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FOREWORD

This handbook provides general information on railroad-highway crossings,
including characteristics of the crossing environment and users, and the
physical and operational improvements for safe and efficient use by both
highway and rail traffic. The handbook will be of interest to Federal, State
and local nighway agency personnel, railroad officials, consulting engineers
and educators involved witn railroad-highway grade crossing safety and
operation.

The late William J. Hedley contributed generously of his background and
exparience toward the completion of this handhook.

This is the second printing of the second edition of the handbook. The only
change from the first priating is a revision of Figure 24, page 103, to reflect
the guidance for placement of the railroad crossing pavements marking symbol in
relation to the Tocation of the advance warning sign.

A standard distribution of the nandbook was made to the FHWA Region and
Division offices, the Stata highway agencies and the T2 Centers in 1986.

Copies of the nandbook were also pravided to the Federal Railroad
Administration and the Association of American Railroads for their use. A
limited number of copies are available from the Railroads, Utilities and
Programs Branch, HNG-12, Federal Highway Administration, Washington, D.C. 20590
and the RD&T Report Center, HRD-11, Fedaral Highway Administration, 6300
Georgetown Pike, Mclean, Virginia 22101-2396. Copies may be purchased from
the National Technical Information Service, 5285 Port Royal Road, Springfield,
Virginia 221617.

,&ny Vald
Stanley R. Byington
Director, Office of Implementation

Federal Highway Administration

W3

NOTICE

This document 1s disseminated under the sponsorsnip of the Department of
Transportation in the interest of information exchange. The United States
Governmant asswnes no 1iability for its contents or use thereof. The contents
of this report reflect the views of the author, who is responsible for the
accuracy of the data presented herein. The contents do not necessarily
reflect the official policy of the Departuent of Transportation. This report
does not constitute a standard, specification, or regulation,

The United States Governient does not endorse products or manufacturers. Trade
or manufacturers' names appear herein only because they are considered
essential to the object of this document,
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I. OVERVIEW

This handbook provides general
information on railroad - highway
crossings, characteristics of the
crossing environmment and users, and
the physical and operational improve-
ments that can be made at railroad-
highway grade crossings to enhance

safety and operation of both highway

and rail traffic over crossing in-
tersections. The guldelines and al-
ternative improvements presented in
this handbook are primarily those
that have proven to be effective and
that are accepted nationwide. This
handbook supersedes
Highway Grade Crossing Handbook of

the Railroad-

August 1978.

A. Background

k|

The railrocad-highway grade c¢ross-
ing is unique in that it constitutes
the intersection of two f{ransporta-
tion modes, which differ both in the

physical characteristics of their
traveled ways and in their opera-~
tions.

Railroad transportatlion in the
United States had its beginning dur-
ing the 1830's and became a major
factor 1In accelerating the great
westward expansion of this country by
providing a reliable, economical, and
rapid method of transportation.
Today, rallroads are major movers of
coal, ores and minerals, grains and
other farm products, chemicals and
allied products, food and kindred
products, lumber and o¢ther forest
products; motor vehicles and equip-
ment, and other pulk materials and
products.

Az additional railrcad lines
were bullt and extended, they facili-
tated the establishment and growth of
towns in the midwest and west by pro-
viding a relatively rapid means of
transportation of goods and people.

Towns depended on the railroads and
Lharafara the

WRAL L AR \...,-.v.-g wilv

railroad 1lines. The Federal govern-
ment and certain States encouraged
westward expansion of the railroads
and finaneially supported them by
land grants and loans. The Federal
Government enjoyed reduced freight
rates on its cargoes for many years
as a result of these land grants., In
the east, railroads were built to
serve the existing towns and cities.
Many communities wanted a railroad
and certalin concessions were made to
obtain one. Railroads were allowed

. . y p
to build their tracks across exiasting

streets and roads at-grade, primarily
to avoid the high capital costs of
grade separations. As people Tfol-
lowed the railroads west, there was a
need for new highways and streets
most of which, primarily for economic
reasons, crossed the railroads at-
grade.

