetermined amount of time has passed. A sp
cial wayside signal at each of these two crossings providégs
the LRV operator with one of two messages: (a) the cross
ing warning systems (flashing light signals and automatic
gates) have been activated, or (b) the automatic gates dfigure 2-26. LRV operator gate indication signal.
in the horizontal position (Figure 2-26). (Sacramento, California, 65th Street crossing.)

Typically, crossing warning systems position the gate
arm down whenever an LRV is within a certain distance
of a crossing (at the beginning of the LRV detectionwest to southeast direction. The line extends from Lambert
track circuits). If an LRV is stopped in a station adjacentSt. Louis International Airport (main terminal) toward down-
to the crossing, the gate arms normally stay down whiléown St. Louis, passing by major destinations such as Union
the LRV dwells at the station to load and unload pasStation, Kiel Center, and Busch Stadium. From downtown
sengers, even though the LRV is not moving toward thé&t. Louis, the line passes by Laclede’s Landing and the Gate-
crossing. When traffic on the cross street is heavy, thizway Arch (the Jefferson National Expansion Memorial) and
crossing warning system design creates unnecessatlyen crosses the Mississippi River toward downtown East St.
delay by blocking traffic through the crossing evenLouis in the state of lllinois (Figure 2-27).
when the LRV is stopped at the station. Prematurely At the northern end of the line, between the Airport Main
lowered automatic gates may confuse motorists by indiTerminal Station and the North Hanley Station, Metrolink
cating that an LRV will pass through the crossing soon RVs travel primarily on exclusive type a rights-of-way with
when there is none. Such confusion has the potential tgoth at-grade and elevated viaduct sections. From the North
cause motorists to disregard the automatic gates with thganley Station through Union Station, the LRT line parallels
expectation that the LRV will not pass through the crossthe tracks of the Norfolk Southern Railroad at-grade with
ing for an extended period of time. some elevated sections. In this section, the LRVs operate in
alternating sections of exclusive type a and semiexclusive
type b.1 rights-of-way. About 80 percent of the Metrolink
LRT right-of-way is type b.1. There are eight crossings along
2.3.9.1 LRT System Overview the semiexclusive type b.1 right-of-way between the North

Hanley Station and Union Station. From Union Station to

The Bi-State Development Agency operates the 27.4-krBusch Stadium, LRVs travel at-grade in semiexclusive type

(17.0-mi) Metrolink LRT line that runs primarily in a north- b.1 right-of-way with one pedestrian-only crossing. North of

2.3.9 St. Louis, Missouri
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Figure 2-27. St. Louis, Missouri, LRT system.

Busch Stadium Station, the LRVs descend into a tunnel thag4 to 1996 (when this survey was conducted). The accident
runs under downtown St. Louis. East of downtown and neagas not due to any failure of the safety systems installed. In
the west bank of the Mississippi River, the line emerges frorfact, the motorist ignored the installed warning systems and
the subway alignment. The line then travels east across tidgove around the lowered gate arms at the crossing in an
Eads Bridge over the Mississippi River into East St. Louisattempt to beat the LRV (see Table 2-12). The accident
Between the East Riverfront Station and the 5th and Missourésulted in minor damage.

Station in the state of lllinois, LRVs travel at-grade in semi-

exclusive type b.1 right-of-way. In this section, there are

three LRT crossings. 2.3.9.3 Issues and Concerns

Because the Metrolink LRT line travels along existing
2.3.9.2 Accident Summary rights-of-way with just a few minor crossings, there are few
critical safety concerns. Local transportation engineers and
The St. Louis LRT system experienced only one LRT-planners, however, have expressed two concerns. First, at the
motor vehicle accident in its first 2 years of operation, fromNorth Hanley Station, a communications room was placed
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on the platform very close to the tracks in front of a pedes-

TABLE 2-12 St. Louis LRT System: Accident Experience (August 1994 to August 1996)

Accident Type
Highest - -
Accident Pedestrian Pedestrian Total
Locations Auto (At LRT (Trespassing Bike o
Crossing) Near LRT
Crossing)
Boyle Avenue 1 0 0 0 1
All Others {10} 0 0 0 0 0
Total 1 0 o 0 1

Source: Bi-State Development Agency

a)

trian crossing. This limits the ability of approaching LRV

operators to see crossing pedestrians and the ability of pedes-
trians to see arriving LRVs at the station. Second, there are

many sections of the right-of-way that have no fencing or

other physical separation from the land adjacent to the tracks. ¢
Trespassing on or near the tracks thus creates a potential haz-

ard, especially in dense fog conditions.

2.3.9.4 Innovative Features/Demonstration

Pr

im

oject Summaries

Metrolink has implemented a number of measures to
prove safety conditions along the corridor.

e Gradual LRV speed increase during LRT system start-
up: Metrolink slowly introduced service by gradually
increasing the speed and frequency of light rail service
in order to provide a period of adjustment for crossing
users. The strategy of service introduction was tailored
to accustom motorists along the line to the characteris-
tics and potential dangers of new LRT service, because
LRT tracks parallel an existing freight railroad where
trains moved slowly and where some sections of trac
were abandoned. During prerevenue testing, LRVs wer
operated along the line at 40 km/h (25 mph). For the firs

Where LRVs operate at speeds greater than 55 kmvh (35 mph)

Automatic gate activation delay for near-side stations:
As described for other LRT systems, the LRV detection
system has been adjusted to allow LRVs to dwell at
near-side stations without having the automatic gates
down longer than necessary.

Automatic gate indication signal for LRV operators: LRV
operator indicator signals are placed along the right-of-
way to indicate the position of crossing gates at each LRT
crossing. The indicator lights flash when the gates are
first activated by the LRV detection system and are solid
when the gates are fully down (see Figure 3-4).

LRV braking ability: Metrolink LRV operator training
takes a proactive stand on collision avoidance by empha-
sizing the use of LRV control and braking ability as a sup-
plement to the many warning systems already in place.
For example, upon departing some station stops, Metro-
link LRV operators dwell or travel slowly through the
pedestrian crossing when a second, opposite-direction,
arriving LRV is approaching. This blocks pedestrians
from entering the crossing until the second, opposite
direction LRV is fully within the crossing. As in Calgary

6 months of revenue service operation, LRV speeds wel

increased to 55 km/h (35 mph). Afterward, running

——

speedsvere increased to the current operating speeds (SESmss=s .

90 km/h (55 mph) between crossings and about 70 km/

(45 mph) at crossings. As ridership and associated se~&===¥"

vice increased demand, Metrolink increased the spee—
through the crossing to 90 km/h (55 mph).

Larger lights for the top of automatic gate arms: Anothe
measure designed to improve the awareness of motoris
to potential dangers at LRT crossings is the use of re
warning lights on top of the automatic gate arms with

180-mm (7-in.) diameter instead of the standard 100-mrfrigure 2-28. Larger lights for the top of automatic gate

(4-in.) diameter lenses (Figure 2-28).

arms. (St. Louis, Missouri, Boyle Ave. crossing.)
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where this pedestrian blocking maneuver is also prad35 mph) south along San Diego Bay on tracks shared with
ticed, the LRV functions as a crossing gate. the San Diego and Imperial Valley Railway during non-

» Pedestrian Z-crossings and automatic gates: Severedvenue hours of operation (semiexclusive type b.1 right-of-
innovative features used at the LRT crossings along theay) and approach the San Ysidro station at the Mexican
line also address pedestrian safety. At a heavily patrororder within a short length of semiexclusive type b.3 right-
ized parking lot near 14th Street between the Kiel Cenef-way. Along the southern portion of the line, there are
ter and Busch Stadium Stations, there is a Z-crossing5 LRT crossings (including driveways).
across the LRT tracks (see Figure 3-33). The Z-crossing
forces pedestrians to slow down and face the direction Orange Line (Formerly East LineJThe route for the
from which an LRV may approach. Furthermore, whereOrange Line extends from the loop around downtown San
possible, Metrolink has installed automatic gate mechabiego to the northeast at the Santee Town Centre. From the
nisms behind the pedestrian sidewalk (if present). At all2th and Imperial transfer station, the route runs northwest
LRT crossings with sidewalks where the motor vehiclealong the Bayside segment, parallel to Harbor Drive, serving
automatic gates could not effectively be placed near th#he historic Gaslamp District, the San Diego Convention
back side of the sidewalk (away from the curb), separateenter, and Seaport Village. In this segment, LRVs operate
pedestrian automatic gate arms mounted on the reverdé speeds up to 65 km/h (40 mph). The route makes a loop
side of the standard motor vehicle automatic gate mectround the downtown and follows C Street to the east and
anisms descend to block the sidewalk. These gates dis2th Street to the south, returning to the 12th and Imperial
courage pedestrians from crossing the LRT tracks as drpnsfer station. LRVs then operate at speeds less than/g5
LRV approaches (see Figure 3-29). (35 mph) in the median of Commercial Street (semi-

exclusive type b.4) between 12th and 32nd Streets. Between

32nd Street and the Weld Boulevard Station in the northern
part of the city of El Cajon, LRVs operate in semiexclusive
type b.1 right-of-way at speeds up to 90 km/h (55 mph) on
tracks shared with the San Diego and Imperial Valley Rail-
way during nonrevenue hours of operation. From the Weld
oulevard Station, LRVs operate in the median of Cuyamaca
treet to the terminal station at Santee Town Centre. There
e 32 higher speed LRT crossings along the Orange Line.

2.3.10 San Diego, California
2.3.10.1 LRT System Overview

The San Diego Trolley, Inc., operates two LRT lines for ag
total route of 62.6 km (39.1 mi): the Orange Line (from the
12th and Imperial transfer station to the Santee Town Centr@f
and the Blue Line (Mission Valley West to San Ysidro near
the U.S.—Mexico border). The Mission Valley West expansior23_10_2 Accident Summary
was completed in November 1997. This segment extends east

from the Old Town Depot, paralleling the north side of Inter- | the 15 years of operation between July 1981 and July
state 8 and the San Diego Rivel’, SerVing Fashion VaIIey Cel1996' San Diego Tro”ey LRVs were involved in 88 acci-
ter, Hazard Center, Mission Valley Center, and San Dieggents at higher speed LRT crossings. See Table 2-13.
Jack Murphy Stadium (Figure 2-29). Based on data provided by San Diego Trolley, Inc., acci-
dents along the semiexclusive type b.1 right-of-way where
Blue Line (Formerly North-South Lin€Jhe Blue Line of | Rvs operate at greater than 55 km/h (35 mph) have a higher
the San Diego Trolley connects Mission Valley West to thgatality rate than those along street-running sections where
U.S.—Mexico border at San YSidrO, California. From thELRVS travel at less than 55 km/h (35 mph)' |arge|y because of
northern terminus at Mission Va”ey West, the LRVs travel athe h|gher impact Speeds and ||m|ted LRV Operator reaction
speeds up to 90 km/h (55 mph) on semiexclusive type bgme. For example, the data from San Diego Trolley, Inc., indi-
right-of-way south toward downtown San Diego to the Amercated that, of the higher speed collisions, 17 percent involved

ican Plaza Station at the northwestern corner of downtowRgtajities, whereas only 7 percent of the lower speed collisions
The new extension of the Blue Line extends from the Ol olved fatalities.

Town Depot, paralleling the north side of 1-8 and the San
Diego River, serving Fashion Valley Center, Hazard Center,
Mission Valley Center, and San Diego Jack Murphy Stadiung.3.10.3 Issues and Concerns

LRVs then travel at speeds below 55 km/h (35 mph) in the
Center City segment for about 3 km (2 mi), east along C Street Several issues related to safety and design arise along the
in semiexclusive type b.3 and b.4 rights-of-way, and themight-of-way of the San Diego Trolley. For example, north of
south along 12th Avenue in a semiexclusive type b.4 rightthe Pacific Fleet Station (North-South Line), several drive-
of-way to the 12th and Imperial transfer station where pasways provide access to streets near LRT crossings. A raised
sengers can transfer to the East Line. From the 12th and Impeedian with barrier curbs is present in the middle of these
rial transfer station, the LRVS proceed at speeds up to 55 kmgftreets; however, because there is a break in the median at the
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TABLE 2-13 San Diego LRT System: Accident Experience (July 1981 to

July 1996}

Highest Accident

Locations {Includes Auto, Pedestrians at LRT Crossings,
Pedestrian Trespassing, and Bicycles)

Total

32nd Street & Harbor
Drive

13

Dairymart Road

28" Street

L Street

Severin Drive

B - RS BN, ]

All Others (62)

57

Total

88

Saurce: San Diego Trolley, Inc,

a) Where LRVs operate at speeds greater than 55 km/h (35 mph)

LRT tracks, motorists use this opening to turn left from the -
driveway. Motorists making the prohibited turn from the
driveway to the roadway increase the risk of collision both
with other motor vehicles on the roadway and with an LRV.
This problem is especially acute because lines of sight from
the driveway to the street and tracks and from the street ande
tracks to the driveway are limited.

Concerns at other locations also involve limited visibility
(sight distance). At the Old Town Depot Station, an LRV
operator service room located at the south end of the platform
potentially blocks the visibility of passengers on the platform *
from LRVs approaching the station from the south. In addi-
tion, at the LRT crossing near the Middletown/Palm Street
Station, a tall wall separates the freight railroad tracks from
the back side of the LRT platform. This wall impedes the abil-
ity of pedestrians walking on the sidewalk just outside the LRT
station to see an LRV approaching on the tracks on the other
side of the wall.

2.3.10.4 Innovative Features/Demonstration
Project Summaries

The strategies in San Diego for LRT crossing safety pre
sent a balanced approach in that they employ both active a
passive crossing control devices. The general approach
San Diego has been to implement simple, low-technologlil

included more LRT crossing enforcement and the use
raised median islands with barrier curbs.

« Cross-hatched striping in LRT crossings: At a few cross
ings, such as at Lemon Grove Avenue and Broadway i

the city of Lemon Grove, a cross-hatched striping pat—__

options where possible. Such low-technology options havg

Automatic gate placement for pedestrians: Standard
practice at the San Diego LRT system dictates that auto-
matic gates are to be placed behind the sidewalk where
possible to prevent pedestrians as well as motorists from
crossing when the LRV is approaching.

Pedestrian Z-crossings: In the city of Lemon Grove, sev-
eral Z-crossings are placed across the LRT tracks so that
pedestrians are forced to face the direction from which
an LRV approaches as they walk along the crossing path
(Figure 2-31).

Motor vehicle turn control near LRT crossings: Near the
intersection of Petree Street and Marshall Street in El
Cajon, a red arrow is used on the traffic signal instead of
an LRV-activated No Right Turn (R3-1) sign. In the city
of La Mesa at the intersections of Amaya Drive with
Severin Drive and La Mesa Boulevard with Spring Street,
LRV-activated, internally illuminated No Right Turn
(R3-1)signs are placed to prohibit motor vehicles from

b (R

tern is painted on the pavement to discourage motoristsigure 2-30. Cross-hatched striping in an LRT crossing.
from stopping on or near the tracks (Figure 2-30). (San Diego, California, Broadway crossing.)
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Convention Centers, Great America Theme Park, San Jose
International Airport (by shuttle), San Jose Civic Center, San
Jose State University, and the Children’s Discovery Museum.

The northern portion of the San Jose LRT system operates
in the semiexclusive type b.3 median of Tasman Drive and
North First Street from the Mountain View Station to Devine
Street north of downtown San Jose. Typical LRV speeds in
this segment of the line are 55 km/h (35 mph).

In downtown San Jose, LRVs operate in a semiexclusive
type b.5 pedestrian/transit mall right-of-way. Side-aligned
southbound and northbound tracks are located on First and
Second Streets, respectively. LRVs typically travel at 15 km/h
(10 mph) within downtown San Jose. The south end of the
line operates in the median of San Carlos Street (semi-
Figure 2-31. Pedestrian Z-crossing. (City of Lemon Grove,eXdUSiVe ty.pe b.3) petween Fi_rst Street and the Technology
California.) Center Statlon and in the medlan of the Guadalupe Fre_eway

on an exclusive type a alignment with no LRT crossings
between the Technology Center station and the end of the
turning right onto the parallel LRT tracks when an LRV line at Santa Teresa Station. In this section, LRVs reach a
is approaching (into closed automatic gate arms). ~ Maximum speed of 90 km/h (55 mph).

- Automatic gate activation delay for near-side stations: A short single-track branch [about 2 km (1.25 mi)], the
At near-side stations, San Diego Trolley delays the lowAlmaden Shuttle Service, extends light rail service to the south-

ering of the automatic gates when the LRV is stopped a¥est from the Ohlone-Chynoweth Station to the Aimaden Sta-

the station. Timers delay the lowering of the automatidion. LRVs consisting of only one car run at speeds of about
gates to give motorists more of a constant warning time25 km/h (35 mph) in a semiexclusive type b.1 right-of-way.

- Automatic gate indication signal for LRV operators: This short segment with three crossings is the primary sec-
At several crossings, a separate flashing light signal i§on of interest for this study.

directed toward the LRV operator to indicate when the VTA is currently constructing the Tasman East extension
flashing light signals are activated as intended. to their LRT system. The extension is scheduled to be imple-

mented in two phases. Phase | of the extension is from North
First Street to 1-880 with a length of 3 km (1.9 mi). The sta-

2.3.11 San Jose, California tions in the extension include Baypointe, Cisco Way, and the
[-880 Milpitas Station. Service to the 1-880 Milpitas Station
2.3.11.1 LRT System Overview is scheduled to begin in spring 2001. Phase Il is a 4.6-km (2.9-

mi) segment from 1-880 to Hostetter Road along the Capitol

The Santa Clara Valley Transportation Authority (VTA) Avenue median. Approximately 2194.5 m (7,200 ft) of this
operates a 46-km (28.6-mi) LRT system that runs primarily isegment is grade-separated over two railroad crossings and
a north-south direction, extending from the Mountain Viewthe Montague Expressway. Stations are located at Great
Station in the city of Santa Clara at the northern end to th@lall/Main, Montague, Cropley, and Hostetter. Service to
Santa Teresa Station in the city of San Jose at the southern eqktetter is expected to begin in spring 2004. Another exten-
(Figure 2-32). VTA completed its construction on the TasmaRijon to the Tasman Line is the Capitol extension. The Capitol
West extension in December 1999. The 12-km (7.6-mi) seg-ight Rail Project is a 5.3-km (3.3-mi) extension of the Tas-
ment proceeds west along Tasman Drive from the Old Ironman Light Rail Line. The project will travel along Capitol
sides Station, serving Lockheed, Moffet Field (home of thezvenue from just south of Hostetter Road to Wilbur Avenue,
NASA Ames Research Center), GTE, and the Mountain Vieworth of the Capitol Expressway. The Capitol Light Rail Proj-
CalTrain statiort? In the central portion of the system, LRVs ect will add four stations with provisions for a fifth station in
pass through downtown San Jose in a couplet of one-walie future. Light rail will operate in the median of Capitol
streets in a pedestrian transit mall. Near the southern end of tAgenue, with two vehicle travel lanes and a bike lane in each
system, a two-station branch line links the Ohlone-Chynowettirection paralleling the trackway. At intersections, additional
Station with the AlImaden Station. Along the length of the linetraffic lanes will be provided to accommodate left and right
the San Jose LRT system serves the Santa Clara and San oses. When complete, the Tasman/Capitol Line will run from
northeast San Jose for 30 km (18 mi) through Milpitas, Santa
Clara, and Sunnyvale to the Mountain View CalTrain Station.
3 CalTrain, a commuter railroad operating along the San Francisco peninsula from In addition, VTA is in the final design stages of the Vasona

south of San Jose to just south of downtown San Francisco, is operated by the Penin- ) :
sula Corridor Joint Powers Board. extension to the LRT system. Vasona is a proposed 11-km
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Figure 2-32. San Jose, California, LRT system.

(6.8-mi) extension. It is anticipated that the project will be2.3.11.2 Accident Summary

built in three phases, adding 11 new stations between Woz

Way in downtown San Jose and Los Gatos. Vasona light rail As Table 2-14 indicates, the segment of the San Jose LRT
will then operate primarily on the existing Union Pacific Rail-System along semiexclusive type b.1 right-of-way has had
road right-of-way between the San Jose Diridon Station an@nly one accident at a crossing in its 10-year operating his-
downtown Campbell, with the segment between the San Fefery through the time of this survey (July 1987 to November
nando and San Jose Diridon Stations primarily in an exclusivé996). The LRV-motor vehicle collision was preventable
alignment type, using a tunnel alignment. The initial 7.7-kmand occurred after LRT officials arrived on the scene. A motor
(4.8-mi) Phase | extension connecting downtown San Jose ¥hicle hit the closed automatic gate on Winfield Boulevard
downtown Campbell is expected to be completed in 2004. and broke off the mechanism. A police officer waved the
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TABLE 2-14 San Jose LRT System: Accident Experience (July 1987 to November 1996)

Accident Type
Highest . -
Accident Pedestrian Pedestrian Total
Locations Auto {AtLRT (Trespassing Bike ota
Crossing) Near LRT
Crossing)
Winfield 1 0 0 0 1
Boulevard
All Others (2) 0 g 0 0 0
Total 1 0 0 0 1

Source: Santa Clara Valley Transporiation Authority

a) Where LRVs operate at 55 km/h (35 mph)

motorist through the crossing just as the LRV started to movBlossom Hill Road LRT crossing highlights the fact that the
again. This accident, which involved only property damageMUTCD standard for signal preemption of traffic signals near
highlights the need for improved staff training at LRT andcrossings should be modified to account for local queuing

emergency response agencies.

conditions instead of mandating a single distance standard for

all such intersections.

2.3.11.3 Issues and Concerns 23

.11.4 Innovative Features/Demonstration

Because the section of the San Jose LRT system whefgoject Summaries

LRVs pass through crossings at 55 km/h (35 mph) is short,

San Jose has very few outstanding issues regarding these types

of crossings. The primary unsolved issue is that pedestrians
trespass into the fenced-off section of track in order to shorten
walking trips. This points to a need for pedestrian control at
grade crossings where access to the fenced-off right-of-way
is open and to a need to design appropriate pedestrian path-
ways along the right-of-way that are parallel to but physically
separated from the fenced-off trackway.

One previous problem that has been addressed is the
development of traffic queues on Blossom Hill Road near the
intersection with Winfield Boulevard that extended back
toward the LRT tracks. THdanual on Uniform Traffic Con-
trol Devices for Streets and Highw&y6MUTCD) specifies
that signals for intersections within 60 m (200 ft) of the right-
of-way should be integrated with the signaling system for the
crossing in order to allow for preemption to a clearance phase
for a queued approach. Even though the distance along Blos-
som Hill Road between Winfield Boulevard and the LRT
tracks is greater than 60 m (200 ft), queues still extended onto
the light rail tracks because of high traffic volumes. A traffic
signal preemption system has since been installed at the inter-
section of Winfield Boulevard and Blossom Hill to allow for
queue dissipation before the approach of the LRV. The traf-
fic signals receive notification of LRV arrival before the flash-
ing light signals and automatic gates activate (this is often
referred to as advance preemption). The experience at the

L]
14 Manual on Uniform Traffic Control Devices for Streets and HighwdlyS. Depart-

ment of Transportation, FHWA, Washington, D.C. (1988) pp. 8C-7, 8C-8.

Second Train Approaching sign: The VTA has installed a
Caution—Second Train Approaching sign and pedestrian
swing gates at a crossing of two LRT tracks at the Ohlone-
Chynoweth Station (Figure 2-33). The pedestrian cross-
ing at this station is unique because regular north-south
LRVs stop here (those operating between Old Ironsides
Station in the north and Santa Teresa Station in the south)
as well as the shuttle LRV operating between the Ohlone-
Chynoweth and Almaden Stations. The swing gates force
pedestrians to take a physical action (pulling the gate
open) and to be more attentive to the immediate envi-
ronment. The Caution—Second Train Approaching sign
reminds pedestrians that the flashing light signals and
bells may be activated for an extended period of time
(even after one LRV clears the crossing) to warn of a
new LRV approaching from the opposite direction. These
treatments have proven effective in reducing the num-
ber of collisions between pedestrians and LRVs at this
location.

Pedestrian access control to LRT right-of-way: To deal
with potential conflicts along the semiexclusive type b.1
right-of-way, the San Jose LRT system has installed fenc-
ing along the right-of-way between crossings. Although
other systems also have fencing, the San Jose LRT sys-
tem installation is unique in that it has installed fencing
along the entire length of the right-of-way and near the
crossings. This effectively encloses the entire section of
trackway except at LRV entrances and exits.

Barrier gates: According to the hazard analysis
(December 1997) of VTA Tasman West LRT align-
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SECOND TRAIN

Figure 2-33. Second Train Approaching sign. (San Jose,
California, Ohlone—Chynoweth Station.)

ment crossing of the Central Expressway at-grade, the
hazards include high motorist speeds on the Central
Expressway, poor sight distance for motorists on the
Central Expressway, possible freight train movements
between the Joint Powers Board Tracks and the NASA
facility, and vehicles backing up onto the track. To
address these hazards, VTA has installed a barrier gate”
at the at-grade crossing of the Central Expressway for
the westbound motorist approach as a demonstration
project (Figure 2-34). The safety barrier gates have
been tested successfully, stopping a pickup truck trav-
eling at 72 km/h (45 mph). The safety barrier gate is
lowered with a vertical pivot action, with a positive
locking device at each end of the arm to secure the gate
across the roadway. Energy absorption steel cables
internal to the gate arm tubing enable the safety barrier
gate to arrest a vehicle. The purpose of the safety bar-
rier gate is to stop the vehicle before the railroad tracks
and prevent a collision between the vehicle and the
train. When the gate is in the closed position, the cables
and aluminum framework fit into endlock assemblies

55

Figure 2-34. VTA barrier gate.

that are bolted to concrete foundations on both sides of
the roadway.

Four-quadrant gates: Along the Vasona LRT extension
of the VTA system, four-quadrant gates will be used. The
geometry of the Vasona LRT alignment creates many at-
grade crossings where the trackway is within 12 m (40 ft)
of the nearest signalized intersection or where the track-
way crosses two legs of an intersection (a diagonal cross-
ing). Also, most of the Vasona extension shares a corri-
dor with an active freight railroad industry spur. The
successful application of the gates in Los Angeles, and
the resolution by the California Public Utilities Commis-
sion to add four-quadrant gates to General Order 75-C,
Regulations Governing the Protection of Crossings at
Grade of Roads, Highways and Streets with Railroads in
the State of Californiahas prompted VTA to include
four-quadrant gates in the design at many of the cross-
ings along the Vasona extension.

Pedestrian automatic gates: Pedestrian automatic gates
have also been designed into the Vasona extension at
pedestrian-only crossings. One such location is the
pedestriarenly crossing near Del Mar High School. At
this location, pedestrians routinely travel from the high
school across the existing railroad tracks to a residential
area. This pedestrian-only crossing was not a major con-
cern when the trackway was used solely by freight traf-
fic, but it required increased attention when the Vasona
LRT extension was being designed. Pedestrians will be
channelized to a designated crossing location (determined
by the existing pedestrian flow patterns across the track-
way) and the pedestrian-only crossing will be equipped
with pedestrian automatic gates and flashing lights. In
addition, pedestrian automatic gates have been used in
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conjunction with swing gates at the Mountainview Sta-E3iil
tion. At this location, the VTA shares the corridor with g
CalTrain, the commuter railroad for the area. CalTrairgl
has an adjacent station platform, and a concern arogal it
about pedestrians transferring from one mode of rail trarjies
sit to the other. To address this issue, CalTrain installe
pedestrian automatic gates alongside pedestrian swi
gates. The automatic gates close when activated by
oncoming train, and the swing gates allow pedestrians t}
exit the route if they want to leave the area when the aute
matic gates close (Figure 2-35).
Presignals: The geometry of the Vasona LRT extensior
and the success of the presignal installation in Illinois, ha
prompted VTA to include presignals in the design at
many crossings along the extension. Limited clear storageigure 2-35. Pedestrian automatic gate and swing gate
distance and an existing freight line with limited rail traf- combination.

fic have conditioned motorists to stop on the tracks. Pre-
signals installed at these at-grade crossings will providg'4
motorists with a consistent stopping location, upstream of
the trackway, with or without the presence of a train, and The following two sections present an overview of aggre-
will condition the motorists to not stop on the tracks.  gate LRT system operating and accident experience based on

SYNTHESIS OF OPERATING
AND ACCIDENT EXPERIENCE

TABLE 2-15 Synthesis of Operating and Safety Experience

Most Common Problems at Higher Speed LRT Crossings
{in order of appearance in Chapter 3 - Application Guidelines)

. Motorists drive arcund [owered automatic gates

. LRV operators are unable to confirm that flashing light signals and automatic gates
are functioning as intended due to sight distance limitations and lack of advance
indicator signals

. Crossing users become confused between fast moving LRVs and slower moving
railroad trains

. Motorists disregard regulatory signs at LRT crossings

. Crossing users and LRV operators are unable to see each other at the crossing due
to sight distance restrictions

. Motor vehicles often queue back from a nearby signalized intersection blocking the
LRT tracks

. Motorist conditioned to stop on tracks when train not approaching (moving stop bar)

. Motaorists are confused when both flashing light signals and traffic signal indications
are used at the same location

. Motorists hesitate to drive off the tracks during the track clearance traffic signal
interval

. Motorists become confused about gates starting to go up and then lowering shortly
thereafter for a second, opposite direction LRV

. Automatic gates descend behind stopped motorists or do not effectively block turning
traffic (especially at skewed angle crossings)

. Automatic gates at oblique crossings are installed 90 degrees to the roadway,

creating an inviting area for motorists to drive around the gate arm and/or stop
between the gate arm and LRT tracks

. Pedestrians dart across LRT tracks without looking both ways (especially for a
second, opposite direction LRV approaching the crossing)

. Pedestrians ignere warning signs

. Pedestrians walk around/behind lowered gate arm

. Pedestrians trespass along the LRT right-of-way

. LRT agencies lack guidance (warrants) about when to install pedestrian warning
devices

Source: Korve Engineering research team interview/survey at the 11 LRT systems, Summer 1996,



TABLE 2-16 Summary of Accident Experience at LRT Crossings (Through 1996)

Semi-Exclusive Right-of-Way, types b.1 & b.2 Semi-Exclusive & Non-Exclusive Right-of-Way,
Average (above 55 km/h) types b.3, b4, b.5,¢c1,¢c.2, &c.3
Total . {below 55 km/h)
LRT System Accidents
Average Annual Average Annual LRT Average Annual Average Annual Average Annual LRT Average Annual
Accidents® Crossing-Years® Accidents per LRT Accidents Crossing-Years™® Accidents per LRT
Crossing-Year Crossing-Year
Baltimore 29.8 0.8 i8 0.04 29.0 21 1.38
Calgary 12.2 5.1 20 0.26 7.1 13 0.55
Dallas 8.0 2.0 22 0.c8 4.0 14 0.29
Denver 34.0 0.5 2 0.25 335 29 1.16
Edmonton 1.7 1.7 8 0.21 d d d
Los Angeles 50.7 10.7 28 0.38 40.0 56 0.71
Portland® 20.8 0.1 4 0.03 20.7 74 0.28
Sacramenic 20.5 2.2 14 0.16 18.3 62 0.30
Saint Louis 0.5 0.5 11 0.05 d d d
San Diego 285 5.9 43 0.14 2286 42 0.54
San Jose® 252 0.2 3 0.07 25 59 0.42
Average 20.9 2.7 16 0.17 18.2 34 0.54
Source:  Korve Engineering research team interview/survey at the 11 LRT systems, Summer 1996.
a) Includes all semi-exclusive and non-exclusive right-of-way types (types b and c).
by LRT crossing-years indicates the number of crossings that have LRVs operating through them for one year. One crossing-year is equal to ene crossing in operation for one year. The average annual LRT

crossing-years indicates the average number of crossings operating for an entire year, per year of operation. For most LRT systems (those which have not had any significant extensions), this figure is
simply equal to the number of LRT crossings. For those systems that have been implemented incrementally, this value differs from the actual total number of crossings. For example, at the San Diego
LRT system along semi-exclusive right-of-way, type b.1 and b.2, 29 cressings have been in operation for 17 years (South Line}, 25 crossings have been in operation for 9 years (East Line), and 13
crossings for about 0.5 years {North Line to Old Town and East Line exiension to Santee). The total number of crossing-years is thus (29 crossings x 17 years) + (25 crossings x 9 years) + (13 crossings
x 0.5 years) = 724.5 crossing-years. In 1996, the San Diego LRT system has been in operation for a total of 17 years. Therefore, the total number of crossing-years per year (or average annual LRT
crossing-years} is 724.5 crossing-years / 17 years = 43 average annual LRT crossing-years,

c) Includes all streets with traffic movements across LRT tracks.
d) The Edmonton and Saint Louis LRT systems do not have semi-exclusive or non-exclusive right-of-way where LRVs travel at speeds less than 55 km/h (types b.3, b.4, b.5, ¢.1, ¢.2 and ¢.3).
e) Accident rates for the Portland and San Jose LRT systems along semi-exclusive and non-exclusive rights-of-way where LRVs travel at speeds less than 55 km/h account for accidents through

1994



TABLE 2-17 Summary of Accident Experience at LRT Crossings (Through 1996)

Semi-Exclusive & Non-Exclusive Right-of-Way,
Average Total Semi-Exclusive Right-of-Way, types b.1 & b.2 types b.3, b4, b.5,¢.1,¢.2, &c.3
LRT System Accidents per (above 55 km/h) {below 55 km/h)
Year’

Percent of Average Total Percent of Total Semi-Exclusive Percent of Average Total Percent of Total Semi-Exclusive

Accidents per Year and Non-Exclusive Track Length® Accidents per year and Non-Exclusive Track Length
Baltimore 29.8 3% 82% 97% 18%
Calgary 12.2 42% 89% 58% 11%
Dallas 6.0 33% 90% 67% 10%
Denver 34.0 1% 62% 99% 38%
Edmcnton 1.7 100% 100% 0% 0%
Los Angeles 50.7 21% 76% 79% 24%
Paortland® 20.8 0.5% 26% 99.5% 74%
Sacramentc 20.5 1% 73% 89% 27%
Saint Louis 0.5 100% 100% % 0%
San Diego 28.5 21% 89% 75% 1%
San Jose® 252 0.8% 7% 99.2% 93%
Average 20.9 13% T7% 87% 23%

Source: Korve Engineering research team interview/survey at the 11 LRT systems, Summer 1996,

a) Inciudes all semi-exclusive and non-exclusive right-of-way types (types b and ¢}.

b) From Table 2-1.

c) Accident rates for the Portland and San Jose LRT systemns along semi-exclusive and non-exclusive rights-of-way where LRVs travel at speeds less than 55 km/h account for accidents through 1694,
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the on-site interviews and surveys and the data provided [#/4.2 Synthesis of Accident Experience

each of the LRT systems. The accident described in the fol-

lowing sections represents accident history at the 11 LRT sys- Accidents occurring in semiexclusive type b.1 and b.2
tems though Summer 1996, when the initial system surveyéghts-of-way where LRVs travel at speeds greater than

were completed.

