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Executive Summary

More than 4,000 accidents have occurred at the Nation’s active and passive grade
crossings each year from 1991 through 1996. Many of the accidents at active crossings
have involved highway vehicle drivers who did not comply with train-activated warning
devices installed at the crossings. This failure to comply often includes driver actions re-
sulting from a deliberate decision, such as driving around a lowered crossing gate arm or
ignoring flashing lights. Drivers at passive crossings are not provided warnings from
train-activated devices; consequently, they must rely on a system of grade crossing signs
and pavement markings, passive devices, that are designed to warn drivers only of the
presence of a crossing. No element of this passive system changes to alert drivers to an
oncoming train. Further, the effectiveness of the passive system is influenced by charac-
teristics of the physical layout of the crossing, such as an adequate view of the area
surrounding the crossing (sight distance) and roadway alignment, that affect the informa-
tion given to an approaching motorist regarding an upcoming hazard.

According to the Federal Railroad Administration, there were 4,054 accidents in
1996 that involved highway vehicles at grade crossings; 54 percent (2,208) of those acci-
dents occurred at passive grade crossings. About 60 percent of the fatalities from all
grade crossing accidents in 1996 (247 of 415 fatalities) were at passive grade crossings.

The cost to eliminate or upgrade passive grade crossings is very high. According
to the General Accounting Office, the average cost of adding lights and gates in 1995 was
$150,000 per grade crossing. The total cost to upgrade the 96,759 passive crossings on
public roadways would be about $14 billion. Gates and lights do not completely elimi-
nate the hazards present at crossings, and, therefore, sole reliance on them would reduce
but not eliminate all the fatalities. The ultimate solution from a safety standpoint would
be a standard grade separation, which usually involves construction of bridges or over-
passes and costs an estimated $3 million per crossing. The large number of passive grade
crossings, the high percentage of fatalities that occur at passive grade crossings, and the
cost to eliminate or upgrade passive grade crossings prompted the Safety Board to con-
duct this study to identify some of the common causes for accidents at passive grade
crossings, and to identify less costly remedies to improve safety at passive crossings not
scheduled for closure or upgrade.

For this study, the Safety Board investigated 60 grade crossing accidents that
occurred between December 1995 and August 1996. The Safety Board selected for study
accidents involving a collision between a train and a highway vehicle occurring at a
passive grade crossing, wherein the highway vehicle was sufficiently damaged to require
towing. The sample of accidents is not intended to be statistically representative of the
entire population of accidents at passive grade crossings during the study period, but
rather to illustrate a range of passive grade crossing accidents. A probable cause was
determined for each accident in the study. Overall, driver error was cited as the primary
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cause in 49 of the 60 accident cases: driver disregard for the stop sign in 13 cases, and
the driver’s failure to look for a train in 16 cases. In 7 of the remaining 11 cases, the
probable cause was determined to be related to roadway conditions that affected the
driver’s ability to detect the presence of a passive crossing or an oncoming train; roadway
and track conditions were cited as the probable cause in 3 of the 11 cases.

In May 1997, the Safety Board convened a 2-day public forum in Jacksonville,
Florida, to gather information about issues affecting safety at passive grade crossings.
Witnesses included experts from the railroad industry; law enforcement; research groups;
Operation Lifesaver; and Federal, State, and local government agencies. Those involved
in grade crossing accidents, both highway vehicle occupants and traincrews, testified
about their personal experiences. In addition, representatives from Canada and Italy dis-
cussed passive grade crossing issues and experiences in their countries.

Based on the results of the Safety Board’'s accident investigations and the infor-
mation gathered at the public forum, the safety issues discussed in the report include the
following:

» the adequacy of existing warning systems to alert the driver to the presence of
a passive crossing and an oncoming train;

* roadway and track conditions that affect a driver’s ability to detect the
presence of an oncoming train;

* behavioral factors that affect a driver's ability to detect the presence of an
oncoming train;

» the adequacy of existing driver education material regarding the dangers of
passive grade crossings and driver actions required,;

* the need for a systematic and uniform approach to passive grade crossing
safety; and

» the need for improved signage at private passive crossings.

The issue of safety at passive grade crossings is complex; therefore, Volume 1
(NTSB/SS-98/02) of the report first discusses the problems drivers encounter at passive
crossings, then presents the Board’'s analysis, conclusions, and recommendations.
Volume 2 (NTSB/SS-98/03) of the report contains case summaries of the 60 accidents
investigated by the Safety Board for this study.
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As a result of this study, safety recommendations were issued to the U.S.
Department of Transportation; the Federal Highway Administration; the National
Highway Traffic Safety Administration; the Federal Railroad Administration; the States;
Operation Lifesaver, Inc.; the American Association of Motor Vehicle Administrators; the
American Automobile Association; the American Association of State Highway and
Transportation Officials; the Professional Truck Drivers Institute of America; the
Advertising Council, Inc.; the Association of American Railroads; the American Short
Line and Regional Railroad Association; and the American Public Transit Association.
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Chapter 1

Introduction

In the afternoon of March 9, 1997, a Ford Aerostar passenger van was traveling
eastbound on Kirkwood Road in Shelby County, Ghibhe family in the van resided in
Vandalia, Ohio, about 40 miles away; it is not known whether the driver was familiar
with the road. Light rain was falling, and the temperature was 54 °F. Shortly after 3 p.m.,
the van approached a passive grade crodsirich was equipped with a circular railroad
advance warning sign and a standard crossbuck sign. The required railroad crossing
pavement markings consisting of an “X,” the letters “RR,” a “no passing” mark, and
“certain transverse line$Jto delineate the beginning and end of the pavement markings]
were not present on the two-lane asphalt road on either the eastbound or the westbound
approaches to the grade crossing.

Houses built along Kirkwood Road obstruct an eastbound motorist's view of a
southbound train until the motor vehicle is within 118 feet of the crossing, at which point
the approaching train would be visible if it were within 207 feet of the crossing. The ob-
structed view is referred to as “limited sight distarnite A motorist traveling at the
unposted speed limit of 55 miles per hour (mph) would not have had sufficient time to re-
act to the presence of the train and to stop the vehicle prior to the crossing. One witness
estimated that the van was traveling at about 25-30 mph. At 25 mph, a motorist would
still require more than 160 feet of sight distance along the highway in order to see the ap-
proaching train, then react and stop the vehicle in time to avoid an accident.

According to the traincrew, the van driver slowed, looked toward the train, and
accelerated into the crossing; the van was struck by a southbound CSX Corporation
(CSX) freight train. Data from the locomotive event recorder indicated that the train’s
horn was sounding; the traincrew reported that the locomotive headlight and auxiliary

! National Transportation Safety Board (NTSB) accident No. NRH-97-FHX-08. The accident occurred
after the sampling period for this safety study and is not one of the accident cases in the Safety Board’s
analysis. The accident is described here to illustrate some of the problems at passive grade crossings.

2 passive grade crossings have only traffic control devices such as the crossbuck, stop signs, or
pavement markings that do not change to give the highway vehicle driver active visual or auditory warning
of an approaching train. Active warning devices such as flashing lights, bells, or gates are triggered by the
approach of a train along the tracks, providing advance warning to the oncoming motorist that a train is
approaching the crossing. Distinctions between active and passive crossings are discussed in more detail in
the following chapters.

3U.S. Department of Transportation, Federal Highway Administration. 1988. Manual on uniform
traffic control devices. Washington, DC. Variously paged. (Section 8B-4.)

* Sight distance is discussed in detail in later chapters of this report.
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alerting lights were illuminated. The van overturned and came to rest 87 feet east of the
crossing. The driver, his wife, and their three children were killed; the traincrew were not
injured.

About 1:30 p.m. on August 23, 1996, a 1978 Ford Courier pickup truck was trav-
eling along an earthen road west of Naponee, in Franklin County, Nebraska (study case
62). The weather was clear, and the temperature about 90 °F. The speed limit on the road
was 25 mph. The roadway runs nearly parallel with railroad tracks until about 1 mile
west of Naponee, where it makes a sharp left turn to intersect the tracks at an angle of
135°. Trees and brush limited the sight distance to within 15 feet of the grade crossing,
which was equipped, as required, with a circular railroad advance warning sign and a
standard crossbuck sign. According to the traincrew, the train’s headlight was illumi-
nated, and the engineer sounded the horn prior to entering the crossing. The pickup
truckdriver, a former county supervisor for Franklin County, entered the grade crossing
and was struck by a Burlington Northern Santa Fe local freight train. The driver of the
pickup was killed; the traincrew were not injured.

The above accidents are examples of the more than 4,000 accidents that have oc-
curred at the Nation’s active and passive grade crossings each year from 1991 through
1996° Many of the accidents at active crossings have involved highway vehicle drivers
who did not comply with train-activated warning devices installed at the crossings. This
failure to comply often includes driver actions resulting from a deliberate decision, such
as driving around a lowered crossing gate arm or ignoring flashing lights. Because pas-
sive crossings do not have train-activated devices at the crossings, drivers must rely on a
system of grade crossing signs and pavement markings, passive devices, that are designed
to warn drivers of the presence of a crossing. No element of this passive system changes
to alert drivers to an oncoming trdinFurther, the effectiveness of the passive system is
influenced by characteristics of the physical layout of the crossing, such as an adequate
view of the area surrounding the crossing (sight distance) and roadway alignment, that af-
fect the information given to an approaching motorist regarding an upcoming hazard.

5 Not all data are available for 1997.

® Motorists at passive grade crossings must be able to see an oncoming train. Crossing characteristics
that affect the motorist’s ability to see a train are discussed in chapter 4 of this report. Motorists can also be
alerted to a train by the train horn, which traincrews are required to sound near active and passive grade
crossings, and by auxiliary locomotive alerting lights, which are sometimes activated as a train approaches
certain crossings. The effectiveness of the train horn and use of auxiliary locomotive lights to alert motorists
to an oncoming train are discussed in chapter 5 of this report.
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Figure 1-1. Fatalities from accidents involving highway vehicles at

active and passive highway-rail grade crossings, 1991-1996. (Source:
U.S. Department of Transportation, Federal Railroad Administration.

1992-1997. Highway-rail crossing accident/incident and inventory

bulletin. Nos. 14-19. Washington, DC. Annual.)

In 1996, the States and railroads reported to the Federal Railroad Administration
(FRA) that there were 265,721 grade crossings; 75 percent, or 198,985, were passive
crossings. According to the FRA, there were 4,054 accidents in 1996 that involved high-
way vehicles at grade crossing&i4 percent (2,208) of those accidents occurred at
passive grade crossings. About 60 percent of the fatalities from all grade crossing acci-
dents in 1996 (247 of 415 fatalities) were at passive grade crossings. Figure 1-1 shows
the number of fatalities from accidents involving highway vehicles at active and passive

crossings for the 1991-1996 period.

"The annual statistics in this report are based on information reported to the Department of
Transportation’s FRA. They do not include statistics from organizations not subject to FRA authority.
Those organizations file safety reports with the Federal Transit Administration (FTA).
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Figure 1-2. Number of active and passive, public and
private grade crossings in the United States, 1996. (Source:
U. S. Department of Transportation, Federal Railroad
Administration. 1997. Highway-rail crossing accident/
incident and inventory bulletin. No. 19. Washington, DC.)

Grade crossings are also categorized as either public or private. A private cross-
ing is a grade crossing that is not classified by the FRA as a public crdssiol,as a
crossing on a private road giving access to a farm. Of the 103,295 private crossings re-
ported to the FRA, only 1,069 have active signals, thus 99 percent of all private grade
crossings are also passive crossings (figure 1-2).

One of the primary distinctions between active and passive crossings is the
amount of traffic, both on the highways and on the railroad tracks, that utilizes them.
According to data from the FRA, the highway average daily traffic (ADT) at public active
crossings is 4,003 vehicles, and at public passive crossings the corresponding average
ADT is 849 vehicles. The average reported daily train traffic is also higher at public
active crossings (13.7 trains) than it is at public passive crossings (6.2 trains). Although
the train and highway traffic is lower at passive crossings, these crossings still pose a risk.

8 A crossing is classified as public if “(@) the roadway is a part of the general system of public streets
and highways, and (b) under the jurisdiction of and maintained by a public authority, and (c) open to the
general traveling public.” (U.S. Department of Transportation, Federal Railroad Administration, Office of
Safety. 1996. Highway-rail crossing inventory instructions and procedures manual. Washington, DC.
Variously paged (page 1-6).)

? Information on highway and train traffic at private crossings is not available.
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In an effort to reduce the number of fatalities at grade crossings, the FRA Admin-
istrator announced an initiative in 1991 intended to eliminate 25 percent of all grade
crossings by the year 2062.Despite active involvement by the railroads, States, and the
Federal government, however, the effort to eliminate crossings is progressing very slowly.
According to data from the FRA, the number of passive crossings, both public and pri-
vate, has been decreasing about 2 percent per year since 1992, a statistic that includes
both the closure of crossings and the upgrade of some passive crossings to active by the
installation of active warning devices. The number of all crossings (active and passive)
decreased 9.3 percent between 1990 and 1996.

The cost to eliminate or upgrade passive grade crossings is very high. According
to the General Accounting Office (GA®),the average cost of adding lights and gates in
1995 was $150,000 per grade crossing. The total cost to upgrade the 96,759 passive
crossings on public roadways would be about $14 billion. Gates and flashing lights do
not completely eliminate the hazards present at crosirags], therefore, sole reliance
on them would reduce but not eliminate all the fatalities. The ultimate solution from a
safety standpoint would be a standard grade separation, which usually involves construc-
tion of bridges or overpasses and costs an estimated $3 million per crssing.