were devel nped alon

v oL

The number of railroad
miles grew until a peak was
in 1920 when 252,845 miles of rail-
rocad line were in service. The num-
ber of railroad line miles and track
miles have been decreasing since the
1930's as shown 1n Table 1. While
the number of railrcad line and track
miles have been decreasing continu-
ously at about 2 percent per year
during the past few years, and the
number of train miles operated has
gone up and down with the fluctua-
tions in industrial activity, there
has been an overall decline in train
miles, The heaviest decline has been
in passenger train miles. Table 2

line
reached



Chapter I  Overview

1. Railroad Line Miles®
and Track Miles**

Table

Year Line Miles Track Miles

1939 235,064 386,085
1944 227,335 374,710
1947 225,806 374,027
1951 223,427 371,782
1955 220,670 366,406
1967 209,826 341,499
1971 205,220 334,932
1975 199,126 324,156
1979 184,500 300,000
1980 179,000 290,000
1981 168,000 278,000
1982 159, 123 263,330
1983 155,879 258,703

»

Except for years 1982 and 1983,

railroad line miles are the aggregate
length of roadway of all 1line-haul
railroads. It excludes yard tracks,
sidings, and parallel lines. Joint-
ly used track is counted only once.
Years 1982 and 1983 include Class I
railroads only.

*¥¥Except for years 1982 and 1983,
railroad track miles are total miles

of railroad track in the United
States, including multiple main
tracks, yard tracks and sidings,

owned by both line~haul and switching
and terminal companies. Years 1982
and 1983 include Class I railroads
only. On average, the Class I rail-
roads account for about 95 percent of
total railrcad mileage. For 1979 and
subsequently, data include estimates
for other than Class I.

Source: Ref. 12

Table 2. Freight and

| o PP

Passenger Train Miles

Year Train Miles
1974 534,039,763
1975 468,321,148
1976 491,057,525
1977 493,890,675
1978 497,134,000
1979 499,514,000
1980 488,948,812
1981 467,614,668
1982 401,374,432
1983 388,534,905
1984 411,070,321
Scource: Ref. 16

shows the trend in freight and pas-
senger train miles since 1974.

Injtially, =safety at railroad-
nighway grade crossings was not con-
sidered a problem. Trains were few
in number and slow, as were highway
travelers who were usually on foot,
horseback, horse-drawn vehicles, or
cycles. By the end of the century,
crogsing accidents were increasing
and communities became concerned
about safety and delays at crossings.
Many States, cities, and towns adopt-
ed laws, ordinances, and regulations
that reguired the railroads to elim-
inate some crossings and provide
safety improvements at others.

Railroad-highway grade crossings
became more of a concern with the ad-
vent of the automobile in the early
1900's., By 1920 vehicles traveled
approximately 45 billion miles an-
nually. Vehicle miles of travel have
increased more than 36-fold during
the dintervening 63 years to 1.65
trillion vehicle miles in 1983. More
recently, vehicle miles of travel
have been increasing at a lower rate
of 1.3% per year. Road mileage also




grew during the 63 years to approxi-
mately 3.88 million miles in 1983.

The number of railroad-highway
grade crossings grew with the growth
in highway miles. In cities and
towns, the grid method of laying out
streets was utilized, particularly in
the midwest and west. A crossing
over the railroad was often provided

o mvrargr atwant raanlting in ahout
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ten crossings per mile. In 1983,
there were 379,611 total intersec-
tions of vehicular and pedestrian
traveled ways with railroads. This
equates to approximately 2.4 cross-
ings per railroad line mile.

Crossings are divided intc cate-

gories. Public crossings are those
on highways under the Jurisdiction
of, and maintained by, a public au-

thority and open to the traveling
public. 1In 1983, there were 242,980
public crossings, of which 205,339
were at-grade and 37,641 were grade

separated. Private crossings are
those on roadways privately owned and
utilized only by the land owner or

licensee. There were 133,011 private
erossings in 1983. Pedestrian cross-
ings are those that are used solely

by pedestrians and there were 3,620
pedestrian crossings in 1983.

Sixty-three percent, 128,462, of
public at-grade crossings were locat-
ed in rural areas, compared to 76,877
in urban areas

areas. For both urban and
rural areas, the majority of cross-
ings are located on local roads as
depicted in Table 3. Twenty-three
percent of public at-grade crossings
are located on Federal-aid highways
as shown in Table 4. Fifteen per-
cent, 32,200, are located on State
highways.

sta-
occeurrence of
at railroad-highway grade

The most important single
tistie affecting the
aceidents

Chapter 1 Overview
Table 3. Public At-Grade Crossings
by Functional Classification, 1983

Rural
Functional Classification Number
Interstate® 20
Other principal arterial 1,568
Minor arterial ‘ 4,633
Major collector 13,793
Minor collector _ 13,296
Local 95,108
Not reported 4y
Total 128,462

Urban
Functional Classification Number
Interstate® 95
Other freeway/expressway 529
Other principal arterial 7,472
Minor arterial 12,837
Collector ' 11,475
Local Ly 469
Total 76,877
*Cprossings classified as "Inter-
state" are typically located on
ramps.
Source: Ref. 11

crossings is the exposure index, the
product of annual train miles and
vehicle miles, divided by 10 to the
18th power for convenience. The expo-
sure index quantifies the interaction
between railroad and highway traffie,
and provides a suitable base for
assessing trends in crossing safety.
Figure 1 1llustrates the trend in the
exposure index.