2.4.1 Synthesis of Operating Experience

55 km/h (35 mph) were analyzed. Table 2-16 compares the
annual average number of accidents per crossing in semi-
exclusive rights-of-way where LRVs travel at greater than

55 km/h (35 mph) and the annual average number of acci-
dents per crossing in semiexclusive and nonexclusive rights-

Table 2-15 presents a synthesis of the most common probf-way where LRVSs travel at less than 55 km/h (35 mph) for
lems encountered by the 11 LRT systems at higher spe#lte 11 LRT systems surveyed. This comparison assesses the
LRT crossings [where LRVs operate at speeds greater thaelative rates of risk for accidents at LRT crossings for each
55 km/h (35 mph) and up to 105 km/h (65 mph)]. Potentiaparticular category of right-of-way.
solutions to these problems, as well as some other importantAs indicated in Table 2-16, the rate of accidents per cross-
concerns expressed by one or two of the systems, are pieg along semiexclusive rights-of-way where LRVs travel at

sented in Chapter 3.

greater than 55 km/h (35 mph) is less than the rate of accidents

Semi-Exclusive & Non-Exclusive Mainline Track Length*

Semi-E xlusive, ( 774
Typesb.1& b2 \ %

>5E5 km/h
\ (35 mph)

\\

Semi-Exlusive &
Hon-Exclusive
Right-of-Way,
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cl.e2,¢3

23%

< E5 km/h
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Average Total LRT Crossing Accidents Per Year*

Semi-Exlusive,

Types b1 & V—
13%

> 55 kmvh
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*Source; \
Korve Engineeting 1esearch

team interview i survey at the
eleven LRT Systems, Summer 1996

87%
<55 km/
(35 mph)
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NonExclusive
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Figure 2-36. Mainline track length and accident comparison.
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Figure 2-37. LRV-motor vehicle collision severity comparison.

per crossing along semiexclusive or nonexclusive rights afiumber of years of operation of the entire LRT system. For
way where LRVs travel at less than 55 km/h (35 mph) for alystems that were implemented in stages, however, this sim-
11 LRT systems surveyed. Specifically, there is 0.17 annugle calculation does not hold; the total number of accidents
accident per higher speed LRT crossing, averaged over tlirethe entire history of a system cannot be divided by the total
11 LRTs surveyed compared with 0.54 annual accident peaumber of crossings in the system because all crossings may
LRT crossing where LRVs operate at less than 55 km/hot have been in operation throughout the entire history.
(35 mph). The accident rate at higher speed LRT crossings Therefore, the risk of accidents cannot be divided by the total
thus 69 percent less than at lower speed LRT crossings. Thatiisimber of crossings. To account for this, the research team
even considering that there are fewer higher speed LRT crosgeveloped the parameter of LRT crossing-years per year or
ings per kilometer of track compared with where LRVs operaverage annual LRT crossing-years. This value represents,
ate in a street or pedestrian/transit mall at lower speeds, higHer each year, the average number of crossings operating for
speed LRT crossings have a better overall safety experienceghe entire year. This amount is then used to generate the com-
For most systems, calculating the average annual acgparison statistic, which is the average annual number of acci-
dents per LRT crossing involved dividing the total numberdents per LRT crossing-year.
of accidents in a particular LRT system’s history along a par- Table 2-17 indicates that, although 77 percent of the total
ticular type of right-of-way by the total number of crossingstrack kilometers at the 11 LRT systems are in higher speed,
along that right-of-way type and then dividing by the totalsemiexclusive rights-of-way (types b.1 and b.2, excluding
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Figure 2-38. LRV-pedestrian collision severity comparison.

type a), only about 13 percent of the total accidents occurrespeeds greater than 55 km/h (35 mph) resulted in fatalities,
at crossings along these sections of the track (Figure 2-36). tompared with only 1 percent at lower speed crossings. In
fact, at all 11 LRT systems surveyed, the percentage of tradkgure 2-38 for LRV-pedestrian collisions, the difference is
in semiexclusive type b.1 and b.2 rights-of-way is alwaysiot as dramatic, with 29 percent of the higher speed collisions
greater than the percentage of accidents that occur alongsulting in fatalities, compared with 18 percent of the lower
these two types of right-of-way, excluding Edmonton and Stspeed collisions. The primary reason for the small change
Louis where all the crossings (and thus all the accidents) atsetween higher and lower speed LRV-pedestrian collisions
in semiexclusive type b.1 and b.2 rights-of-way. may be because any collision between an LRV and a pedes-
Despite the fact that these higher speed LRT crossinggan tends to be more severe, simply because pedestrians do
[where LRVs operate at speeds greater than 55 km/hifBm not have much protection compared with motorists, who are
along semiexclusive type b.1 and b.2 rights-of-way haveurrounded by the metal frames of their motor vehicles.
a better overall accident experience (as indicated in It should be noted that the above analysis on collision
Tables 2-1@&nd 2-17), collisions at these crossings tend to beeverity is based on data provided by three LRT systems:
more severe than those at lower speed LRT crossings. Aenver, Edmonton, and Los Angeles. The data provided to
indicated in Figure 2-37 with data provided by three LRT systhe research team by the other LRT systems did not classify
tems, 19 percent of the total LRV-motor vehicle collisions aficcidents by severity in enough detail to include them in the
LRT crossings along rights-of-way where LRVs operate aabove analysis. However, taken together, the collision sever-
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ities provided by Denver, Edmonton, ahds Angeles are The increased severity of collisions at higher speed LRT
probably representative of the other eight LRT systemscrossings, as indicated in Figures 2-33 and 2-34, points to the
Denver consists primarily of lower speed operations in cityneed for a set of guidelines to improve LRT crossing safety.
streets, Edmonton consists entirely of higher speed operaligher LRV speeds, although providing better service to tran-
tions in semiexclusive type b.1 right-of-way, and Lossit patrons, allow LRV operators less opportunity to respond to
Angeles has a mix of both higher and lower speed opera&frant motorists, bicyclists, and pedestrians. Furthermore, cross-
tions. Greater detail on collision severity is not provided inng control devices typically installed at higher speed LRT
the above discussion or in Figures 2-33 and 2-34 (e.g., seprossings are identical to conventional railroad equipment,
arating injuries and property damage-only collisions) pri-which may not be highly credible with all crossing users. There-
marily because the severity data among the three LRT syfre, motorists, bicyclists, and pedestrians may be less inclined
tems that provided them were inconsistent. For exampldép obey higher speed crossing control devices. Based on the
an injury could range from a small scratch to anythingexperience at the 11 LRT systems surveyed for this report,
short of a fatality. Further, some LRT systems reporte€hapter 3 develops recommended guidelines to improve higher
collisions that resulted in no damage (contact only) andpeed LRT crossing safety, reducing the likelihood and sever-
others did not. ity of collisions between LRVs and crossing users.
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CHAPTERS3
APPLICATION GUIDELINES

3.1 OVERVIEW transit agency liability, as was observed with the Los Ange-
les and Portland LRT systems after fatalities involving LRVSs.
This chapter develops solutions to the issues and concermais is also evident in light of the commuter railroad train-
raised in Chapter 2, System Operating and Safety Experschool bus collision in Fox River Grove, lllindignd the
ence. These solutions are aimed at reducing the potential famtrak collision with a tractor trailer in Bourbonnais, llli-
collisions at higher speed light rail transit (LRT) crossingsnois. Thus, from a transit agency’s perspective, any accident
[where light rail vehicles (LRVs) operate at speeds greateg undesirable. Appropriate actions should be taken during
than 55 km/h (35 mph)]. Guidelines for system design andystem planning and design to minimize the potential for
operations, traffic signal preemption, automatic gate placeaccidents at higher speed LRT crossings.
ment, and pedestrian control are discussed. The chapter conThe various guidelines presented in this chapter are based
cludes by describing effective public education techniquesn a detailed analysis of the operating and safety experience
and grade crossing enforcement practices. of the 11 LRT systems surveyed. Accordingly, they reflect
the field reviews of LRT crossing geometry, traffic control,
and risky crossing usdvehavior at the highest accident loca-
tions on each of the LRT systems. The guidelines apply to
both retrofits and extensions of existing LRT lines as well as

TCRP Report 17, Integration of Light Rail Transit into Fo the development of new systems. They enable new systems

City Streetsfocuses on LRT alignment types b.3 through!" the planning and design stages to learn from the design,
b.5 and c.1 through c.3, where LRVs operate in streets witgPerating, and safety experiences of existing systems.

motor vehicles (and bicycles) or in malls with pedestrians at Al provisions in this chapter apply t.o L.Rr;l'-ofnly opera-
speeds less than or equal to 55 km/h (35 mph). Higher speg(ans' In some instances, LRT operates in right-of-way imme-
ly adjacent to railroad (commuter, freight) right-of-

LRT crossings [where LRVs operate at speeds greater thg“ate . ) :
sharing grade crossings, or on the same track as railroad

55 km/h (35 mph)] experience fewer overall accidents thalf’®
the stree(t or rgal)l]-ty);)pe rlights—ofjl\\flvay \allddressetlil'@RP at different times of the day. If both LRT and railroads oper-
ate through the same grade crossings, some of the recom-

Report 17 This improved accident experience at LRT cross- _ . .
mendations in this chapter may not be implementable, espe-

ings along type b.1 and b.2 rights-of-way is primarily due to . ) . - .
thg reduc?eg FI)evel of interactigon betweeyn LFI)?VS an):d motof;IaIIy if other railroad-specific regulations apply. However,

vehicles, bicycles, and pedestrians compared with street ar general, the following guidelines represent good design,

mall-tvpe alignmenta operations, and maintenance practices for all LRT crossings
Hoxzver \?vhen coII.isions do occur at crossings along ali nwhere LRVs operate at speeds greater than 55 km/h (35
' g g agn., h). The concepts behind recommended treatments to the

ment types b.1 and b.2, they are often more severe becaust)served problems relate to LRT, commuter rail, and freight

of the higher LRV speeds. Furthermore, when these muden?s. : :
; . railroad operations. Many of the treatments, such as presig-

occur, they may produce problems with public image and . . .
nals, can be used in all rail environments where the geome-

try dictates.
Finally, the following guidelines assume that the LRT

! Transit Cooperative Research Progrd@RP Report 17: Integration of Light Rail i i i i i i i i i
Transit into City StreetsTransportation Research Board, National Research Council,crossmg n questlon IS equped with fIaShmg Ilght S|gnals
Washington, D.C. (1996) p. 64.

2 Accident experience in Texas and in the San Gabriel Valley (California) along sim-
ilar types of right-of-way using essentially the same types of warning devices (flashing
light signals and automatic gates) suggests that nontrain collisions (i.e., motor vehicle? For more details about this accident, refer to the National Transportation Safety
motor vehicle accidents at or near railroad crossings) occur more than twice as oftenBsard’s Highway/Railroad Accident Report, Collision of Northeast lllinois Regional
collisions that involve trains (i.e., motor vehicle-train collisions). Therefore, additionalCommuter Railroad Corporation (METRA) Train and Transportation Joint Agreement
design considerations should be implemented to minimize the occurrence of nontraBthool District 47/155 School Bus at Railroad/Highway Grade Crossing in Fox River
accidents near crossings. One possible solution explored in this chapter and in Cha&xove, lllinois, on October 29, 1995 (PB96-916202, NTSB/HAR-96/02).
ter 4 is the use of standard traffic signals instead of flashing light signals. 4 Motorists, bicyclists, and/or pedestrians.

3.2 BACKGROUND
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and automatic gatéduntil future research suggests other- modate a raised medfaor on roadway approaches that inter-
wise, all LRT crossings where LRVs normally operate atsect with another roadway (parallel to the tracks) immediately
speedgreater than 55 km/h (35 mph) should be controlledbefore the LRT crossing.
by automatic gates. For example, it may be possible to elim- For those approaches to LRT crossings where the roadway
inate automatic gates and use only flashing light signals @ not physically wide enough to construct a raised median
standard traffic signals at an LRT crossing along type b.1 owith barrier curbs, other traffic channelization devices should
b.2 rights-of-way where LRVs are accelerating (or decelerbe considered. For example, 100-mm (4-in.)-tall traffic dots
ating) from (or to) an LRT station and the typical crossingor 900-mm (36-in.)-tall flexible posts mounted along the
speed is less than 55 km/h (35 mph). double yellow striping in the middle of a narrow roadway
also discourage motorists from driving around lowered auto-
matic gate arms, even though they are more easily defeated
3.3 SUMMARY OF SOLUTIONS than a raised median with barrier curbs (Figure 3-2).
Additional research on median channelization for motorists
Table 3-1 presents an overview of the issues and potentifis prompted various vendors to develop mountable median
solutions described in this chapter. The issues and solutioggannelization that is more visible to motorists than the tra-
are based on the accident histories of the 11 LRT agenci@#ional stand up delineators. An example of such a delineator
surveyed, the experience of these agencies in solving thegsed for high-speed railroad applications is presented in Fig-
issues, and research team field reviews and observed behate 3-2. The use of flexible posts instead of a median should
ior at higher speed LRT crossings. be coordinated between the LRT agency and the local juris-
diction to address the potential aesthetic and visual impacts
of the posts.
3.4 SYSTEM DESIGN AND OPERATIONS Raised channelization devices, especially traffic dots,
GUIDELINES should baeused with caution in environments where snow or
ice is likely, as the dots are easily removed or destroyed by
The recommendations in this section relate to the desigsnowplow equipment (flexible posts are more appropriate for
of a new LRT system (or an extension/retrofit of an existinghis type of environment). At those crossings with an imme-
system) and operating a new (or extended) LRT system onckately adjacent parallel roadway and a high occurrence of
it has been constructed. vehicles driving around lowered automatic gate arms, photo
enforcemeritcould significantly reduce grade crossing vio-
lations and improve accident experience (see Section 3.9).

3.4.1 System Design Guidelines Moreover, because raised medians are not possible with an
immediately adjacent parallel roadway, traffic turning right
3.4.1.1 Automatic Gate Drive-Around Treatments or left from this parallel roadway and through an LRT cross-

] . ing should be controlled by one or more of the following
On roadway approaches to LRT crossings, use raised me@jayices:

ans with barrier (nonmountable) curbs where roadway geom-

bollard$ may be necessary between a double set of LRT . | Ry-activated No Right/Left Turn signs (R3-1, £2),

traCkS to discourage mOtOI’iStS from turning through the bl‘eak ° Automatic gate p|acement on the Crossing roadway (th|s

LRVs and motor vehicles at gated crossings occur because other than 90 degrees relative to the LRT tracks),

motorists drive around lowered (horizontal) automatic gate . Specia| right/|eft_turn automatic gates (Oﬂ the para||e|
arms (see Figure 3-1). However, in some cases it may not be gadway),

physically possible to install raised roadway medians, such as
on roadway approaches that are not wide enough to accom-

7 According to theManual on Uniform Traffic Control Devices for Streets and High-
ways(MUTCD) [U.S. Department of Transportation, Federal Highway Administra-

5In 1877, the U.S. Supreme Court@ontinental Improvement Company v. Stead tion, Washington, D.C. (1988), Section 5B-2], raised median islands should be no less
described the duties, rights, and obligations of railroad companies vis-a-vis those of thiean 1.2 m (4 ft) wide. In special cases where space is limited, islands may be as nar-
highway user at highway-rail crossings and found that they were “mutual and recipraew as 0.6 m (2 ft), except where used as pedestrian refuge areas. Thus, if a raised
cal.” The Court went on to say that a train has preference and right-of-way at crossinggedian island is being installed on an approach to an LRT crossing, the roadway must
because of its “character,” “momentum,” and “the requirements of public travel byaccommodate a minimum of 0.6 m (2 ft) extra width from face of curb to face of curb.
means thereof,” but that the railroad is bound to give due, reasonable, and timely warnt Photo enforcement at grade crossings uses vehicle presence monitoring (e.g., loop
ing of the train’s approach. In light of this ruling, it is considered standard LRT indus-detectors or video imaging) to detect whether a vehicle drives around the tip of a low-
try practice for LRVs, when traveling at speeds greater than 55 km/h (35 mph), to hawed automatic gate arm. If a vehicle is detected by the system, an image of the vehi-
full priority at crossings. The flashing light signals and automatic gates warn crossingle’s license plate and driver are captured and sent to the state’s Department of Motor
users to yield right-of-way to approaching LRVs. Vehicles for processing. A traffic citation is then issued in the mail.

5 Bollards typically are steel posts about 1 m (39 in.) tall with a diameter of about 2 ° For further information regarding the labeling system for traffic control devices in
cm (8in.). the United States refer to the MUTCD.




TABLE 3-1 Possible Solutions to Observed Problems

Issue

Possible Solution

System Design

Vehicles driving around closed automatic gates

LRV operator cannot visually confirm if gates are working

Slow trains share tracks/crossings with LRVs & near side
LRT station stops

Motorist disregard for regulatory signs at LRT crossings
and grade crossing warming devices.

Motor vehicles queue back across LRT tracks from a
nearby intersection centrolled by STOP signs {(R1-1})

Sight distance limitations at LRT crossings

Motor vehicles queue across LRT tracks from
downstream obstruction

Automatic gate and traffic signal interconnect
malfunctions

Install raised medians with barrier curbs

Install channelization devices (traffic dots or
flexible posts)

Install longer automatic gate arms

Photo-enforcement

Four quadrant gates

For parallel traffic, install protected signal
indications or LRV-activated No Right/Left
Turn signs (R3-1, 2)

For paraliel traffic, install turn automatic
gates

Install gate indication signals or in-cab
wireless video link

Install and monitor at a central control

facility a Supervisory Control and Data
Acquisition (SCADA) system

Consiant Warning Time

Use gate delay timers

Avoid excessive use of signs

Photo-enforcement

Allow free-flow {no STOP sign) off the
tracks or signalize intersection and
interconnect with grade crossing

Maximize sight distance by limiting potential
obstructions to 1.1 m (3.5 ft.} in height
within about 30 to 60 m {100 to 200 ft.) of
the LRT crassing (measured parallel 1o the
tracks back from the crossing)

Install “Do Not Stop on Tracks” Sign

Install Keep Clear Zone Striping

Install Queue Cutter Signal

Install plaque at crossing with 1-800 phone

numkbker and crossing name andfor
identification number

System Operations

Freight line converted to, or shared with, light rail transit

Accidents occur when second LRV approaches
pedestrian crossing.

Motorists disregard grade crossing warning devices

Emergency Preparedness

For new LRT systems, initially operate
LRVs slower, then increase speed over
time

When practical, first LRV slows/stops in
pedestrian crossing, blocking pedestrian
access until secend, oppoesite direction
LRV enters crossing

Adequately maintain LRT crossing
hardware (e.g., routinely align flashing
light signals} and reduce device “clutter”

Public education and enforcement

Training of staff and emergency response
teams (fire, police}

(continued on next pape
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TABLE 3-1 (continued

Issue

Possible Solution

Traffic Signal Placement and Operation

Motorists confused about apparently conflicting flashing
light signal and traffic signal indications

Track clearance phasing

Excessive queuing near LRT crossings

Turning vehicles hesitate during track clearance interval

Vehicles queue back from closed gates into intersection

LRT crosses two approaches to a signalized
intersection {diagonal crossing)

Motorists confused about gates starting to go up and
then lowering for a second, opposite direction LRY

LRT versus emergency vehicle preemption

Turning moterists violate red protected left turn indication

due to excessive delay.

With leading left turn phasing, moforists violate red
protected {eit turn arrow during preempticon

Use traffic signals on the near side of the
LRT crossing {pre-signals} with
programmable visibility or louvered traffic
signal heads for far side intersection
control

Avoid using cantilevered flashing light
signals with cantilevered traffic signals

Detect LRVs early to allow terminaticn of
conflicting movements (e.g., pedestrians)

Use queue prevention strategies, pre-
signals

Provide protected signal phases for through
and turning motor vehicles

Conftrol turning traffic towards the crossing

Detect LRVs early enough to clear both
roadway approaches and/or use pre-
signals or queue cutter signals

Delay the lowering of the gates which
control vehicles departing the common
intersection.

Detect LRVs early enough to avoid gate
pumping (alsc aliows for a nearby traffic
signal controller to respend to a second
LRV preemption)

At near side station locations, keep gates
raised until LRV is ready to depart.

At higher speed LRT crossings (speeds
greater than 55 km/h (35 mph)), LRVs
receive first priority and emergency
vehicles second priority

Recover from preemption to phase that was
preempted.

Switch from leading left turn phasing to
lagging left turn phasing

Automatic Gate Plagcement

At angled cressings or for tumning traffic, gates descend
on top of or behind motor vehicles

Install gates parallel to LRT tracks

Install advanced traffic signal to control
turning traffic

Pedestrian Control

Limited sight distance at pedestrian crossing

Pedestrians dart across LRT tracks withcout lcoking

Pedestrians fail to look both ways before crossing tracks

Pedestrians ignore warning signs

Install pedestrian automatic gates {with
flashing light signa's and bells (or
alternative audible device))

Install warning signs

Install swing gates

Channel pedestrians (Z-crossings)

Paint LRT directional arrcw between tracks

Mount signs closer to average eve level for
pedestrians
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TABLE 3-1 (continued

Issue Possible Solution

5. Pedestrian Control {(CONTINUED)

Install active pedestrian warning devices

Provide education and enforcement

. Pedestrians stand too clese to tracks as train approaches | Install pedestrian stop bar with tactile
crossing warning outside of the dynamic envelope
. Pedestrians and bicyclists routinely cross the LRT tracks | install positive control behind the sidewalk (if
behind the automatic gate mechanism while it is present) or roadway shoulder
aclivated

» Four-quadrant gates, and/or
« Flashing light signals aligned for motorists approaching
the LRT crossing on the parallel roadway.

Left turns from a parallel roadway through an LRT crossing
are especially critical to control. Because motorists on the par-
allel roadway essentially look down the length of the gate arm

Double Yellow Striping -
Vehicle Drives Around Gate

100 mm (4 in.) TALL TRAFFIC DOTS
Dallas LRT System, Texas

TALL FLEXIBLE POSTS
Harrisburg, Narth Carolina

Raised Median with
Barrier Gurbs

‘ ‘ Figure 3-2. Example LRT crossing channelization devices.
I T (Above: tall traffic dots, Dallas, Texas. Below: tall flexible
Figure 3-1. Raised roadway median application. posts, Harrisburg, North Carolina.)
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that blocks traffic approaching on the crossing roadway, onsurveyed for this study, further research may be necessary to
or more of the devices listed above should be installed. Wittdetermine whether an end plate is readily implementable.

out appropriate control, motorists may unintentionally drive Another possible solution to deter motorists from driving
around the tip of the lowered automatic gate arm in the crosaround the tip of a lowered gate arms is to install automatic
ing quadrant if it is not blocked. One possible solution, in addigates in all four quadrants of the LRT crossing, blocking both
tion to those listed above, is to increase the visibility of thehe entrance (near side) and exit (far side) to the crossing on
automatic gate arm, adding a small, reflective end plate to itsach roadway approach (Figure 3-3). Because the exit from
tip as indicated in Figure 3-3. As this type of visibility enhancthe crossing is also blocked by a gate, motor vehicles are
ing device has not been tested at any of the 11 LRT systerassentially unable to drive around the tip of the standard

Possible Atemative andl
if Fowr Quadrant Gates
are not Feasible
EndPlateto

Increase Attomatic Gate
Visihility for Motorists
Traveling Parallel to

the LRT Alignment

sy 40,
g0 450

11 11 Sample Reflective
Ll Enl Plate?
b Red Stripes on
White Badgyround
T OHE
v, WAY
-t Street or
Drveway

“The use of a reflective end plate has not been statistically evaluated to determine the effectiveness of
this treatment on risky motorist hehavior. Further research is required.

Figure 3-3. Automatic gate end plate.
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automatic gate arm. Four-quadrant automatic gates are mastt turns cannot be effectively blocked by this technique and
applicable at crossings where the approach roadway is nfatr LRT crossings at 90 degrees with respect to the roadway,
wide enough to accommodate raised medians or where thdedt-turn automatic gates or four-quadrant automatic gates
is an immediately adjacent, parallel roadway as describeshould be considered for installation. For more detailed rec-
above. They may also be appropriate at problem locatiormmmendations on automatic gate placement for the crossing
where, despite median treatments, motorists continue to viseadway and turn automatic gates, see Section 3.6.1 (Auto-
late the automatic gates. matic Gate Placement: Angle), Guidelines 2 and 3, respec-
The Los Angeles LRT system conducted a federallytively. For more detailed recommendations on protected traf-
funded demonstration project to examine the applicability ofic signal indications and LRV-activated No Right/Left Turn
four-quadrant gates at LRT crossings with immediately adjasigns see Section 3.5.3.6 (Motor Vehicle Turn Treatments),
cent, parallel roadways, where raised medians could not guideline 6.
installed and motor vehicles turning left from the parallel Finally, to deter motorists from driving around lowered
roadway were a concern. The Los Angeles four-quadramutomatic gates, automatic gate arms should extend to within
gate demonstration project resulted in a 94 percent reductid@®0 mm (2 ft) of the roadway centerline (where double yel-
in the number of vehicles driving around the gates. Based daw striping separates opposite directions of traffic) or raised
the Los Angeles LRT system’s research, considerations dumedian. With this guideline, all the lanes of traffic on a par-
ing the design of four-quadrant gate systems should includ&ular approach to the crossing are effectively blocked by the
(a) timing the lowering of the exit gates relative to thelowered automatic gate arm. This particular guideline does
entrance (standard) gates, (b) trapping motor vehicles betwesnt apply to automatic gates where the primary purpose is to
the two sets of gates on the LRT tracks, and (c) and exit galdock turning vehicles, which need to be long enough only to
failure mode (i.e., should the exit gates fail-safe in the up dplock the intended movement. Also, special consideration
down position). should be given to traffic movements (turning movements)
Several states have installed four-quadrant gates as dethat may conflict with extending the automatic gate arm to
onstration sites. The North Carolina Department of Transwithin 600 mm (2 ft) of the roadway centerline. In such cases,
portation has installed four-quadrant gates at numerouémay be possible to extend the gate arm only to the middle
highway-railroad grade crossings as part of the Sealed Cor@f the farthest traffic lane.
dor Program. Although the design and operation of the four-
guadrant gates in North Carolina differ from those of Los
Angeles, the results have been similar. The four-quadrant
gates alone reduced violations by 86 percent. Combined wi%
a median treatment, the four-quadrant gates reduced viola-

tions by 94 percent. At those crossings where sight distance does not allow

As described in Chapter 2, Section 2.3.2.4, Calgary héLSRV operators to visually confirm that the automatic gates

installed quasi-four-quadrant gates at grade crossings whe fid flashing light signals are functioning as intended, LRT
the train alignment is in the median of a one-way couplet an '

gencies should install a gate indication signal with a mini-
left turns across the tracks from the parallel street were a C(()g

4.1.2 Crossing Gate Indication Signal
r LRV Operators

h block the i ded lef b ium 200-mm (8-in.) led8in advance of the crossing (see
cern. The gates block the intended |eft-turn movement but igure 3-4). For example, where LRVs approach a crossing

not completely Se?" off the crossing. The use of the 986m around a blind curve so that an LRV operator cannot see
between the gate tips enables vehicles to exit the trackwayifo 5,tomatic gates until the LRV is essentially at the cross-
they are on the tracks when the exit gates lower. As sucfyy 5 gate indication signal in advance of the crossing is
vehicle intrusion detection is neither used nor needed.  oqqential. A gate indication signal should be located so that
T_he e_ffectwe_:nes_s_ Qf four-quadr_ant gates prompted thg e 4ytomatic gates are not functioning correctly (e.g., the
California Public Utilities Commission to approve Resolu-gate arm is broken off the mechanism), the operator can stop
tion SX-31 on April 6, 2000. Resolution SX-31 is the autho+,5 | Ry short of the grade crossing under normal service
rizing rule change to General Order No. 75RBgulations braking. Ideally, the signal should display two separate indi-

Governing the Protection of Crossings At Grade of Roadscations to an approaching LRV operator: (a) the flashing light

nghways., and Streets with Rg_llroads in the State of CaII'signals and gates have been activated (i.e., the LRV detection
fornia, to incorporate the definition of a four-quadrant gate

system and provide a standard on how four-quadrant gates

will Operate In Call_fornla. 19 Most flashing light signals have 40-mm (1.5-in.) holes in the side of the housing
At angled crossings (Where the roadway and LRT trackgalled peepholes or sidelights) to allow LRV operators to visually confirm that they
; ; : R functioning as intended. However, these sidelights are generally ineffective during
are not perpen.dICUIar)’ it may be pOSSIble to adJUSt the angzgillight operations because of their small size. Further, if LRV operators are unable to
of the automatic gate on the crossing roadway to more effeeee the flashing light signals and automatic gates until they are almost upon the LRT

; crossing, these small sidelights are essentially useless. The basic idea is to know
tIVE|y block left turns across the tracks from a roadway pal’\(/:vhether the devices are functioning as intended before it is too late to stop short of the

allel to the LRT alignment (Figure 3-22, Section 3.6.1). If thecrossing.
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GATE INDICATION SIGNAL approximate CWT at grade crossings. Because LRT runs on
— '\\_ electrified track, traditional methods of establishing a constant

warning are not possible. Further research should be con-
ducted on the reliability of overlay systems to establisha CWT
for LRT. A similar strategy may also be readily adaptable for
application where automatic gate delay activation timers are
installed at crossings adjacent to LRT stations. That is, if an
LRV is detected as not slowing down for the near-side station
stop [e.g., an express or out-of-service (nonrevenue) LRV], the
gate delay activation timers would not engage, and the flashing
light signals and automatic gates would immediately activate.

3.4.1.4 Near-Side Station Gate Delay
at LRT Crossings

MTA, Bahimore, Maryland

Figure 3-4. Example gate indication signal. (Baltimore, _ _ _ _ _
Maryland.) At those crossings with a near-side station, automatic gate

activation should be delayed (with timers or by train-to-
wayside communication) to accommodate LRV dwell time

system is functioning as intended), and (b) the automatiwithout excessively delaying nearby crossing users (Figure
gates are in the horizontal position. The signal should not b&5)* Gate delay timers for use at near-side station locations,
visible to motorists or pedestrians who may not understandnd other types of technology, provide crossing users with a
what it means. fixed warning time that is consistent with their expecta-

As an alternative to installing gate indication signals intions?For example, if automatic gates and flashing light sig-
advance of crossings, a wireless video link can be establisheals activate just as an LRV approaches a near-side station
between surveillance cameras mounted at LRT crossings aadd if these devices remain activated while passengers board
approaching LRVs. LRV operators would then be able to seand alight, crossing users may decide the delay has been
the next crossing ahead on a small video monitor well iexcessive and an LRV is not really approaching the crossing
advance of arriving at the crossing. Although not generallyone is stopped in the nearby station), and they may opt to
necessary for LRT operations because of LRV’s relativelgrive around the lowered automatic gates. This type of cross-
short stopping distances (compared with railroad trainsjng user behavior is risky, especially if another LRV is
wireless video tests by Amtrak suggest that images can lagpproaching the crossing from the opposite direction.
transmitted and received by approaching trains at distances
greater than 6.5 km (4 mi). ) )

Transit agencies should also consider implementing sys>4-1.5 LRT Crossing Signage
tems that monitor and report flashing light signal and auto-
matic gate malfunctions to a central control facility, such as,
a supervisory control and data acquisition system or oth
monitoring system that directly notifies LRT maintenanc
personnel of a potential malfunction.

Per the general recommendations inMenual on Uni-

rm Traffic Control Devices for Streets and Highwdays
?éection 2A-6), excessive use of signs at LRT crossings con-
Srolled by automatic gates and flashing light signals should
be avoided. Conservative use of regulatory and warning signs
is recommended because, if used to excess, they lose their
effectiveness. For example, Do Not Stop on Tracks signs
(R8-8), Stop Here on Red signs (R10-6), and No Turn on Red

. ; igns (R10-11) have been used together at some LRT cross-
An approximate CWT system should be provided for thOSgngs, all mounted in the vicinity of the Railroad Crossing

crossings that are shared by railroad and LRT, especial)(‘I£

where the differences in speed between the two types of rai OSSbUCK) sign (R15-1). If one of.each sign is installed at an
T crossing and standard sign sizes are assumed, motorists

movements are more than 15 km/h (10 mph). If railroad trainﬁace over 2 (22 €) of black-on-white legend signs with a
and LRVs operate on different tracks along immediately adja-

cent rights-of-way (thereby sharing grade crossings), the train

detection systems on both rail lines should be adjusted Eél The MUTQD (Section 8C-5, p. 8C-7) recommends f‘SpeciaI control feature§ shpulfj
e used to eliminate the effects of station stops . . . within approach control circuits.

approximate CWT based on typical maximum operating 2 one of the principles set forth TCRP Report 1{chapt. 3, pp. 66-67) is that LRT

speeds of each train type If railroad trains and LRVs operaféS‘em design and control should comply with motorist, pedestrian, and LRV operator
) i expectancy.

on the same tracks, a more elaborate system is necessary#@urcn, p. 2A-3.

3.4.1.3 Constant Warning Time (CWT)
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impact on the level of service of the intersection. Replacing a
\ Stop sign with traffic signals at an intersection near an LRT
crossing should be determined based on site-specific consid-
erations. In many cases, a traffic signal located near the grade
crossing may also require the use of a presignal. If traffic sig-
nals are necessary, their preemption to clear motor vehicles
off the tracks is discussed in greater detail in Section 3.5.