The costs of a grade crossing accident, however, are also high. In 1994, a single
fatality cost society more than $830,000, and the average cost for each critically injured
survivor was $706,008. A single accident involving a passenger train, for example,
could easily result in costs to society of several million dollars. In addition, the railroads
and roadway users involved in accidents at grade crossings also incur direct costs from
property damage and loss of the use of equipment.

1% Carmichael, Gilbert E. 1991. Highway-rail grade crossings: the unfinished safety agenda. In: The
job’s not done: Proceedings, 1991 national conference on highway-rail safety; 1991 July 7-10; Philadelphia,
PA. College Station, TX: TransCom: 5-9.

1 safety Board staff conversation with the Staff Director of Federal Railroad Administration, Office of
Safety, Highway Rail Crossing and Trespasser Division, at a technical review meeting for a draft of this
report, May 21, 1998.

2 United States General Accounting Office. 1995. Railroad safety: status of efforts to improve railroad
crossing safety. GAO/RCED-95-191. Washington, DC. 58 p. (page 33.)

13 Erlich, Pat. 1989. Identifying improvement options. In: Rail-highway safety: today and tomorrow:
Proceedings, 1989 national conference on rail-highway safety; 1989 July 9-12; San Diego, CA. College
Station, TX: TransCom: 45-52.

14 GAO (1995, page 33).

15 National Highway Traffic Safety Administration. [n.d.] The economic cost of motor vehicle crashes,
1994. NHTSA Technical Report. Washington, DC. (Report accessed on July 3, 1997, on the NHTSA Web
site: http://www.nhtsa.dot.gov/people/economic/ecomvc1994.html.)
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The large number of passive grade crossings, the high percentage of fatalities that
occur at passive grade crossings, and the cost to eliminate or upgrade passive grade
crossings prompted the Safety Board to conduct this study to identify some of the com-
mon causes for accidents at passive grade crossings, and to identify less costly remedies
to improve safety at passive crossings not scheduled for closure or upgrade.

Chapter 2 contains background on Federal and State regulatory responsibilities re-
garding grade crossings, including initiatives to address grade crossing safety, and on
previous Safety Board activity related to safety at grade crossings. Chapter 3 contains a
description of the study methods used by the Safety Board, as well as an overview of the
accident sample. A description of the accident crossings, including the presence and con-
dition of the signs and warning devices used at passive crossings, is included in chapter 4.
Chapter 4 also discusses the physical characteristics at the accident crossings that affect a
driver’s ability to see an oncoming train. Chapter 5 discusses driver awareness of the
presence of a crossing and an oncoming train. Chapter 6 presents proposals to improve
safety at passive grade crossings. The last sections of the report contain the Safety
Board’s conclusions and recommendations.
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Chapter 2

Background

Grade crossing accidents like those described in the previous chapter are not new
to the railroad or highway safety communities. Similar accidents were mentioned in
newspaper and magazine articles as early as #9%0W official records maintained by
the Interstate Commerce Commission (ICC, now the Surface Transportation Board) in
1917 reported 1,083 grade crossing fatalities involving motor veHicléEhe Federal
Highway Safety Act of 1973 provided funding to the States specifically for grade crossing
improvement projects, and the number of fatalities at grade crossings began to decline.
Currently, 415 to 560 grade crossing fatalities occur each'3eAppendix A provides
the number of grade crossing accidents, fatalities, and persons injured for 1991 through
1996.

Regulatory Responsibility
for Grade Crossings

In the 19th century, as the networks of railroad tracks and roads were being con-
structed, grade crossings were under the jurisdiction of the State or local authority in
whose territory they lay. A series of court cases attempted to assess the degrees to which
the railroad and the local authorities were responsible for safety at these grade crossings.
Along with safety responsibility came monetary responsibility for crossing improvements,
and for that reason the issue was intensely and repeatedly debated. Initial decisions in the
19th century generally determined that the owner of a property, in this case the railroad,
was responsible for maintaining that property in a condition that did not undermine public
safety, and that local authorities were within their rights to mandate specific crossing
improvements?

16 Batting, Charles W. 1907. Our railwaysiraial slaughter. Van Norden Magazine, January. (page 62).
" The number of fatalities remained between 1,000 and 2,200 per year until the mid-1970s.
18 These numbers represent the range of fatality counts occurring in the years 1991-1996.

U.S. Department of Transportation, Federal Railroad Administration; Federal Highway Admin-
istration. 1971. Railroad-highway safety. Part I: A comprehensive statement of the problem. Report to
Congress. Washington, DC. 95 p., plus appendixes. (page A-12).
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The advent of the motor vehicle changed both the magnitude of the safety prob-
lem at grade crossings and the level of Federal involvement in the matter. In the early
decades of the 20th century, Federal-aid funds were made available to build a system of
rural roads, and in some cases a portion of these funds were available for eliminating haz-
ards at grade crossings.Beginning in 1917 and continuing through the mid-1960s, the
ICC maintained records of accidents occurring at grade crossings, but it did not have ju-
risdictional authority to regulate grade crossing warning or protective dévidas1935,
the courts also determined that, because the primary beneficiaries to safety improvements
at grade crossings are the highway users rather than the railroads, the public should bear a
proportion of the cost to be determined by fairness and beneficial irffer&stording to
U.S law, for any project paid for by the Federal funds earmarked for grade crossing im-
provements, the railroads cannot be required to pay more than 10 percent of the project
costs> The Secretary of the U.S. Department of Transportation (DOT), empowered by
Congress to determine the actual percentage to be paid by the railroads, has set the current
maximum at 5 percent of the project costs, and then only under very limited circum-
stance$? On projects not paid for out of the Federal-aid funds, the railroads can pay a
higher proportion of the costs.

In late 1966, Congress passed the Department of Transportation Act, wherein the
Federal Highway Administration and the Federal Railroad Administration, among other
agencies, were created. The authority held by each of these administrations regarding
grade crossings is highlighted in the following paragraphs.

The Federal Highway Administration (FHWA) regulates aspects of the grade
crossing that affect highway safety. FHWA publications provide guidelines and standards
for correct design of grade crossings, assessment of safety at a grade crossing, and appro-
priate placement of traffic control devices at and on the approach to a grade crossing. The
FHWA also administers the distribution of funds authorized in Title 23 United States
Code (23 U.S.C.) Section 130, which allocates money to the States specifically for the
purpose of eliminating hazards at railroad—highway grade crossings.

' FRA and FHWA (1971, page A-8).
ZLFRA and FHWA (1971, page A-22).
22 FRA and FHWA (1971, page A-13).

% The railroads’ 10-percent responsibility is current law. (23 U.S.C. [United States Code] §130 (b).
Highway Safety Act of 1973.)

% The railroad, which may voluntarily pay more, is required to pay only 5 percent of the cost of
projects that involve the elimination of a grade crossing through grade separation or through railroad or
highway relocation. (23 CFR [Code of Federal Regulations] §646.210.)

% As previously noted, the Federal Highway Safety Act of 1973 provided this funding. FHWA funds
for State use are discussed later in this report.
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The Federal Railroad Administration (FRA) regulates the aspects of grade
crossing safety pertaining specifically to the railroads: track safety, active signals, and
train safety and conspicuity. For example, the agency’s regulations specify the type of
lighting to be placed on a locomotive (49 CFR [Title 49 Code of Federal Regulations]
229.125), the audibility of the train horns (49 CFR 229.129), and the inspection, testing,
and maintenance standards for active grade crossing signal system safety (49 CFR 234).
The FRA also conducts research on topics affecting safety at grade crossings; this
research will be discussed in appropriate sections of this report.

When the FRA was created in 1967, it assumed the recordkeeping responsibilities
previously held by the ICC, and it currently requires railroads to report information on
accidents/incidents occurring at grade crossings. The information reported by the
railroads is contained in the Railroad Accident/Incident Reporting System, which consists
of three files: the casualty file (CAS), the rail equipment accident/incident file (RAIR),
and the highway-rail grade crossing accident/incident file (GEIRThe FRA also
maintains the Grade Crossing Inventory System (GCIS) database, a large file intended to
document every grade crossing in the United States. This reporting system is discussed in
more detail in chapter 6.

In 1970, Congress directed the Secretary of Transportation to “submit. . . a com-
prehensive study of the problem of eliminating and protecting railroad grade crodsings.”
The FRA and the FHWA responded with a two-part report: Part | included a statement of
the problem and was released in November £&7®Rart Il contained the recommended
solutiong® and was released in August 1972. Part Il stated that

[tlo assist in a systematic approach to the planning and evaluation of programs for the
improvement of railroad—highway crossings, certain information is essential, both for
individual crossings and for groups of crossings. This essential information fits into two
categories, (1) inventory data and (2) accident statistics, with a third factor, crossing
identification, equally essential for correlation of the first two. Both the inventory and the
accident statistics information must be obtained on a crossing-by-crossing basis, and be of
sufficient detail for planning and program purposes.

% Deaths, injuries, or occupational illnesses arising from railroad operations are reported in CAS. The
RAIR contains data on events involving the operation of rail equipment and causing more than a certain
threshold dollar amount of damage, and the GCIR file contains data on “any impact, regardless of severity,
between a railroad on-track equipment consist and any user of a public or private crossing site.” (U.S.
Department of Transportation, Federal Railroad Administration, Office of Safety. FRA guide for preparing
accidents/incidents reports. DOT/FRA/RRS-22. Washington, DC. Variously paged (page VIlI-1).)

?"U.S. Code Congressional and Administrative News. Laws of 91st Congress, Second Session.
Washington, DC. (page 1133).

% Federal Railroad Administration; Federal Highway Administration. 1971. Railroad-highway safety.
Part I: A comprehensive statement of the problem. Report to Congress. Washington, DC. 95 p., plus
appendixes.

? Federal Railroad Administration; Federal Highway Administration. 1972. Railroad-highway safety.

Part 1l: Recommendations for resolving the problem. Report to Congress. Washington, DC. 108 p. (page
58).
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Congress acted on these recommendations in the Federal Highway Safety Act of 1973,
wherein States are enjoined to “conduct and systematically maintain a survey of all high-
ways to identify those railroad crossings which may require separation, relocation, or

protective devices,” and the Secretary of Transportation is required to provide an annual
report to include, among other things, an analysis and evaluation of each State ptogram.

The FRA, in order to facilitate the production of the required reports, established the

GCIS and accident/incident data files still in use today.

Guidelines

Several organizations and agencies publish guidelines and standards for highway
or railroad design and engineering issues that pertain to grade crossings.

A Policy on Geometric Design
of Highways and Streets

The American Association of State Highway and Transportation Officials
(AASHTO) publishesA Policy on Geometric Design of Highways and Stré@e¢seinaf-
ter called the AASHTO Greenbook), which contains guidelines to assist highway
engineers in the design of safe roadway systénmishese guidelines include specifica-
tions for appropriate and safe vertical and horizontal roadway alignment at grade
crossings, and also include suggested formulas for calculating the sight distance require-
ments at grade crossings. The sight distance calculations use some assumptions about the
size and stopping distances of the vehicles and operators using the grade crossing: (1) the
design vehicle is assumed to be a large truck, because a large truck would require the
greatest stopping distance, and its length and slow acceleration capabilities mean that it
would occupy the crossing for a relatively long tifig2) the time that the highway
driver needs to perceive the danger and react appropriately is assumed to be 2.5 seconds;
(3) the speed of the highway vehicle is assumed to be the speed limit on the road; (4) the

%U.S. Code Congressional and Administrative News. Laws of 93rd Congress, First Session.
Washington, DC. (page 332).

% The National Highway Traffic Safety Administration (NHTSA) within the DOT also includes data
about grade crossings in its databases. The first of these databases is the Fatality Analysis Reporting
System, which contains information about every fatal accident occurring on public roadways. The second
database is the General Estimates System, which contains a statistical sample of nonfatal accidents
occurring on public roadways.

32 American Association of State Highway and Transportation Officials. 1990. A policy on geometric
design of highways and streets, 1990. Washington, DC. 1044 p.

33 Assumptions about the design vehicle drew upon information provided iRaiead-Highway
Grade Crossing Handbogbublished by the FHWA and described later in this chapter. According to the
Handbook (page 35), “unless trucks are prohibited on the crossing, it is desirable that the design vehicle be
at least a tractor semi-trailer truck.”
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speed of the train is assumed to be the typical maximum train speed reported in the FRA
inventory database; and (5) stopping distances calculated assume a coefficient of friction
measured on wet road surfaces.

Manual on Uniform
Traffic Control Devices

This manual, referred to as the “MUTCD,” is published by the FH{VAt pro-
vides State and local highway engineers with standards for sign, signal, and pavement
marking design, as well as for their appropriate placement. The standards set forth in the
MUTCD become State law when States adopt them, and all States are required to either
adopt the MUTCD or adopt a State manual that conforms to the MUTQM1.50 States
and the District of Columbia require that all traffic control devices on streets and high-
ways under public agency jurisdiction conform to the specifications in the MUCD.
The next edition of the MUTCD is scheduled to be published in the year 2000.

The language in the MUTCD determines whether a particular traffic control de-
vice is mandatory, recommended, or whether it is simply permitted. The language in
guestion is defined as follows:

1. SHALL—mandatory condition. ~Where certain requirements in the design or
application of the device are described with the “shall” stipulation, it is mandatory when
an installation is made that these requirements be met.

2. SHOULD—anadvisorycondition. Where the word “should” is used, it is considered
to be advisable usage, recommended but not mandatory.

3. MAY—a permissive condition. No requirement for design or application is
intended?’

For example, the railroad crossing sign, or crossbuck (MUTCD designation R15-1), is
mandatory andshall [emphasis added] be used on each roadway approach to every grade
crossing, alone or in combination with other traffic control devidedf'there are multi-

ple tracks at the crossing, “the number of tragtkall [emphasis added] be indicated” by

an inverted T-shaped sign (R15-2). Other devices, such as the circular railroad crossing
advance warning sign (W10-1) (a yellow circular sign inscribed with a large “X” and the
letters “RR”) and the railroad crossing pavement markings (“to consist of an X, the letters
RR, a no passing marking . . . , and certain transverse ¥hestiall be placed on both
approaches to the crossing, but these may be omitted under certain conditions. In the case

34 U.S. Department of Transportation, Federal Highway Administration. 1988. Manual on uniform
traffic control devices. Washington, DC. Variously paged.

%23 CFR §655.603.

% Jennings, L. Stephen, comp., ed. 1995. Compilation of State laws and regulations affecting highway-
rail grade crossings. 2nd ed. Washington, DC: Federal Railroad Administration. Variously paged (page 5-1).

3" MUTCD (1988, page 1A-4).
3 MUTCD (1988, page 8B-1).
39 MUTCD (1988, page 8B-5).
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of the “do not stop on tracks” sign and a few other systems, the MUTCD says only that
they should or theymay be installed. Appendix B contains a copy of the MUTCD
chapter that lists and illustrates the specific grade crossing signs and markings for which
design and placement standards are available.

The MUTCD classifies signs according to whether they inform the driver (1) of
the need to obey specific regulations (regulatory signs), (2) of the presence of hazards
(warning signs), or (3) of highway routes and directions (guide signs). Stop signs, yield
signs, and speed limit signs are all examples of regulatory signs, informing drivers of the
need to obey certain regulations, and providing them with explicit instructions. The
crossbuck and multiple tracks signs, placed at grade crossings, are regulatof§ signs.
Warning signs “require caution on the part of the vehicle operator and may call for reduc-
tion of speed or a maneuver in the interest of his own séfetfhe yellow diamond-
shaped signs, such as those indicating an upcoming “T” intersection, or a “stop ahead,”
are warning signs; the circular railroad crossing advance warning sign used at grade
crossings is classified as a warning sfgnGuide signs, such as the shield-shaped inter-
state route signs are intended to guide drivers along roadways and to direct them toward
cities and other points of interest; none of the signs specific to grade crossings are guide
signs.

Railroad—Highway Grade
Crossing Handbook

The Railroad—Highway Grade Crossing Handbofilereinafter called the Hand-
book) is published by the FHWE. It draws on a number of different sources (including
the MUTCD and the AASHTO Greenbook) to provide an overview of some of the legal
and jurisdictional considerations surrounding grade crossings, a brief discussion of the
grade crossing users, design issues involving the physical and geometric characteristics of
the crossing, and several formulas by which the risk at a crossing may be assessed. The
Handbook also provides guidelines for the identification and selection of active warning
devices. Also included are discussions of issues surrounding private grade crossings,
shortline railroads, high speed rail corridors, and special vehicles such as trucks carrying
hazardous materials. The Handbook was developed to provide a single source for all the
guidelines and alternative grade crossing improvements that had proved effective and that
had been accepted nationwide.

“OMUTCD (1988, page 8A-1).
“IMUTCD (1988, page 2C-1).
“2MUTCD (1988, page 8B-3).

3 U.S. Department of Transportation, Federal Highway Administration. 1986. Railroad-highway grade
crossing handbook. 2nd ed. FHWA-TS-86-215. Washington, DC. 261 p.
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Manual for Railway Engineering

This manual, published by the American Railway Engineering Association
(AREA, now the American Railway Engineering and Maintenance of Way Association),
contains information and specifications for the engineering and design of railway road-
way, track, and structures, including grade crossihgdmong the grade crossing topics
covered in this manual are discussions of crossing surface materials, crossing profile, and
traffic control devices needed at crossings. The AREA manual is used by railroads and
consultants as guidelines for establishing policies and practices.

DOT Action Plan

In order to promote reductions in the numbers of accidents and fatalities at grade
crossings, the FHWA, the FRA, the Federal Transit Administration (FTA), and the
National Highway Traffic Safety Administration (NHTSA) published Bail-Highway
Crossing Safety: Action Plan Support Propogaisreinafter called the Action Pl&f?).In
this 1994 Action Plan, the modal administrations identify six major initiatives through
which safety at all grade crossings could be improved:

* Increased law enforcement of traffic laws at crossings,

* Reviews of safety improvements at rail crossing corridors,
« Increased public education and Operation Lifes&ver,

» Safety at private crossings,

» Data and research, and

« Trespass prevention.

Within these major initiatives, the Action Plan identified 55 individual proposals, in-
cluding those targeting specific needs, such as increasing truckdriver and busdriver
awareness of crossing safety, as well as those providing incentives to advance a program.
Proposals pertinent to this study on the safety at passive grade crossings will be discussed
in appropriate sections of this report.

4 American Railway Engineering Association. 1996. Manual for railway engineering. Washington, DC.
Multiple vols.

%> U.S. Department of Transportation, Federal Highway Administration; Federal Railroad Admin-
istration; Federal Transit Administration; National Highway Traffic Safety Administration. 1994. Rail-
highway crossing safety: action plan support proposals. Washington, DC: Federal Railroad Administration.
52 p.

“6 Operation Lifesaver is identified and discussed later in this chapter.
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DOT Study of
Locomotive Conspicuity

In July 1995, the FRA published the results of a study on locomotive conspicuity
conducted by the Research and Special Programs Administration, John A. Volpe National
Transportation Systems Center (Volpe Ceriter)Staff of the Volpe Center conducted
field tests to determine the effectiveness of various external visual alerting devices de-
signed to improve the ability of a motorist to detect a train at a crossing by making the
locomotive more conspicuous. The results of this testing suggested that the number of
accidents at grade crossings could be reduced through the installation and use of auxiliary
alerting light systems, such as crossing lights, placed on the locomotive so as to create a
triangular visual pattern with the headlight. In the spring of 1996, following publication
of the study, the FRA issued a final rule in which the locomotive safety standards (in 49
CFR 229.125) were amended to include a requirement for auxiliary alerting lights:
locomotives operated over public grade crossings at speeds greater than 20 mph must be
equipped with auxiliary lights. Railroads had to comply with the regulation by
December 31, 199%.

DOT Grade Crossing
Safety Task Force

In November 1995, following the accident that occurred in October 1995 in Fox
River Grove, lllinois? in which seven high school students were killed when their school
bus was struck by a commuter train, the DOT formed an interagency task force to review
the processes for designing and operating grade crossings. Members of the task force
include representatives from the FRA, the FHWA, the NHTSA, the FTA, and the Office
of Intermodalism. The Safety Board also provides a representative. The task force is
focusing on the following five problem areas:

“7U.S. Department of Transportation, Federal Railroad Administration. 1995. Safety of highway-
railroad grade crossings: use of auxiliary external alerting devices to improve locomotive conspicuity.
DOT/FRA/ORD-95/13; DOT-VNTSC-FRA-95-10. Washington, DC. Variously paged.

“8 Locomotives with visibility measures in compliance with interim rulemaking were “grandfathered”
for 4 years after the date of the final rule. (Federal Register, Vol. 61, No. 45, dated March 6, 1996, pages
8881-8882.)

“9 National Transportation Safety Board. 1996. Collision of Northeast lllinois Regional Commuter
Railroad Corporation (METRA) train and Transportation Joint Agreement School District 47/155 school
bus at railroad/highway grade crossing in Fox River Grove, lllinois, on October 25, 1995. Highway
Accident Report NTSB/HAR-96/02. Washington, DC. 74 p.



Chapter 2 15 Safety Study

1. Interconnected highway traffic signal and highway-rail crossing warning
devices (interconnected signals);

2. Available storage space for motor vehicles between highway-rail crossings
and adjacent highway-highway intersections (storage space);

3. High-profile crossings and low-clearance vehicles (high-profile crossings);
Light rail transit crossings (light rail); and
5. Special vehicle operating permits and information (special vehifles).

The task force is not addressing issues specifically related to safety at passive crossings.

Previous Safety Board Activity

The Safety Board has had a longstanding concern about grade crossing safety.
Since its creation in 1967, the Board has investigated more than 400 accidents, including
the 60 accidents investigated for this study, occurring at grade crossings. The Safety
Board has also conducted several studies on grade crossing safety. In 1981, the Board is-
sued a safety effectiveness evaluation on the improvement of nighttime conspicuity of
railroad trains' and a special study on grade crossing accidents involving trucks trans-
porting bulk hazardous materidfs. In 1985, the Board conducted a grade crossing
review for calendar years 1983 and 1884n 1986, the Board completed a safety study
on passenger/commuter train and motor vehicle collisions at grade crédsBased on
the results of these accident investigations and studies, the Safety Board has issued about
100 safety recommendations relevant to grade crossings; 14 of these recommendations
were specifically aimed at passive grade crossing safety and are discussed where appro-
priate in this report> These recommendations have resulted in many improvements to
grade crossing safety.

0 U.S. Department of Transportation. 1996. Accidents that shouldn’t happen. Washington, DC. 15 p.

*1 National Transportation Safety Board. 1981. The improvement of nighttime conspicuity of railroad
trains. Safety Effectiveness Evaluation NTSB/SEE-81/03. Washington, DC. 45 p.

2 National Transportation Safety Board. 1981. Railroad/highway grade crossing accidents involving
trucks transporting bulk hazardous materials. Special Study NTSB/HZM-81/02. Washington, DC. 48 p.

3 National Transportation Safety Board. 1985. Railroad/highway grade crossing review—calendar
years 1983 and 1984. Safety Study NTSB/SS-85/05. Washington, DC. 65 p.

*¥ National Transportation Safety Board. 1986. Passenger/commuter train and motor vehicle collisions
at grade crossings (1985). Safety Study NTSB/SS-86/04. Washington, DC. 210 p.

5 A summary of these 14 recommendations and the status of each is included in appendix C.
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In 1972, the Union Pacific Railroad created a program that brought Idaho State
agencies and the railroad together to address grade crossing safety through public educa-
tion; this program was called Operation Lifesaver. The Safety Board recognized the
value of these efforts, and in 1977 issued Safety Recommendation H-77-25, asking the
National Safety Council to serve as the coordinator for the total development, implemen-
tation, and evaluation of a nationwide Operation Lifesaver railroad-highway grade
crossing program® Primarily as a result of the Safety Board’s recommendation and ag-
gressive followup, by the mid-1980s, 48 States had established Operation Lifesaver
programs. In 1986, the national program was established as an independent nonprofit or-
ganization, and it currently operates on a budget of about $1 million, half of which is
funded by the Federal governméht.

The Safety Board investigated accidents at Intercession City, Florida, and in
Sycamore, South Carolina, where large, low-riding trucks became lodged on the tracks at
passive grade crossings and were struck by passengerirassies revealed in these
investigations led the Safety Board to recommend improved signs to warn drivers of the
hazards presented by high profile (hump) crossihgsid to recommend that railroads
implement 24-hour toll-free emergency telephone systems that motorists can use to warn
the railroads when a hazardous condition exists at a crdSsimg a result of these
recommendations, the FHWA added a new sign to the MUTCD to warn of a hump
crossing, and several States and railroads are acting to install signs at all grade crossings
that provide an emergency phone number.

*This recommendation was classified “Closed—Acceptable Action” when the National Safety
Council accepted the responsibility for the first national Operation Lifesaver program in 1979.

*"The program is maintained by coordinators in each State, each of whom is supported by many
volunteers who give speeches and presentations to the public. Railroads, automobile associations, States,
safety associations and others historically have provided infusions of human resources and monies to keep
the program running smoothly. The FRA, the FHWA, and the Safety Board are among the Federal agencies
that participate in Operation Lifesaver activities.

%8 (a) National Transportation Safety Board. 1995. Collision of Amtrak train No. 88 with Rountree
Transport and Rigging, Inc., vehicle on CSX Transportation, Inc., railroad near Intercession City, Florida;
November 30, 1993. Highway Accident Report NTSB/HAR-95/01. Washington, DC. 72 p. (b) National
Transportation Safety Board. 1996. Highway/rail grade crossing collision near Sycamore, South Carolina;
May 2, 1995. Highway Accident Report NTSB/HAR-96/01. Washington, DC. 96 p.

% safety Recommendation H-96-5 to the FHWA is classified “Open—Acceptable Response.”