J L

—) (— 3.4.1.7 Sight Distance at LRT Crossings
LLIRRNRRG dR45% RARNERRNN]

KEEP CLEAR LRT crossings should be designed to maximize visibility
for LRV operators to clearly see the entire grade crossing
environment and for crossing users to clearly see approach-
ing LRVs (Figure 3-7). Obstructions (flashing light signals
and automatic gates) may not be provided specifically for
pedestrians such as in LRT station areas where pedestrians

total of 15 words. Most motorists simply cannot read an§'0SS the LRT tracks at-grade. _ _
process so many words at a single location, especially when”Adequate pedestrian sight distance is based on the time
they are used in conjunction with active warning device&€cessary for a pedestrian to see an approaching train, make
such as flashing light signals and automatic gates. The md&f/€Cision to cross the tracks, and completely cross the track-
typical result of placing so many signs so close together jway b_efore _the train arrives. Figure 3-7 presents _the pedes-
motorist confusion and total disregard for the intended medtian sight triangle for a double track crossing, witgyis the
sages (Figure 3-6). distance the pedestrian must travel to safely cross the track-
Additional research is necessary to evaluate a sign to Y before the LRV arrives, amdiis the distance the train
used at grade crossings adjacent to roadway-roadway intdfavels in the amount of time it takes the pedestrian to cross
sections that communicates the same message as the ey’ @ Sight obstruction lies within the sight triangle, then an
Here on Red and Do Not Stop on Tracks signs. A potenti@lctiVe Positive control device is necessary.
sign is presented in Figure 3-6. This sign has not yet beens'ght distance obstructions at LRT crossings include

researched, but it was presented to the National Committee 3Hundhwall§, ticket vend|rt1)g mgch|nes,dway3|dg conEnlca—
Uniform Traffic Control Devices for their initial review and t!ons ousing, power su stat|on_s, and occasiona y the sta-
comment in January 2001. tion access building itself. Fencing along the right-of-way

may also limit sight distance if it is taller than 1.1 m (3.5 ft)
within 30—60 m (100-200 ft) of the LRT crossing (measured
3.4.1.6 Stop Signs (R1-1) Near LRT Crossings along the LRT alignment back from the LRT crossittg).
Likewise, landscaping near LRT crossings and stations may
At intersections controlled by Stop signs (R1-1) locatedimit sight distance; therefore, it should be installed only at
immediately adjacent to an LRT crossing, do not force vehilocations where it does not interfere with visibility. Further,
cles to stop on the tracks. It may be necessary to allow traif-should be maintained (e.g., routine pruning and trimming)
fic that first passes through the LRT crossing to free flovgo it does not become an obstruction in the future.
through the Stop-controlled intersection (i.e., no Stop sign on
the crossing roadway approach to the intersection). Depen
ing on the distance between the intersection and the LR
crossing and depending on traffic congestion and queues, it

X T ) ' ~0On roadways where motor vehicles queue back from a
may be necessary to install a traffic signal at the intersectiof )\ - <tream obstruction (e.g., a congested driveway entrance)

tso tEat 'L can bilg\r/eempted rt1o clear mt(;tor vrf?lc]lfe;s O.ff t ward the LRT crossing, consider striping the roadway to
racks when an approaches, even though traflic SIgnais, . iqe either an adjacent free-flow lane or a paved shoulder

:naIyDnot_be wfarrasrltedtby thgir&garl]or;l;lnslfor?j Trzfcf:lc \(/:Von- so that motorists can escape the track area if necessary (Fig-
rol Devices for Streets and HighwalygSection 4C, War- ure 3-8). For example, a free-flow escape lane could be pro-

rants). If the roadway that crosses the tracks has low traff\(; : : .
. Vided where motor vehicles queue to turn into a heavily used
volumes and the street parallel to the tracks has high traffic q y

volumes, installing a Stop sign on the approach with high traf-

fic volume may not be an appropriate solution because of i £ This set-back distance depends on several factors, including speeds of approaching
y pprop E?Vs and the distance between the LRT tracks and the fencing (which depends on the

right-of-way width). Therefore, the exact set-back distance between the LRT crossing

and taller fence sections [taller than 1.1 m (3.5 ft)] should be determined based on an

“MUTCD, pp. 4C-1-4C-12. engineering study of the LRT crossing in question.

Figure 3-6. Example of sign clutter at an LRT crossing,
with suggested design for alternative sign.

.4.1.8 Motor Vehicle Escape Channelization
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Free Flow Lane

Congestesd Driveway

Figure 3-8. Motor vehicle escape channelization.

tracks when the flashing light signals and automatic gates acti-
vate can drive forward to clear the tracks. A passive Do Not
Stop on Tracks sign and a striped Keep Clear zone (see Chap-
ter 5) can also be used to prevent motorists from stopping on
the tracks because of a downstream obstruction.

3.4.1.9 Queue Cutter Signals

Where motorists queue from a downstream intersection or
other obstruction, provide a queue cutter signal at the cross-
ing. The queue cutter signal is activated by a vehicle detec-
tion system (i.e., loops) that detects when the queue is extend-
ing to a predetermined distance from the tracks. The queue
cutter signal may be an active Do Not Stop on Tracks sign

driveway or unsignalized cross street. In this case, striping that turns on only when activated by a queue, or it may be a
through lane and turn pocket allows through traffic to proceedtandard traffic signal that remains green (or flashing yellow)
around the turn queue. Thus, motorists stopped on or near thetil a queue is detected and then displays a yellow and red
tracks while waiting in the turn queue are able to clear theignal to stop traffic before it enters the trackway. Where the
tracks into the free-flow through lane (or escape lane). A pavagtade crossing is within 23 m (75 ft) of a roadway-roadway
shoulder serves a similar function. That is, with an additionaitersection, a presignal should be used, based on the criteria
free-flow lane or shoulder, motor vehicles stopped on thpresented in Chapter 5 of this report.
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3.4.1.10 Presignals

Presignals can be installed on the near side of the LR
crossing, upstream of the traffic signals that control the intel
section. When an LRV approaches the crossing, the presi
nals turn red to stop motor vehicles on the near side of tt
LRT crossing. The presignals turn red before the traffic sig
nals at the intersection (i.e., the downstream traffic signals z
thereby clearing motor vehicles off the tracks and, at th i
same time, not allowing any more motor vehicles to movt
onto the tracks. An added benefit of presignals is that thege oue
can be operated in conjunction with the intersection signal 8
so that, on every signal cycle at the intersection, the presigh
nals always prevent queues from forming between the intef ===
section stop bar and the LRT tracks, whether or not an LR €&
is approaching the crossify. Figure 3-9. Presignal location at gated crossing.
When presignals are used, motorists approaching the LRT
crossing are less inclined to focus solely on the downstream
traffic signals located at the intersection. The traffic signal

e ————

=,

NOTTOECALE

five ;1 the presignals, which are generally more credible

located quypstream at the intersection should US€ prograffayices and are also better understood by most motorists,
mable visibility (commonly referred to as PV) traffic signal ;6| the | RT crossing. Further research should be con-

heads to minimize any possibility of confusion with theducted to determine whether flashing light signals can be

presignals. eliminated where presignals are used flashing light sig-

Previous research studies conducted in the United gtalteﬁals are required for the LRT crossing in question, they should

as well as European highway-rail crossing experience sugg, jhstalied only on the side of the roadway, as indicated in
gest that motorists using crossings located in an area char@q- ure 3-9

terized by signalized intersections respond with regularity to If the traffic signals are the only control for the crossing,

traﬁ?c signals. In fact, to chang_e to a different type Of_aCtdihe traffic signal should be equipped with backup power to
traffic control device (flashing light signals), which typically protect the crossing in the event of a power failure. Light

is in the nonactivated state, requires some adjustments f8Fnitting diode (LED) signal heads may reduce the necessary

motorists from a human factors perspective. Thus, becau ower needed to run the intersection on backup power. The
most LRT systems are constructed in urban areas, traffic sig-

| | d Il dible than fl urrent rail system in Lausanne, Switzerland (Figure 3-15),
ir:%s”g;ﬁ (;%mng?gnp ace and generally more credible than flasfs. .o only traffic signals at grade crossings, not flashing

As indi din Fi 3.9 ianals should b (Ijights, and is equipped with backup power.
s '%ated n ﬁ_'gufe -I  Presignais s (')Iu edmounte If the LRT crossing is located immediately adjacent to the
on a standard traffic signal mast arm, cantilevered over th&gnalized intersection, it may be possible to locate the vehi-

roadway travel lanes. Cantilevered flashing light signalsye oo par ahead of the LRT tracks so that the presignals are
should not be used for this roadway approach if cantileveregl . only signals that control the intersection approach. Fig-

p.resignals are used. If pres_;ignals are inst.alled, flashing Iigrl‘Jtre 3-15 illustrates a highway-rail crossing in Krefeld, Ger-
signals may not be essential from a traffic control perspecﬁ.lany, where the crossing control devices have been inte-

grated with the nearby intersection; that is, the presignal

16 After the school bus-commuter railroad train collision in Fox River Grove, lllinois, serves to control both the rail crossing and the immediately

on October 25, 1995, a Grade Crossing Safety Task Force was convened by then Sa@jacent intersection.
retary of Transportation Federico Pefia. This task force identified five safety problem
areas for more detailed examination: interconnected traffic signals, vehicle storage
space, high-profile crossings, LRT crossings, and special vehicle operations. The U.S
Department of Transportation (DOT) convened a technical working group (TWG), ® Other guidelines and/or regulations, such as those in the MUTCD or those published
which consisted of technical experts in various fields related to these five topic aredsy a local regulatory agency, may require the use of flashing light signals at all highway-
to evaluate current standards and guidelines. The DOT asked the Institute of Transil crossings where automatic gates are required. For LRT, these crossings are gener-
portation Engineers (ITE) to chair the TWG. The TWG's first produeplementa- ally where LRVs operate at speeds greater than 55 km/h (35 mph). The auHield of
tion Report of the USDOT Grade Crossing Safety Task Froras published on June  Evaluation of Innovative Active Warning Devices for Use at Railroad-Highway Grade
1, 1997. In that report, the TWG recommended using presignals to minimize motorisErossings(FHWA-RD-88-135, p. 209) suggest that all rail-type control devices
confusion and improve highway-rail intersection safety. Specifically, at any highway{including crossbucks (R15-1) and advance warning signs (W10-1)] should be elimi-
rail intersection (including higher speed LRT crossings) where there is insufficient disnated. In their place, intersection stop bars and Signal Ahead (W3-3) warning signs
tance between 1.8 m (6 ft) of the nearest rail and the intersection stop bar to safely stsfpould be installed on crossing approaches. Stop bars are essential, because the normal
the design vehicle for that roadway, presignals should be installed. Other presignal reictersection cues may not be present at a highway-rail crossing. In fact, Stop Here on
ommendations were also included in the report. Red signs (R10-6) may be used to supplement stop bars.

7 Field Evaluation of Innovative Active Warning Devices for Use at Railroad-High- °The California Public Utilities Commission is considering conducting a demon-
way Grade Crossingd~HWA-RD-88-135). FHWA, U.S. Department of Transporta- stration project as a trial installation to determine the effects on motorist behavior of a
tion, Washington, D.C. (1988), pp. 201-209. grade crossing controlled by traffic signals and not traditional flashing lights.
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if the designed LRV operating speed on a section of track is
90 km/h (55 mph), during prerevenue testing the LRVs could
operate at 40 km/h (25 mph), during the first month of rev-
enue service they could operate at 55 km/h (35 mph), during
the second and third months of operation they could operate
at 70 km/h (45 mph), and after several months of operation

- "M AMLAOAD SGAAL they could operate at the designed track speed. This type of
l e o program is especially important for LRT corridors where

slower railroad trains previously operated. Crossing users
may have grown accustomed to only a few slow trains per day
or week or, if the corridor has been abandoned, no trains at all.
Thus, these crossing users must learn that higher speed trains
will be using the crossing on a regular, frequent basis. As part
of this program, the gate activation points along the track
should be physically adjusted for the different speeds or
Figure 3-10. Example public notification plaque. (Dallas, installed at their ultimate location (i.e., for the fastest planned
Texas.) operating speed) with adjustable delay timers to provide con-
stant warning time at the various speed increments. If the LRT
Additional information on presignals is presented in secagency is unable to adjust the LRV detection points (so that

tion 3.5.3. Research on the effectiveness of presignals 6ﬂe crossing warning devices are active for approximately a

motorist behavior is included in Chapter 4 of this report. | constant warning time) one option may be to limit gradual

o . ; L . , RV speed increases to the prerevenue testing period.
addition, presignal design criteria are included in Chapterg The practice of a 6-month gradual increase in LRV speeds

through gated grade crossings is based on the successful
3.4.1.11 Public Nofification of an LRT experience of the St. Louis LRT system. The gradual speed
increase must be coupled with a strong public outreach and
education program to advise the public of the incremental
Per the National Transportation Safety Board’s recom-RV speed buildup over a 6-month period. A time line of the
mendation€’ LRT crossings should be equipped with asma||grad_ual speed increase may be a beneficial tool to alert the
plaque that displays a telephone number (preferably a 1-g@iblic about the schedule.
number) for the public to contact the transit agency in case
the automatic gates and flashing light signals malfunctiog-4.2.2 Second LRV Pedestrian Collision
(Figure 3-10) or in case a motor vehicle becomes disabled dwvoidance
the tracks. This plaque should also indicate the name and/or
number of the crossing. The telephone number should con- Where possible, LRV operators should be trained to min-
nect the caller with LRT central control or transit police admize the occurrence of accidents resulting from pedestrians
appropriate. crossing behind one LRV and into the path of a second, oppo-
These p|aque3 d|Sp|ay|ng the transit agency’s te|ephorﬁéte direction LRV. Where LRVs routinely pass one another
number should be installed even if the metropolitan area it Or near a pedestrian crossing, one strategy to minimize the
question has a general roadside hazard number (e.g., 511)s6cond LRV conflict is to have the first LRV operator slow
911 emergency telephone system. Typically, general roadsié stop to physically block the pedestrian path until the second,
hazard and 911 telephone operators are not intimately famili@Pposite direction LRV enters the crossing (Figure 3-11). In
with potential hazards at LRT crossings; furthermore, they déhis manner, pedestrians cannot enter the crossing before the
not have a direct communication link to approaching LRVs. second LRV arrives:

ia

———
-_— A

Crossing Problem

2 Depending on the number of locations where this pedestrian collision-avoidance
strategy is implemented, it probably would only slightly affect LRV operating sched-
3.4.2 System Operations and Maintenance ules. Because this strategy would be practiced only by LRV operators when two, oppo-
Guidelines site direction LRVs are closely spaced [where the flashing light signals and automatic
gates (if present) will remain active because of the second approaching LRV], the LRV
delay caused by this safety practice would be no longer than 20-30 s (certainly less than
3.4.2.1 New LRT System Operating Speeds 1 min) for the LRV actually blocking the crossing (the inbound LRV would experience
no delay) for one or two crossing locations. This delay is minimal, considering other
. . . de facto operating delays (boarding and alighting wheelchair patrons at low-platform
When |mplement|ng a new LRT system or extendlng ARtations, slowing for trespassers along the right-of-way, slight variations in individual
Toti P V operator driving speeds and styles). For example, if over the course of a 30-km
eXIStmg SyStem’ develop a program to grac_jually Increase t -mi) route segment with an average speed of about 50 km/h (including station dwell
speed of LRVs through gated grade crossings. For exampleqes), the delay due to a 1 km/h error on the speedometer display would result in a
schedule variance of about 45 s (not considering any other factors). Thus, accommo-
dating a collision-avoidance strategy that requires LRVs to slow or stop for a short time
2 Recommendations R-96-1, -2, -3. National Transportation Safety Board, Washingt one or two pedestrian crossing locations where LRVs routinely meet one another will
ton, D.C. (1996). not greatly interfere with overall LRV operating schedules.
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Figure 3-11. Second LRV approaching safety.

3.4.2.3 LRT Crossing Maintenance when an LRV is not approaching (i.e., false activation of the
warning devices) and the crossing hardware looks to be in
Higher speed LRT crossing hardware (e.g., flashing lighyeneral disrepair, crossing users may ignore the warnings,
signals and automatic gates) should be maintained in goaf/en if an LRV is actually approaching. Good maintenance
working order, and to the crossing user it should appear igf LRT crossing warning systems [including the LRV detec-
good working order. When flashing light signals are out otjon (track circuitry) systems] leads to increased credibility
alignment or when automatic gate arm lights are hangingnd obedience of these devices.
down off the gate arm, crossing users may soon realize that|n addition the pedestrian crossing surface should also be
the LRT crossing warning devices are not maintained appravell maintained. A level surface should be provided that
priately and think they are not reliable. Automatic gate anchdheres to guidelines of the Americans with Disabilities Act.
LRV detection (track circuitry) system maintenance are espex wide gap between the rail and the crossing panels poses a
cially critical because, if there is a problem, the automatipotential hazard to wheelchair users. In addition, the surface
gates will fail-safe in the lowered or horizontal position. If ashould not have any tripping hazards, such as weeds or brush,
crossing user notices that the automatic gates are descendihgt may also be hazards for pedestrians.
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3.5 TRAFFIC SIGNAL PLACEMENT the crossing. If the preemption duration is long enough,

AND OPERATIONS GUIDELINES the signals could also provide limited service to those
motor vehicles turning off the crossing roadway onto
the parallel roadway at the signalized intersection (this

Preemption is the transfer from normal operation of the ~ Would require the traffic signal to have protected left-
traffic signals to a special control mode. Traffic signals at  turn phases).
intersections located near higher speed LRT crossings may
need to bg interconnectéavith the grade crossing warning 3.5.2 When to Preempt Traffic Signals
systems (i.e., the LRV detection system) and preempted

when LRVs approach. Preemption of traffic signals is nec- g jdentified in theManual on Uniform Traffic Control

essary when the traffic queue from the nearby intersectiofeyjices for Streets and HighwadUTCD), Section 8C-6°

extends (or would likely extend) to the LRT crossing. Whenye gistance between the LRT crossing and the signalized
an LRV is detected approaching the grade crossing (usualiyersectiof that should be considered for interconnection

through some sort of track circuitry), the adjacent traffic Sig'and preemption is 60 m (200 ft). The MUTCD states, “Except
nals enter a preemption sequence that first clears motor Velﬂl'ﬁder unusual circumstances, preemption should be limited

cles queued b af:k from the intersection off the trgcks find thqg the highway intersection traffic signals within 200 ft [60 m]
may allow traffic movements that do not conflict with themc the grade crossing.” However, the need for interconnec-
approaching LRV to proceed after the initial clear-out phase, N ' L

In Figure 3-12, this traffic queue extending from the signae}Ion and preemption should be based on a detgileding

ized intersection back toward the LRT crossing is identifie(@ gﬁjﬁéss(zoun;'g::'gglgﬁ?: ilégct?strrg?f?(\:lv;y r?glptriﬁtrflmsat-
as the “influence zone” queue. ’ ' y g 9,

After the queued vehicles are cleared off the tracks, |oca”uration f'O.W rates, motc_)r vehicle arrival cha_rgcteri_stics,
specified control strategies may be used to accommoda otor vehicle classes) instead of a prespemflec_b}dmat
special traffic conditions; however, the traffic signals typi—S.uCh as 60 m (200 ft) becau;e, under certain conditiats,
cally switch to one of the following control modes: fic queues from a nearby intersection could extend well

beyond 60 m (200 ft) and potentially trap stopped vehicles

« All red, holding all motor vehicles until the LRV passes©n the LRT tracks. New guidelines and recommended prac-

through the crossing. This traffic signal control strategy!!ces (some of which are Cur_rently under_development) rec-

typically is not used at intersections located near LR1PgNIze the need to consider interconnection and preemption

crossings because it severely limits the intersection capagt distances greater than 60 m (206°ft).

ity or throughput, potentially leading to traffic congestion. N some cases, usually for traffic congestion and circulation
« Flashing all red, allowing motor vehicles to proceedreasons, it may also be necessary to preempt nearby traffic sig-

through the intersection after coming to a complete stopals to prevent vehicles queuing back from the LRT crossing

at the stop bar. This traffic signal control strategy allowgwhen the automatic gates are lowered) back toward the sig-

motor vehicles trave"ng toward the LRT Crossing tonalized intersection. In Figure 3-12, the traffic queue extend-

turn left or right onto the roadway that parallels the LRTING from the lowered automatic gate back toward the signal-

alignment and allows motor vehicles traveling para||e|ized intersection is identified as the “gate spill back” queue.

to the LRT alignment to cross the roadway that inter-

sects with the LRT tracks. This traffic signal con.trol =MUTCD, pp. 87, 8C.8.

strategy has two primary drawbacks: (a) motor vehiclesz This distance is known as the clear storage distance. The clear storage distance is

could potentially StOp at the intersection and then prOt_he Igngth avai[able for\(ehicle storage between 2 m (6 ft) from tlje rail nearest the inter-
. . ~section to the intersection stop bar or the normal stopping point on the highway. At
ceed toward the LRT crossing (with a lowered automatiGkewed crossings and intersections, the 2-m (6-ft) distance is measured perpendicular
gate), queuing back and blocking the intersection fOfo thg nearest rail along ejther the centerline or the right edge line as appropriate to
. . obtain the shortest clear distance.
other allowable movements, and (b) the intersectionzThe most current revision of Part ViiFFraffic Control Systems for Railroad-

H H i Highway Grade Crossingg&HWA Docket No. 99-6298) and the Notice of Proposed
e;sentlally functions as if it We_re contrqlled by StopAmendmems to the MUTCD for the new Part X+affic Controls for Highway-Light
signs on all approaches—thus, its capacity or throughrail Transit Grade Crossing®acket No. FHWA-1999-5704) of the MUTCD state,

; H H “When a roadway-rail intersection with an active traffic control system is located
p_Ut _IS greatl;_/ reduced ,durmg the pr.eemptllon: within 60 m (200 ft) of an intersection or mid block location controlled by a traffic con-
 Limited service operation. Under this traffic signal con-trol signal, the traffic control signal should be provided with preemption in accordance
; i H H with Section 4D-13. Coordination with the roadway-rail intersection warning system
trol Strater' the traff|_c S|gnals tYp'Ca”y dlsplay greenshould be considered for traffic control signals located more than 60 m (200 ft) from
aspects for motor vehicles traveling parallel to the LRTthe crossing. Factors should include motor vehicle traffic volumes, approach speeds
i i~ nd queue lengths” [from th¢otice of Proposed Amendments to the Manual on Uni-
a“gnment and, rgd asp.ects (OI‘ turn I’eStrICtIOI"IS) for mot orm Traffic Control DevicedJ.S. Department of Transportation, FHWA , Washing-
vehicles conflicting with the LRV movement through ton, b.c. (1999), pp. 8D-3, 10D-2]. The I'ecommended Practice on the Preemp-
tion of Traffic Signals At or Near Railroad Grade Crossings with Active Warning
Devices(June 1997) addresses the need for preemption based on traffic volumes in
2 |nterconnection is the electrical connection between the LRT active warning sysgreater detail. ThiRecommended Practi¢BP), developed by the ITE Traffic Engi-
tems (the LRV detection system) and the traffic signal controller assembly for the pureering Council Committee 96-04 (formerly 4M-35), is available from ITE [525
pose of preemption. School Street, S.W., Suite 410, Washington, D.C., 20024-2797, (202) 554-8050]

3.5.1 What Is Traffic Signal Preemption?
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Figure 3-13. Conflicting message for motorists.

3.5.3 Traffic Signal Placement conflicting indications may be minimized by installing pre-
and Operation Guidelines signals in advance of the LRT crossing. As defined by the
. ] i o _ Implementation Report of the USDOT Grade Crossing Safety
_ With this ba(_:kground, the folloyvmg gu_ldelmes on traffic o5k Force presignals are “supplemental highway traffic
signal preemption address potential conflicts that could causgyna| faces operated as part of the highway intersection traf-
motorists to be confused. As with all the gwdelln,es in thisic signals, located in a position that controls traffic approach-
chapter, they are based on the 11 LRT systems’ operatifgg the railroad crossing and intersection.” Additional infor-
experience, detailed accident information, and field observanation on presignal design can be found in Section 3.4.1.10
tions of the traffic signal preemption process and relategisystem Design Guidelines—Presignals) and in Chapter 5 of
motorist behavior. One guiding principle relevant to all thethis report. LRT agency representatives expressed concern
guidelines presented here is that LRT agencies and highwayat, during the traffic signal preemption sequence, motorists
authorities must establish clear communication procedures tgcus on the downstream traffic signal indications instead
coordinate all interconnection and preemption efforts. Fobf on the flashing light signals located at the LRT crossing
example, the highway authority should notify the LRT agencyimmediately upstream from the intersection). As indicated
of any changes to the traffic signal timing at interconnecteth Figure 3-13, this type of motorist behavior is especially
locations before the changes are implemented. Similarly, thendesirable during the beginning of the preemption sequence
LRT agency should notify the highway authority of anywhen the downstream traffic signals are typically green, clear-
changes to the track circuits that detect LRVs approachinigg queued vehicles off the tracks, and the flashing light sig-
the LRT crossing. Under no circumstances should either party
disconnect the interconnection between the LRV detection
. : : e % According to a report by the Grade Crossing Safety Task Force (formed by former
SyStem and the traffic S|gnals WlthOUt_nOtlfymg the OtherSecretary of Transportation Federico Pefia to improve at-grade rail crossing safety in
party some reasonable amount of time in advéhce. light of the commuter railroad train-school bus collision in Fox River Grove, lllinois),
“A lack of coordination in [many] areas has frequently resulted in the false assumption
that ‘someone else is taking care of the problem’ when in fact no one is. Even though
. many of the actions taken by individual parties were quite thorough, these actions were
3.5.3.1 Presignals less effective than they could have been because they took place independently.” It goes
on to say, “Since multiple parties use and are responsible for grade crossings, commu-
. . ication among these parties and an understanding of their roles and activities are
On those roadway approaCheS where motorists .fII‘St pa§ ential. In practice, some grade crossing activities are carried out in an environment
through an LRT crossing and then approach a SIgI’]&“ZGﬁhr lacks mutual awareness and dialogue. Those rail crossing actions that take place
intersection [Iocated less than about 25 m (80 ft) from th%lthout adequate information exchange or consideration can compromise safety.

X i X : X Accidents That Shouldn't Happed.S. Department of Transportation, Washington,
LRT crossing], motorist confusion about multiple, potentiallyp.c. (1996), pp. 4-5.]
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nals are activated (before the automatic gates startto desce =~ i} S
or are fully lowered). Motorists are either confused by the con
flicting message from the two traffic control devices—greer | .
traffic signal indications in conjunction with red flashing light _ | ‘
signals—or they simply ignore the flashing light signals alto- — 1 y =¥ .
gether. In fact, many of the LRT agencies reported that son ’ : i HiF
motorists are so intent on the green downstream traffic sign e - 18
that they drive through a completely lowered automatic gat
arm, breaking it off the mechanism. _L‘
Motorists focusing on downstream traffic signals a
opposed to #shing light signals may be due to the relativel
high light intensity produced by traffic signals as opposed t
flashing light signals. Flashing light signals generally have -
maximum lamp wattage of only 25 (at 10 volts), wherea:
traffic signals typically operate with a lamp wattage of 10C
(at 120 volts). The requirement for a storage battery sourc
of standard power for flashing light signal and automatic gat
operation during power outages limits these devices to ope
ating on these power requirements. To simplify motorists
decisions and minimize confusion, one possible solution is t
use PV traffic signal heads. Once these heads are programm
motorists should not be able to see the downstream traff
signal until they reach the flashing light signals. Some limi-
tations of PV heads are that they are not completely effectiv
after sunset and they may shift in extreme wind conditions
Louvered traffic signals are another option to PV heads.

3.5.3.2 Cantilevered Flashing Light Signals Figure 3-14. LRT crossings with cantilevered flashing light
with Cantilevered Traffic Signals and traffic signals. (Above: Los Angeles, California. Below:
Dallas, Texas.)
At those locations where the LRT crossing is located imme-

diately adjacent to a signalized intersection (as indicated i L N
Figure 3-14), motorist confusion can be minimized by avoidﬁasmng indications. Also, when separate flashing light and

. , L . affic signal cantilevers are provided, the intersection/LRT
ing the use of both cantilevered flashing light signals anéicrrossing becomes visually and physically cluttered with hard-

cantilevered traffic signals on the same crossing roadwa : . 7 : -
approach on the same side of the tracks. When flashing lig are, especially with the automatic gates in close proximity.
) ure 3-14 (top) presents the signal clutter associated with

signals must be used near an intersection that is controlled f : : ! . A
N L - having a railroad cantilever adjacent to a traffic signal mast
traffic signals mounted on mast arms, the flashing light sig:

nals should be post mounted on the side of the crossing road- - Figure 3-14 (bottom) indicates how both the traffic sig-
P 9 al and the railroad flashers can be placed on the same can-

way near or on the automatic gate mechanisms and in tktlﬁaever, but the issue of flashing lights adjacent to traffic sig-
median if necessary.

Typically, flashing light signals are mounted on canti-nals may confuse motorists. In Figure 3-15 (top), the traffic

. : . - signals are the only structure overhead, and the flashers are
levered structures, which allows railway signal maintainers t

Ik out on the struct th d f i  cated on the shoulder. This design is being adopted by the
walk out on the structure over the roadway tor routine malngalifornia Public Utilities Commission to simplify many new

tenance (thus not blocking any lanes of traffic), whereas tra r modified crossings. In Figure 3-15 (bottom), the traffic sig-

fic signals are typlcally mounted_on smple_cantﬂevered_ po_leﬁal is the only signal controlling the crossing.
(mast arms); it is standard practice for traffic signal maintain-

ers to use a “bucket truck” for routine maintenance. When

these two different cantilevered supports are installed imme3 5 3.3 Advance Preemption

diately adjacent to one another, each supporting its respective

signal, motorists may become confused. The level of motorist At LRT crossings where an approaching LRV preempts
confusion during the traffic signal preemption sequence magearby traffic signals, sufficient advance warning time must
be high, as the traffic signals display solid red indications (nde provided to adequately terminate other signal phases before
allowing any further vehicles to enter the LRT crossing) whilehe track-clearance phase (the traffic signal phase that pro-
the immediately adjacent flashing light signals display two redides green indications for those vehicles queued back from
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simultaneous preemption to reduce the amount of minimum
warning time at locations where a large amount of maximum
preemption time is necessary to adequately clear the railroad
crossing of obstructing vehicles. Advance preemption may
be beneficial at these locations because lengthy warning times
may contribute to undesirable motorist behavior.

The use of advance preemption requires close coordina-
tion between highway agencies and railroad companies to
ensure that all parties fully understand the necessary require-
ments and the operation of each system. The operation of
both the railroad and the traffic signal systems must be ana-
lyzed to determine how one can affect the other. At each loca-
tion where advance preemption is being considered, the reduc-
tion in warning time due to the use of advance preemption
must be compared with the added complexity of the overall
railroad/traffic signal control system in determining whether
the use of advance preemption is beneficial at that location.