% Safety Recommendation R-96-3 is currently classified “Open—Acceptable Response” for 2 of the
Class | railroads; “Closed—Acceptable Action” for 1 of the railroads; “Open—Initial Response” for 1 of
the railroads; and “Open—Awaiting Response” for 6 of the 10 Class | Railroads. In April 1998, the Safety
Board sent followup letters to the 6 railroads that had not responded to the recommendation. Safety
Recommendation R-96-2 to the American Short Line Railroad Association is classified “Open—Awaiting
Response.”
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In addition to the above activities, the Safety Board has issued other recommen-
dations over the years that have addressed nighttime conspicuity of trains, the clearing of
vegetation in the crossing vicinity, additional warning devices to be placed at passive
crossings scheduled for and awaiting upgrade to active devices, the enforcement of stop
signs at grade crossings, and the audibility of train horns. Pertinent recommendations
will be discussed, where appropriate, in this report.
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Chapter 3

Methods and Overview
of the Accident Sample

For this study, the Safety Board (1) investigated 60 grade crossing accidents and
(2) obtained information during a public forum convened in May 1997 in Jacksonville,
Florida. This chapter provides a description of the study design and the data collection
method, and an overview of the accident sample.

Study Cases

Selection and Notification Criteria

The Safety Board selected for study accidents involving a collision between a
train and a highway vehicle occurring at a passive grade crossing, wherein the highway
vehicle was sufficiently damaged to require towing. To ensure timely accident investiga-
tions, qualifying accidents were limited to those occurring in States with close proximity
to the Safety Board’s regional offices located in California, Georgia, lllinois, New Jersey,
and Texas.

Accidents meeting the qualification criteria were accepted sequentially for inves-
tigation from December 1995 through August 1996, as the Safety Board received
notification; 60 accidents met the criteria and were included in the study afialjgis.
sample of accidents is not intended to be statistically representative of the entire popula-
tion of accidents at passive grade crossings during the study period, but rather to illustrate
a range of passive grade crossing accidents.

Investigative Procedures

The Safety Board used its standard investigative procedures for these accidents,
obtaining detailed information about the crossing area, the vehicles involved, and the ve-
hicle occupants. A probable cause was determined for each accident in the study.
Although the accident scene was not typically secured for the Board’s investigators, there
was an inspection of each accident site and of the vehicles inV3lved.

®> Two additional accidents were investigated (cases 2 and 24) but were determined not to meet the
qualification criteria; therefore, they were excluded from the analysis.

®2The locomotive involved in case 58 was dispatched from the accident scene prior to the
investigator’s arrival.
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In addition to collecting general information about the accident, Safety Board in-
vestigators gathered detailed data about the alignment, construction, and condition of
both the roadway and the railroad tracks at the crossing. Information about the presence
and condition of signs or pavement markings near the crossing was collected, as well as
the traffic frequency counts for both highway and railroad traffic. In the event that the
vertical profile of a given accident crossing was inconsistent with the guidelines set forth
by AASHTO®? the investigators took detailed measurements of the crossing elevation
from the roadway. Investigators also documented the location of any objects they deter-
mined to be sight obstructions for the highway vehicle driver. The investigators
examined the methods used on each accident train, such as the use of lights or reflective
material, designed to make the train easier for a motorist to see both during the day and at
night.

When possible, Safety Board investigators conducted interviews with the person
operating the train at the time of the accident, and with the driver of the highway vehicle.
These interviews provided information on their perceptions, not only of the accident it-
self, but also of the surrounding area and the traffic control system in place at the
crossing.

Public Forum

In May 1997, the Safety Board convened a 2-day public forum in Jacksonville,
Florida, to gather information about issues affecting safety at passive grade crossings.
The agenda for the public forum is given in appendix D. Witnesses included experts
from the railroad industry; law enforcement; research groups; Operation Lifesaver; and
Federal, State, and local government agencies. Those involved in grade crossing acci-
dents, both highway vehicle occupants and traincrews, testified about their personal
experiences. In addition, representatives from Canada and Italy discussed passive grade
crossing issues and experiences in their countries.

The topics addressed at the forum included public education, the role of the
media, physical characteristics of passive grade crossings, communications between rail-
road and highway officials, crossing closures, and Federal versus State responsibility for
grade crossing safety. Testimony from the public forum will be discussed in the relevant
sections later in this report.

% AASHTO guidelines recommend that the roadway surface be no more than 6 inches lower or
3 inches higher than the top of the tracks at 30 feet away from the nearest track. (AASHTO (1990, pages
842-843).)



Chapter 3 21 Safety Study

Overview of the Accident Sample

This section provides general information about the 60 accidents in the Safety
Board’'s sampl&® Details regarding the crossings at which the accidents occurred are
reported in chapter 4.

Time of Day

Most of the accidents occurred during the daylight hours (47 of 60, or about 78
percent). In comparison, in 1996, about two-thirds of all accidents (1,213 of 1,817) at
public passive grade crossings occurred during dayiigi®tecause certain issues pertain
to nighttime accidents specifically, the investigators made an effort to investigate a num-
ber of accidents that would help illustrate these issues; nighttime accidents were taken
sequentially as the Board received notification.

Injury Severity and Fatalities

More than half the highway vehicle drivers (35 of 60) and highway vehicle pas-
sengers (16 of 25) were fatally injured (table 3—1). The injury distribution seen in the
study case accidents, however, is not necessarily representative of the injury distribution
in all passive grade crossing accidents; the Safety Board is more likely to receive notifi-
cation of an accident if there are serious or fatal injuries involved. According to FRA
data for 1996, about 12 percent (209 of 1,817) of all accidents at public passive grade
crossings involved a fatalify.

Crossing

Of the 60 accidents, 46 occurred at crossings on public roads and 14 occurred at
crossings on private roads. These private roads provided access to farms (three acci-
dents), residential neighborhoods (four accidents), commercial areas (three accidents),
and industrial complexes (three accidents). The remaining accident was on a private road
that was used by all traffic when a nearby underpass was flooded. Thirty-five of the acci-
dent crossings had a vertical profile outside the limits recommended by AASHTO. Of
the 60 crossings in the study, 19 were not posted with the DOT crossing identification
(ID) number, and 2 were posted with an incorrect ID nuffbénformation on the signs
and pavement markings present at the study accident crossings is discussed in the next
chapter.

% The study case number, date, and location of each accident are provided in appendix E, table E-1.
Appendix E also contains additional tables summarizing data from the accident sample. Volume 2 of this
report contains a narrative summary of each of the 60 accidents.

%5 U.S. Department of Transportation, Federal Railroad Administration. 1997. Highway-rail crossing
accident/incident and inventory bulletin. No. 19. Washington, DC. 87 p. (page 43).

% FRA (1997, page 43).

%" The FRA requires that reports of accidents occurring at grade crossings must include the crossing’s
unique DOT crossing ID number, and recommends that every crossing be posted with its ID number.
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Table 3—-1. Number of persons injured in the 60 study accidents,
by injury severity.

Injury severity

Number All persons
Person involved Minor  $erious |Fatal not injured involved
Highway vehicle driver 9 5 35 11 60
Highway vehicle passenger 3 2 16 4 25
Train crewmember 4 0 0 189 193
Train passenger 4 0 0 1,536 1,540
Total 20 7 51 1,740 1,818

Highway Vehicle Driver/Vehicle

Thirty-six drivers (60 percent) in the accident sample had no previous driving
convictions within the 3 years prior to the study accid®rifo put this in perspective, ac-
cording to the NHTSA, 55.8 percent of the drivers involved in all fatal accidents
involviglg highway vehicles in 1995 had no previous driving convictions in the same time
period.

Impairment because of drug or alcohol use was not common for the accident-
involved drivers in the study. Of the 60 drivers, 27 were not tested, most commonly
because the officers on the scene determined that there was no evidence to warrant test-
ing. Of the 33 drivers who were tested for the presence of alcohol and other drugs in their
system, 7 were found to have positive results. Information published by the NHTSA
indicates that one-third of the drivers involved in fatal grade crossing accidents on public
roadways had measurable amounts of alcohol in their bloodsffedm.the Board's
sample, however, only 1 of the 7 drivers with positive results was found to have had a
measurable amount of alcohol in his bloodstream; that driver was 1 of the 39 drivers
involved in a fatal accident.

%8 (@) Driving histories were not available for 2 of the 36 drivers because neither driver had ever held a
driver's license in any State. (b) In the driving histories of the accident-involved drivers, 20 drivers had
previous speeding violations, 12 drivers had other previous violations, 7 drivers had a previous accident
within 3 years of the study accident, and 3 drivers had previous convictions for driving under the influence.
An individual driver may have had more than one prior driving conviction. One driver in the study had a
suspended license.

%9 U.S. Department of Transportation, National Highway Traffic Safety Administration. 1996. Traffic
safety facts. 192 p. (page 96).

©U.S. Department of Transportation, National Highway Traffic Safety Administration. 1994. Rail-
highway crossing safety: fatal crash and demographic descriptors. NHTSA Technical Report DOT HS 808
196. Washington, DC. 61 p. (page 18).
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Nineteen of the 60 highway vehicles were reported by the traincrews to be in mo-
tion at the time of impact, with no evidence of slowing or stopfintn 16 cases, the
highway vehicles reportedly either slowed and then proceeded, or were accelerating. Ten
drivers reportedly stopped their vehicles, then proceeded onto the tracks. In four cases,
the vehicles were either lodged or stalled on the tracks, and in five cases the vehicle was
attempting to stop and came to a stop on the tracks. Four other highway vehicles were
engaged in other actiof$,and in two cases the action taken by the highway vehicle
driver was unknown.

In three of the study accidents, the highway vehicle struck the side of a train al-
ready occupying the crossing (cases 8, 37, and 43). In all other cases, the train struck the
highway vehicle”?

Train Conspicuity

Fifty-nine of the 60 accident-involved trains were determined to have had a head-
light in use at the time of the accidéht.Auxiliary alerting lights were installed on the
locomotives in 42 of the accident trains, and in 36 of the cases these lights were in use.
Twenty-five of the accident trains had reflective material on the locomotives to assist
highway vehicle drivers in detecting trains at nighttime, particularly if the trains are al-
ready occupying the crossing. It is not known how many trailing cars in each consist
were reflectorized, but 15 trains were reported as having some reflectorized trailing cars.

Train Speed

Train speed at impact (available from event recorders) was known for 56 of the
study cases. The impact speed ranged from 3 to 80 mph.

Train Horn

In 55 of the 60 cases, the Safety Board was able to determine that the train horn
sounded prior to impaét. The train horn was sounded in 14 of the 18 cases in which the
Safety Board was able to interview the highway vehicle driver (table 3-2). Four of the 14
drivers in these cases reported that they heard the train horn before impact, but of these

"> (a) The Safety Board acknowledges that the accuracy of reports made by traincrews or surviving
drivers is dependent on the ability (given memory limitations) and willingness of the individuals to provide
accurate information. (b) Three interviewed drivers were among the 19 drivers reported to have proceeded
without slowing or stopping; they corroborate the traincrews’ reports.

21n case 3 the vehicle was reportedly backing off the tracks, in case 14 the vehicle was described as
decelerating, and in case 51 the vehicle was in motion but whether accelerating or decelerating is unknown.
The vehicle in case 43 struck the train, but whether it was accelerating or decelerating was not reported.

3 According to FRA data for 1996, the highway vehicle struck the train in 432 of the 1,817 accidents at
passive grade crossings (23 percent).

" The Safety Board was not able to determine the headlight use on the locomotive involved in case 56.

"5 Of the remaining five cases, the train did not sound its horn in one instance (case 8), and use of the
train horn could not be determined in four other instances (cases 9, 30, 52, and 61).
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Table 3-2. Recollections of 18 of the 60 highway vehicle drivers in the
study cases about whether they heard the train horn and whether there
were distractions at the time of the grade crossing accident. @

Case Train horn Driver heard Driver aware of Distraction
number blown ® horn ® oncoming train identified
08

09

15 O O Unknown

22 U Stereo, passengers
25 O

26 O 0 O

27 O 0 0

28 U U Highway traffic

37 O Passengers

38 U Highway traffic

40 O Highway traffic

48 0 ge© Unknown Unknown

52 O

54 O oo O Stereo

55 O Stereo

56 t t Passengers, loose items
57 O

58 O

@ The remaining 42 drivers were not available to the investigators for interview.

®) Determined by the accident investigator from data on event recorder, witness statements, or train
engineer.

© Driver was outside vehicle at the time of the accident.

4 drivers, 2 were not inside their vehicle at the time of impact. Of the remaining 10 driv-
ers, who reported that they did not hear the train horn, 3 indicated that they were still
aware of the train’s approach before impAct.

Eight of the 10 highway vehicle drivers who did not hear the train horn reported
either internal and/or external sounds that distracted them from the horn’s audibility.
These distractions included the stereo, passengers, and traffic. Seven drivers had their
vehicles’ windows open, but four of these drivers still did not hear the train horn; two of
these four drivers reported distractions.

® These three drivers stated that they saw the train but thought it was far away (case 15), or that they
saw the train only after they were already on the tracks (cases 28 and 56).
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Traincrew

The train operators had experience ranging from 1 year to more than 25 years of
service. No member of any traincrew was determined by the investigating law enforce-
ment officer to be impaired.

Driver and Engineer Interviews

Safety Board investigators were able to obtain interviews with 54 of the 60 engi-
neers involved in the study accidehtsnd with 18 of the 25 surviving highway vehicle
drivers.

In interviews, 45 of the 54 engineers stated that they saw the highway vehicle
prior to the crash, and 51 engineers reported applying the train brakes prior to or upon
impact. The engineers in 8 cases reported that they believed the highway vehicle drivers
saw the train, and in 12 cases believed the drivers did not see the train; the engineers in
the remaining 25 cases were uncertain.