Traffic Signal SystemTypically, traffic controllers have
been interconnected with railroad warning devices utilizing a
single two-wire interconnect cable, which was connected to a
normally closed contact of a relay in the railroad bungalow.
This interconnect under normal conditions would keep a relay

— L _ ~_energized in the traffic signal cabinet and, once the crossing

) was activated, the railroad contact would open, deenergizing

Figure 3-15. Intersection and LRT crossing control device the relay in the traffic signal cabinet and thereby placing a

integration. (Above: Lausanne, Switzerland. Below: demand for railroad preemption through a single input in the
Krefeld, Germany.) traffic signal controller. Currently, supervisory interconnect

circuits may be used to preserve the integrity of the intercon-

. . . nect cable and two preemption relays may be used in the traf-
the nearby intersection to the LRT tracks) to allow vethIe!T'ic signal cabinet. With these supervisory circuits, two rail-

to clear f[he track. _The following section describes _advanc_ ad preemption inputs are used in the traffic signal controller
preemptlon and discusses Some concerns associated Wi ere one is designated for normal railroad preemption and
implementing advanced preemption. the second, typically assigned with higher priority, is for rail-
road preemption when a fault in the interconnect cable is
Introduction. Simultaneous preemption occurs when noti-getected. Regardless, the information from the railroad con-
fication of an approaching train is forwarded to the highwayo| equipment in which the traffic signal controller recog-
traffic signal controller unit or assembly and railroad activenizes a demand for railroad preemption is an active or inac-
warning devices at the same time. Advance preemption ocCUige situation only. In other words, with most current available
when notification of an approaching train is forwarded to theraffic signal controllers, when a demand for railroad pre-
highway traffic signal controller unit or assembly by railroademption is placed, the traffic signal controller begins timing
equipment for a period of time before activation of the railthe railroad preemption sequence just as the demand becomes
road active warning devices. This period of time is the difactive and the controller is unable to recognize any addi-
ference in the maximum preemption time (the maximumional information about the operation of the railroad warn-
amount of time needed after initiation of the preemptioring devices.
sequence for the highway traffic signals to complete the tim- Most preemption timing parameters in the traffic signal
ing of the right-of-way transfer time, queue clearance timegontroller are programmable as fixed intervals. For example,
and separation time) required for highway traffic signal operthe length of the track-clearance green interval must be set at
ation and the minimum warning time (the least amount of fixed length of time and cannot vary. Regardless of when a
time active warning devices shall operate before the arrivalemand for railroad preemption occurs during any given
of a train at a highway-rail grade crossing) needed for railpoint of a traffic signal cycle, once the track-clearance green
road operations and is called the advance preemption timiadication begins, it times out at that fixed time interval.
Basically, advance preemption is a method of operation foDther timing parameters may be programmed at fixed inter-
the interconnection of traffic signals with the railroad warn-vals also, but, depending on when during the traffic signal
ing devices that may be considered to be used instead ofcle the demand for preemption is placed, those times can
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actually vary. For instance, a minimum green before preing train until the crossing warning devices are activated. In
emption parameter may be programmed for a certain lengtither words, during an all-way red flashing condition or an
of time, but if the demand for preemption occurs at a poinall-out condition, where the amount of time necessary to ade-
where the active traffic signal phases have already beejuately clear the crossing of obstructing vehicles may actu-
green for a period longer than the programmed time, the actually increase because of the all-way stop operation, the effec-
time to terminate those phases may be reduced to zero. Thige total preemption time is reduced to the actual warning
may result in a variability in the amount of time it takes totime only. During these instances, it is necessary to provide
start the track-clearance green interval. full simultaneous preemption in which the crossing warning
Right-of-way transfer time in the traffic signal system isdevices are activated simultaneously as the advance preempt
the maximum amount of time needed for the worst-case comlemand is sent to the traffic signals. A method of accom-
dition to display the track-clear green interval once thelishing this is described in the section Traffic Signal Health
demand for preemption has been initiated. This includes tratsheck Circuit.
fic signal control equipment time to react to a preemption call
or delay times, traffic signal minimum green times, pedes- Advance Preemption TimeAs previously discussed, the
trian walk and clearance times, yellow vehicular clearancadvance preemption time is the difference in time from when
times, and red vehicular clearance times. The MUTCD curthe traffic signals are notified of an approaching train and the
rently does not allow for the abbreviation of vehicular clearrailroad crossing warning devices are activated. Because this
ances, but it does allow for pedestrian clearances becausetigfie can vary and, based on a fixed traffic signal track-clear
the relative hazard. It is important to note that, if pedestriagreen time, a situation can result in which the traffic signals
clearances are not abbreviated or are only partially abbrevirave completed the track-clear green indication before the
ated, the amount of variability in the transfer time to trackrailroad gates are horizontal or possibly even before the rail-
clear green may increase because a pedestrian interval mayd warning devices are activated. For example, in the situ-
or may not be active when a demand for railroad preemptiogtion of a decelerating train, CWT circuitry may detect the
is placed. In determining the total amount of minimum prepresence of a train at a certain speed, at which point the
emption time that needs to be provided from the railroaéquipment makes a determination to activate the demand for
before the arrival of a train, the right-of-way transfer timepreemption to the traffic signals, which in turn starts the rail-
(for the worst-case condition) needs to be determined. Ifpad preemption sequence and brings up the track-clearance
addition, if advance preemption is to be utilized, the amoungreen indication. The track-clearance green indication begins
of time to dlsplay the track-clear green interval for the best Ofo time out at a programmed fixed time interval and vehicu-
shortest condition also needs to be calculated because it V\igr traffic continues to proceed through the Crossing toward
be needed to determine the maximum amount of advance pigre traffic signals. In the meantime, the train decelerates and
emption time. This is explained in more detail in the next SeGhe CWT equipment continues to monitor the reducing Speed
tion, Advance Preemption Time. of the train and, to provide for a more consistent warning
When interconnected traffic signals are operating nortime, the equipment further delays the activation of the warn-
mally, the amount of minimum warning time may be reducegng devices. The traffic signal track-clear green indication
at a crossing with the use of advance preemption because #figes out and begins to terminate with vehicular traffic still
traffic Signals will be preempted by the railroad Controlqueued through the Crossing, at which point the CWT equip_
equipment before activation of the crossing warning devicesnent makes its final determination to activate the crossing
allowing the traffic signals to start clearing any necessaryased on the reduced speed of the train. Because the traffic
phases and to proceed toward the track-clear green interv§|gr]a|S operate based on a single input from the railroad
At the point when the railroad warning devices are then actisquipment, they do not recognize the point at which the
vated, the traffic signals should already be timing the railroagyossing is actually activated and the track-clearance green
preemption sequence and, in many cases, the signals M@y be terminated, trapping vehicles on the crossing.
already be in the track-clear green interval moving traffic The solution to this concern about the possibility of an
away from the crossing. However, consideration must b@xtended advance preemption time is to use a timer circuit in
given to the fail-safe mode of operation of traffic signalsihe railroad control circuitry, which should be utilized so that
which is an all-way red flashing condition sometimes due tQuhen a maximum desired amount of advance preemption time
a traffic signal equipment failure or malfunction. Similarly, has expired after a demand for preemption has been placed to
during a traffic signal power failure or interruption where allthe traffic signals, the timer circuit will activate the railroad
displays are dark, motorists are to treat the roadway intefwarning devices regardless of the train’s location and speed or
section as an all-way stop whether the signals are dark ewen if the train has stopped. This requires analyzing the traf-
flashing red. With the use of advance preemption duringc signal preemption sequences with respect to the railroad
these situations, the advance preempt time portion is conyarning devices to determine what the maximum advance
pletely ineffective in clearing the crossing of any obstructingpreemption time should be so that, in all circumstances, the
vehicles because motorists will not be aware of an approactraffic signal will continue to display a track-clearance green
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indication for a certain period of time after the crossing warnwhich may not occur every cycle. Increased track-clearance
ing devices have been activated. This may be done withgreen time can cause additional delay to the street parallel to
railroad controller with an internal time clock or an externalthe crossing and create traffic backups to other adjacent cross-
vital timer that activates the railroad warning devices oncéngs, which may delay the clearance of those crossings.
the predetermined amount of time has expired after the
demand for preemption to the traffic signals has been sent. Gate Hold-Down Circuit.With the use of advance pre-
emption, because the traffic signal is capable of accommo-
Determining Maximum Advance Preemption Timé&/hen  dating only a single demand for railroad preemption, another
designing railroad circuitry, in no event for the normal operaconcern is the possibility that multiple demands for preemp-
tion of through trains shall the circuitry provide less than thejon will occur within a short time. With advance preemption,
maximum preemption time before the grade crossing is occyy the railroad circuitry one set of controls activates the
pied by rail traffic, which is necessary to adequately clear thgemand for preemption to the traffic signals and a separate
crossing including the right-of-way transfer time, queue cleargonro| activates the warning devices at the crossing. For
ance time, and separation time. In calculating the maximurgyample, the crossing may be active because a train present
amount of advance preemption time, the shortest possible ting e crossing with the traffic signals already in the preemp-
to a track-clearance green indication after initiation of Pretion sequence. If a second train enters the approach track cir-

emption needs to be identified, which will result in the fastes&uit and in turn activates a second advance preemption

completion of the track-clearance green interval. Typicallydemand to the traffic signals, the signals in the preemption
this occurs if, when the demand for preemption is placed, thse !

T . . sequence will be held without providing a second track-
normal traffic signal sequence is in the same phases or indic

. ) . aiaarance interval. In the meantime, the first train leaves and
tions that are present during the track-clearance green inte

r . . . .
or during an all-red interval when the traffic signals are transit—ﬁE’;ncrrOSSLng warr;:]r;gf] ?e\rl]'ceshdv?/ﬁ‘ﬁit:]\/,?;e bEf?re tl? ?r sekcoirr1d
tioning from one phase to another. This results in minimal OVa. eaches a point ar enoug the approach frack cir-

uit to keep the crossing active. In this situation, vehicular

virtually no time before the start of the track-clearance greeﬁ

interval other than any programmed delay times. Once this Sittr_affic would have the opportunity to queue within the road-

uation is determined, the sequence must be timed so that t§&Y intersection and through the crossing without ever being
railroad gates are horizontal a certain amount of time befordVeén a second track-clearance green indication.
the end of the track-clearance green indication. To prevent t!’]IS occurrence, the ral_lroad warning cwcwt_ry
In determining the amount of time the gates should be hoshould be designed so that if the railroad crossing warning
izontal before the end of the track-clearance green, factoflevices are active and the railroad controller sees a second call
such as crossing width; queue storage distance; vehicul@ advance preemption, such as a second train on another
volumes including trucks and buses, pavement grades, affi@ck, the circuitry should be designed to keep the crossing
adjacent streets and driveways; and any other factors thagtive until the second train reaches and clears the crossing.
may impede the flow of traffic from the crossing should beOtherwise, because the traffic signal controller will not recog-
considered. Close coordination with the railroad is requirediize the second train as a second demand for preemption, a
for determining necessary information such as the amount second track-clearance green interval will not be provided, and
time it takes for railroad gates to reach a horizontal positiotherefore the crossing gates must be held down. Consideration
once the crossing has been activated. With this informatiomf this design feature should also be given to single track cross-
a maximum advance preemption time can be determined afhs because the first activation could be a false activation
the railroad system can be designed with a timer circuit sinmediately followed by an actual train. This gate hold-down
that the actual advance preemption time never exceeds tbigcuit is simply accomplished in the railroad control equip-
calculated time. Any additional time necessary to adequatekyient by using a cut-out circuit. Basically, if the advance pre-
clear vehicles that are obstructing the crossing should k&énpt output is active and the railroad warning devices are also
included in the warning time of the crossing. active, the warning devices will not deactivate until the
One option that can allow an increase in the advance prgdvance preempt output is released by the railroad controller.
emption time and a decrease in warning time is to simply
increase the time of the track-clearance green indication. Traffic Signal Health Check Circuit.As explained ear-
However, increasing track-clearance green may not be theyr, it is necessary for the traffic signal equipment to provide
better option for various reasons such as an increased oven indication to the railroad control equipment whether the
all amount of delay to the signalized intersection especiallyraffic signals are in an all-way red flash or an all-out condi-
if train volumes are high, thereby causing other congestiortion. This traffic signal health check requires an additional
related problems. The track-clearance green time may alreaghterconnection circuit between the traffic signal and the rail-
seem excessive to motorists because, typically, the trainbéad control equipment. In the event of one of these condi-
vehicle separation time is already added to this time and ustiens, the railroad circuitry should revert to providing full
ally the track-clearance time is determined based on the worstimultaneous preemption where the railroad warning devices
case scenario in which traffic queues extend to the crossinggtivate immediately, whereas normally only the advance
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preempt would have been activated. Otherwise, in a cond’
tion in which it may take motorists even more time to cleal
the crossing because of the all-way stop condition, motorisy
would effectively have less time to clear the crossing. Thi
can be prevented by adding another relay in the railroad co
trol equipment that is actually energized by the traffic signa
control equipment during normal operation. During traffic
signal all-way flashing red or during loss of power to the traf
fic signals, this relay would become deenergized. Again,
cut-out circuit is used in the railroad equipment so that if &
any time this relay is deenergized and an advance preempta
is activated by the railroad controller, the cut-out circuit will
drop out the crossing relay that activates the railroad crossirs
warning devices, providing full simultaneous preemption 8=
Close coordination between the highway agency and the rajgs =
road company is required for determining the voltage speciff&
cations necessary to operate the health check relay. Also, c&
should be taken in designing this circuit in the traffic signaf:
control equipment to ensure a fail-safe design so that the ciEss : WALK TIME
cuit will deenergize for all possible traffic signal red flashf e e SHORTENED
conditions and, obviously, during power interruptions. : S | WHEN,TRAIN
s ' APPROACHES
N ——

Pedestrian Phased .he amount of time needed to termi-
nate conflicting phases (without considering pedestrians) ma
include up to 5 s of minimum green, 3 or 4 s of yellow clear
ance, and 1 s of all-red time. Considering that a minimum c*
3-5s may be needed to allow a vehicle to clear the track argggure 3-16. Pedestrian phase truncation sign. (Chicago,
the separation tiniéwill often be less than the desired 9-10 sj|jinois.)
if the minimum 20-s warning time required by the MUTED
is used® Clearance of pedestrians may exceed the vehicular ) o ]
timing minimums, unless the pedestrian phase is significantiut immediately terminating pedestrian clearance phases, the
truncated (as allowed by MUTCD). Long queues may furthel-RY détection points along the track should be adjusted.
exacerbate the situation, requiring longer track-clearancgPecial consideration should be given to crosswalks regu-
phases. For these reasons, advance preemption is neededa_rIy used by elderl_y pede_s;rlans and §choolch|Idren. with

On existing LRT systems where the LRV detection point§hIS type of pedestnan activity, pedg strian clearance phases
have already been set, pedestrian clearance phases mafBQUId not be terminated or a_bbrewated. i )
abbreviated (but should not terminated) to clear motor vehi- Because advance preemption must be timed for the right-
cles off the tracks before the LRV arrives at the crossing. IPF-Way transfer time (RTT) in which the traffic signal has
the pedestrian clearance phase will be abbreviated duridgStissued a green to the frontage roadway traffic and pedes-
preemption, a notice to pedestrians should be mounted abo&ns, if the signal is already serving .the track-clearange
the pedestrian push button, if one exists, or on the traffic sighovement, the RTT may be zero. This in turn may result in
nal p0|e, which is standard practice in lllinois (Figure 3_16)'terminati0n of the track-clearance phase before the gateS have
Another treatment that is emerging to reduce sign clutter arlgeen called, with subsequent activation issued with a stan-
to provide a message about the amount of time left to cros&rd warning time, resulting in a “preempt trap.” For these
the intersection is the use of pedestrian signals that courgasons, a site-specific traffic engineering study of the signal
down the time remaining in the pedestrian phase. Pedestrighasing and timing, in conjunction with the applicable train
signals should not blank out (turn off) when the LRT preempéetection and grade crossing protective gear design, must be
tion is received by the traffic signal controller. If the motoraccomplished. It is beyond the scope of this report to describe
vehicle clearance phase cannot be adequately provided witthe details of the methodology, but a detailed discussion can
be found in the guidelines prepared by the ITE for the U.S.

27 Separation time is the amount of time between roadway vehicular occupancy afl})epartment of Transportation Technical Working Gl’éﬁjp.
railroad occupancy of the highway-rail intersection.

% MUTCD, pp. 8C-5, 8C-7. -

2 MUTCD Section 8C-5 requires the LRV detection system (typically some type of *In August 2000, the U.S. Department of Transportation Highway/Railroad Grade
track circuitry) to provide a minimum of 20 s warning time before the LRV arrives atCrossing Technical Working Group developed recommendations regarding advance
the crossing. However, a longer LRV arrival warning time may be necessary (thpreemption of traffic signals at highway-highway intersections near highway-rail inter-
MUTCD-specified 20 s is just a minimum), especially to terminate other traffic signakections. These findings were published in the document erfigéiic Control at
phases less abruptly before the track-clearance phase. Highway/Rail Crossings Guidance Document.
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3.5.3.4 Queue Prevention Strategies The basic concept of queue prevention is as follows: if a
gueue is detected near an LRT crossing, traffic approaching
At LRT crossings located near signalized intersectionghe crossing will be stopped by a signal upstream of the grade
where traffic congestion precludes using standard traffic sigcrossing (Signals B or C in Figure 3-17) to prevent the queue
nal preemption, traffic control strategies may be used to prerom building back across the tracks. As indicated in Figure
vent queues from extending back over the LRT tracks (Fig3-17, vehicle detectors (e.g., loop detectors, video detectors,
ure 3-17). Standard traffic signal preemption operates undgficrowave detectors) can be installed at Location A; if
the assumption that motor vehicles queue back from theiopped or slow vehicles are detected at Location A, logic
nearby signalized intersection (from Signal D in Figure 3-17hyilt into the traffic signal system controller could
across the LRT tracks. The preemption sequence (occurring
at the traffic signals downstream of the LRT crossing; Signal « stop the major flow of traffic at Signal B [depending on
D in Figure 3-17) then clears these queued vehicles off the  the Jevel of traffic congestion and the distance between
tracks before the LRV arrives at the crossing. However, at | gcation A and the tracks, it may be necessary to stop
some locations, it may not be practical or possible to clear yehicles from turning onto the crossing roadway from
vehicles from the tracks by preempting the downstream traf-  the parallel roadway at Signal B by using either pro-
fic signals. For example, if the roadway crossing the LRT  tected signal indications (red arrows) or LRV-activated
tracks is heavily congested, preempting the downstream traf-  No Right/Left Turn signs (R3-1, -2)];
fic signals still may not allow motor vehicles to move forward « Stop the flow of traffic at Signal C by using traffic sig-
enough to clear the crossing because of the queue extending nals on the near side of the LRT crossing (i.e., presignals
from the next downstream, signalized intersection (Signal E  as described in Section 3.5.3);
in Figure 3-17). If the level of traffic congestion is substan- « Remind motorists not to stop on the LRT tracks by pro-
tial, it may be necessary to preempt several downstream traf- viding LRV-activated, internally illuminated Do Not
fic signals, which requires an approaching LRV be detected Stop on Tracks signs (R8-8) mounted on a mast arm over
several minutes before it arrives at the crossing. In such cases, each lane of traffic at Location C (these signs would acti-
a queue prevention strategy may be more appropriate. vate when queues are detected at Location A); or

1. When queues extend to o: 1} stop flow at e

From O or e 2} stop flow at e or

3} provide LRV-activated
"DO NOT STOP ON TRACKS” regulatory signs at {&).

2. On each cycle, turn e red before @ .

&
Upstreamn ! i § 1
Teaffec Signal - ' : b
NEE ‘ 1 ot u VA=,
7"\\' ¥v - ¥
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Figure 3-17. Queue prevention strategies.
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» Provide Keep Clear Zone striping on the trackway [thisportation system technology to precondition the traffic signal
use of diagonal striping to provide an area where motoreoordination along the corridor around the predicted arrival
ists cannot stop is standard practice in lllinois at all gradéme of LRVs at the crossing based on exact, real-time LRV
crossings that are interconnected to an adjacent traffic sigosition information [possibly using global positioning sys-
nal; it has been found to be effective at keeping motoristem (GPS) satellites] are becoming available. With commonly
from stopping on the tracks (see Chapters 4 and 5 faised technology it is possible to hold LRVs approaching the
additional information on Keep Clear Zone striping)].  crossing at LRT stations on either side of the roadway corri-

dor; however, the LRT agency must be willing to tolerate

It is important to note that, under these queue preventiosome minor delays. LRVs proceed toward the crossing only

strategies, the LRT crossing would be clear of motor vehiclesn a favorable wayside signal so that they arrive between
at all times whether or not an LRV is actually approachingnotor vehicle platoons. With the same technology, it is also
the crossing (as opposed to preemption, which clears thgossible to control vehicle platoons based on the position of
tracks only when an LRV is approaching). As an alternativehe LRV.

to using a vehicle detection system at Location A in Figure

3-17, to manipulate the traffic signals, the presignals (Sig- o _

nal C) could switch to red several seconds before downstreas-3-5 Clear-Out Traffic Signal Phasing

_traﬁic signals (Signal D) on every signal cycle, thefeby clear- On roadway approaches where motor vehicles must first
ing the area between the downstream intersection and tl?r%

LRT K ianal le. H this strat vel through an LRT crossing before they reach the signal-
tracks on every signal cycle. However, this strategy Ig, o 4 intersection, green traffic signal indications with pro-

effectivg only if the level of traffic congestion is not excessive[ected left-turn indications (green arrows) should be provided
and vehicles progress downstream in a platoon through cog; cjear motor vehicles off the tracks during preemption (Fig-
dinated traffic signals at B, C, D, and E (Figure 3-17) on everyyq 3.18). These green left-turn indications allow motorists
signal cycle. More importantly, to effectively reduce thequeued back toward the tracks to clear the intersection with-
queue, the green phase at traffic signal B must be reduced gyt hesitation; that is, motorists do not have to judge whether
In general, if vehicular volumes are relatively high, traﬁicopposite-direction traffic (approaching the LRT crossing)
signals along a roadway corridor with an LRT crossing (likewill stop. Note that this traffic control treatment is necessary
the one presented in Figure 3-17) should be coordinated &nly if the crossing roadway handles two-way traffic and
allow motor vehicles to progress in platoons. Traffic queuegontinues across the signalized intersection. For example, if
are more easily managed if motor vehicles travel in platoonhe crossing roadway terminates at the signalized intersec-
along the corridor. New strategies using intelligent transtion (creating a “T” intersection), only green traffic signal

Provide Green Protected

Left Turn Signal hulications LRT
{Green Arrow) to Clear ! ! -}
Vehicles Off the Tracks — ' I

Figure 3-18. Protected left-turn indication to clear vehicles off the tracks.
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indications (without protected turn phases) are necessaiy Figure 3-20), an approaching LRV must be detected (usu-
during preemption to clear vehicles off the tracks. ally through some sort of track detection circuitry) far enough
As an alternative to providing protected left-turn signalin advance to allow motor vehicles to clear the tracks on both
indications, No Left Turn signs (R3-2) can be used to proapproaches before the LRV arrives at the first of the two
hibit the left turn onto the parallel roadway at all times. How-crossings. Alternatively, the queue prevention strategies
ever, if left turns were allowed before LRT implementation,qescribed above may be used (e.g., use presignals or queue
a turn prohibition may be undesiraBteMotorists may still  cytter signals). That is, instead of allowing queues to build
attempt to make the newly prohibited movement and thugack across the tracks from the intersection and then clearing
would queue on the LRT tracks. both roadway approaches, prevent queues from forming by
keeping the LRT tracks clear of vehicles under all normal
3.5.3.6 Motor Vehicle Turn Treatments conditions, by using presignals on both approaches. In addi-
tion, the gates that control the traffic lanes that are departing
At signalized intersections adjacent to an LRT crossingfrom the intersection may be delayed in order to clear a queue
motor vehicles turning left and right from the parallel road-out of the adjacent intersection and allow vehicles on the
way onto the crossing roadway toward the LRT crossingonflicting approach of the intersection to clear the trackway.
(Figure 3-19) must be controlled. The most applicable typghe minimum warning time would then be tied into the gates
of turn control during preemption depends on the traffiGhat are being delayed, so the train detection would need to
control devices used to control turns when an LRV is nojjocate additional time to lower the gates on the approach to
approaching the crossing (if any). The preferred devices tgq jntersection before lowering the gates on the departure
control right and left turns toward an LRT crossing are stanpynas of the intersection.
dard traffic signals displaying protected indications (right/ ; 514 be noted that because of limitations of traffic sig-

Ierfgngga;rrZWSr)&:;?g dtL:)rnltr;g_ffrT:;O\sl'er:;nf dPéZf_igtsed ': ';'I?'nal controllers, the warning devices of both crossings should
u © protected by ¢ signal indicatio [usu yoperate simultaneously, depending on the distance of the
protected signal indications are used where right/left-turn

pockets ey e provdd), LRVactualed LRV~ 0SSHG3 1 e comiman nereclon an basedon o e
Approaching sign€ may be used to warn motorists of 9 Y.

the increased risk associated with violating the regulator§}1at may be approaching on the other tracks.

devices—the red arrow (protected) traffic signal indications— IS0, as indicated in Figure 3-20, it may be more appro-
when an LRV approaches the crossing. priate to install the automatic gates so that they descend par-

If the turning movements indicated in Figure 3-19 aredllel to the LRT tracks instead of perpendicular to the cross-
permissive (i.e., they are not controlled by arrow traffic sigiNg roadway, depending on the angle of the LRT crossing
nal indications) or if the nearby intersection is controlled bywith respect to the crossing roadway approach. Under some
Stop signs (R1-1), LRV-activated No Right/Left Turn signscrossing configurations, if the automatic gates are placed per-
(R3-1, -2) should be used to prohibit these movements whependicular to the crossing roadway, some motorists may stop
an LRV approaches the crossing. LRV-activated No Rightbetween the automatic gate arm and the LRT tracks. This cre-
Left Turn signs (R3-1, -2) should not be used in conjunctiortes a dilemma for the LRV operator, who must decide if the
with arrow traffic signal indications. For more information motorist is going to remain stopped or will proceed across the
on turn restriction signs, refer TCRP Report 17 tracks. Automatic gate placement guidelines are discussed
further in Section 3.6.1.

These locations are candidates for backup power for the
traffic signals to allow the signals to continue the normal oper-

Atthose signalized intersections where the LRT tracks croing sequence and provide a track-clearance phase if a train

two approach roadways (i.e., a diagonal crossing as indicat@@proaches. A d_ark traffic signal may cause motorist confu-
sion at the crossing and a queue could form across one or both

legs of the crossing. If the traffic signals are dark, motorists

% According to the research findings presentéBGRP Report 1{p. 67), LRTsys-  at the intersections may hesitate to clear the intersection, or
tem design should attempt to maintain existing traffic and travel patterns unless a spﬁ? lock h . inthe i . if
cific urban design change is desired (e.g., converting a street into a pedestrian mall). €y may be blocked by other motorists In the intersection |

existing traffic patterns are changed when LRT is implemented, the crossing userg gate de|ay feature was not incorporated in the gates con-
expectations may be violated. Despite restrictions or limitations (e.g., left-turn pro; . . . . . .
hibitions), motorists and pedestrians often try to use the travel routes they used bef&ré)"mg the intersection departure- In add|t|0ny S'th distance

ITRT was implemented. In some cases, this type_ of violation is committed nqt interfor the LRV operator is critical at these Crossings because
tionally but rather out of habit. Moreover, by using these old routes, motorists and . . .
pedestrians may be placing themselves in a risky situation when an LRV is approaci€re is a potential hazard of motorists stopped on the track-

ing or present. i i i

32 The Notice of Proposed Amendments to the MUTCD for PartTi@&ffic Controls way If, queuing _IS not properly handled. It may be.necessgry
for Highway-LRT Grade Crossinggleased June 24 1999 [FHWA-1999-5704] calls tO Nnotify the train operator (through a wayside or in-cab sig-
this sign W10-7. It displays the front view of an LRV in yellow with a black back- i H i P i ;
ground. The sign is intended to be an LRV-activated blank-out type sign with dimennal) that the traffic Slgnal adjacent tothe dlagonal crossing 1
sions of 600 x 600 mm (24 x 24 in.). without power.

3.5.3.7 Diagonal Crossings
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Left and Right Tum Control Devices
are a Function of Existing Intersection Devices

1l

Figure 3-19. Turning movements for control.

3.5.3.8 Second LRV Approaching A sample logic for the second LRV approaching could
o ~work as follows: An LRV is detected approaching a crossing
_ Traffic signal controllers should be programmed to remainyt the first advance detection point. If there is no opposite
in the appropriate phase or phases after the motor vehidigection LRV approaching the crossing, in the crossing, or
track-clearance period (either all red, flashing all red, or "mjust clearing the crossing, nothing happens until the LRV
ited service operation as described above) and the automafiGches a second advance detection point. The traffic signal
gate should remain down if a second, opposite direction LR¥gntroller would then start the requisite pedestrian and motor
is detected approaching the crossing while the first LRV igeanicle clearance phases, and at the standard (third) LRV
passing through the crossing (still in the crossing circuit). Thigetection point (about 20 s before the LRV arrives at the cross-
control logic is presented on Time Line A in Figure 3-21. Furngy the flashing light signals and automatic gates would acti-
ther, the LRV detection system should be designed to prevepie pepending on the motor vehicle and pedestrian clear-
the automatic gates from going halfway up and then whegnce requirements at the signalized intersection, the second
a second, opposite direction LRV is detected, going backry detection point may not be necessary, in which case
down*That s, the automatic gates should be timed to remaifere would be only one early detection point, about 10 s

down if a second LRV is detected approaching the crossingsfore the standard LRV detection point. On the other hand,

within about 10 s after the first one clears. It takes about 10ithere is an LRV in any of the three aforementioned loca-

(or less) for an automatic gate arm to move from horizontal tgons when the LRV in question reaches the first advance
vertical. Accordingly, the traffic signals should remain in thegetection point, the traffic signals would remain in their pre-
phase or phases following the motor vehicle track-clearanGgafined holding sequences after the first track-clearance phase
period (either all red, flashing all red, or limited service operyy| re, flashing all red, or limited service operation) and the

ation). This control strategy essentially requires that LRV, iomatic gates would remain down until the last LRV clears
are detected about 10 s before the normal detection point fgy, crossing and the gates ascend fully.

automatic gate/flashing light signal activation or for advance Ideally, a longer overlap period for the advanced circuit

preemption (to terminate other phases less abruptly). Thigirst early detection point) would be beneficial because
control logic is presented on Time Line B in Figure 3-21.

- — ) ) 341t may be possible to accomplish this same gate pumping prevention strategy with
*This action is commonly referred to as automatic gate pumping. vital (fail-safe) timers instead of three separate LRV detection points along the track.
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Figure 3-20. Example diagonal LRT crossing.

more advanced treatments could be used. A longer overldge released when the automatic gates are in their full, upright
period would minimize motorist confusion, increase pedesposition. This preemption release treatment causes the down-
trian safety, and benefit the traffic signal controller. Thestream traffic signals to remain red until the automatic gates
overlap would depend on the street width, in order to cleaare vertical. Th&Jniform Vehicle Code and Model Traffic
pedestrians, and could range from 20 to 40 s. One possibilirdinance® Section 11-701, states that “no person shall drive
would be to extend the advanced circuit to a distance equalvehicle through, around or under any crossing gate or bar-
to the time length required to complete one cycle of signaier at a railroad crossing while such gate or barrier is closed
phasing. The downfall to this is that the time required to comer is being opened or close#.Thus, motorists may be con-
plete one cycle could push the advanced detection point oversed if downstream traffic signals display green indications,
1.6 km (1 mi) away from the grade crossing. With current techeven though they are required by law to remain stopped until
nology, this would be impractical. Therefore, more research ihe gates are in a vertical position. Further, it is generally
needed to address this issue, including the possibility of apply-
Ing GPS teChnOIOQY to grade crossing a_dvan(.:e det.eCtIOI % Uniform Vehicle Code and Model Traffic Ordinandéational Committee on Uni-
The results of ongoing research of GPS in freight railroagrm Traffic Laws and Ordinances, Evanston, Il (1992), p. 81.
applications should be applied to LRT systems in order tg; e sttes ke Callomia slow oot procees soes e vacks e e
increase the overlap period for the advanced circuit. gﬁwption call to the traffic signal controller gs soon as the automatic gates start to mpove
As indicated on Time Lines A, B, and Cin Figure 3-21, théjpward. The 1995 California Vehicle Code, Section 22451, simply states that “no dri-

X . X 3 | Ver shall proceed through, around, or under any railroad or rail transit crossing gate
preemption call to the traffic signal controller is designed tahile the gate is closed.”
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better to positively control motorists operating near LRTan LRT preemption (after the last LRV clears the crossing)
crossings and not leave it up to motorists to decide when it i® the lagging left turns on the parallel street. Because these
safe to proceed under a moving automatic gate arm. left turns routinely follow the parallel street through move-

If an automatic gate pumping prevention strategy is usethents, the next logical phase after serving the parallel street
as recommended in this section, holding the preemption cad#ft turns is to serve either the protected left turns on the
in the traffic signal controller until the automatic gates arecrossing roadway (if any) or the through movements on the
vertical does not present a problem for a traffic signal conerossing roadway. The left turns from the parallel roadway
troller accepting a second LRT preemptféAs indicated on  and the cross street traffic (all movements) will probably be
Time Line C in Figure 3-21, when the automatic gates stadelayed the most by LRT preemption because the parallel
to ascend, the system already knows there will not be anothefreet through movements can be served during LRT pre-
LRT preemption for at least 10 s. emption under the limited service operations described above.

For new LRT systems in which it is necessary to inter{f motorists are delayed extensively through multiple pre-
connect the LRV detection system with an existing trafficemptions and recovery cycles (the first cycle after the pre-
signal controller (to preempt the traffic signals when an LRVemption call is released), they may become impatient and
approaches), special consideration should be given to enswlate the crossing control devices.
that the traffic signal controller is able to execute all neces- Alternatively, more advanced strategies would allow the
sary and desired preemption routines. Experience at varioffic signal controller to remember the point in the signal
LRT systems suggests that some older traffic signal corgycle that was interrupted by LRT preemption. If most of the
trollers may not offer the flexibility necessary to appropri-time (e.g., 95 percent) on the interrupted phase was served
ately and safely accommodate LRT preemption. If older trafbefore LRT preemption, that phase could be skipped on the
fic signal controllers are too restrictive, new ones should bgacovery cycle. On the other hand, if only a small portion of
installed as part of LRT system design. the time (e.g., 5 percent) for the interrupted phase was served

when the signals were interrupted, the traffic signal controller

could then recover to that phase. Existing traffic signal con-
3.5.3.9 LRT Versus Emergency Vehicle trollers may not be able to accommodate more advanced rou-
Preemption tines such as the one just described; thus, it may be necessary

) . . toinstall new traffic signal controllers as part of LRT system
According to the MUTCD, Section 8C%;Where multi- design.

ple or successive preemption may occur from differing
modes, train actuation should receive first priority and emer-
gency vehicles second priority.” This recommendation applies
at higher speed LRT crossings [LRVs operating at speedst6 AUTOMATIC GATE PLACEMENT
greater than 55 km/h (35 mph)] where the LRV detection GUIDELINES

system is interconnected with the traffic signals at a nearby

. ) The MUTCD, Section 8C-Z,describes both the physical
intersection.

characteristics and the operation of automatic gates. This
section of the report discusses automatic gate placement
with respect to the angle of the crossing roadway and the

3.5.3.10 Traffic Signal Recovery from Preemption LRT tracks and pedestrian sidewalks (if present) or roadway

If possible, traffic signals at intersections located adjacen%houmers'
to LRT crossings should be programmed so that the protected
left turns from the parallel street (if any) follow the parallel
street through movements (commonly referred to as lagging6.1 Automatic Gate Placement: Angle

left turns). Further, these traffic signals should recover from
Typical location plans for automatic gates are presented in

_ . _ _ _ _ Figure 8-7 of the MUTCD, Section 8C*For all crossing
7 The National Committee on Uniform Traffic Control Devices (NCUTCD), Highway-

Railroad Grade Crossing Technical Committee, has issued a recommendation for incI@ngIes (i.e., the angle at which the tracks cross the roadway)

sion in the MUTCD to establish and maintain the preemption condition between the hown in this figure, the automatic gate arms descend per-

time the crossing signals are first activated and the time the crossing gates first begin . . . .

to rise after the train has cleared the crossing. Many states also share this view. Tr(fé?ndlcmaf to the direction of motor vehicle travel. In genefal,

reason that traffic signal controllers, even those that are programmed to go to railroad

track clear as soon as they receive a second railroad preempt call, cannot acceptasec-

ond railroad preempt call until the first preemption call has been discontinued. There#® MUTCD, pp. 8C-3—-8C-5.

fore, at those traffic signals that are interconnected, the traffic signal controllers cart® Other sources include thailroad-Highway Grade Crossing Handbo@nd Ed.

accept a second preemption call earlier if the preemption call ceases when the gates fitsS. Department of Transportation, FHWA, Washington, D.C. (1986), pp. 111-114],

start up. In addition, a concern arises that the gate may not reach the full vertical pogfie Traffic Control Devices Handbodk).S. Department of Transportation, FHWA,

tion and the preemption will not get released (i.e., reliance of a critical circuit is base@ashington, D.C. (1983), pp. 8-24-8-30], andAlssociation of American Railroads

on a mechanical closure of the gate arm versus electrically in a relay in a bungalow)Signal Manual[Association of American Railroads, Washington, D.C. (1996), part
3 MUTCD, p. 8C-7. 3.1.36A-3.1.37].
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automatic gates are installed in this configuration to maxi-
mize their visibility to approaching motorists. Specifically,
the reflectorized red and white stripes on the gate arms are
most visible when light from approaching motor vehicle
headlamps reflect off at a 90 degree affgldowever, in
some instances described below, it may improve safety to
install the automatic gates parallel to the LRT alignment (or
more nearly so), instead of perpendicular to the direction of
motor vehicle travel, especially where there is an immedi-
ately adjacent, parallel roadway.

If the automatic gates are installed parallel to the tracks
at angled LRT crossings (so that the automatic gates do not
descend perpendicular to the crossing roadway), the flashing
light signals and small red lights located on top of the gate
arm should be aligned to provide maximum visibility to
approaching motorists. LED gate-mounted lights could also
be used to increase the visibility of the gate arm. Depending
on the visibility conditions on the roadway approach and
general crossing geometry, supplemental flashing light sig-
nals mounted in the roadway median or overhead on a can-
tilever enhance LRT crossing visibility. Also, if installed par-
allel to the LRT tracks at a severely angled crossing, the gate
arm length necessary to cover all traffic lanes may be exces-
sive. Experience suggests a maximum gate arm length of
about 12 m (38 ft) for practical operation and maintenance.
At those crossings that require the gate arm to be longer than
12 m (38 ft)—as may be necessary if they are installed par-
allel to the LRT alignment at an angled crossing—a second
automatic gate should be installed in the roadway median
(i.e., in a median with barrier curbs) also parallel to the LRT
alignment.