Probable Causes

The Safety Board determined the probable cause for all 60 accident cases investi-
gated. Overall, driver error was cited as the primary cause in 49 of the 60 accident cases:
driver disregard for the stop sign in 13 cases, and the driver’s failure to look for a train in
16 cases (table 3—3). In 7 of the remaining 11 cases, the probable cause was determined
to be related to roadway conditions that affected the driver’s ability to detect the presence
of a passive crossing or an oncoming train; roadway and track conditions were cited as
the probable cause in 3 of the 11 cases.

" (a) The engineers involved in the six remaining accidents (cases 38, 39, 48, 50, 53, and 56) were
dispatched from the accident scene prior to the investigator’s arrival. (b) The Safety Board notes that in 6
of the 60 cases, the person at the train controls was not the engineer of record: in cases 3, 11, 31, and 55 it
was the assistant engineer; in case 27 it was a certified engineer on a familiarization run; and in case 29 it
was the fireman.
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Table 3-3. Probable causes and contributing factors for the 60 study
accidents at passive grade crossings.

Number of study Number of study
accidents in which cited accidents in which cited

Cause or contributing factor as primary cause as a contributing factor
Driver-related:

Disregard for stop sign(a) 13

Failure to look 16

Distraction 10 2

Judgment error® 5 1

Inattention® 4

Failure to follow procedure 1

Fatigue 1

Drugs 1
Vehicle-related:

Mechanical failure 1
Environment-related:

Roadway conditions 7 9

Roadway and track conditions 2 2

Inadequate signage 1 2

Train horn not sounded 2

Roadway and traffic conditions 1

Sun glare 1

@ In case 46, the disregard for the stop sign was due to fatigue.
® |n case 51, the driver's judgment error was due to alcohol impairment.
© The driver inattention in case 4 was possibly due to drug impairment.
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Chapter 4

Description of the Accident Crossings:
Detecting the Presence

of a Passive Crossing and

an Oncoming Train

This chapter describes the accident crossings, specifically the information given to
motorists to advise them of the presence of a crossing and the physical characteristics at
the accident crossings that may have affected the driver’'s ability to see the oncoming
train.

Factors That Alert a Driver to the
Presence of a Passive Crossing

At a passive grade crossing, the highway driver is alerted to the presence of a
grade crossing by the set of pavement markings and traffic signs on the roadway leading
to and at the grade crossing. These markings and signs are the same markings and signs
that are present at active crossings, which, unlike passive crossings, have additional traf-
fic control devices to alert the driver to the presence of a train. For example, railroad
crossing advance warning signs and crossbuck signs are required at all public crossings.
Multiple-track warning signs are also required at all crossings where there are multiple
train tracks. Table 4-1 shows the number of passive crossings in the Board's sample
where specific signs were required, and the number of crossings where they were present.
Under certain conditions, the MUTCD suggests additional crossing-related signs and re-
quires additional roadway-related signs; 27 crossings had additional signs present (table
4-2).

The total number of signs at each crossing approach ranged from 0 to 6; the total
number of signs directly related to the presence of a grade crossing ranged from 0O to 3.
Safety Board investigators documented the presence of 129 signs in the vicinity of the
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Table 4-1. Required grade crossing signs present on the roadway approaches

to the 60 study accident crossings.

(@)

Public crossings Private crossings
Number of Number of Number of Number of
Grade crossing crossings crossings crossings crossings
sign required where required where present where required where present
Crossbuck 46 450 1© 9
Railroad advance warning 46 22 0 0
Multiple tracks 7 5 0 1

@ Federal Highway Administration requirements for grade crossing signs at public crossings are contained in the
Manual on Uniform Traffic Control Devices (MUTCD). Of the 60 study cases, 46 involved public grade crossings and
14 involved private grade crossings, which are not subject to Federal requirements for grade crossing signs.

® The public grade crossing in case 41 did not have a standard crossbuck. Instead, it had an experimental sign
referred to as an “Ohio buckeye” crossbuck. This sign has red lettering, reflectorized strips the full length of the
mast, and a supplemental shield bearing red chevrons and the word “Yield.”

© The State of Florida requires a crossbuck sign at all public and private crossings.

Table 4-2. Optional grade crossing signs and
required roadway-related signs present on the
roadway approaches to the 60 study accident
crossings.

Number of crossings

Sign where present
Optional grade crossing sign:®

Stop 22

Stop ahead 3

No passing zone 1

Required roadway-related sign:®
Chevron
T intersection
Speed limit
No trucks
Left reverse turn
Bump

RPRRPRRPNDW

@ Federal Highway Administration requirements for grade crossing signs at
public crossings are contained in the Manual on Uniform Traffic Control
Devices (MUTCD). The manual also addresses the appearance and size of
optional grade crossing signs that may be used at public crossings. The 14
private crossings involved in the National Transportation Safety Board study
cases are not subject to Federal requirements for grade crossing signs.

® Signs are present because of circumstances of the roadway. These
signs are not related to the presence of a grade crossing.
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accident grade crossings; 110 of these were related to the presence of the grade trossing.
Twenty-three of the 110 crossing-related signs were not in good condition; many of these
signs had a combination of problems that made them difficult to be seen, including being
faded, dirty, bent, broken, punctured, or not aligned with the roadway. One hundred

thirteen masts supported the 129 signs, and all but five of the masts were free of sight
obstructions.

Pavement Markings

Of the 60 roads approaching the accident crossings, 45 were surfaced with as-
phalt, 1 was concrete, and 14 had either gravel or earthen surfaces. Nineteen of the 46
paved roads were required to have the full set of railroad crossing pavement markings de-
scribed in the MUTCD (illustrated in figure 4-1) because they were paved public roads
with a traffic speed above 40 mph.Four of these 19 roads bore a full set of pavement
markings, 4 others bore partial sets of pavement markings, and the remaining 11 roads
had no pavement markings (table 4-3). The FRA inventory indicates that 75 percent of
public crossings, both active and passive, with paved roadway approaches have pavement
markings present, but it does not indicate how many of the roads without pavement
markings were exempt from the requirement.

The full set of pavement markings was not required on the remaining 27 paved
roads in the accident sample because either the prevailing speed was less than 40 mph or
they were private roads. Full or partial pavement markings were present, however, on 11
of these roads. According to the MUTCD, “[w]hen used, a portion of the pavement
marking symbol should be directly opposite the advance warning®igdf’the 19 roads
with full or partial pavement markings (8 where the full markings were required, 11
where full markings were not required), 5 had markings that were placed in accordance
with the MUTCD near the advance warning sign (cases 7, 9, 32, 41, and 44), and 8 had
pavement markings that were placed too close to the crossing, with the marking at one
crossing ending only 15 feet away from the tracks (case 8). In three cases, there were
pavement markings but no advance warning sign (cases 10, 36, and 57). In addition, the
pavement markings on 10 of the 19 roads were worn and not in good condition.

8 Ten of the 129 signs in the vicinity of the accident crossings were not listed in the MUTCD; thus,
Federal standards for these signs do not exist, and the States are not required to have the signs. Although 5
of the 10 unlisted signs were directly related to the presence of a grade crossing, they have not been counted
in the 110 signs.

" The MUTCD requires both the “no passing zone” line and the railroad crossing pavement marking,
(which consists of an “X,” the letters “RR,” and certain transverse lines) in advance of the crossings on
paved public roads where the prevailing speed is higher than 40 mph.

8 MUTCD (1988, page 8B-4).
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Figure 4-1. Full set of pavement markings on a roadway approach paved with either
asphalt or concrete and with a traffic speed over 40 mph: “X,” “RR,” transverse lines, and
no-passing zone lines. Some portion of the pavement markings should be directly opposite
the advance warning sign but no closer than 50 feet from the crossing.
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Table 4-3. Pavement markings present on the roadway
approaches to the 46 study accident crossings on paved roads.

Number of crossings where present
and a full set of railroad crossing
pavement markings was—

Pavement markings Required @ Not required ®
Full set of railroad crossing
pavement markings 4 7
No-passing zone line only 0 2
Railroad crossing pavement marking only 4 2
No pavement markings 11 16
Total 19 27

@ The Federal Highway Administration’s Manual on Uniform Traffic Control Devices requires a
set of pavement markings on paved public roads where the prevailing speed is higher than 40

mph. The set comprises a no-passing zone line and the railroad crossing pavement markings

(an “X,” the letters “RR,” and certain transverse lines) in advance of the crossing.

® The full set of pavement markings was not required on the roadway approaches to these
crossings because either the prevailing speed was less than 40 mph or they were private
roads.

Advance Warning Sign

The 46 public crossings in the accident sample were required to have a circular
railroad crossing advance warning sign (figure 4-2); 24 crossings did not display the
sign® The 14 private crossings were not required to, and did not have, the advance
warning sign. Eight of the 24 public crossings without the advance warning sign had stop
signs, but the MUTCD does not cite the presence of a stop sign as cause for exemption
from using the circular advance warning sign. According to the MUTCD, the railroad
advance warning sign need not be used under the following circumstances:

On low-volume, low-speed roadways crossing. .. tracks. .. infrequently used and
... flagged by crews;

In the business districts of urban areas ... [where] active grade crossing traffic control
devices are in use;

.. . [where] physical conditions do not permit even a patrtially effective display of the
H 182
sign.

8 The MUTCD requires the presence of the railroad advance warning sign at public grade crossings far
enough in advance of the crossing to allow a driver to “perceive, identify, decide, and perform any
necessary maneuver.” The minimum recommended distance is 100 feet from a crossing.

82 MUTCD (1988, page 8B-3).
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Figure 4-2. Circular railroad crossing advance warning sign.

None of the 24 public crossings without the circular advance warning sign met the ex-
emptions specified in the MUTCD. According to FRA data, about 61 percent of all
active and passive crossings are equipped with the circular advance warning sign.

A 1990 study sponsored by the Texas Department of Transportation surveyed a
number of highway vehicle drivers who had just passed through one of several test
crossings in Texas. When asked, 51 percent of the responding drivers were able to cor-
rectly indicate the meaning and position of the circular advance warning’signe of
the researchers later reported that 50 percent of drivers surveyed were not aware that the
advance warning sign is used at both active and passive grade crissiftys.Safety
Board asked the drivers in its study cases what signs were present in the crossing vicinity;
of the three drivers interviewed whose crossings were equipped with the advance warning
sign, only one remembered the presence and meaning of the sign.

8 Bartoskewitz, Richard T.; Fambro, Daniel B. 1995. Passive signing research in Texas. In:
Proceedings, 3rd international symposium on railroad-highway grade crossing research and safety; 1994
October 24-26; Knoxville, TN. Knoxville: University of Tennessee: 75-90 (page 88).

8 presentation to Safety Board staff at a session held in Knoxville, Tennessee; January 23-26, 1996.
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ti

Figure 4-3. Crossbuck sign, multiple tracks sign, and stop sign placed at a crossing.

Crossbuck Sign

The crossbuck is a regulatory sign and was required at the 46 public crossings in
the Safety Board’s accident sample and at 1 of the private cro&3ifige sign was pre-
sent at 45 of the public crossings, at the 1 private crossing where it was required, and at
8 private crossings where it was not required (figure 4-3). Thus, crossbuck signs were
present at 54 of the 60 accident crossings to advise the highway vehicle driver of a grade
crossing. Five of the six crossings without the standard crossbuck were on private roads;
the sixth, a public crossing, had a special, nonstandard, experimental crossbuck configu-
ration®® The FRA data do not indicate whether crossbuck signs were present at a
crossing, but they do indicate that in 1996, 31 percent of the public passive grade cross-
ings did not meet the MUTCD standards for the crossbucksign.

% The State of Florida requires a crossbuck sign at all public and private grade crossings.

8 The crosshuck in case 41 is referred to as an “Ohio buckeye” crossbuck. The sign had red lettering,
reflectorized strips the full length of the mast, and a supplemental shield bearing red chevrons and the word
“Yield.” A report on the results of an extensive field test of this experimental configuration throughout Ohio
is scheduled for publication in the fall of 1998.

8 This number includes crossings with no crossbuck sign and crossings where the crossbuck is not
reflectorized.
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Table 4-4. Meaning of the crossbuck and driver
action required by the crossbuck according to
the accident-involved highway vehicle drivers at
18 of the 60 study accident crossings. ©

Number of drivers who
Perceived meaning indicated the crossbuck
and action required meaning or action

Meaning of the crossbuck:
At a crossing how 10
Crossing ahead 7
Other

Action required by the crossbuck:
Stop
Yield
Slow down
No special action
Other

@ The remaining 42 drivers were not available to the investigators for
interview.

PN~ OITO

Investigators asked the 18 accident drivers they interviewed what action the driver
thought was required by a crossbuck (table 4-4). Most (n = 10) of the drivers believed
that the crossbuck indicated the presence of tracks. Of the 18 drivers interviewed, 5 re-
sponded that a crossbuck required a driver to yield to a train, and 6 responded that a
crossbuck required a driver to stop. No States include in their motor vehicle codes any
special rules dictating what driver actions are to be taken when encountering a crossbuck
sign. Most States require the driver to slow down upon approaching a crossing and to be
prepared to stoff Although the crossbuck does not dictate the action required of a
driver, nor is it stated in any guidance what action is dictated by the crossbuck, the cross-
buck sign is widely recognized by motorists as indicating the location of a grade crossing.
In a 1988 study of motorist understanding of traffic control devices, 76.3 percent of the
interviewed drivers identified the crossbuck as the sign placed at a cf¥ssing.

8 Jennings, L. Stephen, comp., ed. 1995. Compilation of State laws and regulations affecting highway-
rail grade crossings. 2nd ed. Washington, DC: Federal Railroad Administration. Variously paged.

8 Richards, Stephen H.; Heathington, K.W. 1988. Motorist understanding of railroad-highway grade
crossing traffic control devices and associated traffic laws. In: Traffic control devices 1988. Transportation
Research Record 1160. Washington, DC: Transportation Research Board, National Research Council: 52-
59.



Chapter 4 35 Safety Study

Multiple Tracks Sign

According to the MUTCD, sign masts at public crossings with multiple train
tracks must bear, in addition to the standard crossbuck sign, an auxiliary sign to notify the
motorist of the number of tracks (figure 4-3). Seven of the study crossings required the
sign; five of the crossings had it. Five additional crossings with multiple tracks were on
private roads and were not required to have the sign; four of these private crossings did
not have the sign. The following accident illustrates the dangers presented to drivers at
crossings with multiple tracks.

About 9 p.m. on Wednesday, May 29, 1996, a northbound National Railroad
Passenger Corporation (Amtrak) train struck an eastbound Ford pickup truck on the No. 1
mainline track at the 2nd Street grade crossing in Lula, Georgia (case 29). According to
the locomotive event recorder, the Amtrak train horn was sounded prior to the crossing;
according to the traincrew, the headlight and auxiliary locomotive alerting lights were
illuminated. A witness to the accident stated that he observed the pickup stopped at the
crossing, awaiting the passage of a freight train on the nearer of two sets of tracks. The
only indication given to the pickup driver that there was a second set of tracks was the
small auxiliary sign below the crossbuck, the view of which was obscured by a “no
trucks” sign on another mast. When the last car of the freight train cleared the crossing,
the pickup driver moved to cross the intersection and was struck by the Amtrak train on
the second set of tracks. The pickup driver was fatally injured; the traincrew and pas-
sengers on the train were not injured. According to FRA data for 1996, about 24 percent
of the public passive crossings had more than one set of railroad tracks, but there is no
information about whether these crossings were equipped with the multiple tracks sign.

Stop Sign

At 22 of the 60 passive grade crossings in the study, stop signs were in place at the
time of the accident (figure 4-3). At these 22 crossings, traincrews reported that 11
highway vehicle drivers made no effort to stop (6 drivers proceeded without stopping or
slowing, 4 slowed, and 1 accelerated); 5 stopped before proceeding; 3 stopped on the
tracks; 2 were stalled on the tracks; and actions taken by 1 driver were unknown.

The 1988 edition of the MUTCD directed that stop signs be installed at grade
crossings only after an engineering study had specifically determined that it was necessary
and appropriate. The FHWA revised the MUTCD, pursuant to the passage of the Inter-
modal Surface Transportation Efficiency Act of 1991 (ISTEA), to state that “STOP or
YIELD signs may be used at highway-rail grade crossings, at the discretion of the re-
sponsible State or local jurisdiction, for crossings that have two or more trains per day
and are without automatic traffic control devicé.”

9O FHWA final rule docket No. 92-11 (47 FR [Federal Register] 53029). The rule was effective
November 6, 1992.
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Table 4-5. Percentage of public passive grade
crossings equipped with stop signs compared with the
percentage of accidents at public passive grade
crossings with stop signs, 1992-1996. @

Percent public passive Percent public passive
grade crossings grade crossing accidents at

Year with stop signs crossings with stop signs
1992 9.94 13.28
1993 10.08 13.61
1994 10.84 15.33
1995 11.10 19.84
1996 11.19 20.36

@ Prior to 1992, the FRA used a different definition of a stop sign-equipped
crossing; therefore, statistics for earlier years are not comparable to statistics for
1992-1996.

According to the annual FRA crossing inventory bulletins, the percentage of pub-
lic passive grade crossings that are equipped with stop signs has increased from 9.94
percent in 1992 to 11.19 percent in 1996. In that same period, the percentage of accidents
involving public passive crossings with stop signs increased from 13.28 percent to 20.36
percent of accidents at all public passive crossings (table 4-5). The relatively small in-
crease in the number of public passive grade crossings with stop signs may reflect a
tendency by highway engineers to place stop signs only at the crossings judged to be more
dangerous. The Safety Board does not have information on the number of highway vehi-
cles that avoided being in a collision with a train when the vehicle driver stopped at a
crossing with a stop sign. Nor does the Safety Board have information about whether the
stop signs were installed at crossings with a high frequency of accidents or information on
possible changes in highway or train traffic, and whether these factors could have affected
the accident rates at the public passive crossings that are equipped with stop signs.
Therefore, the effectiveness of stop signs cannot be evaluated based on the information
from the FRA. The report addresses the role of stop signs at passive crossings in more
detail in chapter 6.

Reflectorization of Signs

Currently, the MUTCD requires that the crossbuck sign be reflectorized, but there
IS no requirement regarding reflective material on the sign masts. Forty-five of the 54
standard crossbuck signs at the study crossings were reflectorized, but only 11 of the
crossbuck sign masts had any reflectorization. Only one of the 11 sign masts was
equipped with strips of reflectorized tape extending the mast’s full length on both the
front and back of the mast (case 41); this mast was the one supporting the experimental
Ohio buckeye crossbuck and shield. The remaining 10 masts had small rings of tape,
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small reflectorized panels, or reflective buttons. Accidents in the study sample occurred
during darkness or twilight at 13 crossings: 9 with reflectorized crossbuck signs, and 5
with reflectorized sign masts.

The height of the crossbuck can affect a driver’'s ability to see the sign at night.
According to the MUTCD, the standard placement for a crossbuck is with the sign center
9 feet from the groundf, a height that may be altered if local conditions dictate. Table 4—

6 shows the height to the center of the crossbuck at the 54 study accident crossings with
crossbuck signs: about 43 percent are between 8 and 9 feet or between 9 and 10 feet. A
considerable number of the crossbuck signs, however, were centered at 10 feet or higher
(46 percent). This height becomes questionable when considering the sign’s visibility to
drivers at night. A 1993 study sponsored by the FRA shows that the standard placement
of the crossbuck is too high to be effectively illuminated by typical automobile low-beam
headlights and recommends that the crossbuck be lowered 2 feet, to abott Afea-

ble 4-7 shows, of the 13 crossings where accidents occurred during twilight or darkness,
all but one had the crossbuck centered at or above 8 feet—too high to be effectively illu-
minated by low-beam automobile headlights, according to the 1993 FRA study.

When a slow-moving train occupies a crossing at night, it can be difficult for a
motorist to discern that the crossing is not clear. If the crossbuck masts are fully reflec-
torized on both the front and the back, a motorist may be able to see the reflective back of
the mast on the far side of the grade crossing flicker as the train cars pass. Further, when
the angle of the crossing is skewed, the view of reflective material high on the crossbuck
mast on the far side of the crossing may be obscured by the train cars, but the reflection
from the material at the base of the mast would still be visible from underneath the train
cars, an effect that could be further enhanced by the presence of reflective material on all
sides of the mast.

According to research by the Virginia Transportation Research Council (VTRC),
even in the event that a crossbuck can be seen at night, the most common configuration—
a reflectorized crossbuck on an unreflectorized mast—can leave motorists with the im-
pression that the sign is “floating®™ Researchers at Kansas State University suggest
reflectorization of the mast to which a crossbuck is attached as a way of giving more in-
formation to motorists about the exact location of a grade cro$sifige VTRC research
shows that reflective strips the full length of both the front and back of the mast

I MUTCD (1988, page 8B-2).

%2 Russell, E.R.; Kent, W. 1993. Highway-rail crossing safety demonstrations. Washington, DC: Federal
Railroad Administration. 266 p. (page 101).

% Brich, S.C. 1995. Investigation of retroreflective sign materials at passive railroad crossings.
Charlottesville, VA: Virginia Transportation Research Council. 35 p. (page 12).

% Russell, Eugene R.; Rys, Margaret; Liu, Libo. 1997. A program to improve safety at typical railroad-
highway grade crossings on low-volume, rural roads. In: Proceedings, 25th annual conference of the
Canadian Society of Civil Engineering; 1997 May 27-30; Sherbrooke, Quebec, Canada. [Publisher
unknown].
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Table 4-6. Height from the road surface to the center of the
crossbuck at the 54 study accident crossings with a standard
crossbuck sign. ©

Percent of the study
Height to center of Number of crossings with a
crosshuck (feet) crossbuck signs standard crossbuck
Less than 6 1 1.9
Between 7 and 8 4 7.4
Between 8 and 9 7 12.9
Between 9 and 10 16 29.6
Between 10 and 11 8 14.8
Between 11 and 12 10 185
Between 12 and 13 4 7.4
Above 13 1 1.9
Unknown 3 55

@ The crossing in case 41(Pickerington, Ohio) had an experimental crossbuck; the height
from the road surface to the center of the crossbuck was 9 feet.

Table 4—7. Height from the road surface to
the center of crossbuck at the 13 study
accident crossings where the accident
occurred in nondaylight conditions.

Height to center of Number of
crossbuck (feet) crossbuck signs
55 1

8-9 3

9-10 4

12-13 1
Unknown 2

Not applicable 2

best provide this informatioff. In addition, anecdotal evidence indicates that reflective
strips on all four sides of a wooden sign mast may be beneficial in situations where the
roadway approach is curved or when drivers are approaching on nearby intersections.
Further, some train engineers have reported that in foggy conditions they have been
unable to see a whistle post indicating the upcoming crossing, but they have seen the
reflectorized sign masts.

% Brich (1995, page 15).
% Conversation with VTRC study manager on November 25, 1997.
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Figure 4-4. “Ohio buckeye” crossbuck, an
experimental configuration.

The experimental crossbuck configuration present at the grade crossing in study
case 41, the Ohio buckeye crossbuck (figure 4—4), may solve some of the nighttime visi-
bility problems inherent in the standard crossbuck configuration. Reflective strips extend
the full length of both the front and back of the sign mast. In addition, a reflective shield
is placed below the crossbuck at a height that may be better illuminated by automobile
low-beam headlights. The sides of the shield are also angled to catch light from the
headlight of an oncoming train and reflect that light toward an oncoming highway vehi-
cle. The lettering and chevrons are printed in red, rather than black, to enhance daytime
visibility. The crossing in case 41 was one of about 3,700 grade crossings in Ohio where
this crossbuck configuration was being tested; the testing concluded in December 1997,
and the report will be published in the fall of 1998The Safety Board looks forward to
reviewing the report on the effectiveness of the buckeye crossbuck, and depending on the
results of the Ohio study, may issue recommendations about the buckeye crossbuck in the
future.

" Other States, including Idaho, are testing similar configurations.
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Physical Characteristics at Passive Crossings
That Affect a Driver’s Ability To See a Train

For each accident crossing, the Safety Board examined physical characteristics at
passive grade crossings that affect a driver’s ability to see a train: (1) the sight distance
available to the highway vehicle driver, (2) the angle at which the roadway meets the rail-
road tracks, and (3) curves on the roadway or railroad tracks.

Sight Distance

Sight distance is the technical term describing the set of distances along the high-
way and along the railroad tracks needed by a motorist to detect the presence of a train in
time to stop. According to AASHTO, a grade crossing should be designed so that an ap-
proaching motorist is able to perceive the train, react to its presence, and stop the highway
vehicle prior to the crossing. The required distance along the roadway (that is, from the
vehicle to the crossing) and along the railroad tracks (from the crossing to the oncoming
train) form two sides of a triangle. Together with the third side (an imaginary line from
the train back to the highway vehicle) they form an area referred to as “quadrant sight
distance,” or the “sight triangle,” the interior of which should be clear of any visual ob-
structions. For a vehicle stopped at the crossing, the driver must be able to see the train
far enough along the tracks to have time to accelerate the vehicle and clear the crossing
before the train’s arrival.

The quadrant sight distance needed varies according to the speed of the train and
of the highway vehicle, as well as the length and stopping distance of the highway vehi-
cle. It is also affected by the angle at which the highway intersects the tracks and the
slope of the roadway. When a grade crossing is designed, sight distances should be cal-
culated by highway engineers. Figure 4-5 uses the study accident grade crossing in
Doraville, Georgia (case 8), to illustrate the various sight distance requirements for a
stopped vehicle (V1) and an approaching vehicle &/2A stopped vehicle will need
more sight distance along the track (A) to see the oncoming train and cross the track be-
fore the train arrives, whereas a moving vehicle will need enough sight distance along the
highway approach to the crossing (C) to see the train along the tracks (B) and to have
time to stop.

% The Safety Board used AASHTO guidelines, identified in the “Guidelines” section of chapter 2, to
calculate the sight distance at each of the study accident crossings. For purposes of this study, however, the
Board assumed the design vehicle to be the highway vehicle involved in the study case accident. A highway
engineer reviewed the formulas used to calculate the sight distances. Appendix E, table E-2 gives the
calculated sight distance needed by the driver of a design vehicle approaching each of the 60 accident grade
crossings and the sight distance available.
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136 ft

92 ft

A: Distance needed for a stopped highway
vehicle to accelerate and clear crossing before
train arrival.

B: Distance along tracks needed for an approaching
motorist to see train and stop before train arrival.

C: Distance along highway needed for an
approaching motorist to see train and stop
before train arrival.
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Figure 4-5. lllustration of sight distances required by a highway vehicle stopped

at a grade crossing (V1), and by a highway vehicle approaching a grade

crossing (V2).