With this background, the following guidelines address
automatic gate placement issues with respect to the angle
they are installed relative to the LRT tracks and approaching
motorists.

1. If installing the automatic gates perpendicular to 2-

approaching motorists increases the likelihood that
motorists may stop short of the LRT tracks (out of the
LRV dynamic envelop&)but beyond the automatic gate
arms?#they should be installed so that they descend par-

“1 Special retroreflective (reflectivity that bounces light back to its source) sheeting is
available [e.g., from 3M Traffic Control Materials Division (800-947-8369)] that pro-
vides virtually complete nighttime reflectivity at angles up to about 45 degrees (between
a line perpendicular to the roadway approach and the automatic gate arm). This sheet-
ing also provides relatively good nighttime reflectivity at angles up to about 60 degrees.
For most oblique LRT crossings, this type of retroreflective sheeting in alternating red
and white angled stripes [according to the MUTCD (Figure 8-5, p. 8C-4)] placed on
the automatic gate arm makes it more feasible to install the mechanism parallel to the

tracks. For further details, contact 3M Traffic Control Materials Division or another 3

reflective sheeting manufacturer.

“2The dynamic envelope of an LRV is the clearance on either side of a moving LRV
that precludes any contact from taking place as a result of any condition of design wear,
loading, or anticipated failure, such as air-spring deflation or normal vehicle lateral
motion (TCRP Report 17p. 84).

43 Conditions likely to cause motorists to stop in this position include crossings where
the tracks and the roadway intersect at an angle other than 90 degrees, there is a heav-
ily used driveway immediately downstream of the crossing, and there is a cross street
immediately downstream of the crossing.

allel to the LRT alignment. As indicated in Fig@®2,

the automatic gates must be installed at least 3.7 m
(12 ft) from the centerline of the nearest track, mea-
sured perpendicular to that track’s centerline. If the
automatic gates are installed perpendicular to the direc-
tion of approaching motorists (Figure 3-22A) and the
LRT tracks cross the roadway at an angle (i in Figure
3-22), the distance between the automatic gate arm(s)
and the LRV dynamic envelope could be as much as
10 m (33 ft). The exact distance depends on the angle
of the crossing as well as the number and width of the
traffic lanes [ in Figure 3-22).

A motorist driving a standard automobile about 5.5 m
(18 ft) long could easily stop past the automatic gate
arm but short of the LRV dynamic envelope. Although
a motorist stopped in this location will not collide with
an approaching LRV, the LRV operator must determine
whether the motorist will advance across the tracks.
Because they are on the wrong side of a closed auto-
matic gate, motorists stopped in this position may panic,
not knowing whether their motor vehicles are clear of
an approaching LRV. Moreover, a truck attempting to
stop short of the LRT tracks when the flashing light sig-
nals first activate (usually 3-5 s before the automatic
gates start to descend) may actually stop past the auto-
matic gate arms, short of the LRT tracks. In this case,
the automatic gates descend onto the roof of the truck.

Figure 3-22B presents an automatic gate installed
parallel to the LRT alignment [3.7 m (12 ft) away]. The
distance between the gate arm and the LRV dynamic
envelope typically is no more than about 2.6 m (8.5 ft),
which does not allow motorists to stop in this zone
without being clearly on the LRT tracks. Note that this
2.6-m (8.5-ft) distance remains constant for all traffic
lanes on the approach and is independent of the cross-
ing angle p and the lane widths
At angled LRT crossings with an immediately adja-
cent parallel roadway (Figure 3-23A), the automatic
gates should be installed parallel to the LRT alignment
(instead of perpendicular to approaching motorists) to
more effectively block left turns from the parallel road-
way through the crossing. In addition, four-quadrant
gates should be used to discourage people from driving
around the gates. As an alternative to installing auto-
matic gates parallel to the LRT alignment, left turns can
be prohibited [with No Left Turn signs (R3-2)] and
roadway channelization can be designed to discourage
left-turn movements, as indicated in Figure 3-23B.

To better control motor vehicles turning from a street
parallel to the LRT alignment, automatic gates should be
installed parallel to the LRT tracks instead of perpendic-
ular to approaching motorists (which, in this case, would
also be perpendicular to the LRT tracks). Figures 3-24
through 3-27 present locations where installing the
automatic gates to descend parallel to the LRT tracks
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Figure 3-22. Acute angle crossing automatic gate placement.

provides better protection for turning motorists. If the Again, the motorist may panic and turn into the path of
automatic gates are installed perpendicular to approach-  an approaching LRV.
ing motor vehicles, motorists may stop beyond the gate

arm while waiting to enter the crossing roadway’s For left turns across the LRT alignment from a parallel

traffic stream (Figures 3-24 and 3-26). An example ofpadway, placing the automatic gates parallel to the LRT
this behavior ipresented at an LRT crossing in Figure glignment essentially creates a four-quadrant automatic gate
3-27. The gate arm could descend either behind theystem. However, a gap between the tip of the left-turn gate
stopped motorist (the motorist would then be stoppednd the primary crossing roadway gate (see Figure 3-24)
between the horizontal gate arm and the LRV dynamishould be considered in order to allow motorists to escape
envelope) or possibly on the roof of the motor vehiclefrom the track area if the track area does not incorporate vehi-
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Figure 3-23. Automatic gate placement for turning traffic.

cle presence detection. A delay between the lowering of thmotor vehicles stopped beyond the striped stop bar. After
entrance gate and the exit gate should also be incorporatdty tried some special warning signs, Calgary Transit
into the four-quadrant gate design to allow vehicles to cleaurned the gates parallel to the LRT alignment. In this posi-
the trackway when the gates are called. For more informatiation, the gates have been effective and no longer strike the
on four-quadrant gates, see Section 3.4.1.1 (Automatic Gateofs of stopped motor vehicles. A gap between the left-
Drive-Around Treatments). turn gate and the standard cross-traffic gate allows motor

The concept of turning the left-turn automatic gates parvehicles to exit the track area if necessary. Calgary Transit
allel to the LRT alignment was pioneered by the Calgaruses left-turn automatic gates on both sides of its LRT
LRT system (see Figure 3-25). Originally, their left-turn alignment (on 36 Street NE) along with the standard auto-
gates were installed perpendicular to the left-turning trafficmatic gates, forming a quasi-four-quadrant gate system
However, the gates routinely descended onto the roofs ¢fjuasi because of the gap).
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As an alternative to installing left-turn gates parallel to theyellow-green arrow indication. As such, motorists who are
LRT alignment, left turns could be prohibited at all times byturning right will have proper advance notice to stop before
using No Left Turn signs (R3-2) and appropriate motor vehithey enter the trackway. In addition to the signalized right
cle channelization, as indicated in Figure 3-23B. turn, it may be beneficial to install flashing lights on the

For right turns across the LRT alignment from a paralleimedian to provide advance warning to motorists before they
roadway where a free right-turn lane exists, as indicated ioonduct the right turn.

Figure 3-26, gates should not be installed parallel to the

trgcks because motorists may not see the lowered gatg agl 5 Automatic Gate Placement:

with enough advance warning to stop. Treatments for righ§igewalk/Shoulder

turns from a roadway parallel to the track can be handled in

two ways. First, it is recommended to remove the “pork In general, automatic gates should be installed behind the
chop” island that permits a free-flow right turn. If this is notsidewalk (on the side away from the curb) or paved shoulder
possible, then the right turn should be signalized with a redif no sidewalk is present) where right-of-way conditions
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installed in the two other quadrants of the LRT crossing (in

giiﬁl v lﬂy ) _1 the two quadrants without vehicle automatic gates), blocking

‘11&—_-1.-—-’;:‘ R = ," & all four pedestrian approaches to the LRT crossing.

-r-..,ir-ﬁ -1-—-“' -

......

3.7 PEDESTRIAN CONTROL GUIDELINES

As documented iTCRP Report 17 collisions between
LRVs and pedestrians occur less often than collisions between
LRVs and motor vehicles; however, they are usually more
severe. Further, pedestrians are not completely alert to their
surroundings at all times, and LRVs are nearly silent even at
higher speeds. Also, most pedestrians will attempt to take the
shortest reasonable path between where they are and where
they want to go. Thus, unless adequate controls are installed,
pedestrians will often jaywalk, cross diagonally though an
LRT crossing, and trespass along the LRT right-of-way if
this path is the shortest and saves time.

For these reasons, appropriate pedestrian controls are crit-
ical for LRT safety. For example, most newer LRT systems
constructed since 1993 (e.g., St. Louis and Dallas) use some
form of pedestrian control at crossings where LRVs operate
at speeds greater than 55 km/h (35 mph). Table 3-2 presents
the pedestrian control devices that are currently in use or
planned for use at the 11 LRT systems surveyed as part of
this project. In some cases, pedestrian control means allow-
ing certain pedestrian movements along the shortest path (not
prohibiting them) but engineering those movements to
enhance safety. For example, instead of attempting to stop
pedestrians from walking (trespassing) along the LRT right-
of-way between two points, it may be more appropriate to

permit. In this fashion, the gate arm would extend across tHngineer a pedestrian pathway that is separated from the LRT
sidewalk/shoulder in two of the four LRT crossing quad-tracks (maybe with a fence) yet within the right-of-way. In
rants, blocking pedestrians from passing when an LRV i#his fashion, instead of trying to prohibit pedestrians, it is
approaching (see Figure 3-28). Longer and lighter gate arnf®ssible to accommodate them with enhanced safety. Even
make this installation feasible. However, experience sug¥ith fencing along the length of the right-of-way, trespassers
gests a maximum gate arm length of 12 m (38 ft) for practiwill simply enter at an LRT crossing, using the right-of-way
cal operation and maintenance. At those crossings that requité the shortest distance between origin and destination.

the gate arm to be longer than 12 m (38 ft), a second auto- The following guidelines are for specific types of pedes-
matic gate should be placed in a barrier curb-type mediaffian control devices: pedestrian automatic gates, swing gates,
Most LRT agencies a|ready have design guide"nes (for retrd)edestrian channelization dEViceS, pedestrian Signs, and audi-
fitting or expanding their existing system) that specify thafle pedestrian warnings. They are based on the operating
automatic gates be installed behind pedestrian sidewall@Xperience of the 11 LRT agencies as outlined in Table 3-2.

where possible.

Under conditions in which placing the automatic gate 1 pedestrian automatic gates. In general, pedestrian auto-
assembly behind the sidewalk/paved shoulder also limits  matic gate® should be installed at all pedestrian cross-

Figure 3-25. Example quasi-four-quadrant gate system.
(Calgary, Alberta.)

the visibility of flashing light signals mounted on the same ings (sidewalks or other designated pathways) with
assembly, other alternatives should be considered such as |imited sight distance (see Figure 3-7). As indicated in
(a) installing supplemental flashing light signals in the road-  Figure 3-7, limited sight distance means that pedestri-

way median (using barrier-type curbs) or on a cantilever over

the roadway, and (b) installing the automatic gates curbside

and using separate pedestrian automatic gates to block the

sidewalk or paved shoulder (see the discussion in the nexttcrp Report 17. 74.

section on pedestrlan automatic gates) If the second Opt|0A5 Pedestrian automatic gates are the same as standard automatic gates except the gate

arms are shorter. When activated by an approaching LRV, the automatic gates physi-
is considered, pedestrian automatic gates should also by block pedestrians from crossing the LRT tracks.
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ans are unable to see an approaching LRV until it is
very close to the crossing, and LRV operators are unable
to see pedestrians in the vicinity of the crossing until
the LRV is very close. When this condition exists,
pedestrian automatic gates are essential. For example,
if a pedestrian crossing were controlled only by flash-
ing light signals and bells, a pedestrian might enter the
track area despite activated warning devices, thinking
that an LRV is not really approaching the crossing
because there is no visual contact. In fact, the LRV is
approaching the crossing but, because of obstructions,
the pedestrian is unable to see the LRV and the LRV
operator is unable to see the pedestrian. Thus, pedes-
trian automatic gates function to take away the pedes-
trian’s decision about whether to cross the tracks or
wait until the LRV passes.
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Figure 3-28. Placement of pedestrian automatic gate.

In accordance with Section 3.6.2 ahdRP Report
17, Figure 3-28 indicates the recommended placement
of pedestrian automatic gates where there is a sidewalk.
Figure 3-28A (recommended) shows the automatic gate
for vehicles installed behind the pedestrian sidewalk
(away from the curb). In the crossing quadrant with-
out a vehicle automatic gate, a single-unit pedestrian
automatic gate is also installed behind the sidewalk
(away from the curb). As an alternative, Figure 3-28B
(optional) presents the vehicle automatic gate installed
curbside with a pedestrian automatic gate sharing the
same assembly. In this case, a separate drive mechanism
should be provided for the pedestrian automatic gate so

4 TCRP Report 17p. 80.

that a failure in the pedestrian automatic gate unit will
not affect vehicle automatic gate operations. To provide
four-quadrant warning, a single-unit pedestrian auto-
matic gate should also be installed on the curbside of the
sidewalk, across the tracks, opposite the vehicle auto-
matic gate/pedestrian automatic gate joint assembly.
To warn pedestrians of the presence of a lowered
gate arm during low-visibility conditions, two red
warning lights of 100-mm (4-in.) diameter should be
placed on top of the gate arm. These lights should flash
at the same frequency as the warning lights on top of the
motorists’ automatic gate arm. Another possibility is to
place the warning lights below the automatic pedestrian
gate arm (i.e., Calgary) to give pedestrians a better sense
of the position of the gate arm as it lowers. The use of
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TABLE 3-2 Pedestrian Control Devices by LRT System

Pedestrian Special
Automatic | Swing Pedestrian Special Pedestrian | Audible
LRT System Gates Gates | Channelization Signs® Devices?®
Baltimore YES PLANNED
Calgary YES YES YES YES® YES
Dallas YES YES
Denver PLANNED PLANNED
Edmonton YES PLANNED
Los Angeles YES YES YES"
Portland YES YES YES YES YES
Sacramento YES
3t. Louis YES YES
San Diego YES YES
San Jose YES YES YES? PLANNED
a) Excludes typical Look Both Ways for Trains signs and exciudes standard audible devices such as
mechanical railroad bells,
b} LRV-activated Second Train Approaching type signs being tested as part of TCRP Project A-5a.
c} LRV-activated DANGER - 2"° TRAIN APPROACHING sign.
d} LRV-activated CAUTION SECOND TRAIN APPROACHING sign.

warning lights on gate arms is recommended as a visual
warning to pedestrians because the reflective striping on
the gate arm may be ineffective if there is no light source
(i.e., headlight) illuminating the gate arm.

Figure 3-29 presents a typical pedestrian automatic
gate installation on the St. Louis and Dallas LRT sys-
tems. As indicated in the Dallas example, at some loca-
tions, depending on the type of pedestrians who typi-
cally use the crossing, a skirt should be added under the
automatic gate arm to discourage pedestrians from
walking or ducking under it. In Dallas, pedestrian auto-
matic gates with skirts are used at two LRT crossings
near an elementary school.

Figure 3-29. Example pedestrian automatic gate. (St.
Louis, Missouri.)

Concern has been raised by various LRT agencies
about the possibility of pedestrians stopping on the
tracks if an automatic gate lowers as the pedestrian is
crossing the trackway. The Los Angeles LRT system
looked into this concern before they installed their
pedestrian automatic gates and determined that if the
gate were set back from the track, a distance that would
accommodate a wheelchair, then pedestrians would
have a refuge area between the track and gate to wait
safely. CalTrain, a commuter railroad in northern Cal-
ifornia, addressed this issue by installing a swing gate
next to the pedestrian automatic gate at a pedestrian-
only crossing at a station platform that sits adjacent to
an LRT station platform operated by the Santa Clara
Valley Transportation Authority (Figure 3-30).

. Swing gates: manual. Where there is a defined pedes-

trian pathway (e.g., at a station location or sidewalk),
swing gates should be used to alert pedestrians to the
LRT tracks by forcing them to pause before crossing,
thereby deterring them from walking or running freely
across the tracks without unduly restricting their exit
from the track area. Swing gates require pedestrians to
pull a gate to enter the crossing and to push a gate to
exit the protected track area; therefore, pedestrians can-
not physically cross the tracks without pulling open the
gate. The gates should be designed to return to the closed
position after pedestrians have passed. Figure 3-31 pre-
sents typical swing gate installations on the Los Ange-
les and Calgary LRT systems.
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trian to have just entered the crossing, see an approach-

ing LRV, and pass to a refuge area (usually the other

side of the tracks) before the LRV arrives at the cross-
ing. Typical locations for swing gates include crossings
in LRT stations where pedestrians may forget about

LRVs because they just alighted from one and in or

near transit system transfer stations where pedestrians

may rush to board another mode of transportation.
Besides forcing pedestrians to take a physical action

before they enter the track area, swing gates provide a

positive barrier: if pedestrians are on the other side of

the gates when an LRV approaches, they will know
without doubt that they are clear of the tracks and will
not get hit. Swing gates provide an extra level of com-

Figure 3-30. Pedestrian automatic gate and swing gate fort for pedestrians at higher speed LRT crossings. In

combination. fact, a survey of pedestrians using swing gates at the
Imperial/Wilmington station on the Los Angeles LRT
system (the Long Beach Metro Blue Line) indicates
that more than three-fourths (77 percent) of those inter-
viewed believe the pedestrian crossings are safer with
the gates and almost all (90 percent) thought swing
gates should be installed at all Metro Blue Line stations
where pedestrians cross the tratks.

Swing gates: automatic. Unlike manually operated
swing gates, automatic swing gates do not require a pos-
itive action by a pedestrian to enter the crossing. The
gate is normally held open (under power), exposing a
walkway across the tracks as in Figure 3-32. When acti-
vated by an LRV approaching the grade crossing, the
gate closes, at the same time exposing the emergency
exit. After the LRV passes, the gate opens, once again
exposing the walkway and permitting access across the
tracks and at the same time closing off the emergency
exit. Under power failure conditions, the swing gate
automatically closes under spring tension. Used widely
in Australia, automatic swing gates have been success-
ful in fatality prevention and operational reliability.

3. Pedestrian channelization (Z-crossing). Where possi-
ble, pedestrians should be channeled to cross higher
speed LRT tracks at designated locations only. How-
ever, when considering locations for pedestrian chan-
nelization across the LRT tracks, preexisting pedestrian
travel patterns should be maintained where possible,
considering any sight distance limitations (see Figure
3-7). One of the most common types of pedestrian chan-
nelizations is the Z-crossing. Z-crossings are designed to
turn pedestrians toward an approaching LRV before they
cross each track (or at least the nearest track, depending
on the design), forcing them to look in the direction of
oncoming LRVs (see Figure 3-33). Z-crossings may be
used at isolated pedestrian crossings located away from

Generally, swing gates should be used at locations
where pedestrians are likely to dart across the LRT
tracks without looking both ways. The Los Angeles LRT
system effectively uses swing gates in conjunction with
active warning devices (e.g., flashing light signals and
bell). If active warning devices are not provided at the
crossing, sight distance must be adequate for a pedes-

: N : . 47Metro Blue Line Grade Crossing Safety Improvement Progiwaluation of
Flgure 3-31. Example manual swing gates. (Above' Pedestrian Swing Gates at the Imperial Highway Statios Angeles County Metro-

Calgary, Alberta. Below: Los Angeles, California.) politan Transportation Authority, Los Angeles (1995), p. 13.
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Figure 3-32. Example automatic swing gates. (Top:
automatic gate closed; exit gate open.) (Melbourne,
Australia.)

highway-LRT crossings (like the St. Louis example in

Figure 3-33) or at standard highway-LRT crossings (likeFigure 3-33. Example pedestrian channelization. (Above:

the Calgary example in Figure 3-33).

Z-crossings should be used only at pedestrian cross-
ings with adequate sight distance (if pedestrians are
turned to face approaching LRVs but cannot see them
because of obstructions, the Z-crossing is useless). Fur-
ther, Z-crossings should not be used where LRVs oper-
ate in both directions on a single track, because pedes-
trians may be looking the wrong way in some instances.
Pedestrians also look in the wrong direction during LRV
reverse-running situations; however, because reverse
running is performed at lower speeds and typically is
used only during maintenance or emergency situations,
it should not be a deterrent to this channeling approach.
Special consideration should also be given to using
Z-crossings near end-of-the-line (terminal) LRT stations
where LRVs may be routinely reverse running into or
out of the station.

As indicated in Figure 3-34 (Dusseldorf, Germany),
arrow striping indicating the direction that LRVs typi-
cally traverse the crossing may also help pedestrians
look in the most appropriate direction before they walk

St. Louis, Missouri. Below: Calgary, Alberta.)

pathway. This type of striping is appropriate for both
Z-crossings (Figure 3-33) and swing gates.

Pedestrian signage. Install pedestrian-only $idpetow
about 2 m (6.5 ft). These signs should be installed so
that pedestrians walking on the intended path will not
strike them. Often, pedestrian signs are mounted over-
head as indicated in the Los Angeles LRT system in
Figure 3-35. Although this sign is visible while pedes-
trians approach from a distance, they cannot see it when
they need it most, when they are about to cross the
tracks. A better solution is presented in the Boston LRT
systen®in Figure 3-35. At this LRT crossing the pedes-
trian warning sign is mounted near the ground (where
pedestrians tend to look while they are walking) right at
the track crossing. The Portland LRT system has taken
a similar approach, installing pedestrian-only signs at a
height of 1.2 m (4 ft), as indicated in Figure 3-35.

onto the track area. This arrow, if used, should be stripedz Those signs intended for viewing only by pedestrians traveling along a designated

H H H ath (e.g., the sidewalk).
or otherwise placed between the two rails for a glveﬁ“g The Boston LRT system was surveyed as part of TCRP Project A-5. The report of

LRV direction immediately upstream of the pedestrianproject A-5 isTCRP Report 17
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LIGHT RAIL DIRECTIONAL STRIPPING
(Indicates Direction of Train Movement)

Figure 3-34. Example pedestrian crossing striping.
(Dusseldorf, Germany.)

5. Pedestrian tactile warning strips. The use of a tactile
warning strip at pedestrian crossings at stations is
required to delineate the platform edge and crossing
location. The use of tactile warning strips at all pedes-
trian crossings of LRT tracks is recommended. A tactile
warning helps pedestrians who are visually impaired by
providing a delineation of the safe area to wait. In addi-
tion, a tactile warning provides a visual queue for other
pedestrians of the safe stopping location outside of the
LRV dynamic envelope. The common tactile warning
used at stations is the truncated dome treatment. For
pedestrian crossings at locations other than stations, a
truncated dome or another textured treatment, such as the
scored concrete used to delineate an access ramp on a
sidewalk, could be used. A standard design for a tactile
warning should be researched with input from the visu-
ally impaired community.

OVERHEAD PEDESTRIAN SIGN

Figure 3-35. Pedestrian sign mounting examples. (Above: Los Angeles, California. Left: Boston, Massachusetts;

Right: Portland, Oregon.)
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6. Pedestrian audio warnings. At higher speed LRT cros
ings controlled by flashing light signals and automatic
gates where the LRT agency turns off the bell once th
automatic gates have descended, an alternative aud
warning device should be provided. Cessation of th
wayside crossing bells is sometimes necessary in res
dential neighborhoods where excessive noise is us
ally a concern. However, some form of audible way
side warning should be provided for the visually
impaired. As an alternative to crossing bells, small:
audio devices (similar to a backup alarm on a truck
such as those found on portions of the Sacrament
LRT system) could be installed in the crossing hard
ware to warn pedestrians of an approaching LRV
These small audio devices could be softer than a clang
ing bell and also focused on the sidewalk it&¢The
Portland LRT system has installed pedestrian audibl
devices at various locations in a demonstration projec
to determine the effect of the audible device on risk
pedestrian behavior. The audible device announce
“train approaching, look both ways” in both Spanish
and English when a train activates the crossing contr
devices (see Figure 3-36).

In fact, some cities around the United States hav
installed similar devices at standard intersections t¢
control visually impaired pedestrians. When the WalK
signals are displayed for one crossing direction, th
audible devices emit a “chirp-chirp” sound and whe
the other direction is displayed, the audible device
emit a “coo-coo” sound.

_ AUDIO

3.8 GUIDELINES FOR SELECTING AMONG
PEDESTRIAN CROSSING CONTROL
DEVICES

3.8.1 Overview

A wide range of pedestrian warning and control device
are in use at the 11 LRT systems surveyed [see Section
(Pedestrian Control Guidelines)]. Devices surveyed includ
the following:

« Traditional railroad devices such as bells, pedestria
automatic gates, and flashing light signals;

e Traditional traffic devices such as pedestrian signa
heads;

< Customized active warning devices such as illuminate
signs, with or without audio devices;

* Modified devices such as pedestrian automatic gate
with hanging extension bars or skirts;

%0 Use of LRV bells, whistles, and horns at higher speed LRT crossings varies wide
based on local practices, ranging from “silent” crossings during the evening hours
where the LRV operator sounds the horn only if there is imminent danger to crossings; _ : : P ; .
where the LRV operator sounds the horn in the “long-blast long-blast short-blast Iona—glgure 3-36. 'Alternatlve pedestrlan audio device. (Above'
blast” pattern all hours of the day (every time the LRV passes through the crossing)Oakland, California. Below: Portland, Oregon.)
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» Swing gates, manual or automatic;

» Channelization devices such as Z-crossings and pedes-
trian barriers; and

» Passive warning signs such as crossbucks and legend
signs.

In a number of interviews, LRT system representatives
expressed concern that there is a lack of overall guidance for
selection from among competing devices for pedestrian envi-
ronments. Despite the lack of standards, a level of consis-
tency can be observed in existing practice. The research team
has developed recommended practices from a combination
of existing practices as well as key underlying factors that
distinguish alternative conditions for device implementation.
The recommended practice identifies available devices and
provides a rational method for device selection. Examples of
typical, as well as some special, circumstances are provided.

3.8.2 Available Devices

Three types of devices are considered in this recommen-
dation: warning devices, channelization, and positive control
devices.

3.8.2.1 Warning Devices

Warning devices consist of passive warning signs such as
the conventional railroad crossbuck (R15-1), signs depicting
front or side view graphics of LRVs, and various active
devices such as LRV-activated, illuminated (“blank out”)
signs with verbal or graphic legends, flashing illuminated
signs such as standard pedestrian crosswalk signals (“ped
heads"), flashing light signals, and audio devices (bells, horns,
and electronic synthesized sounds such as the chirp-chirp/®
€00-coo or the “train approaching—Ilook both ways” audible
devices used in conjunction with pedestrian signals to aid the
visually impaired).

The research team believes that all crossings where LRV
speeds are greater than 55 km/h (35 mph) should utilize
active warning devices in addition to passive signs. Where
pedestrian crossings occur parallel to a roadway involving
LRT, there will be active warning devices associated with the
vehicular crossing, which may satisfy some or all of the need
for active devices for pedestrian movement. However, at
locations such as isolated pedestrian crossings or bike path
crossings, active devices should be provided to warn pedes-e«
trians and bicyclists of the greater risk associated with higher
speed operation above 55 km/h (35 mph).

The type of active warning devices to be used should be

gates are used to control the vehicular grade crossing,
the most consistent active devices for the pedestrian
movements will ordinarily consist of standard flashing
light signals and a bell. Because of considerations asso-
ciated with the Americans with Disabilities Act in the
United States, both visual and audio devices should be
used in conjunction with each other. In station areas, the
crossing should include a tactile warning strip (TWS)
placed clear of the dynamic envelope of the LRV. TWSs
should also be installed where positive control devices
(e.g., pedestrian automatic gates or swing gates) are
required per the guidelines presented in Section 3.8.3
(typically at crossings with restricted sight distance).
This type of crossing typically occurs where pedestrians
traverse the LRT tracks on a sidewalk located alongside
a crossing roadway, which is associated with semiexclu-
sive type b.1 rights-of-way.

Crosswalks: At locations where vehicular-type devices
such as traffic signals are used to control the vehicular
crossing, the most consistent active devices for pedes-
trian movements are the standard pedestrian signals. The
most up-to-date implementation of pedestrian signals
includes an audio device that emits a coo-coo sound for
travel along one axis (north/south) and a chirp-chirp
sound for the other axis (east/west). The audio sound is
provided during the illuminated Walk phase of the active
visual device. This condition typically occurs where the
LRT is operating in an on-street alignment (semiexclu-
sive alignment types b.2, b.3, and b.4) and the pedestrian
crossing is made in a crosswalk delineated with pave-
ment markings or contrasting and/or textured pavement.
In this application, the pedestrian signal provides an
indication for crossing both the parallel vehicular road-
way as well as the LRT trackway.

LRV-activated LRT warning sign: An alternative to the
flashing light signals is the use of an LRV-activated, inter-
nally illuminated LRT warning sign (Figure 3-37). This
alternative device is particularly appropriate at isolated
pedestrian crossings where there are neither other rail-
road-type nor other highway-type conventional active
devices present. It is also appropriate as a supplemental
device to standard pedestrian signals where pedestrians
may exhibit risky behavior or otherwise disobey the
pedestrian signal indications. In this case, the sign warns
pedestrians of the increased risk associated with violating
the primary regulatory devices (the pedestrian signals).
Second Train Approaching sign: At locations where two
or more LRT tracks are present, and LRV headways are
short because of either service frequencies or the pres-

consistent with the specific environment and the other devices at locations where the pedestrian signals control only movements across the LRT

in use at the crossing:

trackway, so that the Walk indication would be displayed at all times except when
LRVs are on approach or traversing the crossing, continuous sounding of the audio

device in conjunction with the visual Walk display is impractical. An alternative solu-
 Sidewalks: At locations where other railroad-type Wam_tion is to provide the audio sound associated with the Walk phase for a measured inter-
X o k . val after train passage, in conjunction with an audio warning device such as a bell or
ing devices such as crossbucks and automatic Crossifngmn warming pedestrians during the Don’t Walk period.
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» Paving: A feature such as a sidewalk or path provides an
area for pedestrians to use and as such can be expected
to attract pedestrians and bikes.

 Delineation: Through the use of changes in pavement
texture, materials, landscaping, or painted lines on a
paved surface, the limits of the pedestrian pathway can
be indicated so that pedestrians will stay within the allo-
cated walking zon#.

« Barriers: A wide variety of barriers, such as fencing,
railing, chains with bollards, or wire strung between
posts, can be used to provide positive control over most
pedestrian movements.

These pedestrian channelization treatments provide increas-
ing levels of control over pedestrian movements. The most
restrictive is the barrier. Barrier channelization can be used
to control pedestrian access to the LRT trackway, thereby
focusing pedestrian movements at a designated LRT cross-
ing location; it can also be used to increase pedestrian aware-
ness of the LRT crossing, as follows:

« Controlled access: A barrier can be provided that restricts
pedestrian movements to the preferred pedestrian path-
way and that forces pedestrians to cross the LRT track-
way at a designated crossing location.

e Z-crossing: A Z-crossing, as indicated in Figure 3-33,
forces pedestrians to make a 90 degree turn parallel to
and facing oncoming LRVs immediately ahead of the
trackway. Thus, pedestrians are directed to look in the
direction from which an oncoming LRV could arrive.
To be effective, there still must be adequate sight dis-
tance so that before entering the trackway LRV opera-
tors can see pedestrians and so that pedestrians can see
oncoming LRVs. Z-crossings are ordinarily provided as
a pair across each of two tracks, which are operated in one
direction so that pedestrians can be turned to face oncom-
ing LRVs at each track. Typically, they are installed at
midblock locations (away from intersections). (See Sec-
tion 3.7, Guideline 3, for a discussion of utilization.)

\ /,

Figure 3-37. LRV-activated LRT warning sign. (Colors:
black background; yellow legend.)

ence of a “meet point” in the operating plan, use of a
Second Train Approaching sign should be considered to

warn pedestrians to look in the opposite direction for a «
second LRV approaching the crossing. This device is
currently under study for pedestrians in Los Angeles and
for motor vehicles in the Baltimore LRT system. The
results of these demonstration projects should be incor-
porated in the selection, design, and implementation of
the Second Train Approaching sign.

Table 3-3 presents these recommendations for using active
devices at pedestrian crossings.

Pedestrian barrier: A pedestrian barrier (sometimes
referred to as a “bedstead barrier” because of its shape)
as indicated in Figure 3-33, acts in a manner similar to a
Z-crossing. However, the pedestrian barrier is a more
compact device, which can be installed along a wide side-
walk. The same type of criteria that apply to Z-crossings
pertain to bedstead barriers. (See 3. 7, Guideline 3, for a
discussion of utilization.)

3.8.2.3 Positive Control Devices

3.8.2.2 Channelization

Positive control devices provide a physical barrier between

o . . ~ the LRT tracks and locations where pedestrians can safely
Channelization of pedestrians can be accomplished in a

variety of ways, including the following:

52 Delineation has limitations in inclement weather, especially snow.
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TABLE 3-3 Use of Warning Devices at Pedestrian Crossings

Typical Devices

Pedestrian Crossing

Location Visual® Audible
Isolated Pedestrian LRV-Activated LRT Warning
or Bicycle Path Signs Bell
Parallel to Roadway
along Sidewalk
(Semi-Exclusive, Type b.1) Red Flashing Light Signals® Bell

Across Roadway
in Marked Crosswalk —
Adjacent to an Intersection
(Semi-Exclusive, Type b.2)

Pedestrian Signals®

Audio Pedestrian Device®

a) Alternative visual device is a Second Train Approaching sign for two or mare tracks.,

b) The LRV-activated LRT warning sign (the W10-7 sign as depicted in Figure 3-37} is an alternate to using
red flashing light signals at LRT-only crossings. At crossings with both LRT and railroad, the W10-7 sign
may be installed as a supplement to red flashing light signals and illuminated when LRVs appreach.

c) The LRV-activated LRT warning sign (W10-7} may be used to supplement standard pedestrian signals to
warn pedestrians of the increased risk associated with violating the primary regulatory device (the
pedestrian signals).

d) “Chirp-chirp” or "coo-coo” scund provided during WALK indication.

queue. These devices are the most restrictive that can be quadrants. With gates both upstream and downstream of
installed at a pedestrian crossing. Surveys of LRT practices
have identified the following two devices, which are effec-
tive and in general use:

Pedestrian automatic gate: A pedestrian automatic gate
is configured and operates much the same as a vehicular,
gate. As indicated in Figure 3-29, the automatic gate is
delineated with red and white diagonal bars along its
length and may include one small red light at the tip,
which is illuminated when the gate is activated. The
pedestrian gate descends when activated and blocks the
pedestrian path across the tracks. (However, it is possi-
ble for pedestrians to walk around the gate in much the
same way they violate vehicular gates.)