The railroad track approaches at the accident crossings were gesgmtiht,
and the sight distance along the tracks that was available to the drivers ojpeesbit
highway vehicles stopped at the crossing stop line (such as V1 in figure 4-5) was, for the
most part, adequate (n = 50)n 10 cases, howerethere were sight obstructions for a
driver stopped at a crossing: in 7 cases, vegetation restricted wisihil# cases, curva-
ture of the tracks restricted visibylitand in 1 case, a building restricted visililit
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The generally adequate sight distance for vehicles stopped at the crossings, how-
ever, did not hold true for motorists approaching the crossings (such as V2 in figure 4-5).
In 33 cases, the grade crossing area afforded an approaching motorist less sight distance
than was recommended by AASHTO guidelifesAt the majority of the crossings with
limited sight distance (n = 24), the obstructions were trees, shrubs, or other types of
plants: in one case, the trees were described as a forest (case 27); and in another case, the
trees were fruit trees in an orchard (case 60). Six of the 33 cases had visual obstructions
that included buildings, and in one of these cases the motorist’s sight distance was ob-
structed by a hill. The following accident illustrates the potential consequences of
inadequate sight distances for drivers of highway vehicles in motion.

About 8:15 a.m. on April 5, 1996, an eastbound Kansas City Southern freight
train traveling about 40 mph struck a northbound Mazda at Golson Road near Calhoun,
Louisiana (case 16§° The Mazda, traveling about 25 mph, which was about 10 mph
below the posted speed limit, skidded onto the railroad tracks when the driver tried too
late to stop her vehicle. The driver and her 8-year-old daughter in the right front seat of
the car were both killed.

According to the AASHTO guidelines and based on the speeds of the highway
vehicle and train in this case, the highway driver needed a clear sight triangle defined by a
distance of 271 feet along the highway and 422 feet along the railroad tracks to see the
train with enough time to safely stop the vehicle. However, because of the presence of a
forested area on private property adjacent to the crossing, this sight triangle was not clear.
As figure 4—6 illustrates, the driver in this case actually had a clear sight triangle with
only 72 of the 271 feet needed along the highway and 112 of the 422 feet needed along
the railroad tracks. By the time the driver saw the train and applied the brakes, she did
not have enough time to stop the vehicle prior to the crossing.

In addition to calculating the sight distance for each of the 60 accident crossings,
the Safety Board also examined each crossing in terms of the time an approaching
motorist needs to safely stop the vehicle prior to the crossing compared with the actual
time available, given the sight distance along the highway (appendix E, figure E-1). The
differences in time needed compared with actual time available ranged from no shortage
of time for some crossings to a shortage of 7% seconds. For 18 (58 percent) of the
crossings with limited sight distance, an approaching driver has only half or less of the
time needed to safely negotiate the crossing. With such differences between the time
needed and the time available, the driver’s task to safely negotiate the crossing becomes
more difficult. The Safety Board’'s study cases show a strong association between
inadequate sight distance and accident occurrence.

% Three of the 33 crossings with limited sight distance for approaching motorists were on private roads.

190 According to the traincrew, the headlight and auxiliary alerting lights were illuminated, and the train
horn was sounded prior to the accident.
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422 ft

— 72 ft

271 ft

Figure 4-6. Sight distance needed (shaded area) versus the sight distance
available at the accident crossing in Calhoun, Louisiana (case 16).

Angle of Intersection

The angle at which the roadway meets the railroad tracks may also affect the
driver’s ability to see an oncoming train. The following accident illustrates this problem.

About 1:10 p.m. on Thursday, May 30, 1996, a northbound Pontiac Grand Am
struck a westbound Consolidated Rail Corporation (Conrail) freight train traveling about
48 mph at a passive grade crossing near Montrose, lllinois (case 37). The speed limit
along the road was 55 mph. The driver, who was transporting her 3-year-old child, stated
that she slowed her vehicle when approaching the crossing, but she did not hear or see the
train until just before impact. There were no injuries associated with this accident, but
the vehicle was destroyed. Although there were no obstacles in the sight triangle for the
approaching motorist, the highway met the railroad tracks at an angle of 35°; thus, the
train approached essentially from behind the highway vehicle.
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Figure 4—7. Smallest angle of intersection between the railroad tracks
and roadway for the 27 study accident crossings with intersections that
did not meet at 90°.

According to AASHTO guidelines, “[r]legardless of the type of intersection, for
safety and economy, intersecting roads should generally meet at or nearly at right angles.”
AASHTO recommends that when there is an acute angle of intersection, the road be rea-
ligned so that the angle of intersection can be more nearfif®@0he distance a highway
vehicle must traverse in order to clear the intersection is greater when the angle is
skewed, and therefore the time it takes to safely cross is greater. Trucks are particularly at
risk in such a situation because elements of the truck cab environment can further obscure
the truckdriver’'s view of the train.

The Safety Board examined the angle of intersection to the right of the roadway
on the side of the crossing from which each accident-involved vehicle apprd&ctien.
27 of the 60 study accident grade crossings (45 percent), the roadway did not meet the
tracks at right angles (figure 4—-7). The Board’s study cases suggest that when the angle
of intersection deviates from 90°, safety may be compromised.

101 AASHTO (1990, page 686).

192 For consistency, the Safety Board selected the angle on the right side of the intersection, although
measurements taken from the left side would also have provided sufficient information.
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Roadway or Track Curvature

Roadway or track curvature can also affect a driver’s ability to see an oncoming
train. Twenty-five of the 60 crossings in the Board’'s sample had track and/or roadway
curvature: 9 sets of tracks were curved within the vicinity of the crossing, 13 of the
roadways had curves on the sections leading to the crossing, and 3 crossings had curves
on both the railroad tracks and the highway. There is no nationwide information on
roadway or track curvature for comparison, thus it is impossible to determine whether or
not the study sample contains an inordinately high number of crossings with nearby
curves in either the highway or the tracks.

AASHTO guidelines state that “to the extent possible, crossings should not be lo-
cated on either highway or railroad curvé®.” Research into human perception shows
that when a driver’s trajectory includes a curve, the task of determining the speed and
distance of another vehicle is much more difficult. Further, the highway vehicle driver
may be distracted by the effort to correctly negotiate the ¢ifvE€urves on the railroad
tracks can obstruct a driver’s view of the train, both on the approach to the crossing and
while stopped at the crossing. In addition, AASHTO states that crossings where both the
highway and the railroad tracks are curved provide “poor rideability for highway traffic
due to conflicting superelevation®® This poor ride may cause a driver to concentrate
on controlling the highway vehicle rather than looking for trains. Thus, on roads where
either the roadway or tracks, or both, have a curve on the approach to the crossing, the
highway vehicle driver may fail to recognize the hazards presented by the crossing until it
is too late.

103 AASHTO (1990, page 842).

194 Berthelon, C. 1993. Curvilinear approach to an intersection and visual detection of a collision.
Human Factors 35(3): 521-534 (page 522).

195(@) AASHTO (1990, page 842). (b) Superelevation is the technical term describing the angle at
which a roadway is banked to enable a vehicle to operate smoothly around a curve at the design speed.
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Chapter 5

Driver Awareness of the Presence
of a Grade Crossing and
an Oncoming Train

A driver’s attention at a crossing can be affected by what that individual expects
to see and by distractions inside and outside the vehicle.

Seventeen of the highway vehicle drivers in the Safety Board’s study cases stated
that they regularly drove over the crossing at which the accident occurred: 6 crossed on a
daily basis, 6 crossed each week, and 5 crossed each fotixteen of the 18 drivers
interviewed by the Safety Board investigators claimed to be aware of the presence of the
crossing on the day of the accident. Eight drivers reported they were aware of the train,
and six of these eight declared that they were actively looking for a train. One driver re-
ported that although he was looking for a train, he was not aware of the train prior to
impact.

Despite their awareness of the crossing, 10 drivers did not detect the oncoming
train. For example, on August 12, 1996, a freight train struck a Mack trash truck at a
crossing near Bennettsville, South Carolina (case 57). Sight distance at this crossing was
unrestricted, and according to the traincrew, the engineer was sounding the train horn and
the locomotive headlights were 8H. The roadway was equipped with an advance
warning sign, crossbuck sign, and full pavement markings in good condition. The truck-
driver, who sustained minor injuries, stated that he noticed no sources of distraction
inside or outside his truck. He also indicated that he drove over this crossing daily and
estimated that less than one train a day, on average, used the crossing. The actual number
of trains using the crossing daily was two. The driver reported that he did not look for a
train on the day of the accident.

196 As noted in chapter 3, the Safety Board is aware that self-reporting may not be entirely reliable.

197 At the time of the accident, the locomotive was not equipped, nor was it required to be equipped,
with auxiliary alerting lights.
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Driver Expectations

Driver attention at railroad crossings has been measured indirectly by watching
drivers’ head movements as they approach the crossing. An Australian study on human
factors in grade crossing accidents shows that drivers’ looking behavior, as determined by
observable head movements, is far from optimal at grade crossings, with only about 30
percent of the drivers approaching a passive or active crossing conducting a search for a
train®® Not only did very few of the drivers in that study look, but many of those that
did look waited until just before the crossing, and some were still looking as their
vehicles went over the crossing.

One factor that can affect whether a driver looks for a train is the driver's expec-
tation of seeing a train. Overall, each of the 18 drivers interviewed by the Safety Board
underestimated the frequency of train crossings per day, typically by a factor of 2 to 3 (ta-
ble 5-1). This low estimate suggests that drivers do not expect trains and thus may not
look for trains at a crossing. Further, many train movements are unscheduled and would
not be known even to drivers who are familiar with the crossing and with scheduled train
traffic.

The driver’s perception that a train is not likely to be at the crossing is reinforced
each time that driver passes the crossing without seeing a train. Researchers have re-
ported that a driver’'s response to a potential hazard is a function of both the perceived
probability of the adverse event occurring and of the driver's understanding of the sever-
ity of the consequence of the evéhit.A person’s perception of the probability of a given
event is strongly influenced by past experiell€eand the frequency with which the
driver encounters a train at a crossing will influence the likelihood of that driver stopping.

Personal circumstances also cause a driver to associate certain costs with the out-
come of a decision to stop or not to stop. Stopping might make the driver late or result in
a collision with the highway vehicle behind; conversely, not stopping might result in an
accident with a train. Research in signal detection theory has shown that because the

198 Wwigglesworth, E.C. [Royal Australasian College of Surgeons, Melbourne]. 1976. Report on human
factors in road-rail crossing accidents. Melbourne, Victoria, Australia: Ministry of Transport. [Inclusive
pages not known] (page 83).

199 schoppert, D.W.; Hoyt, D.W. 1968. Factors influencing safety at highway-rail grade crossings.
National Cooperative Highway Research Program Report 50. Washington, DC: National Academy of
Sciences; National Academy of Engineering. 113 p. (page 96).

10 gchoppert and Hoyt (1968, page 97).
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Table 5—-1. Number of trains passing through 18 of the study
accident crossings per day and number estimated by the highway
vehicle driver involved in the accident at the crossing. @

Frequency of grade crossing

use by accident-involved Driver-estimated number of Actual number of
driver and case number trains per day trains per day
Daily:
09 3-6 17
26 3-6 11
40 3-6 7
56 1-2 24
57 <1 2
58 1-2 15
Weekly:
08 1-2 6
15 7-10 36
27 Unknown 18
37 1-2 15
38 1-2 6
54 7-10 24
Monthly:
25 1-2 4
28 Unknown 18
48 Unknown 3
52 3-6 11
55 1-2 4
Rarely:
22 1-2 4

@ The remaining 42 drivers were not available to the investigators for interview.

frequency of trains at grade crossings is so low, drivers tend to bias their behavior toward
not stopping** The FRA has used signal detection theory models to predict which
crossings are likely to have accidents and has found that a low train frequency at cross-
ings is associated with a higher rate of accidents.

1 Raslear, Thomas. 1996. Driver behavior at rail-highway grade crossings: A signal detection theory
analysis. In: Safety of highway-railroad grade crossings: research needs workshop. Vol. 1l: Appendices.
DOT/FRA/ORD-95/14.2; DOT-VNTSC-FRA-95-12.2. Washington, DC: U.S. Department of Trans-
portation, Federal Railroad Administration: F-9 through F-56 (page F-22). [Workshop held at and in
conjunction with Volpe National Transportation Systems Center, Cambridge, MA.]
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Driver Perception of
Train Speed and Distance

Even when a driver looks for a train, it may be difficult to accurately gauge the
speed and arrival time of an approaching train. Once the train is detected, a driver must
decide whether it is safe to proceed across the tracks and then take appropriate action.
Guiding this decision will be the driver’s perceptual judgments of train velocity and dis-
tance. The difficulty of making this judgment is illustrated by the following accidents.

About 10:40 p.m. on August 12, 1996, in Columbus, Ohio, a truckdriver was
hauling trash to a nearby lot (case 58). As he approached a private passive crossing, he
observed a Conrail train that appeared to be standing still near the crossing. According to
the Conrail police department incident report, the locomotive headlight was illuminated,;
auxiliary lighting use is unknown. According to the traincrew, the train horn was not
sounded prior to the accident. As the truckdriver reached the crossing, he realized the
train was moving. His realization came too late to avoid the collision.