Where children are present or at locations where there
is concern about pedestrians ducking under the gate arm,
skirts consisting of horizontal bars delineated with the
red and white diagonal marking used for the primary
gate arm can be suspended below the gate arm on hang-
ers (see Figure 3-29). This treatment should be consid-
ered when an automatic gate is used in conjunction with
barrier channelization to enhance closure of the crossi
during activation.

Because pedestrian paths are bidirectional, positivﬁ

the crossing, it is necessary to provide a clear zone to
serve as a pedestrian refuge between the automatic gate
and the LRV dynamic envelope so that pedestrians in
the crossing are not trapped on the trackway when the
gates are activatéé(See Section 3. 7, Guideline 1, for

a discussion of application.)

Swing gate: A manual swing gate is a gravity-operated
gate that must be pulled toward an approaching pedes-
trian in order to enter the trackway area. Manual swing
gates, which require a positive action by a pedestrian
to enter the crossing, have been effective at forcing
awareness of the trackway and the possible presence of
an approaching LRT. When used in conjunction with
active visual and audio warning devices such as flashing
light signals and bells or the LRV-activated LRT warn-
ing sign, manual swing gates can be considered func-
tionally equivalent to automatic pedestrian gates. In fact,
because swing gates are usually installed in conjunction
with a barrier channelization device, the overall degree of
control over pedestrian movements may exceed that pro-

® The true LRV dynamic envelope (the clearance on either side of a moving LRV that
precludes any contact from taking place as a result of any condition of design wear,
ading, or anticipated failure, such as air-spring deflation or normal vehicle lateral
otion) varies based on the type of LRV in use and whether it is traveling on a tangent

closure should be provided in both directions alongar curved track. For the purposes of this research project, the LRV dynamic envelope

facilities such as sidewalks. When applied alongside @

n be considered to extend on both sides of the LRT track, 2.13 m (7 ft) from the track
nterline, for a total envelope size of 4.26 m (14 ft). This 4.26-m (14-ft) dynamic enve-

roadway, the vehicular gates in two of the quadrants cabpe generally encompasses most manufacturers and models of LRVs currently in use.

; ; R i 4 Because automatic gates are generally installed 3.7 m (12 ft) from the LRT tracks, this
often be installed behind the sidewalk so that the SIdEIiaves about 1.57 m (5 ft) between the automatic gate arm and the LRV dynamic enve-

walk is protected by the vehicular gate as well. If auto+ope (as defined above). This area between the pedestrian automatic gate arm and the

matic pedestrian gates are also provided, it may be ne

RV dynamic envelope should be considered as a safe pedestrian refuge area in case
pedestrian becomes trapped within the trackway between lowered pedestrian auto-

essary to provide such gates only in the remaining tweatic gates.
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TABLE 3-4 Use of Positive Control Devices at Pedestrian Crossings

Location

Typical Device

Unchannelized

Pedestrian Automatic Gale

Channelized

Swing Gate with Active Visual
and Audio Warning Devices

vided with pedestrian automatic gates, because pedestrian®2. Decision Point 2: LRT speed exceeds 55 km/h (35 mph)

cannot avoid using the manual swing gates.

Unlike manually operated swing gates, automatic
swing gates do not require a positive action by a pedes-
trian to enter the crossing. The gate is normally held open
(under power), exposing a walkway across the tracks as
in Figure 3-32. When activated by a LRV approaching
the grade crossing, the gate closes, at the same time

« This decision point describes locations where the max-

imum operating speed for the LRV exceeds 55 km/h
(35 mph).

« Active warning devices should be provided at all

pedestrian crossing locations where the maximum
operating speed for the LRV exceeds 55 km/h (35
mph).

exposing the emergency exit. After the LRV passes, the 3. Decision Point 3: sight distance restricted on approach

gate opens, once again exposing the walkway permitting
access across the tracks and at the same time closing off
the emergency exit. Under power failure conditions, the
swing gate automatically closes under spring tension.

Table 3-4 summarizes the recommended uses of positive
control devices, where such devices are required.

3.8.3 Recommended Practice

Figure 3-38 presents a pedestrian controls decision tree
for LRT alignment types b.1 and b.2. These are the only two
alignment types with LRVs traveling at speeds greater than
55 km/hr (35 mph) with at-grade crossings. The decision
tree defines the type of pedestrian devices and controls that
are desirable based on six criteria (decision points) relative
to the pedestrian crossing environment. The six criteria are
as follows:

1. Decision Point 1: pedestrian facilities and/or minimum

pedestrian activity present or anticipated

» This decision point describes locations where side-
walks or crosswalks exist on both approaches to the
LRT crossing, and/or minimum pedestrian activity
exists or is anticipated.

« Passive pedestrian control (i.e., Look Both Ways
sign) is necessary where pedestrian facilities have

 This decision point describes pedestrian grade cross-

ings where the sight distance is not adequate.

« Pedestrian automatic gates should be installed at

pedestrian crossings where an engineering study has
determined that the sight distance at the crossing is not
sufficient for pedestrians to see the LRV far enough
down the tracks to complete the crossing before the
train arrives at the crossing.

« Positive control is required if sight distance is inad-

equate. Under ideal circumstances, there is adequate
sight distance both for the LRT operator as well as
for the pedestrian. For the purpose of this assessment,
adequate sight distance for the LRT operator means
there is enough advance visibility of the crossing area
so that pedestrian presence can be identified and,
before they enter the crossing, operators can estimate
the need to slow the LRV or bring it to a halt. Simi-
larly, adequate sight distance for the pedestrian means
the pedestrian can see an approaching LRV and esti-
mate the closing speed and time available before the
LRV arrives at the crossing to determine whether it
is safe to cross the trackwéfy.

« For the purpose of Decision Point 3, positive control

is logically required if, through analysis of sight dis-

tance, it can be determined that neither party has ade-
quate sight distance and therefore that pedestrian
access to the crossing should be blocked or impeded.

been installed. Pedestrian facilities include side- Under less ideal circumstances, it may not be possible for LRV operators to see an

walks, crosswalks, pedestrian-only or bicycle-onlyapproaching pedestrian but the pedestrian may still be able to see the LRT and avoid a
. : .collision. (LRV operators report that pedestrians are observed to “dart out without

pathS/tra"S’ station _B.CCGS_S_I’OUIGS. Where these fac_| varning” in front of oncoming LRVs. Presumably, in many of these circumstances,

ties have been provided, it is assumed that some mirven though the LRV operator was not able to predict the pedestrian behavior, the

: ; TR edestrian had adequate sight distance to determine that a crossing could be executed

imal level of pedestrlan aCtIVIty IS present’ and thu efore the LRV arrived.) Scenarios described in accident reports often involve a higher

passive pedestrian control is required. speed, unaware pedestrian such as a jogger wearing headphones.
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For the more frequent condition in which the pedes-
trian has sight distance but the LRV operator does not,
a positive control devicensuld be considered.

« In either case, there may be feasible actions that would
increase sight distance, either widening the clear area
on either side of the track or moving objects such as
signal cabinets, communication rooms, and passenger
ticket vending machines, which diminish visibility of
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are pedestrian surges or if locations of high pedestrian
inattention are present (see Decision Point 6).

» High activity levels in the vicinity of the crossing
or dispersed pedestrian activity may require barrier
channelization to reinforce crossing safety, to focus
pedestrian movement at locations where warning and
protection devices are installed, and to enhance com-
pliance with installed devices.

portions of the crossing. Such actions should be con- 6. Decision Point 6: pedestrian surge occurs or high pedes-

sidered in conjunction with the decision to provide
positive control.

« Barrier channelization is also required at locations
where the sight distance is not adequate. The intent
of barrier channelization is to direct a pedestrian to
a location where sight distance is not restricted or to
a crossing that is controlled by pedestrian automatic
gates.

4. Decision Point 4: crossing located in a school zone

« For the basis of this decision point, a school zone is
defined as the area within 182.8 m (600 ft) of a school
boundary, and school routes with high levels of school
pedestrian activity as defined in Decision Point 5.

« Barrier channelization is required within a school
zone. The intent of barrier channelization is to direct a
pedestrian to a location protected by active warning
devices and swing gates or pedestrian automatic gates.

« At pedestrian crossings of LRT tracks within a school
zone where LRT does exceed 55 km/h (35 mph),
pedestrian automatic gates should be used.

« At pedestrian crossings of LRT tracks within a school
zone where LRT does not exceed 55 km/h (35 mph),
active warning devices and swing gates may be used
instead of automatic gates.

5. Decision Point 5: high pedestrian activity levels occur

¢ Pedestrian crossings of LRT tracks with high pedes-
trian activity levels are defined as locations where at
least 60 pedestrians use the crossings during each of
any 2 h (not necessarily consecutive) of a normal
day, or at locations where at least 40 school pedestri-
ans use the crossing during each of any 2 h (not nec-
essarily consecutive) of a normal school day.

 Active warning devices should be used at all pedes-
trian crossings of LRT tracks where high levels of
pedestrian activity occur.

* At pedestrian crossings where LRT maximum oper-
ating speed exceeds 55 km/h (35 mph) and high lev-
els of pedestrian activity occur, pedestrian automatic
gates should be installed on the two quadrants that
are occupied by motorist gates by either moving the
motorist gate behind the sidewalk or adding an addi-
tional pedestrian gate.

¢ At pedestrian crossings where LRT maximum operat-
ing speed does not exceed 55 km/h (35 mph) and high

trian inattention

 This decision point describes locations where pedes-
trian volume is extremely high during peak periods,
such as transfer station locations or near places of
public assembly where pedestrian inattention is high,
such as special event locations where pedestrian judg-
ment is potentially compromised.

« At pedestrian crossings where LRT maximum oper-
ating speed does not exceed 55 km/h (35 mph) and
pedestrian surges or high pedestrian inattention may
occur, barrier channelization should be installed to
direct pedestrians to a crossing with active warning
devices.

* At pedestrian crossings where LRT maximum oper-
ating speed exceeds 55 km/h (35 mph) and pedes-
trian surges or high pedestrian inattention occurs,
pedestrian automatic gates should be installed in
addition to the barrier channelization. For example,
crossings near special generators such as sports facil-
ities, where crowds may encourage incursion onto
the crossing, may warrant positive control regardless
of sight distance.

 For the purpose of Decision Points 5 and 6, existing
or future (i.e., predicted for the design year) high lev-
els of pedestrian activity can be identified by assess-
ing the level of service (LOS) of the crossing as
defined in the Transportation Research Bodtitih-
way Capacity ManualChapter 13° The LOS con-
cept is acommonly used traffic engineering term that
numerically evaluates congestion levels based on the
flow rate and available area for pedestrian queuing
and crossing movements. The resulting pedestrian
density and flow rates are rated on a scale that ranges
from LOS A (best condition) to LOS F (worst condi-
tion). The LOS A to C range represents relatively
uncongested conditions, the LOS D to E range repre-
sents moderate to high levels of congestion, and LOS
F represents highly congested conditions. Locations
that are predicted to operate in the LOS D to F range
during peak periods are high activity level areas,
which warrant barrier channelization.

levels of pedestrian activity occur, striped channeliza-

% Highway Capacity ManugiSpecial Report 209). Transportation Research Board,

tion should be used, or barrier channelization if therevational Research Council, Washington, D.C. (1994), pp. 13-1~13-29.
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As indicated in Figure 3-38, there are numerous possible Several critical elements are common to all good safety
outcomes based on the answers to the six criteria. In the ledistining programs regardless of the actual message delivered,
restrictive condition with at least some minimal level ofthe training medium, the training locale, and the age of the
pedestrian activity—a crossing with relatively low activity audience. These are as follows:
levels, where LRT speed does not exceed 55 km/h (35 mph),
where sight distance is good, that is not located in a school * Clarity and simplicity of the central message,
zone, and where no other factors warrant special considera-* Honesty and integrity in the delivery of the central
tion—the recommended practice is to provide access and Message,
passive warning devices at the crossing. * Statement and restatement of the central message, and

For the most restrictive conditions—a crossing where LRT * Program evaluation.
speeds exceed 55 km/h (35 mph), where sight distance is = i ) ) . )
inadequate, the crossing is located in a school zone, or pedes!t IS important that public education materials, including
trian surges or /high pedestrian inattention occurs—activiandout-type literature, video training tapes, and public ser-

warning devices, barrier channelization, and pedestrian auty!c€ announc_ements_(P_S_As) be kept up to date—that_ IS,
matic gates (positive control) are recommended. revisedevery time a significant change such as the opening
of a line extension takes place. Every significant change may

involve a pool of people who are unfamiliar with LRT.
3.9 EDUCATION AND ENFORCEMENT High school driver education programs and private driving
TECHNIQUES schools are the perfect environment for introducing modules
on LRV/motor vehicle interaction. These driver education
Public education programs, staff training, and enforcemenhodules are especially important in states that do not yet
techniques vary widely from one LRT agency to anotherinclude LRT or trolley sections in their public driving man-
Although most agencies have comprehensive public educaals. Drivers’ education classes that use driving simulators
tion programs, staff training and enforcement activities arén their curricula can include a segment on driving in and
highly variable. There is little or no evaluation by agenciesaround LRT crossings.
of the effectiveness of public education from the perspective Public education materials do not necessarily have to be
of specific elements or of the arena as a whole. By contrastimed at everyday users of the system. Depending on the city,
the Los Angeles LRT system (Metro Blue Line) midcorridorit may be desirable to develop new materials and strategies
photo enforcement effort has resulted in a significant reduddirected toward, for example, residents who are nonusers of
tion in accidents and risky behavior associated with the tathe LRT system, residents who are occasional users, and
geted violation (motorists driving around closed automaticionresidents.
gates). This experience suggests that agencies should evaluTourists, business people, and other nonresidents who
ate various elements of their education and enforcement prdisit cities with LRT systems may not be familiar with
grams and should shift funding toward the most effectiveéxpected driving behavior along rights-of-ways or at LRT
aspects as well as focus efforts toward identified accidesrossings. Literature referencing the meaning of traffic sig-
types and target populations. nals and proper motorist, bicyclist, and pedestrian behavior
can easily be distributed with the rental package at car rental
offices. Maps, routinely distributed at rental offices, might
3.9.1 Public Education also be reprinted to highlight the local LRT system. Major
) _ airlines, especially those with destinations to cities with a
~ Although agencies are not required to present safety, st interest, may be amenable to placing PSAs in their in-
instructions in exactly the same way, experience suggests ”Tﬁ@ht repertoire or mentioning the LRT systems in their in-
safety information is best received when it is delivereqcnght literature.
clearly, deliberately, and simply; this is most important when Similarly, safety literature and PSAs could be developed
agencies are attempting to reach children and adolescenfgsy yse in hotels where tourists and business people are most
Some LRT systems have adapted techniques used in the cofRely to stay or at convention centers where out-of-town-
mercial world to reach out to children, such as using cartoorsrs—who may be unfamiliar with LRT—are in full force.
like mascots or rap songs to convey safety messages as Wlbchures geared toward occasional users and/or drivers or
as using MTV-like presentations of material. Although thesgyedestrians who may not be familiar with sharing street right-
delivery mechanism are not inherently problematic, it isof-ways and the like could be regularly placed in lobby liter-
important that LRT agencies use these techniques judiciousiture stands and inserted in standard in-room welcome pack-
so they do not mask the intent of their safety messages. In thges in hotels. PSAs could also be broadcast through a
case of LRT safety, the messages are infinitely more impohotel's closed-circuit television system.
tant than the medium. Conversely, materials do not have to beLocal movie theaters or cineplexes may be amenable to
dull and monotonous to deliver a serious message. inserting PSAs to play before features. For example, the
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Long Island Rail Road, a New York commuter railroad with + Mitigation: activities performed in advance to reduce or
308 grade crossings, of which 298 are equipped with flash- eliminate hazards;
ing light signals and automatic gates, has placed 30-s grades Preparation: activities performed in advance to develop
crossing safety PSAs at movie theaters located within the response capabilities;
boundaries of its rail system. * Response: activities performed after a crisis occurs to

Finally, LRT agencies should work with their state’s save lives, protect property, and stabilize the situation;
Operation Lifesaver, Inc. (OLI) coordinator to develop train- and
ing and educational material specific to LRT crossing safety. « Recovery: activities performed after a crisis has been
OLI is a national, continuing public education program stabilized to return all systems to normal.
designed to reduce the number of deaths and injuries at high-
way-rail intersections and along rail rights-of-way (i.e., tres- To maximize coordination and communication during a
passingf® For example, the Los Angeles County Metropol-crisis, the LRT agency should invite outside emergency orga-
itan Transportation Authority (LACMTA), operators of the nizations such as police departments, emergency medical
Metro Blue Line LRT system, working with California OLI, services, fire departments, public utility companies, hospi-
have developed a training guide on LRT crossing safety. Thls, local government agencies, nonprofit and volunteer orga-
OLI Guide for Light Rail (Adults and Children) was com- nizations, and private vendors in its operating area to partici-
pleted in summer 1997. With this guide, LACMTA was ablepate in the process of developing clear policies, procedures,
to better train its employees and other interested parties &md formal agreements specifying jurisdictional boundaries,
present material on LRT crossing safety to groups of botbhhains of command, and communications for the crisis man-
adults and children along the Metro Blue Line. agement plan.

Crises that are likely to occur in the LRT system’s oper-
ating area should be determined and responses should be

3.9.2 Staff Training rehearsed. Methods of rehearsal include the following:

Systems should evaluate staff training options and should , jiis involving transit employees during revenue ser-
develop a comprehensive approach to ensure that this activ- ;.o
ity occurs on a planned basis instead of in an ad hoc fashion.. py|scale field exercises held at nonrevenue locations or
This approach would entail identifying target audiences, con-  times involving all local emergency responders,
tent, and frequency of training. Of utmost importance is . Tabletop exercises involving the decision makers from
interagency training and coordination. Examples include  the LRT agency and the local response organizations, and

joint training sessions and exercises with emergency respon-. Computer simulations of emergencies involving all
ders such as police, fire, and ambulance services, which may |ocal responders.

cover issues such as driving emergency vehicles across LRT

crossings when on call and under routine conditions, respond- Al exercises should be documented and, if possible,

ing to minor events in the vicinity of transit property, andvideotaped for further study, and the findings should be

responding to major events in the vicinity of transit propertyincorporated in the response plans, procedures, and inter-

Training and exercises with command and control staffsgrganizational agreements.

such as 911 operators and police and fire dispatchers is alscPeriodic drills of all LRT system emergency procedures

critical so that these staffs know which procedures to followpreferably every quarter of the year) are needed so that tran-

if, for example, a member of the public reports damaged it employees can understand the procedures. Drills and field

inoperative grade crossing warning devices. exercises also identify the need to revise procedures and to
In this vein, one way LRT agencies can accomplish trainprovide additional training for LRT agency personnel or all

ing and coordination is through a comprehensive crisis marparticipants in emergency responses. Regularly scheduled

agement plan, such as the integrated emergency managemexgrcises allow testing of the following:

system (IEMS). The IEMS, developed primarily by the Fed-

eral Emergency Management Agency, uses an “all-hazards” * Emergency plans,

approach and an integrated operations plan to ensure coordi-* New procedures,

nation and cooperation among different agencies and juris- * Notification procedures,

dictions involving all levels of government, volunteer orga- * Incident command structure and overall coordination

nizations, and the private sector. A crisis management plan Petween response organizations, and

like IEMS consists of four phases of emergency or disaster * Interagency protocols and other agreements.

activity:

Finally, for LRT systems that operate immediately adja-

% To learn more about Operations Lifesaver, Inc. (OLI), including the name, addres%ent to a railroad right-of-way or where railroad trains share
and phone number of your state’s coordinator, look up their Web site at http://www.

oli.org. LRT tracks during nonrevenue hours of operation, it is criti-
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cal to include railroad employees in all emergency plans P
Further, all parties involved with crisis response on transi g
agency property should be familiar with railroad operation
and their likely response to the emergency situation.

3.9.3 Enforcement

Because the arrangements regarding enforcement va
significantly from one LRT system to another, it is difficult ~=
to recommend specific methods for enforcement. In so
cases, enforcement relative to grade crossing safety may -
out of the purview of the LRT agency. However, experience
suggests that this area may be the most critical in terms of
actual accident reduction. The most successful practices arédure 3-39. Sample photo from photo enforcement
those that are targeted at particular accident types and lod§°9ram in Los Angeles.
tions. In this vein, agencies should identify the biggest safety
concerns from accident data and observed risky behavior atdl see the license plate and image of the driver, and a Cali-
should work with enforcement staffs to conduct field camfornia Department of Motor Vehicles check is run to find the
paigns designed to elevate compliance with the rules of thegistered owner of the vehicle. A citation is printed in Eng-
road at LRT crossings. lish and Spanish and is sent to the registered owner within

According to theRail-Highway Crossing Safety Action 72 h of the violation. Warning signs are installed near cross-
Plan Support Proposaf§ “experience has shown that visi- ings with photo enforcement to inform motorists that such a
ble, high profile, law enforcement programs reduce the nunsystem is being used. Warning signs display the legend Photo
bers of highway traffic violations. Programs targeting trafficCitations Issued (in Spanish, Infracciones Registradas Foto-
violators at highway-rail crossings are also effective. . .." graficamente). Before these signs were installed and photo

The LRT system with perhaps the most visible lawenforcement was implemented, the average violation rate was
enforcement program is the Metro Blue Line in Los Angelesiwo per hour on weekdays. After installation of the warning
California. LACMTA, operator of the Metro Blue Line, has sjgns and mailing of warning notices and citations (warning
a progressive enforcement program that includes photgotices were mailed when photo enforcement was first estab-
enforcement at 17 LRT crossings (on a rotating basis) whelghed, and about 3 months later citations were issued), the
LRVs operate at speeds up to 90 km/h (55 niph). violation rate dropped to one every 12h.

Their photo enforcement system uses wide-angle, high- Based on the experience at the 17 higher speed LRT cross-
resolution cameras to photograph LRT crossing violator\sngs on the Metro Blue Line, other LRT agencies should con-

(e.9., those who drive around lowered automatic gates) angljer using photo enforcement at crossings where other mea-

provide one or more photographs of the vehicle., its "C_en,s§ures cannot be implemented (e.g., roadway medians on a

e

o . . rogram, the LRT agency may need to work with the state
asphalt within the LRT crossing) after the automatic gate 9 gency may S
%;lslature to change or add laws to allow traffic citations to

have started down or are already lowered. Superimposed ont o ;
S X . ) e issued through the mail (with no law enforcement officer
each violation photograph is the date, time, and location of the

1 .
violation, as well as the speed of the violating vehicle. Thgresent)ﬁ. In most states, the current motor vehicle code

elapsed time since the red flashing lights were activated is alggows moving violation citations to be issued only by a
indicated on the photo. sworn officer of the law. Thus, photo enforcement at grade

When a violating motor vehicle is detected, the camer&rOSSingS cannot typically be implemented without changing
takes a photograph as described above. The film is developed

0 Light Rail Transit Safety Issuelsos Angeles County Metropolitan Transportation
— - . Authority, Los Angeles (1994), pp. 7-8.

57 Callifornia Operation Lifesaver (telephone: 916-367-3918) has developed a laws: g cp programs may require state legislation to be upheld in a court of law. If state
enforcement guide to rail and transit violations (citing vehicle or penal code sectionq)agigation has not been enacted, municipal courts may determine that such programs
grade crossing collision investigation, stopping trains, and emergency notification telgre either legal or illegal. In California, legislation permitting the use of photo enforce-
phone numbers (including LRT agencies and railroads). This trifold pamphlet isnent at grade crossings (California Vehicle Code 21362.5) and at red traffic signals
intended to help LRT agencies and railroads in California educate local law enforceme(talifornia Vehicle Code 21455.5) has been enacted. There has been no such legisla-
about grade crossing regulations so they will be more inclined to enforce these laws tion for photo radar (to enforce speed limits). Therefore, the courts in California uphold

% Rail-Highway Crossing Safety Action Plan Support ProposafS. Department of  citations issued by photo enforcement equipment for grade crossing violations and red
Transportation, Washington, D.C. (1994), p. 4. traffic signal violations. As far as photo radar is concerned in California, each munic-

%9 Light Rail Transit Safety Issuelsos Angeles County Metropolitan Transportation ipality may determine the legality of such citations, because no statewide legislation
Authority, Los Angeles (1994), p. 4. has been enacted.
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the motor vehicle code. Further, once the laws have bedlashing light signals activate, a motor vehicle in the crossing
changed to allow photo enforcement, the LRT agency mag certain amount of time after the gates start to descend, and
need to work with the courts to establish specific criteria foa motor vehicle in the crossing with a certain angle of the
what is and is not considered a violation of the warningautomatic gate arm (e.g., 20 degrees from vertical). Most of
devices. Example criteria may include the following: a motothese criteria can be recorded directly onto the photo of the
vehicle in the crossing a certain amount of time after the&iolating vehicle.
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CHAPTER4
FIELD RESEARCH: EVALUATION OF PRESIGNALS

4.1 OVERVIEW presignal. A presignal is a traffic signal installed in
advance of the tracks at a highway-railroad grade cross-
Phase Il of the Transit Cooperative Research Program ing, located adjacent to a roadway-roadway intersection.
(TCRP) Project A-13, “Light Rail Service: Pedestrian and  The presignal is interconnected to the traffic signal at the
Vehicular Safety," involved Conducting field research on pre- roadway-roadway intersection and the presigna| is pro-
signals, a traffic engineering treatment that is gaining increased gressive|y timed with an offset adequate to clear vehicles
attention and utilization in the pOSt Fox River Grove collision from the track area and downstream intersection. Vari-
environment, in order to improve the safety of light rail transit gys states in the United States have used presignals for
(LRT) crossings where light rail vehicles (LRVs) operate at many years to increase the safety of highway-rail grade
speeds greater than 55 km/h (35 mph). This chapter describescrossings. Michigan, South Carolina, and lllinois have
the field evaluation and the statistical methodology used to all used presignals regularly at highway-railroad grade
determine the effectiveness of presignals at highway-rail grade crossings. In addition, California has used presignals at
crossings. In addition, this chapter provides the results of various locations and other states and cities, including
the statistical evaluation of the effectiveness of presignals on Oregon, Nevada, Baltimore, and Edmonton, have used
motorist behavior. presignals or advanced traffic signal heads on a limited
basis. A brief summary of the operating characteristics
of each of the four primary states that use presignals
(Michigan, South Carolina, California, and Illinois) is

Chapter 3, Application Guidelines, addressed the use of inclgd_ed here. IIIir_wois was chosen for a b_efore-and-c_";lfter
traffic signals installed on the near side of an LRT crossing Statistical evaluation of the effect of presignals on risky
located adjacent to a signalized intersection as a possible Motorist behavior. _ .
solution to motorists queuing on the trackway and motorist |t Should be noted that the design and operation of pre-
confusion because of a red flashing light and a downstream Signals vary from state to state and even within the same
clear track green simultaneously. Many LRT agency repre- ;tate. Thdocatllon ,Of the rnotorls'F stop bar, use of can-
sentatives expressed concern that, during the traffic signal Ulevered flashing lights with presignals, and the location
preemption sequence, motorists focus on the downstream traf-°f the presignal are the primary design features that vary.
fic signal indications (at the intersection) instead of on the In gdd|t|on, the use of automatic gates with presignals also
flashing light signals located at the LRT crossing. This type varies.
of motorist behavior is especially undesirable during the
beginning of the preemption sequence when the downstream
traffic signals are typically green, clearing queued motorists 4.2.1 Presignals Versus Advanced Signals
off the tracks, and the flashing light signals are activated
(before the automatic gates start to descend or are fully low-  Presignals have been defined as traffic signals upstream
ered). Motorists are either confused by the apparently con- of a highway-rail grade crossing adjacent to a roadway-
flicting messages from the two traffic control devices—green roadway intersection. The presignals are interconnected to
traffic signal indications in conjunction with red flashing the downstream traffic signal and to the railroad signal
light signals—or they simply ignore the flashing light signals controller. Presignals allow for a lag between the presignal
altogether. In fact, many LRT agency representatives reported and the downstream signal adequate to clear vehicles from
that motorists are so intent on the green downstream traffic the clear storage distance and intersection. Conversely,
signals that they often drive through a completely lowered advanced signals at highway-railroad grade crossings
automatic gate arm, breaking it off the mechanism. adjacent to roadway-roadway intersections do not pro-

A possible solution to reduce motorist confusion and risky vide a lag between the advanced heads and the down-
behavior at the highway-rail grade crossing is to install a stream heads.

4.2 BACKGROUND
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4.2.2 Michigan Presignals

The Michigan Department of Transportation uses pre [ g
signals as their standard method of controlling traffic at grad m : .{. T2
crossings near traffic signals (Figure 4-1). A separate grou : i

of presignals are installed on the approach leg ahead of tl
railroad tracks, facing only the traffic approaching the gradi S f
crossing. The presignals are timed to provide a red indicaticly,. l. 4 : ’ g
before the red indication at the intersection on the far side (& :
the grade crossing. Even though the presignals are effectit™ e IR
at keeping vehicles out of the grade crossing area, it is sta__ " = 5
dard practice to preempt the traffic signal and provide trac ! = \
clearance phasing as well. o
Figure 4-2. South Carolina presignal.

4.2.3 South Carolina Presignals

South Carolina uses presianals and advance sianals as Stfun_ction of the RYG presignal is inherently different from
u INa USEs presig v '9 at of the RYY signal in that it is intended to provide nor-

dard devices at grade crossings where there is a traffic signﬂl]—

) X . : . mal operation clearance of the track on each and every
controlled intersection adjacent to a railroad grade crossm(%/Cle regardless of the presence of a train or activation of

(F‘G‘%re 4-2).In SO.Uth (_Zarolina, the_ typical s_ignal installatior}he grade crossing protection devices at the crossing. The
provides two far-side signals at an intersection, mounted on&y presignals provide normal operation clearance and act

span wire. The presignal conS|s'Fs c_)f a single head, or tWt% prevent vehicles from queuing in the track area. The RYY
heads, also mounted on a span wire in advance of the rallroag

. . . ignals are often implement t crossings with flashin
protection devices; however, the downstream signal pha esighats are otte plemented at crossings ashing

I . . %ht signals and no automatic gates, and they enhance the
indications are lagged with respect to the presignal so that the, . . : ;
veéhicular control at the grade crossing by holding motorists

presignal turns yellow while the downstream signal is green s .
and it turns red while the far-side heads are yellow. Thergt the traffic signal stop bar ahead of the crossing.
is usually a stop bar located upstream of the tracks, in some
cases supplemented with a Stop Here on Red sign. 4.2.4 California Presignals

South Carolina uses two distinctively different presignal
applications, red/yellow/green (RYG) and red/yellow/yellow California has installed presignals at various highway-rail
(RYY). The RYG presignal indications display a solid greengrade crossings. The presignals vary in design and operation
followed by a solid yellow followed by a solid red. The RYY based on the location and site-specific conditions. At various
presignal indications display a flashing yellow followed by acrossings throughout northern California, the presignals are
solid yellow followed by a solid red. The key difference isinstalled upstream of the grade crossing and adjacent intersec-
that the RYG presignal changes through all phases on eatibn, with the motorist stop bar located about 12 m (40 ft) from
and every signal cycle, whereas the RYY presignal rests inthe presignal (Figure 4-3). At one location in Fontana, Cali-
flashing yellow except when a train has preempted the crosternia, the presignal is located between the trackway and the
ing and activated the railroad warning devices. Therefore, thadjacent roadway-roadway intersection, with the motorists’

Figure 4-1. Michigan presignal. Figure 4-3. California presignal.



116

stop bar located at the standard railroad stop bar location. #te advanced signal head and the downstream signal. At

these presignal locations, the presignal is equipped with a stathese locations the same signal phase is provided to both the

dard RYG traffic signal head, and an overlap in the phasingdvance signal and the downstream signal.

allows the presignal to turn red before the downstream signal. Another type of advanced traffic signal, similar to a pre-

At other locations, California has installed advanced heads aggnal, is the queue cutter signal. With a queue cutter signal,

opposed to presignals. At these locations, the advanced sigtifah vehicle queue is detected building toward the far side

displays the same indication as the downstream signal. ~ of an LRT crossing (using inductive loop detectors or other
California will soon be installing presignals with increasedmeans) from a nearby signalized intersection, the near-side

frequency along the San Jose LRT system Vasona corridtnaffic signhals change to red, prohibiting the queue from

extension and along the Alameda corridor east (a railroad cdpuilding back over the tracks.

ridor with heavy volumes of freight and commuter rail traf-

fic). To facilitate a uniform design and consistent operation

of the presignals, the California Public Utilities Commission4.3 OBJECTIVES

(CPUC) Rail Safety and Carriers Division is currently review-

ing the guidelines presented in Chapter 5 of this report. The The research plan for Phase Il integrated the assumptions

CPUC will use those guidelines to develop a consistent stapresented iT CRP Report 17, Integration of Light Rail Tran-

dard for California. sit into City StreetsChapter 4 (Potential Methodologies for

Evaluating Traffic Engineering Treatmenitand the infor-
mation gathered for TCRP Project A-13 during the on-site

4.2.5 lllinois Presignals interviews and surveys. The assumptions used are as follows:
Th_e llinois Departm(_ent of Transportation (IDOT) installed A relationship exists between risky behavior and acci-

presignals at_10 locations a_fter the Fox River Grove_ crash dents in that demonstration of risky behavior serves as an

that resulted in seven fatalities when a commuter train col- indicator of and even a surrogate for potential accidents.

“ded. W'tT a scr;)oc_)l bqs Itn I::%X RlvertGrzve(,j Ig'nQ'S' NtOW’ d » Because of the order of magnitude higher incidence of
presignals are being instalied as a standard device at grade risky behavior, this statistic can be a better indicator of

crossings where they meet the following criteria: a grade crossing’s accident potential than an accident

I : statistic.
“Traffic signal heads [presignals] should be placed on the . . . . .
near side of the rails to stop vehicular traffic before the rail- * Motorist behaV'Q" at h'ghwaY'LRT grade crossings Is
road crossing at all signalized intersections where the clear similar to motorist behavior at highway-railroad grade
storage distance (measured from the stop line to a point 6 ft crossings that transport commuter rail at high speeds and
from the rail nearest the intersection) is 15 m (50') or less. At frequency.

all approaches where the crossing is on a state highway or

where high percentages of multi-unit vehicles are evident, . . .
the distance should be increased to 22.9 m (75")." Using these assumptions, the researchers developed a field

evaluation scope and methodology to be used in the evalua-

In lllinois, the presignal phase sequencing is progressiveltfon of presignals at highway-railroad grade crossings to
timed with an offset adequate to clear vehicles from the trackchieve the following objectives:
area and downstream intersection on every signal cycle. Basi-
cally, the presignal turns red a few seconds before the down-* Assess the effects on risky behavior produced by a spe-
stream (intersection) signal. The presignal and the downstream  cific traffic engineering treatment designed to reduce
signal turn green at the same time. lllinois also uses striping @ccident potential at LRT crossings along semiexclusive
through the clear storage distance and the minimum track rights-of-way (type b.1 or b.2).
clearance distance to further emphasize the area where & Develop design criteria based on field research and

motorist should not be stopped. existing traffic engineering treatment design and
effectiveness.
4.2.6 Additional Advance Signal Examples The objectives were met through a combination of quanti-

o ~_tative and qualitative research performed in field settings.
California and Oregon have also used advanced traffic Sigrhe pefore-and-after research conducted at the two grade
nals on a limited basis. Unlike the presignals used in Michigrossings in Illinois enabled the researchers to evaluate the

gan, South Carolina, and lllinois, the advanced signals igffect of presignals on motorist behavior at grade crossings,
California and Oregon do not use the phasing offset between

2 Transit Cooperative Research Progrdi@RP Report 17: Integration of Light Rail
1 Design and Operation of Signalized Intersections in Close Proximity to RailroadTransit into City StreetsTransportation Research Board, National Research Council,
Grade CrossingsiDOT, Springfield, Ill. (Jan. 1997). Washington, D.C. (1996), pp. 90-99.
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whereas the review of presignal installations in Michigan anthe intersection has one lane shared between through move-
South Carolina allowed them to compare different presignahents and left turns and two exclusive right-turn lanes. The
operational characteristics. distance between the intersection stop line and the tracks is
about 18 m (60 ft). The presignals at this crossing and the
Keep Clear Zone striping were installed in December 1999,
and the after data collection was conducted on March 2000,
. . : . which allowed motorists 4 months to become accustomed to
The effect of presignals on risky motorist behavior atthe ianal and red '
. ) X . presignal and reduce the novelty effect of a new traffic
highway-rail grade crossings was evaluated by CO”eCtm%ontrol device
before-and-after data at two grade crossings in lllinois an ' L . I
conducting a statistical analysis on the collected data. The second crossing is Rol'lmsf Road at lliinois State Route
83 in Round Lake Beach, lllinois, northwest of downtown
Chicago (Figure 4-5). This crossing serves 10 METRA com-
4.4.1 Field Testing Location Descriptions muter trains per day, as well as over 40 Wisconsin Central
freight trains per day. The average daily traffic on the road-
Two crossings in the Chicago area were selected faway crossing the tracks is well over 20,000 vehicles. This
before-and-after presignal testing by the research team. Tlsengle tracked crossing is equipped with automatic gates and
first crossing is Gougar Road at U.S. Route 30 in New Lenoxlashing light signals on the right side of the road and canti-
lllinois, southwest of downtown Chicago (Figure 4-4). Thislever mounted flashing light signals. The eastbound approach
crossing primarily serves METRA commuter railroad traffic of Rollins Road to the grade crossing is striped as one exclu-
(over 40 trains per day). The average daily traffic on the roadsive left-turn lane, one through lane, and one lane shared by
way crossing the tracks is well over 10,000 vehicles. Beforaght turns and through movements. The distance between
the presignals were installed, this double track was equippdHe intersection stop line and the tracks is about 10.5 m (35 ft).
with automatic gates and flashing light signals on the righThe minimum track clearance distance and clear storage dis-
side of the road and a secondary set of flashing light signaiance were marked with cross-hatched-type striping before
was mounted in the roadway. The southbound approach pfesignals were installed and the striping remained after instal-
Gougar Road upstream of the trackway is striped for twdation. Further, signs are installed that instruct motorists to
lanes. Downstream of the tracks, the southbound approachgtop on the near side of the tracks for red traffic signal indi-
cations at the nearby intersection. The presignals at this cross-
ing were installed in April 1999, and the after data collection
was conducted in April 2000, which allowed motorists
12 months to become accustomed to the presignal and reduce
the novelty effect of a new traffic control device.

4.4 FIELD TESTING

4.4.2 Risky Motorist Behavior

As indicated inTCRP Report 17a number of crossing user
movements present a threat of collision with an LRV but do
not become accidents. This type of crossing user movement or
so-called risky behavior incident may be a better indicator than
an accident statistic of a location’s accident potential.

The number of collisions has been a traditional safety indi-
cator; however, because vehicle and pedestrian collisions at
grade crossings are relatively infrequent, the number of col-
lisions is of limited statistical significance. That is, we are
just as likely to see zero collisions in a given time period due
to randomness as due to the traffic engineering treatment.
Therefore, alternative measures are needed to evaluate the
impact of traffic engineering treatments at grade crossings. A
more meaningful indicator of the effectiveness of presignals
at grade crossings is risky motorist behavior. Risky behavior
incidents are movements by the motorist that present a threat

Figure 4-4. Gougar Road, lllinois. (Above: before
presigned testing. Below: after.) 3TCRP Report 17pp. 90-99.
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defined by the TWG as “the distance available for vehicle
storage measured between 2 m (6 ft) from the rail nearest the
intersection to the intersection stop bar or the normal stop-
ping point on the highway. At skewed crossings and inter-
sections, the two-meter (six-foot) distance shall be measured
perpendicular to the nearest rail either along the centerline,
or right edge of the highway, as appropriate, to obtain the
shorter clear distance.” This behavior is considered risky
because vehicles stopped in the clear storage distance can
create queues that extend into the minimum track clearance
distance.

After presignal installation, occurrences of risky behav-
ior are expected to drop significantly. Violation rates before
and after presignals are installed are also monitored to fur-
ther evaluate the effectiveness of presignals. The data col-
lection form lists the risky behavior and traffic violations
monitored.

4.4.3 Methodology

To determine the effect of presignals under many common
driving conditions, the study focused on the following sce-
narios both before and after presignals were installed:

Figure 4-5. Rollins Road, lllinois. (Above: before « Morning peak period conditions, including school bus
presigned testing. Below: after.) activity (6:00 a.m. to 8:30 a.m.);

Midday off-peak conditions, including school bus activ-
ity (1:00 p.m. to 3:30 p.m.);

 Afternoon peak period conditions (4:00 p.m. to 6:00
p.m.); and

Nighttime conditions (7:00 p.m. to 9:00 p.m.).

of collision with a train without an actual collision occurring.
Risky behavior incidents are indicators of a location’s colli-

. . L]
sion potential. Because such movements are more frequent

than the number of collisions, they can be used as a surrogate o .
safety indicator. The data collection time periods for each of the above sce-

The purpose of the statistical analysis was to compar‘éarios were selectgd_in close coordination with thg IIIinpis
risky (and possibly illegal) motorist behavior before presig-Commerce Commission and IDOT, who are familiar with
nal installation at highway-rail grade crossings with behavthe local traffic patterns and peaking phenomena. These peri-
ior after presignal installation. One example of risky behavods were also selected to minimize overall statistical bias in
ior data is “vehicles stopping in the minimum track clearancéhe field-testing procedure. Field testing was conducted for
distance.” As defined by the U.S. Department of Transportad days at each location both before and after the presignals
tion’s technical working group (TWG), minimum track clear- were installed.
ance distance is “the length along a highway at one or more For each of these scenarios, the study considered the fol-
railroad tracks measured either from the railroad stop lindpwing parameters:
warning device, or 4 m (12 ft) perpendicular to the track cen-
terline, to 2 m (6 ft) beyond the track(s) measured perpen- * Number of vehicles stopped in the clear storage distance,
dicular to the far rail, along the centerline or right edge line ¢ Number of vehicles stopped in the minimum track clear-
of the highway, as appropriate, to obtain the longest distance.” ance distance, and
Stopping in the minimum track clearance distance is consid- ¢ Various traffic violations including those described in
ered risky behavior because, if a motorist is within the mini-  Table 4-1.
mum track clearance distance when a train reaches the cross-
ing, the train will strike the motor vehicle. The average number of risky behavior incidents is

Another example of risky behavior is “number of vehiclesexpected to drop after the installation of presignals at high-
in the clear storage distance.” The clear storage distancevsy-rail grade crossings. To determine whether a statisti-
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lllinois
Uniform Vehicle | Vehicle Code

Traffic Violation Description Code (UVC) {625 ILCSY
Vehicle proceeds on "clear frack green™ . uve 11-701 5/ 11-1201(a)
Vehicle proceeds as/after gates move up. UVC 11-701(b) | 5/ 11-1201({b)
Right turn on red, where prohibited. Uve 11-201 5/ 11-305
Vehicle stops for pre-signal then proceeds. uvg 11-701 5/ 11-1201(a)
Vehicle makes no attempt {o stop. uvC 11-701 5/ 11-1201(a)

“The lllinois Yehicle Code is Chapter 625 of the lllinois Compiled Statutes {ILCS). 625 ILCS &/,

"Clear track green is the green signal given to clear stopped vehicles from the track area on the approach to

the signalized intersection.

cally significant drop in risky behavior is present, a
two-samplet-test was used. Atest is a statistical method

to evaluate the differences between means of two sets of 2.
normally distributed data to determine whether a difference
exists beyond random variation alone. The variance in the
data was also analyzed. Both variance and standard devia-
tion are terms used to describe the dispersion in a sample.
The standard deviation is the square root of the variance
and is commonly used to express how “spread out” the sam-
ple may be, relative to the mean. The standard deviation is
commonly used because the units for the standard deviation
coincide with those of the mean. A standatest is usually
conducted on two sets of data whose variances are equal.
Because the variance in the data between the before and
after periods may differ in this case, the risky behavior inci-
dents were analyzed by using a variation of the standard
t-test known as the Smith-Satterthwaite test. The procedure
for the Smith-Satterthwaite test is described in the next
section.

4.4.4 Smith-Satterthwaite Test

1. Determine the time interval (define samples). First the

number of risky behavior incidents in a given time
period,t, needs to be determined. The time interval can

be one signal cycle or larger (for example 5 min). The
time interval is selected so that there is no influence of 3.
traffic behavior between the two adjacent time inter-
vals. This is necessary to ensure that the samples are
independent and uncorrelated (i.e., the data collected
during the time interval betweépnandt, are not corre-

lated with the data collected during the time interval

betweert, andt;). For the lllinois presignal evaluation,

t was defined as one signal cycle.

Determine the sample average. The next step is to deter-
mine the average number of risky behavior incidents
and label thenu, andp,, wherey, is the sample aver-
age number of risky behavior incidents before installa-
tion of a presignal angd, is the sample average number

of risky behavior incidents after installation of a presig-
nal. The sample average can be determined from Equa-
tions la and 1b below:

_ 1 Na _iNb (1)
Ha—WaI: X ub_Nb|: X
() (b)
where

Xi = number of vehicles stopped on the critical sec-
tion during the™ time interval

N, = number of sampled time intervals during the
after period,

N, = number of sampled time intervals during the
before period, and

i = label given to identify each time interval (i.e.,

forty,i=1).

Define the null hypothesis. Once the average number of
risky behavior incidents is calculated for the sample,
then the null hypothesigif) can be stated. The null
hypothesis is the statement to be proven by statistical
analysis. In the case of presignals at highway-rail grade
crossings the null hypothesis is
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Ho! Ho = Ha )

It states that the average number of risky behavior inci-
dents before implementation of presignals equals the
number of risky behavior incidents after implementa-
tion of presignals.

. Compute thd" statistic. Thel" statistic is the value

given by the data that, when compared with the “criti-
cal region,” can determine whether to accept or reject

6. Accept or reject the null hypothesis. With this approach,

the null hypothesis is either accepted or rejected to
determine whether a change occurred in the number of
risky behavior incidents before and after the presignal
installation at the grade crossings. By accepting the
null hypothesis, we are concluding that the presignal
treatment has not reduced the number of risky behav-
ior incidents at the highway-rail grade crossing by a
margin greater than could be expected from random

the null hypothesis. If we accept the null hypothesis,  variation alone.
then we can be certain that the effectiveness of presig-
nals is not due to random events during data collection.
The critical region is further discussed below. The

.. . . . 4.5 DATA COLLECTION
statistic can be obtained with Equation 3:

On average, over 350 observations were recorded each
day for each of the two grade crossings, constructing a data-
base with over 2,500 observations during the before period
and 1,800 observations during the after period. The data were
manually collected though observations at the two grade
whereS, andS, are the sample standard deviation beforecrossings for 9 h in each of 3 days during the before and
and after installation of the presignal, respectively. As3 days during the after period. The manually collected data
defined earlier, the standard deviation describes the digere then verified through review of the video that recorded
persion of the data, and it is determined with Equation 4the entire data collection period. Those data were subse-

quently entered into a database and analyzed per the statisti-

N VR
S (N _1);(>§ Hi)

Hp = Ha
00,080
VINZOT IN2ZD

-

@)

cal analysis described in Section 4.4.

(4)

. Determine the critical region. The critical region for a, ¢ rResULTS

t-test (Equation 5) is the area where the null hypothesis

will be rejected. IfT" falls in the critical region (i.e’ Statistical analysis of the before-and-after data indicated
is greater than or equal to the critical valiypthen the  that presignals are effective at reducing certain risky motorist
null hypothesis is rejected. The critical value dependgehaviors at grade crossings adjacent to traffic signals. This
on two parameters. The first paramefgérjs the level  section reviews the results of each of the risky motorist behav-
of significance established for the null hypothesis. Levejors evaluated at the two grade crossings. The evaluation was
of significance determines to what degree you want teonducted on a “per signal cycle” basis for each of the cross-
be certain that you have accepted the null hypothesifgs because the number of signal cycles decreased due to the
correctly. For our evaluation a is set at 0.05, giving 93ncrease in signal cycle length in the after period to account

percent probability that the decision to accept the nulfor the lag between the presignal and the downstream signal.
hypothesis is correct.

critical region:C ={t: t 2 1o} ) 4.6.1 Vehicles in the Clear Storage Distance

The second parameter needed to determine the critical The gata analysis showed that presignals were effective at
value is degrees of freedom, labeled’he degrees of  yaqycing the number of motorists that stop in the clear storage
freedom, obtained with Equation 6, depends on the Nunyisiance when the downstream intersection is red. Figure 4-6
ber of samples and the variance of the data. Betaus€yrasents the reduction in the number of vehicles that stopped

usually is not an integer, it must be rounded when the tegf the clear storage distance after the presignal was installed

is applied. at Gougar Road. Installation of presignals reduced the num-
) 2 7 ber of motorists stopping in the clear storage distance at
Di@z +% Gougar Road an average of 93 perdehtis reduction is
yo NETNZD ©)
0SS0 0SS0 -
[Ng 0 [Ng O 4 The percent reduction in risky motorist behavior is calculated on a “per signal cycle”
+ basis to provide an accurate assessment of the reduction and is not influenced by the
Nb -1 Na -1 number of signal cycles per hour.
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Figure 4-6. Gougar Road: clear storage distance (statistically significant).

most extreme in the morning and afternoon peak periodstopping in the minimum track clearance distance for all
when the number of vehicles stopped in the clear storagéne periods except the nighttime period. As Figure 4-8
distance averaged 108 per hour (during each morning anadicates, the most extreme reductions occurred in the
afternoon peak period) before the installation and 1.9 (mormorning and afternoon peak periods, similar to the clear
ing peak) and 2.8 (afternoon peak) per hour after presignastorage distance results for Gougar Road. For the morning
were installed, reductions of 97 and 96 percent, respectivelpeak period, the number of vehicles stopped in the mini-
The results at Rollins Road also demonstrated a statistinum track clearance distance was reduced from 8.4 per
cally significant reduction in the number of vehicles stoppinghour in the before period to 0.13 per hour in the after period,
in the clear storage distance. Figure 4-7 presents the redugreduction of 97 percent. It is believed that the reduction
tion in the number of vehicles that stopped in the clear stofn risky behavior for the nighttime period was not statisti-
age distance after the presignal was installed at Rollins Roa@{a”y significant because fewer trains occupy the crossing
The installation of presignals reduced the number of motor; night, and motorists are not accustomed to encountering
ists stopping in the clear storage distance at Rollins Road gfjins at the crossing in this time period. As such, motorists

average of 80 percent. tend to disregard the presignal and display more risky
behavior.

4.6.2 Vehicles in the Minimum Track The'reglljlts at RoIIin's Rpad did not demonstrate a statisti-

Clearance Distance cally significant reduction in the number of vehicles stopped

in the minimum track clearance distance. As indicated in Fig-
The results at Gougar Road indicated that there is a stare 4-9, a reduction does exist in the number of vehicles that
tistically significant reduction in the number of vehicles stop in the minimum track clearance distance, but, except for
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Figure 4-7. Rollins Road: clear storage distance (statistically significant).
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Figure 4-8. Gougar Road: minimum track clearance distance.

the morning peak period, the results are not statistically siggrossing had Keep Clear pavement markings striped across

nificant. The existing Keep Clear Zone striping was very effecthe minimum track clearance distance and clear storage dis-

tive at reducing the number of risky behaviors at this crosgance. As such, we were able to evaluate the effectiveness of

ing (see Section 4.6.6). The result was that a small number thfe presignal on reducing the number of right turn on red vio-

vehicles were violating the minimum track clearance dislations at this crossing. The results at Rollins Road indicated

tance before the presignals were installed, and although tieat a statistically significant impact occurred in the reduc-

presignal did reduce the number of vehicles in the minimurtion of motorists turning right on red. In the morning peak

track clearance distance, as indicated in Figure 4-9, the resufgriod, the number of motorists turning right on red is reduced

were not considered statistically significant. from an average of 3.3 vehicles per hour in the before period
to 0.26 in the after period, a reduction of 91percent. Overall,
the average reduction in the number of motorists turning

4.6.3 Presignal Violations right on red was 82 percent when calculated on a vehicle per
signal cycle basis, as indicated in Figure 4-10.

As stated in Section 4.4.3, Methodology, violations of the

lllinois Vehicle Code and the Uniform Vehicle Code were

evaluated both before and after installation of the presignals6.3.2 Clear Track Green

at the two study locations. This section details the results of

the statistical evaluation of the effect of presignals on motor- At both the Rollins Road and the Gougar Road locations,

ist violations at grade crossings. the traffic violation of proceeding through a clear track green
was not reduced to a statistically significant level overall. Pre-
signals reduced the number of motorists proceeding through

4.6.3.1 Right Turn on Red the clear track green to a statistically significant level only in
the midday period at Gougar Road and in the morning peak

At the Rollins Road grade crossing, right turn on red wageriod at Rollins Road, as indicated in Figures 4-11 and 4-12,
prohibited before the presignal was installed because threspectively.
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Figure 4-9. Rollins Road: minimum track clearance distance.
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Figure 4-10. Rollins Road: right turn on red.
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Figure 4-11. Gougar Road: vehicle proceeds on clear track green.
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One possible reason why the presignals as designed in 1Iiot make it though the downstream intersection. This behav-
nois were not effective at reducing the number of vehiclelr was mostly noticeable for vehicles turning left. In fact, in
that proceeded on a clear track green is that the downstredfi¢ after period, 83 percent of all the vehicles that stopped in
signal heads are visible on the approach to the presignal. A€ clear storage distance at Gougar Road, and 64 percent at
such, a motorist may see that the near-side traffic signal is r&p!lins Road, were vehicles in the left lane. Also 71 percent
(or yellow) and the downstream signal is green and acceleP! the vehicles in the minimum track clearance d|stancg at
ate through the crossing during the track clearance green.0llins Road and 58 percent at Gougar Road were vehicles
solution to this problem is to install programmable visibility N the 1eft lane. As such, it is important that the lag time

heads on the downstream signal so that they are not visiff§Ween the presignal and the downstream signal is appropri-

on the approach to the presignal. The use of programmab?éely timed to allow vehicles to clear the clear storage dis-

visibility heads is included in the presignal design criterig@"ce and the intersection.
included in Chapter 5.
4.6.4 Effects of Keep Clear Zone Striping

4.6.3.3 Vehicles Proceed as Gates Move Up The data collection effort during the before period also
resulted in a cross-sectional comparison between the Gougar
The concern about vehicles proceeding as the gates dr@ad crossing and the Rollins Road crossing. Although the
beginning to ascend is that a second train may be approadio crossings had different geometries and traffic volumes,
ing from the opposite direction, and the gates could thefhe main difference between the two crossing locations before
descend on top of the vehicle proceeding through the crosBtesignals were installed was the Keep Clear Zone striping
ing. This could break off the gate arm or cause motorists tBainted at the Rollins Road crossing. By comparing the risky
become confused on the trackway and stop on the tracks. behavior data of both crossings, the effect of the Keep Clear
At both the Rollins Road and the Gougar Road locationStiPing can be analyzed. Figures 4-13 and 4-14 present the
the number of vehicles that proceeded as the gates we g'ference in risky behavior at the two crossings on a vehicles

ascending did not decrease a statistically significant amouRE" 1,000 veh|c[es hasis to account fo.r the different iraffic V.OI'
umes. The Rollins Road grade crossing clearly has less risky

after presignals were installed. It is possible that this could alsootorist behavior than the Gougar Road crossing. Although

be attributed to the downstream signals not being equpt{ais difference in risky behavior may partially be attributed

W'th programmgble visibility he;ads, as the trgﬁlc signal phas-o the different geometric conditions of the two crossings, the
ing after the train passes provides a green signal to the tra

< ; ; . Gsearch team believes most of this difference can be attrib-
that was delayed to allow for the passing train. The inability of 1o to the Keep Clear Zone striping at the Gougar Road inter-

presignals, as tested in lllinois, to prevent vehicles proceedingction. The striping delineates the area that a motorist should

as the gates start to move up may also be due to motorigist he stopped in and clearly designates a safe stopping loca-
focusing on the gates and not the lights after the train exiign for motorists.

the crossing. Extended detection circuits for a second train
should be used to minimize gate pumping attributed to a sec-
ond train approaching the crossing on a separate track, 43 CONCLUSIONS

described in Section 3.5.3.8.
The field testing of presignals in Illinois has demon-

stratedthat presignals are effective at significantly reducing
the amount of certain risky behaviors at highway-rail grade
crossings adjacent to intersections. The following results were
observed in the field testing:

4.6.3.4 Vehicle Stops for Presignal and Then
Proceeds

To further evaluate the effectiveness of presignals, the per-
centage of motorists who stopped for the red presignal but
then proceeded into the clear storage distance or conducted a g4 percent.
right turn on red was calculated. The calculation indicates , The number of vehicles in the clear storage distance at
that fewer than 3 percent of the number of motorists who  Rgjiins Road declined by an average of 80 percent.
stopped at the red presignal proceeded into the clear storage The number of vehicles in the minimum track clearance
distance. This high level of compliance to the presignal may gistance at Gougar Road declined by an average of 91
be attributed to motorists’ respect for a traffic signal as a traf- percent, excluding the nighttime period, which was not
fic control device. statistically significant.

This statistic also brings to light another point: most of the « The number of vehicles in the minimum track clearance
motorists who stopped in the clear storage distance did so as distance at Rollins Road declined by an amount that was
a result of trying to beat the yellow or red presignal but did  not statistically significant.

The number of vehicles stopped in the clear storage
distance at Gougar Road declined by an average of
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Figure 4-14. Motor vehicles in minimum track clearance distance per
thousand vehicles.

The number of vehicles that conducted a right turn on ¢ Through a cross-sectional analysis between the two cross-
red, when prohibited, decreased by an average of 82 per- ings before installation of the presignals, the percentage
cent at Rollins Road. of vehicles that stopped in the clear storage distance or
The number of vehicles that proceeded on a clear track  in the minimum track clearance distance was on average

green at both Rollins Road and Gougar Road did not 93 percent less where Keep Clear Zone striping was
have a statistically significant reduction. installed.

The number of vehicles that proceeded through the

trackway as the gates began to ascend did not have a sta- o o )

tistically significant reduction. Because of the significant reduction in risky behavior at the

The percentage of vehicles that stopped at the presigni#f0 study locations as a result of installation of the presignals,

on a red signal and then proceeded through the Sign'guis recommended that the use of presignals be reviewed by
into the clear storage distance, or to conduct a right turhRT agencies to determine their applicability to their systems.

on red, was less than 3 percent of the total number dtresignal design criteria are included in Chapter 5 to describe
vehicles stopped at the presignal. when and how presignals should be installed and operated.
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CHAPTERS
PRESIGNAL DESIGN CRITERIA

5.1 OVERVIEW 5.3 CRITERIA AND APPLICABILITY

The results of the presignal before-and-after evaluation Presignals should be placed on the near side of the rails to
combined with qualitative evaluations of the presignal instalstop vehicular traffic before the railroad crossing at all signal-
lations in Michigan, South Carolina, and lllinois have resultedzed intersections where the clear storage distance [measured
in development of the following presignal design guidelinesfrom the stop line to a point 2 m (6 ft) from the rail nearest the
intersection] is 15 m (50 ft) or less. At approaches where the
crossing is on a state highway or where high percentages of
multiunit vehicles are evident, the distance should be increased
t0 22.9 m (75 ft). A vehicle classification study should be con-

A presignalis a traffic signal installed in advance of the ducted to determine what types of vc_ehicles use the crossing.
tracks at a highway-railroad grade crossing, located adjacent Where the clear storage distance is greater than 15 m (50 ft)
to a roadway-roadway intersection. The presignal is intercorff 22.9 M (75 t) depending on the roa(jway vehicle design
nected to the traffic signal at the roadway-roadway interseé‘-angth butless than 36.6 m (120 t), presignals should be used

tion and utilizes an overlap phase with the intersection sign bject t_o an engineering study determining that the queue
gxtends into the track area.

in termination of the phase to clear vehicles out of the cleal If the cl ‘ dist . ter than 36.6 m (120 ft
storage distance on every signal cycle. However, both the e clear storage distance is greater than 36.6 m ( ),

presignal and the far-side signal for that approach turn gre any traffic signal at the highway-rail grade crossing should treat

at the same time. A presignal is a treatment that pertains?oe crossing as a separate midblock crossing, and not be con-

only one direction of travel, the approach leg of the inter—S'd(:"red a presignal. Traffic signals placed at highway.-rail

section that crosses the trackway before reaching the int rade crossings with a clear storage distance greater than 36.6 m
. . trackway 9 E%‘20 ft) are considered queue cutter signals and not presignals.
section. The opposite direction of travel uses the upstrea

intersection traffic signal to prevent motorists from entering
the trackway. 5.4 PRESIGNAL LOCATION

Theclear storage distands defined as the distance avail-
able for vehicle storage measured between 2 m (6 ft) from the The presignal mast arm shall be placed at least 2 m (6 ft
rail nearest the intersection to the intersection stop bar or noé-in.) from the face of the curb and at least 1.3 m (4 ft)
mal stopping point on the highway. At skewed crossings andpstream of the nearest railroad crossing device (i.e., gate
intersections, the 2-m (6-ft) distance shall be measured peatrm assembly or railroad cantilever). If a curb does not exist,
pendicular to the nearest rail along either the centerline or tie presignal mast arm shall be placed 2.5 m (8 ft 3 in.) from
right edge of the highway, as appropriate, to obtain the shortéfte edge of the roadway so the railroad flashing lights will be
distance. See Figures 5-1A and 5-1B. visible. See Figure 5-2A and 5-2B.

The minimum track clearance distant® defined as the If an EXiSting railroad cantilever exists, the traffic Signals
length along a highway at one or more railroad tracks me&hould be mounted on the existing railroad cantilever. As an
sured from the railroad stop line, warning device, or 3.7 nflternative, the railroad cantilever may be removed and the
(12 ft) perpendicular to the track centerline, to 2 m (6 frjraffic signal placed on a traffic signal mast arm as the primary
beyond the track(s) measured perpendicular to the far ralfaffic control device at the crossing. Without a cantilever,
along the centerline or right edge of the highway, as apprdiiﬂfoad flashmg lights shqll be Iocatgd on the right-hand side
priate, to obtain the longest distance. The minimum tracRf the road and in the median on multiple lane approaches, per

clearance distance encompasses the dynamic envelope. Manual on Uniform Traffic Control Devices for Streets
Figure 5-1A and 5-1B. and HighwaygMUTCD), Chapter 8.

5.2 DEFINITIONS

The dynamic envelopés the clearance required for the
train and Its cargo ovgrhang resultlng_ from_any combination 1 Manual on Uniform Traffic Control Devices for Streets and HighwalyS. Depart-
of loading, lateral motion, or suspension failure. ment of Transportation, FHWA, Washington, D.C. (1988).
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Where a multiple lane approach to the crossing, or adverse Where presignals are installed, there shall be at least two
geometry, requires additional cantilevered flashing lights, thpresignal heads located at the highway-rail grade crossing.
presignal placed on a traffic signal mast arm (replacing th&raffic signal design, placement, visibility, and operation
railroad flashing lights) shall be equipped with backup powershall conform to the MUTCD, Chapter 4.

Light-emitting diode (LED) signal heads may be used to
accommodate backup power.

Where presignals are used on a traffic signal mast arm gr

railroad cantilever in conjunction with cantilevered railroad The downstream traffic signal at the roadway-roadway
flashers, the presignal shall be aligned with the lane lines gitersection controlling the same approach as the presignal
the approach roadway. Where presignals are used on a traf§iga|l be equipped with programmable visibility heads, or
signal mast arm without the use of cantilevered railroad flashouvers, subject to an engineering study. The downstream
ing lights, the traffic signals may be centered over each langignal programmable visibility heads should be visible from
A presignal shall be located on the right side of the roathe intersection limit line to the location of the first vehicle
at a minimum height of 2.4 m (8 ft) but not more than 4.6 nmbehind the presignal stop bar. An engineering study should
(15 ft) above the sidewalk or, if none, above the pavemense conducted to review sight-specific conditions and estab-
grade at the center of the highway. A presignal mounted ilish the final design necessary to meet visibility requirements.
the roadway median shall be located below the railroad flasfi-he visibility of the far-side signal shall be field verified upon
ing lights on a separate post, so that the bottom of the traffiostallation. See Figure 5-4.
signal is mounted at a minimum of 1.4 m (4 ft 6 in.) above The use of programmable visibility heads as opposed to
the median island grade. See Figure 5-3. standard traffic signal heads for the downstream signal depends

5 DOWNSTREAM SIGNAL
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Figure 5-3. Presignal location at gated crossing.
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Figure 5-4. Programmabile visibility (PV) head visibility.

on an engineering study. The roadway profile approaching.7 KEEP CLEAR ZONE

the grade crossing, as well as other factors including strong _ . _
winds, may reduce the effectiveness of programmable visi- The Keep Clear Zone is the striped area that delineates
bility heads. the clear storage distance and the minimum track clearance

distance.

5.6 PRESIGNAL PHASING 5.7.1 Presignal Approach

It should be noted that some older model traffic signal con- g, highway-railroad grade crossings equipped with a
trollers cannot handle the special phasing requirements f%rresignal and a clear storage distance less than 15 m (50 ft),
pres_ignals. As such, it may be_ necessary to upgrade the traf- 55 9 (75 ft) for a roadway with a high percentage of
fic signal controller when presignals are installed. multiunit vehicles, the Keep Clear Zone ahead of the down-

stream intersection should be striped through the minimum
track clearance distance and should be striped through the
5.6.1 Normal Operation (Train Not entire clear storage distance, subject to an engineering study.
Approaching) See Figure 5-5.
] ) ) For highway-railroad grade crossings equipped with pre-
~ The presignal phase sequencing shall be progressivelyynals and a clear storage distance greater than 15 m (50 ft),
timed with an offset adequate to clear vehicles from the track, 2o g (75 ft) for a roadway with a high percentage of
area and downstream intersection. Vehicles that are requireslitiunit vehicles, the Keep Clear Zone ahead of the down-
to make a mandatory stop (€.g., school buses, vehicles halleam intersection shall be striped through the minimum
mg_hazardous maten_als) s_hall be con_5|dered whenthe amoypt ek clearance distance of the crossing, and the striping
of time for the offset is being determined. downstream of the trackway should extend to 4.6 m (15 ft)
from the centerline of the nearest track [or it shall extend to a
minimum of 3.7 m (12 ft) from the centerline of nearest track].

5.6.2 Preemption (Train Approaching)

The downstream signal shall adhere to the preemptioB.7.2 Intersection Departure

guidelines established in MUTCD, Chapter 8. A protected
left-turn phase shall be used where an exclusive left-turn The Keep Clear Zone for the intersection departure should

lane is feasible. At locations where an exclusive left-turrextend to 4.6 m (15 ft) from the centerline of the nearest track
lane is not feasible, a protected left-turn arrow should béor it shall extend to at least 3.7 m (12 ft) from the centerline
provided. of the nearest track].
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TYPICAL SUPPLEMENTAL SIGNING AND
PAVEMENT MARKING TREATMENT FOR RAILROAD CROSSINGS
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Figure 5-5. Keep Clear Zone.
5.7.3 Striping Detail instead of the No Turn on Red (R23) sign, subject to an engi-

neering study.
The Keep Clear Zone should be striped with 0.15-m (6-in.)

white striping at a 45-degree angle to the roadway, with 1.5-m

(5-ft) separations between centerlines. The striping shoulslg PRESIGNAL STOP BAR LOCATION

not continue over the railroad crossing panels, but it shall be

continued between panels of multiple tracks. At skewed cross- Instead of a stop bar for the presignal, the railroad stop bar
ings where the angle between the diagonal stripes and the raiiall be the only limit line upstream of the presignal. The
would be less than about 20 degrees, the stripes should s@p bar shall be located 2.4 m (8 ft) upstream of the presig-
sloped in the opposite direction. Pavement marking shaflal. The stop bar is located as close as possible to the tracks
conform to MUTCD, Chapter 3. so that vehicles that must make a mandatory stop at all grade
crossings are not required to stop twice before they cross
the trackway. The visibility of the presignal indication can
be increased by providing a median mounted traffic signal

The Stop Here on Red sign (R90) shall be placed on thes discussed iSection 5.4.
near side of the crossing, adjacent to the stop bar on the rightThe sight distance at the stop bar location shall be adequate
side of the roadway and in the median, if one exists. for school bus drivers and hazardous material drivers to look
The Do Not Stop on Tracks sign (R65) shall be located odown both trackway approaches when they are stopped at the
both the near and far side of the crossing, traditionally on thetop line (eliminating the need for the drivers to stop two
right side of the roadway. times at the crossing). Adequate sight distance for a stopped
The No Turn on Red sign (R23) shall be located on thgehicle at a grade crossing is described irAASHTO Pol-
near side of the crossing. A red arrow traffic signal indicaicy on Geometric Design of Highways and Stré€iseen
tion or active (blankout) No Right Turn sign may be usedBook) and theRailroad Highway Grade Crossing Hand-

5.8 SIGNING
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book If the sight distance is not available, the stop line shouldoadway-roadway intersection should have an exclusive left-

be placed at the same location of the presignal, or at leasirn lane with a protected left-turn phase.