On March 20, 1996, a tanker truckdriver was leaving a company lot in Clairton,
Pennsylvania, heading toward a two-track crossing (case 15). As he approached the
crossing, he had an unobstructed view of the tracks. Looking down the tracks, he saw a
Conrail freight train in the distance and decided it was safe to cross. According to the lo-
comotive event recorder, the train horn was sounded prior to the accident; according to
the traincrew, the locomotive headlight was illuminated. However, the driver misjudged
how fast the train was moving, and as the truck crossed the tracks, it was struck by the
freight train.

Moving with traffic, merging into traffic, and turning left or right in front of traffic
are daily tasks that require a driver to judge the speed and distance of other highway vehi-
cles. Similarly, a driver must judge the speed and distance of an oncoming train to gauge
the train’s arrival at a grade crossing. However, visual illusions can interfere with the
driver’s perception of train velocity and distance. For example, an illusion of perspective
can mislead a driver about the train’s distance:

Viewed from the crossing, railroad tracks produce the illusion of a great distance. That is
because the parallel lines of the rails converge toward the horizon. (It is the same illusion
used in art classes to create perspective.) The apparent convergence of the rails give the
impression that the train is farther from the crossing thart'it is.

12 Operation Lifesaver, Inc. 1997. School bus driver presentation. In: Operation Lifesaver Presenter
Guide. Alexandria, VA. [Section 7, page 15].
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Research describes illusions regarding train size that can mislead a motorist about
the train’s velocity*® First, the larger an object, the more slowly it appears to be moving;
thus, because the train locomotive is a large object, it may appear to be moving more
slowly than it is, causing the driver to overestimate the amount of time available to safely
clear the crossing. Second, when a car and train are approaching each other at constant
speeds, or when a vehicle is stopped at a crossing and looking down the tracks, the prin-
cipal perceptual cue available to the driver is the rate of growth of the train’s apparent
size in the visual field. This apparent rate of growth is not linear but hyperbolic. When
the train is at a distance, the apparent rate of growth for the object is slow, thereby giving
the impression of slow speed. However, as the train gets closer, the increase in the size of
the object in the visual field accelerates (figure 5-1). For example, a 10-foot-wide by 15-
foot-tall locomotive will occupy a visual angle of 0.43° when it is 2,000 feet from the ob-
server. As the train reaches 1,000 feet, the locomotive’s visual angle has doubled to
0.86°. When the train is even closer to the observer, the visual angle also doubles even
though the train traverses less distance: the visual angle grows from 3.43° to 6.84° when
the train travels from 250 feet to 125 feet from the observer. Drivers tend to be effective
at estimating the speed of the train when it is closest because the change in visual angle is
rapid. However, drivers tend to decide on the safety of proceeding across the tracks when
the train is at greater distances, when the change in visual angle is slow and they are more
likely to underestimate the train’s speed.

Night also adds to the difficulty in perceiving train speed and distance. Drivers
can determine train speed by comparing the train movement with that of the background.
However, at night the background is not visible and drivers lose this important cue. The
driver in case 58, described previously, who believed a slow moving train was standing
still was observing the train at night.

Driver Distractions

Objects or events both inside and outside a vehicle can provide competing stimuli
or distractions that reduce driver attentiveness to the task of looking for a train. For ex-
ample, as the driver in case 37 approached a passive crossing, she was reaching into the
back seat to get some food for her child. Prior to entering the crossing, she looked up,
saw a train, and hit the brakes. The driver was unable to stop the vehicle before striking
the train.

13| jebowitz, H.W. 1985. Grade crossing accidents and human factors engineering. American Scientist
73: 558-562.
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Figure 5-1. lllustration of the apparent change in object size as a train approaches a crossing, as seen by
a motorist stopped at the crossing. The train is traveling at 40 mph. (These images were taken from a
computer simulation produced by the National Transportation Safety Board, available on the Web at

http://www.ntsb.gov/events/gradxing/default.ntm
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Of the 18 interviewed drivers, 8 indicated they had been distracted by at least one
source'™ Stereo systems and passengers were the internal sources of distraction most
frequently cited by these drivers; highway traffic was the external source most frequently
identified (table 5-2). Two other drivers indicated that they might have been distracted,
but they could not identify the source of distraction. The Safety Board cited distraction as
the primary probable cause or contributing factor in 12 of the 60 study accidents (shown
earlier in chapter 3, table 3-3): 2 nonfatal accidents, and 10 fatal accidents.

Passengers, particularly passenger conversation, was a common source of distrac-
tion. Three interviewed drivers stated that they were talking with passengers in their
vehicles at the time of the accident, and in a fourth instance (case 6), withesses stated they
saw the driver talking with his passenger (both the driver and the passenger in the high-
way vehicle were fatally injured in the accident). Research indicates that passenger
distraction accounts for the second biggest source of distraction in accidents; objects in
the vehicle is the biggest sourca.

Another source of driver distraction was highway traffic. Three interviewed driv-
ers were distracted by oncoming traffic, and in two of the fatal accidents (cases 41 and
50), distraction attributed to highway traffic was cited in the accident’s probable cause.
In two of the study accidents, the drivers apparently were preoccupied with vehicles di-
rectly in front of them: the fatally injured driver in case 53 followed closely behind a
vehicle that cleared the crossing just before the train arrived, and the fatally injured driver
in case 41 stopped his vehicle on the tracks to wait for a vehicle in front of him to clear a
nearby highway intersection. Even other drivers’ attempts to warn of an oncoming train
can distract drivers. In one accident (case 40), a driver was focused on another car flash-
ing its headlights. The driver reported that he believed the flashing headlights indicated
an impending speed trap; the driver continued into the path of a train.

Intersecting roads and traffic may also distract a driver from looking for a train.
When another road intersects with the driver's roadway just before or after the grade
crossing, it may increase the number of decisions the driver must make and distract the
driver from looking for a train. Similarly, a driver may also be presented with multiple
decisions when encountering a grade crossing immediately after turning off of an inter-
secting roadway onto a road with a grade crossing.

14 0One of the eight drivers was not in the highway vehicle at the time of the accident: the vehicle had
stalled while traversing the tracks and the driver had time to get out before the train arrived.

15 Tijerina, Louis; Kiger, Steven M.; Rockwell, Thomas H.; Tornow, Carina. 1995. Workload
assessment of in-cab text message system and cellular phone use by heavy vehicle drivers on the road. In:
Proceedings, 39th annual meeting of the Human Factors and Ergonomic Society]l %85 @ ctober 9-13;

San Diego, CA. Santa Monica, CA: Human Factors and Ergonomics Society: 1117-1121.



Table 5-2. Sources of distraction when approaching the grade crossing indicated by 10 of the 60 highway vehicle
drivers involved in the study accidents.

(a)

Internal source External source
Case Cellular Loose Highway Second
number Stereo phone Passenger item Other traffic Billboard Pedestrian  $cenery train Other
15 Unknown
22 g g l
28 m]
370 O
38® ] £
40 O
489 Unknown | Unknown Unknown Unknown | Unknown | Unknown i Unknown Unknown Unknown | Unknown | Unknown
54(d) ]
55 0
56 Unknown O O Unknown

@ Safety Board investigators interviewed 18 of the 60 drivers; 8 of the 18 indicated no distractions on their approach to the grade crossing. The remaining 42 drivers were
not available to the investigators for interview.

® Distraction was cited as the primary probable cause or contributing factor in the accident.

© The highway vehicle had become lodged on the crossing; the driver was away to get assistance when the train arrived and struck the vehicle.

@ The highway vehicle had stalled while traversing the tracks; the driver had time to get out of the vehicle before the train arrived.
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In the afternoon of June 21, 1996, the driver of a Buick Park Avenue approached a
grade crossing in Pickerington, Ohio (case 41). About 22 feet beyond the tracks was an
intersection with another city street. A car traveling in the same direction as the Buick
had just crossed the tracks and was stopped at the intersection. According to witnesses,
the driver of the Buick, who appeared to be using a cellular phone, was stopped on the
tracks waiting for the vehicle in front of him to clear the intersection. While stopped, the
Buick was struck by an arriving Conrail freight train, and the driver was killed.

For the purposes of this study, the Safety Board defined a nearby intersection to be
one that lay within 75 feet of the crossitt§. Twenty-nine of the grade crossings in the
study cases had nearby highway intersections: on the far side of the crossing in 12 of the
study cases, on the side of the crossing from which the accident-involved highway driver
approached in 13 cases, and on both sides of the crossing in 4 cases.

A nearby highway intersection may present a distraction to the driver simply be-
cause the driver is aware of it. If a highway intersection on the departure side of the
crossing is visible to an approaching driver, the driver’s attention may be drawn toward
that intersection and away from the crossing. This may be particularly hazardous in urban
areas, where the driver’s concern for traffic at the upcoming intersection may result in
stopping directly on the tracks, as was the case in Pickerington, Ohio. In other situations,
the driver of a vehicle turning off a parallel roadway may come upon the crossing before
being able to direct attention away from negotiating the turn; at four study crossings, the
highway intersection was less than 25 feet from the crossing (cases 1, 15, 44, and 58). In
addition, if a train comes from the same direction as a highway vehicle on the parallel
roadway, it will come from behind the vehicle, and a driver turning onto the road with the
grade crossing may have few moments to react.

The presence of nearby intersections increases the risk at passive crossings. In the
Australian study, it was discovered that at a crossing with a nearby intersection, “driver
head movements and [train] search at Stanhope [the location of the crossing] were di-
rected firstly at determining the presence of other road users and secondly at assessing the
possible development of conflict situatiots”” The drivers observed in that study were
more concerned with the dangers presented by other highway traffic and considered the
grade crossing only secondarily.

16 The measurement of 75 feet is not intended to indicate an absolute boundary. Intersections farther
from (or closer to) a crossing than 75 feet may still present the opportunity for driver distraction. The FRA
inventory database indicates the presence of nearby highway intersections within 75 feet of the crossing;
therefore, the Safety Board selected a cutoff point of 75 feet to facilitate comparison between the study data
and data in the FRA inventory database.

17 Wwigglesworth (1976, page 80).
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Because nearby intersections could present problems for motorists at passive
grade crossings, the Safety Board examined the FRA databases to determine how com-
mon nearby intersections are. Of the study accident crossings, 46.7 percent (28 of the 60)
qualify as having a nearby intersection on either the approach or the departure side of the
crossing, whereas 37.7 percent of all public passive crossings have such nearby intersec-
tions. The higher percentage of grade crossings with nearby intersections in the study
sample than in the FRA inventory database suggests that nearby intersections may be a
factor associated with passive grade crossing accidents.

Audibility of the Train Horn

The train horn, and certain auxiliary locomotive lights, are currently the only ac-
tive signals given to a driver at a passive grade crossing to alert the driver that a train is
present. The sound of a train horn is effective as a warning only if the driver recognizes it
as a train horn; this recognition is affected by the interior vehicle noise levels, exterior
traffic noise, the sound characteristics of the train horn, driver expectations, and insertion

loss'8

Although the horn was sounded in 14 of the accidents in which the driver survived
and was interviewed by Safety Board investigators, only 4 drivers reported hearing the
horn; 2 of the 4 drivers were already outside of their vehicles. A 1986 Safety Board study
of 75 collisions between passenger/commuter trains and motor vehicles at grade crossings
found that in 27 cases the train’s audible warning system was ineffective because of either
high ambient interior noise levels of the vehicle or noise levels caused by vehicle en-
gines'® The fact that the occupants of the vehicles could not hear the audible warning
system of the train indicated that the existing audible warning system was inadequate as a
primary warning system. In this 1986 study, the Safety Board concluded that train horns
should be improved to better address the audibility concern, and accordingly issued
Safety Recommendation R-86-45 to the FRRA.

118 nsertion loss is the difference between the measured values of a sound from an exterior sound
source taken outside the highway vehicle and inside the vehicle.

119 National Transportation Safety Board. 1986. Passenger/commuter train and motor vehicle collisions
at grade crossings (1985). Safety Study NTSB/SS-86/04. Washington, DC. 210 p.

120 gafety Recommendation R-86-45 was classified “Closed—Reconsidered” on September 4, 1990.
At that time, the FRA indicated that changing the sound characteristics of the train horn was very difficult to
justify, and increasing the volume was not acceptable. However, the FRA Office of Research and
Development now reports that it has studies underway on optimal sound characteristics of audible warning
devices and the adequacy of audible warning systems.
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The FRA's regulation for audible warning devices states that “. .. each loco-
motive shall be provided with an audible warning device that produces a minimum sound
level of 96 dB(A}*! at 100 feet forward of the locomotive in its direction of travel”
(Paragraph 229.129a in 49 CFR Part 229). According to research by an audiologist,
detecting the presence of a sound will not lead to appropriate action unless the sound is
identified or has reached the alerting le¥%él.For a sound to be identified, the warning
signal must be 3 to 8 dB above the threshold of detetiidn;reach the alerting level, a
warning signal must be about 10 dB above the ambient noise level such that the sound is
attention-getting?* Different characteristics of the terrain surrounding a grade crossing
can affect the transmission of sound: acoustically hard surfaces can reflect the sound;
other surfaces can absorb sound waves. There may be crossings where the presence of
buildings and other landscape elements can block the sound of a train horn completely. If
a sound is not reflected or interrupted, its intensity drops 6 dB with each doubling of
distance'®®

Additional audibility problems occur when the sound from a train horn must
penetrate the outer body of a vehicle. The Safety Board's investigation of the 1995 colli-
sion between a s