2.4 m (8 ft) from the railroad gates. If possible, a pedestrian crosswalk should not be located
on the same side of the intersection as the presignal.

5.10 INTERSECTION GEOMETRY

An exclusive left-turn lane for the approach leg of the inters.11 CONCLUSIONS
section that crosses the tracks shall be provided where feasible.

The legs of the intersection that parallel the track should The presignal design criteria should be used by light
have exclusive turn pockets in the direction of the trackgail transit agencies in conjunction with local and state offi-
Those turning movements should be directed by protectedals to prepare design criteria specific to each state. In addi-
turn phasing or active (blankout) turn restriction signs thation, the National Committee on Uniform Traffic Control
activate when a train is approaching. Devices should recommend amendments to the MUTCD

The leg of the intersection that approaches the highwaythat include the definition of presignals and recommenda-
rail grade crossing but does not pass the tracks until after thiens for using them.




APPENDIX A

LITERATURE REVIEW

The following is a list of reference materials related to
safety at highway-rail grade crossings. These materials were
assembled and reviewed by the Korve Engineering research
team as part of Task 1.

1. LRT Grade Crossing Design FeaturedsPTA Rail
Safety Committee—Grade Crossing and Pedestrian
Safety Task Force (June 12, 1994), 43 pp.

This report provides a synopsis of the various
approaches to grade crossing design taken by light rail
transit (LRT) systems in the United States and Canada.
It represents one component of the ultimate objective 4.
of the task force, which is “to investigate and report
on the state of the art of grade crossings and pedestrian
safety and to develop recommendations.” The infor-
mation presented includes detailed descriptions of the
grade crossing design features of several North Amer-
ican light rail systems.

2. Light Rail Traffic Manual California Traffic Control
Devices Committee, Light Rail Safety Subcommittee,
California (June 1994), 24 pp.

This manual assembles for reference the basic sig-
nals, signs, markings, and other information related to
the operation of light rail systems in semiexclusive and
nonexclusive environments. It is intended to assist
those involved in planning, designing, and operating
light rail systems. Further, the intent of this manual is
to enhance safety by providing information to facilitate
the orderly and predictable movement of all traffic,
including light rail, throughout the public highway sys-
tem and to provide such guidance and warnings as
may be needed to ensure the safe and informed oper-
ation of individual elements of the traffic stream. The
information contained in this manual guided the
development of recommendations for signs and pave-
ment markings, signals and gates, and pedestrian
crossing control systems at or near LRT grade cross-
ings approved by the National Committee on Uni-
form Traffic Control Devices.

3. Coifman, B., and M. HanselVHS Warning Systems
for Light Rail Grade Crossingdnstitute of Trans-
portation Studies, University of California at Berke-
ley (1994), pp. 1-23.

This report quantifies the costs of light rail grade
crossing accidents with left-turning vehicles and iden-
tifies the causal events leading up to a collision and 5.
factors that may contribute to the probability of injury.
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A classification of costs is developed to motivate the
discussion of collision countermeasures. It is noted
that, compared with automobile accidents, pedestrian
and bicycle accidents tend to have significantly higher
claims and legal costs. The report concludes with a
discussion of technologies for an intelligent system to
respond to hazard conditions. The specific technolo-
gies discussed are classified according to the tasks
they accomplish—automobile detection, hazard pre-
diction, and graduated response based on predicted
hazard level.

Evaluation of Pedestrian Swing Gates at the Imperial
Highway StationApplied Management & Planning
Group for the Los Angeles County Metropolitan Trans-
portation Authority (Nov. 1995), pp. 1-14.

This report evaluates the effect of pedestrian swing
gates on risky pedestrian behavior and pedestrian vol-
umes at the Los Angeles Metro Blue Line Imperial
Highway station. Researchers counted the number of
pedestrians making dangerous crossing movements at
a pedestrian crossing between the light rail station
(immediately to the south) and Imperial Highway (to
the north). This pedestrian crossing functions as the
main access point for the center platform Imperial
Highway station. A dangerous crossing movement was
defined as a crossing made once the nose of the south-
bound train [approaching the crossing at 48 km/h (30
mph)] crossed Imperial Highway [just 61 m (200 ft) to
the north] or once a northbound train began to pull
out of the station toward the crossing. Although the
number of incidents of risky pedestrian behavior did
decrease, these reductions in the proportions of risky
behaviors generally were not statistically significant.
There was only one period of the day (between 4:00
p.m. and 6:59 p.m.) when there were statistically sig-
nificant reductions in the proportions of risky behav-
iors. Surveys were conducted near the Imperial High-
way station to assess the opinions of the passengers
using the station. Overall, 88 percent of the respondents
rated the gates as either “very easy to pass through” or
“somewhat easy to pass through,” and 91 percent of the
respondents rated the gates as either “very safe” or
“somewhat safe.” Interestingly, 90 percent of respon-
dents thought swing gates should be installed at all
Metro Blue Line stations to help increase overall safety.
Faghri, A., and M. J. Demetsky. Reliability and Risk
Assessment in the Prediction of Hazards at Rail-
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Highway Grade Crossings. Tmansportation Research
Record 1160Transportation Research Board, National
Research Council, Washington, D.C. (1988), pp. 45-51.
Different models of reliability and risk assessment
were explored to describe the reliability of rail-highway
grade crossings in the state of Virginia. These models

were used to generate a hazard index at each crossingl0.

and to evaluate and prioritize rail-highway grade
crossing improvements.

. Fambro, D. B., K. W. Heathington, and S. R. Richards.

Evaluation of Two Active Traffic Control Devices for
Use at Railroad-Highway Grade CrossingsTians-
portation Research Record 1244ransportation
Research Board, National Research Council, Wash-
ington, D.C. (1989), pp. 52-62.

This report provides results of field tests of two types
of light-emitting warning systems at railroad-highway
grade crossings—four-quadrant flashing light signals
with strobes and highway traffic signals. Both of these
control devices were tested without automatic gates.
The authors conclude that, compared with two-quad-
rant flashing light signals, four-quadrant flashing light
signals with strobes do not significantly affect the rate
of violations, clearance times between the last vehicle
to cross and the train’s arrival at the crossing, or the
speeds of drivers approaching the crossing. It should
be noted that the speeds observed at both types of sig-
nals seemed to pose no safety problems. Highway
traffic signals were found to be highly effective in
reducing crossing violations.

. Manual on Uniform Traffic Control Devices for

Streets and Highway$HWA, U.S. Department of
Transportation, Washington, D.C. (1988), pp. 1A-1-
1A-9, 2A-1-2C-22, 4A-1-4E-14, 5A-1-5F-1, 8A-1—
8D-1.

This manual sets forth the basic principles that gov-
ern the design and use of traffic control devices for
different classes of road and street systems. These
devices include “signs, signals, markings, and devices
placed on, over, or adjacent to a street or highway by
authority of a public body or official having jurisdic-
tion to regulate, warn, or guide traffic.” Part VIII of
this manual sets forth guidelines for traffic control
systems for railroad-highway grade crossings.

. Traffic Control Devices HandbookFHWA, U.S.

Department of Transportation, Washington, D.C.
(1983), pp. 8-1-8-81.

Part VIII of this handbook addresses the selection,
operation, installation, and maintenance of railroad-
highway grade crossing traffic control devices. Its pur-
pose is to assist the personnel involved so as to improve
safety and efficiency within the railroad crossing
environment.

. Safety Management Information Statistics 1992 Annual

Report Federal Transit Administration, U.S. Depart-

11.

ment of Transportation, Washington, D.C. (JL8@4),
48 pp.

This report is a compilation and analysis of mass
transit accident and casualty statistics reported by tran-
sit systems in the United States during 1992. The data
are presented in trends, graphs, and tables.
Heathington, K. W., B. D. Fambro, and S. H. Richards.
Field Evaluation of a Four-Quadrant Gate System for
Use at Railroad-Highway Grade CrossingsTians-
portation Research Record 1244ransportation
Research Board, National Research Council, Wash-
ington, D.C. (1989), pp. 39-51.

This report provides data from a field evaluation of
a four-quadrant gate system for improving safety at
railroad-highway grade crossings. Tests indicate that
the four-quadrant gate system significantly increased
the average time between the last vehicle to cross the
tracks and the train’s arrival at the crossing even
though the warning time (the time between the begin-
ning of the warning signal and the arrival of the train)
remained constant. Most dramatically, the installation
of four-quadrant warning systems eliminated gate
violations at the site under study.

Heathington, K. W., D. B. Fambro, and S. H. Richards.
Field Evaluation of Innovative Active Warning
Devices for Use at Railroad-Highway Grade Cross-
ings. FHWA, U.S. Department of Transportation,
Washington, D.C. (Aug. 1988), pp. 1-282.

Research on three promising railroad-highway
grade crossing devices is presented. The three devices
evaluated are four-quadrant gates with shirts and
flashing light signals, highway traffic signals with
white bar strobes in all red lenses, and four-quadrant
flashing light signals with overhead strobes. All three
devices proved to be technically feasible and practi-
cal. Also, all three proved to be accepted and under-
stood by the driving public. The three methods dif-
fered in terms of measurable reductions in safety and
in unsafe behavior. The four-quadrant gates with skirts
eliminated all crossing violations. Installation of high-
way traffic signals reduced the number of vehicle
crossings within 10 s of the train’s arrival. The four-
guadrant flashing light signals with strobes, however,
did not produce measurable improvements in safety at
the test crossing. A benefit-cost evaluation is carried
out for all three systems. Four-quadrant gate systems
had the highest capital and maintenance costs and the
highway traffic signals were least expensive in the
cost categories. However, highway traffic signals did
have higher operating costs. Charts are provided to
derive benefit-cost ratios based on accident reduction
and traffic volumes for all three systems. Considera-
tions for implementing the system are listed for the
three systems with respect to system operation and
maintenance, the physical environment, traffic signal
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operation and timing, train detection, and the presence
of emergency vehicles.
Heathington, K. W., S. H. Richards, and D. B. Fam-
bro. Guidelines for the Use of Selected Active Traffic
Control Devices at Railroad-Highway Grade Cross-
ings. InTransportation Research Record 12%4ans-
portation Research Board, National Research Coun-
cil, Washington, D.C. (1990), pp. 50-59.

This report describes and evaluates the installation of
two active traffic control devices for use at railroad-

highway grade crossings. It develops guidelines for 16.

installing four-quadrant gate systems and highway
traffic signals. The authors recommend using four-
guadrant gates with skirts and flashing light signals
where there are high rates of crossing violations and
high risks because of the volume and type of traffic
crossing the railroad. Highway traffic signals provide a
relatively low-cost, highly effective alternative to flash-
ing light signals where complex highway geometrics
preclude the use of traditional railroad crossing gates.
Driver response to highway traffic signals has generally
been positive with high rates of compliance.

lllinois Investigates Aircraft-Carrier Technology for
Railroad Crossings'he Urban Transportation Mon-
itor. Lawley Publications, Burke, Va. (Dec. 8, 1995),
pp. 1, 3.

This article describes tests of the dragnet vehicle
arresting barrier (VAB) in lllinois. Chain link or
fiber nets are used to absorb the energy of a vehicle
approaching an activated grade crossing warning sys-
tem to bring the vehicle to a stop. In the lllinois appli-
cation, the nets lower from towers placed 33.5 m (110
ft) from the railroad crossing when an approaching
train activates the signal. With the VAB, the force
required to pull out the net is constant and indepen-
dent of impact velocity.

Proposed Guidelines for Light Rail Transit Signal Indi-
cations Institute of Transportation Engineers Commit-
tee 4D-2, Washington, D.C. (July 1994), 2 pp.

These guidelines address the shape, color, indica-
tion, convention, size, and location of LRT signals.
They are intended to be applicable to LRT agencies
with new or planned light rail systems or to agencies
that are planning to upgrade their existing systems.
Final Report: LRT Grade Separation Guidelinksti-

tute of Transportation Engineers Technical Committee 18,

6A-42, Washington, D.C. (June 1, 1990), 40 pp.
Institute of Transportation Engineers (ITE) Techni-

cal Committee 6A-42 focused on the question of when
and when not to create grade separations for LRT
operations. This report describes work that has been
done to date and draws conclusions, which can be
used as guidelines for light rail planning and design.
The committee suggests using threshold average daily
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cross-street traffic ranges as initial screening criteria
to help determine at-grade operational feasibility. How-
ever, the committee’s recommendations are applicable
only at the conceptual design level; site-specific
detailed analyses must be done before final grade sep-
aration decisions are made. This report also describes
the different LRT grade crossing situations identified
by ITE Technical Committee 6A-42, reviews current
analytical techniques, and examines the results of
such analyses.

Final Report: Guidelines for Design of Light Rail
Grade Crossingsinstitute of Transportation Engi-
neers Technical Committee 6Y-37, Washington, D.C.
(July 30, 1990), 96 pp.

This report summarizes the work and key findings
of ITE Technical Committee 6Y-37. The objective of
ITE Technical Committee 6Y-37 was to review traffic
engineering experiences and procedures for LRT sys-
tems throughout North America and develop guide-
lines for designing at-grade light rail crossings. This
report first describes the activities of related commit-
tees and then presents a detailed explanation of the sur-
vey methodology. A brief description of each light rail
system and findings [i.e., problems, potential solu-
tions, and the relationship of crossing type to traffic
volumes and crossing control/light rail vehicle (LRV)
priority] is provided as well as a series of potential
solutions. This report also includes a description of
the questionnaire database and recommendations for
action and further research.

. Special Report: Pedestrian Safa@gch TransferNo.

45. Institute of Transportation Studies, Washington,
D.C. (April 1994), pp. 2-7.

This report contains several articles describing the
California pedestrian safety plan, sources of local
funding for pedestrian safety programs, and two pedes-
trian enhancement projects, one of which has been
awarded Intermodal Surface Transportation Effi-
ciency Act (BTEA) funds and one of which is await-
ing approval. An annotated bibliography of recent pub-
lications addressing pedestrian safety issues is also
included with this report. The report identifies some of
the pedestrian safety concerns of local and state agen-
cies. The annotated bibliography contained within the
report provides excellent resources for further litera-
ture review.

Marshall, P. S., and W. D. Berg. Evaluation of Rail-
road Preemption Capabilities of Traffic Signal Con-
trollers. In Transportation Research Record 1254
Transportation Research Board, National Research
Council, Washington, D.C. (1990), pp. 44-49.

This report examines and compares the preemption
capabilities of a number of currently marketed, actu-
ated traffic signal controllers. The discussion is largely
tailored to electrical manufacturers as a general guide
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in designing future signal control systems. Descrip-
tions of preemption sequences and preemption opera-
tions are provided with an interest in improving hard-
ware development for actuated traffic signal
controllers. The types of issues discussed provide a
comprehensive list of relevant issues for traffic signal
control design. Recommendations are made where cur-
rent deficiencies in existing systems are identified.
Meadow, L. J. Los Angeles Metro Blue Line Light
Rail Safety Issues. Infransportation Research
Record 1433Transportation Research Board, National
Research Council, Washington, D.C. (1994), pp.
123-133.

This paper describes some general safety issues

associated with LRT operations but focuses on the 22.

problems experienced on the Los Angeles Metro Blue
Line and the measures implemented to alleviate those
difficulties. An overview of the system is provided,
followed by a detailed discussion of the grade cross-
ing safety program. This paper describes general
safety issues experienced and addressed by the transit
agency. The photo enforcement program and the pro-
posed use of four-quadrant gates and illuminated
warning signs are of particular interest.
Meadow, L. JGrade Crossing Safety Program, Los
Angeles Metro Systefresented at the National Con-
ference on Highway-Rail Safety (July 1993), 24 pp.
The Los Angeles County Metropolitan Transporta-
tion Authority is undertaking a grade crossing safety
program to discourage illegal movements by automo-
biles. These illegal movements such as automobiles
making left or U-turns into the path of moving trains
cause nearly all the accidents involving light rail
trains and automobiles where trains are running on

streets. The safety program includes four different 23.

elements: enforcement by sheriff's deputies and auto-
mated systems; engineering improvements including
intelligent transportation systems, warning devices,
and street and traffic signal improvements; state leg-
islation for higher traffic violation fines and rail safety
education programs; and public information and safety
programs. Notably, a demonstration project involving
installation of automated enforcement systems has
reduced the number of grade crossing violations by 65
percent in 3 months.
Manual on Uniform Traffic Control Devices, Part X:
Traffic Controls for Light Rail-Highway Grade Cross-
ings National Committee on Uniform Traffic Control
Devices, Highway-Railroad Grade Crossing Techni-
cal Committee, LRT Task Force, Washington, D.C.
(Jan. 1997), 24 pp.

This document presents standards and guidelines for
the design, installation, and operation of traffic control
devices, such as signs, markings, and automatic gates,

at grade crossings of highways and LRT. Many of the
guidelines presented are different from those pre-
scribed for crossings of railroads and highways because
the operating characteristics of LRVs are different
from conventional trains. The situations when such
devices should be installed and precise specifications
for installation are described in great detail. The Exec-
utive Committee of the National Committee on Uni-
form Traffic Control Devices approved this new part
for inclusion in the next edition of thdanual on Uni-
form Traffic Control Devices for Streets and High-
ways The Executive Committee forwarded Part X to
the U.S. Department of Transportation, FHWA, for a
public comment period and final editing.

Richards, S. H., and K. W. Heathington. Assessment
of Warning Time Needs at Railroad-Highway Grade
Crossings with Active Traffic Control. [firansporta-

tion Research Record 1258ransportation Research
Board, National Research Council, Washington, D.C.
(1990), pp. 72-84.

Given that reasonable, constant warning times can
be provided with train predictors, this report suggests
appropriate warning times for various highway and
railroad crossing conditions. This study indicates that
a higher percentage of drivers crossed without stop-
ping during the onset of the warning period at gated
crossings than at crossings with only flashing light
signals. In addition, the study found that, when drivers
arrive at an active crossing too soon before the train
arrives, they are unlikely to wait, regardless of the sta-
tus of the active devices. Based on several field eval-
uations and human factors, laboratory tests, guide-
lines for warning time, gate delay, and gate descent
time are presented.

Richards, S. H., K. W. Heathington, and D. B. Fambro.
Evaluation of Constant Warning Times Using Train
Predictors at a Grade Crossing with Flashing Light
Signals. InTransportation Research Record 1254
Transportation Research Board, National Research
Council, Washington, D.C. (1990), pp. 60-71.

Based on the premise that variable and excessively
long warning times may have negative impacts on
crossing safety and traffic operations, this study seeks
to determine whether eliminating unnecessarily long
warning times and false warning signal activations
increases the inclination of drivers to obey railroad
crossing warning signals. Field research was con-
ducted at a single-track urban crossing in Knoxville,
Tennessee. Data were collected with video cameras
placed at the railroad grade crossing. Measures of
effectiveness included number of vehicles crossing,
clearance time, perception-brake reaction time, and
the maximum deceleration rate. Study results indicate
that train predictors reduced the average number of
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vehicles crossing the tracks while the flashing light
signals were activated from 1,086 crossings per 100
train arrivals to 335.

Richards, S. H., and K. W. Heathington. Motorist
Understanding of Railroad-Highway Grade Crossing
Traffic Control Devices and Associated Traffic Laws.
In Transportation Research Record 116Drans-
portation Research Board, National Research Coun-
cil, Washington, D.C. (1988), pp. 52-59.

A survey was conducted to evaluate driver com-
prehension of railroad grade crossing traffic control
devices and associated traffic regulations. The survey
results reveal that the percentage of drivers who iden-
tified the correct meaning and proper location of rail-
road crossing signs was rather low. In addition, the
percentage of drivers who correctly identified the traf-
fic regulations at railroad crossings was also low.
Many drivers, however, believed that traffic regula-
tions were actually more stringent than they really are.
The findings of this study suggest a need for more
thorough driver education about railroad-highway
grade crossings.

Saurenman, H., and W. RobeFests of Wayside
Horn Concept for Audio Warnings at Grade Cross-
ings Harris Miller & Hanson, Inc., for the Los Ange-
les County Metropolitan Transportation Authority,
Los Angeles (Sept. 22, 1995), pp. 1-47.

This report evaluates the feasibility of using way-
side horns to provide warning of approaching trains at
grade crossings on the Metro Blue Line in Los Ange-
les County. Train horns are very effective at prevent-
ing grade crossing accidents. Research conducted by
the Federal Railroad Administration shows that there
are 84 percent more motor vehicle-train crashes at
locations where whistles are banned than at locations
where whistles are routinely sounded. This study ana-
lyzes wayside horns in order to increase warning
noise at the grade crossing where there is the greatest
danger and to reduce noise in the community near the
grade crossing. Tests were conducted at one active
Metro Blue Line grade crossing and at two grade
crossings on the planned extension to Pasadena.
Horns were placed near the intersections to simulate
the horn noise from Metro Blue Line trains. Noise
tests were conducted to create a noise profile for the
vicinity of the intersection. Focus group participants
were placed at different locations around the intersec-
tion and were asked to rate each horn sequence in

terms of loudness and effectiveness at warning pedes- 27-

trians and motorists. Interviews indicate that factors
such as the horn sound coming from a different direc-
tion than the train, the horn being stationary, and the
lack of any Doppler effect do not cause any confusion
about potential danger of an approaching train. The

26.
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focus group evaluation also indicated that wayside
horns do not need to be as loud as the train horns in
order to provide the same degree of public warning.
Observations of lower ambient noise levels in differ-
ent communities indicate the possibility of adjusting
horn volume as a function of ambient noise. Sugges-
tions for further prototype testing are given.

Stokes, R. W., M. J. Rys, and E. R. Russell. Motorist
Understanding of Selected Warning Sigi& Jour-

nal, Washington, D.C. (Aug. 1996), pp. 36-41.

This report documents the results of a survey taken
in the state of Kansas to test driver understanding of
common warning signs. In this study, driver under-
standing was tested with a multiple choice test admin-
istered at selected survey stations in several counties
within Kansas that were deemed to have demograph-
ics similar to the state of Kansas as a whole. Open-
ended surveys were also administered as part of this
research. As the survey results reveal, the use of mul-
tiple choice surveys introduces bias by limiting the
choice set of possible interpretations of the warning
signs. With the multiple choice surveys, test subjects
had a better chance of identifying the correct response
from the options listed. The use of open-ended ques-
tions helped to compensate for this bias. One short-
coming of this survey methodology that the authors
acknowledge is that the surveys focused on assessing
on whether drivers understood the exact meaning of
the traffic warning signs instead of assessing whether
their understanding of the sign would generate an
appropriate behavioral response. The survey results
revealed several interesting findings with respect to
driver understanding of railroad crossing warning
signs. The survey revealed that 93 percent of respon-
dents correctly identified the Parallel Railroad Advance
Warning sign (W10-3) in the multiple choice survey,
whereas only 59 percent of respondents correctly
identified the sign in the open-ended survey. Only 34
percent of respondents correctly identified the mean-
ing of the Railroad Advance Warning sign (W10-1).
The authors did not conclude, however, that this low
rate of correct identification of the exact meaning of
this sign led to unsafe behavior. The report acknowl-
edged that the presence of the warning sign might
cause drives to assume an anticipatory driving posture
and to become more attentive to potential roadway
hazards even though the exact meaning may not have
been known.

TCRP Report 17 Integration of Light Rail Transit into
City StreetsTransportation Research Board, National
Research Council, Washington, D.C. (1996), 102 pp.

This report presents the safety and operating expe-
riences of 10 North American LRT systems operating
in shared (on-street or mall) rights-of-way at speeds
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28.

29.

30.

that do not exceed 56 km/h (35 mph). Although LRT
systems are safer than the motor vehicle-highway sys-

tem, accidents remain a problem because of motorist 31.

and pedestrian inattention, disobedience of traffic
laws, and confusion about the meaning of traffic con-
trol devices. Research found that traffic control treat-
ments for safety and efficient operations at LRT grade
crossings vary from system to system and even among
different locations in the same system. This report pro-
poses several guidelines to be adopted by the National
Committee on Uniform Traffic Control Devices for
signs and traffic control systems for uniform applica-
tion at light rail-highway grade crossings.

Light Rail Transit: Planning, Design, and Implemen-
tation. Special Report 199 ransportation Research
Board, National Research Council, Washington, D.C.
(1982), 175 pp.

This special report contains the papers prepared for
and delivered at the Third National Conference on
Light Rail Transit held in March 1982 in San Diego,
California. The papers provide an overview of LRT
policy and planning concerns, addressing issues such

as institutional arrangements, community and citizen 32.

participation, feasibility factors, development con-
straints, and energy considerations. In addition, the
papers examine engineering design of LRT fixed
facilities and railcar technology, as well as operating
issues such as surface operations, self-service fares,
intermodal services, and general traffic concerns. The
papers addressing surface operations, design factors
and considerations, and traffic impacts were particu-
larly useful for this study.

Light Rail Transit: System Design for Cost-Effective-
ness. State-of-the-Art Reporflzansportation Research
Board, National Research Council, Washington, D.C.
(1985), 240 pp.

This report contains most of the papers presented at
the Fourth National Conference on Light Rail Transit
(1985) as well as several presented at the TRB 1985
Annual Meeting. The papers provide an overview of
the cost-effectiveness aspects of LRT design, includ-
ing systems, construction, operation, and vehicles.

Light Rail Transit: New System Successes at Affordable 34.

Prices. Special Report 22Transportation Research
Board, National Research Council, Washington, D.C.
(1989), 667 pp.

This special report contains the papers presented at
the Fifth National Conference on Light Rail Transit
held in March 1988 in San Jose, California, as well as
six additional papers submitted to TRB. The papers
provide an overview of recent worldwide light rail
developments, including the status of new LRT sys-
tems and the lessons learned. In addition, topics such
as policy and planning considerations, systems design,
new vehicle performance, and operations and mainte-

nance are covered. Several papers describe the char-
acteristics of new LRT properties.

Light Rail Transit: Planning, Design, and Operating
Experience. ITransportation Research Record 1361
Transportation Research Board, National Research
Council, Washington, D.C. (1992), 359 pp.

This journal edition contains the technical papers

presented at the Sixth National Conference on Light
Rail Transit held in May 1992 in Calgary, Alberta,
Canada, as well as two papers presented at a TRB
Annual Meeting. The papers provide a comprehen-
sive overview of current LRT developments, includ-
ing descriptions of major LRT systems, planning and
finance issues, management and staffing concerns,
design and engineering considerations, operations and
maintenance topics, and vintage trolley operations.
Several papers address topics such as system design,
urban operations, signal control, and grade crossing
control relevant to this study, particularly the paper by
H. W. Korve and P. M. Wright, which presents guide-
lines for traffic control devices for at-grade LRT
crossings.
Americans with Disabilities Act Accessibility Require-
ments U.S. Architectural and Transportation Barriers
Compliance Board, Washington, D.C. (Dec. 1991),
5 pp.

This document is an overview in tabular form of
accessibility requirements, effective dates, regula-
tions, and enforcement of Titles I-IV of the Ameri-
cans with Disabilities Act (ADA). Title II-B of the
ADA focuses on accessibility requirements for trans-
portation facilities.

Verband Offentlicher Verkehrsbetriebe (VOV). Ver-
ordnung Uber den Bau- und Betrieb der StralRenbahnen
(StraBenbahn-Bau- und Betriebsordnung-BOStrab).
Germany (Dec. 1987), 123 pp.

Information contained in this book assisted the
Korve Engineering research team in its LRT system
survey. This book includes recommendations for signs
and pavement markings, signals and automatic gates,
and pedestrian crossing control systems at or near
LRT grade crossings.

Welty, G. Refining, Improving: A Never-Ending
Climb. Railway Age New York (April 1996), pp.
53-57.

This article describes several advances in grade
crossing systems including warning systems and active
accident prevention systems. The incremental train
control system demonstration project in Michigan will
attempt to extend the range of train detection around a
crossing by using radio signals instead of by physically
changing the existing track circuit approaches. This
system has the potential to reduce installation costs of
train control for areas where incremental high-speed
rail will travel. Another system developed by Safetran



Systems, a supplier of highway-rail grade crossing
warning systems, uses a microprocessor-based motion
sensor as a low-cost crossing control device to moni-
tor the shunting of train moves. The Federal Railroad
Administration is exploring approaches for keeping
motor vehicles and trains separated. The administra-
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tion is testing the use of arrester nets to restrain oncom-
ing traffic and the installation of four-quadrant gates
with obstruction-detection equipment and an advance
warning system to alert locomotive engineers to poten-
tial hazards. Cost estimates from the U.S. General
Accounting Office are provided.
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GLOSSARY

Definitions are from the following three sources: Dynamic Envelope:The clearance on either side of a mov-
ing light rail vehicle that precludes any contact from taking
1. U.S. Department of Transportation Technical Workingplace as a result of any condition of design wear, loading,
Group. Implementation Report of the USDOT Gradeor anticipated failure such as air-spring deflation or normal
Crossing Safety Task Fordd.S. Department of Trans- vehicle lateral motion.
portation, Washington, D.C. (June 1997).

2. Traffic Engineering Council Committee 4M-38ec-  Escape ChannelizationAn adjacent free-flow lane or paved

ommended Practice, Preemption of Traffic Signals at oghoyider so that motorists can escape the track area if necessary.
Near Railroad Grade Crossings with Active Warning

Devices Institute of Transportation Engineers, Wash-
ington D.C. (1997).
3. Kell, J. H., and I. J. FullertoManual of Traffic Signal

Design Institute of Transportation Engineers, Wash- . :
ington, D.C. (1982). Fully Actuated Operation: A type of operation of a con-

troller unit in which all signal phases are operated on an actu-
ated basis.

Flashing: That mode of operation in which a traffic signal
indication is turned on and off at a repetitive rate.

Active Highway-Rail Grade Crossing Warning Devices/
Systems:The railroad flashing light signals, with or without . o o .
warning gates, together with the necessary control equipmehild Intervals: The highway traffic signal indication dis-
used to inform road users of the approach or presence of traifigyed after the track clear intervals during the time the pre-
at highway-rail grade crossings. emption circuit Is active.

Advance Preemption:Notification of an approaching train Interconnected Signals:Traffic signals that are connected
is forwarded to the highway traffic signal controller unit orby some means, primarily for the purpose of establishing a
assembly by railroad equipment for a period of time beforelefinite timing relationship between the signals.

the railroad active warning devices are activated.

Interconnection: The electrical connection between the rail-
All Red: Control mode involving holding all motor vehicles road active warning system and the traffic signal controller
until the train passes through the highway-rail grade crossingssembly for the purpose of preemption.

Approach: A set of lanes accommodating all 1eft-tum, |ieryal: The part or parts of a signal cycle during which sig-
through, and right-turn movements arriving at an INtersecy 4 indications do not change.

tion from a given direction.

Interval Sequence:The order of appearance of signal indi-

Automatic Flash: A flashing operation resulting from input . ) o
cations during successive intervals of a cycle.

from a time switch or system command.

Bollards: Typically, steel posts about 1,000 mm (40 in.) tallMaximum Preemption Time: The maximum amount of
with a diameter of about 200 mm (8 in.). time needed after initiation of the preemption sequence for

the highway traffic signals to complete the timing of the

Clear Storage DistanceThe distance available for vehicle "ght-of-way transfer time, queue clearance time, and sepa-

storage measured between 2 m (6 ft) from the rail nearest thation time.

intersection to the intersection stop bar or the normal stop-

ping point on the highway. Minimum Track Clearance Distance: The length along a
highway at one or more railroad tracks, measured from the

Constant Warning Time: A uniform warning time regard- railroad stop line, warning device, or 4 m (12 ft) perpendic-

less of the speed of the approaching train. ular to the track centerline to 2 m (6 ft) beyond the track(s),
measured perpendicular to the far rail, along the centerline or

Cycle Length: The time period required for one complete right-edge line of the highway, as appropriate, to obtain the

sequence of signal indications. longest distance.
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Pedestrian Clearance TimeThe time provided for a pedes- to start up and move through the minimum track clearance
trian crossing in a crosswalk, after leaving the curb or shouHistance.

der, to travel to the far side of the farthest traveled lane or a

median. Separation Time: The component of the maximum pre-

) _emption time during which the minimum track clearance dis-
Phase:The part of the signal cycle allocated to any combinagance is clear of vehicular traffic before the train arrives.
tion of traffic movements receiving the right-of-way simulta-

neously during one or more intervals. Signal PhaseThe right-of-way, change, and clearance inter-

vals in a cycle that are assigned to an independent traffic

Photo Enforcement (at grade crossings)Jses vehicle pres- L
dnovement or combination of movements.

ence monitoring (e.g., loop detectors or video imaging) t

detect whether a vehicle drives around the tip of a lowered . - _
automatic gate arm. If the system detects a vehicle, an imagémultaneous Preemption:Notification of an approaching

of the vehicle’s license plate and driver is captured and seffi@in is forwarded to the highway traffic signal controller
to the state’s Department of Motor Vehicles for processingdnit or assembly and railroad active warning devices at the
A traffic citation is then issued in the mail. same time.

Preemption: The transfer of normal operation of traffic sig- Storage DistanceThe distance separating the highway-rail
nals to a special control mode. grade crossing and signalized highway intersection.

Preemption Circuit: A control circuit using a supervised/ 1,0y clearance Green Interval: The time assigned to clear
closed-circuit principle activated by the approachto a h'ghways'topped vehicles from the track area on the approach to the
rail grade crossing by a train that preempts the operation Ofsé?gnalized intersection

highway traffic signal.

Presignal: Supplemental highway traffic signal faces operated! affic Signal: An electrically powered traffic control device,
as part of the highway intersection traffic signals, located in gther than a barricade warning light or steady burning electric

position that controls traffic approaching the highway-rail@Mp, by which traffic is warned or directed to take some spe-
grade crossing and the signalized intersection. cific action.

Queue Clearance TimeThe time required for the design Traffic Signal Controller: The part of a controller assembly
vehicle stopped within the minimum track clearance distancthat is devoted to the selection and timing of signal displays.
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