Chapter I  Overview

4. Public At-Grade Crossings

by Highway System, 1983

Highway System Number
Interstate 129
Federal-aid primary 10,182
Federal«aid urban 13,398
Federal-aid secondary gq’193
Non-federal-aid 157,394
Not reported _ 43
Total 205,339

Note: Crossings classified as "Inter-

state" are {Lypiecally located on
ramps.
Source: Ref, 1]

2. Safety and Operations at Railroad-

Highway Grade Crossings

S i

National statisties on crossing
accidents have been kept since the
early 1900's as a result of the re-
quirements of the Accident Reporis
Act of 1910. The Act required rail

carriers to submit reports of acci-
dents involving railroad personnel
and railroad equipment, including
those that occurred at Crossings.

Not all crossing accidents were re-
ported because the railroads were

required to report only those acei-
dents that rean 1lted

" e
Mmlriawid wididw L ToW iy

0 a fatality;

© an injury to a person sufficient
to incapacitate him or her for a
period of 24 hours in the aggre-
gate during the 10 days immediate-
ly following; or,

o more than $750 damage to railroad
equlpment, track or roadbed.

800

. f\i

600 B

500 ‘ f\v" /

400

Exposure Index

300 _ f‘/
2 WA
oo/v

100/,

1920 1930 1940 1950 1860 1970 1980
Year

Figure 1. Crossing Exposure Index

These reporting requirements
remained essentially the same until
1975 when the Federal Railroad Admin-
istration (FRA) redefined a repori-
able railroad-highway grade crossing
accident. Under the new guidelines,
any impact "between railroad on-track
equipment and an automobile, bus,
truck, motoreyecle, bicyele, farm ve-
hicle, pedestrian or other highway
user at a rail-highway crossing®}
must be reported.

Table 5 gives the number of
fatalities occurring at public rail-
road-highway grade crossings from
1920 to 1983. Also shown separately

Rail-Highway Crossing Accident/

—_— 52

Incident .and Inventory Bulletin No. b

Calendar Year 1983, Washington, DC:

Federal Railroad Administration 1984,




Table 5. Fatalities at Public Crossings, 1920-1983

Motor Motor

All Vehicle All Vehicle

Year Fatalities Fatalities Year Fatalities Fatalltles
1920 1,781 1,273 1940 1,808 1,588
1921 1,705 1,262 1941 1,931 1,691
18922 1,810 1,359 1942 1,970 1,635
1923 2,268 1,759 1943 1,732 1,396
1924 2,149 1,688 1944 1,840 1,520
1925 2,206 1,784 1945 1,903 1,591
1026 2,491 2,062 1946 1,851 1,575
1927 2,371 1,974 1947 1,780 1,536
1928 2,568 2,165 1948 1,612 1,379
1929 2,485 2,085 1949 1,607 1,323
1930 2,020 1,685 1950 1,576 1,410
1931 1,811 1,580 1951 1,578 1,407
1932 1,525 1,310 1952 1,407 1,257
1933 1,511 1,305 1953 1,494 1,328
1934 1,554 1,320 954 1,303 1,161
1935 1,680 1,445 1955 1,446 1,322
1936 1,786 1,626 1956 1,338 1,210
1937 1,875 1,613 1957 1,371 1,222
1938 1,517 1,311 1958 1,271 1,141
1939 1,398 1,197 1958 1,203 1,073

Source: Ref. 11 and 13

are fatalities resulting from colli-
sions involving motor vehicles. Ta-
ble 6 provides data on the number of
accidents, injuries and fatalities at
public rallroad-highway grade <ross-
ings for the period from 1975 - 1983.
Accidents and injuries from 1920 to
1974 are noit provided because not all
acclidents and injuries were required
to be reported during those years.

The motor vehicle fatality sta-
tistics are depicted graphically 1in
Figure 2 which clearly demonstrates
the overall improvement in safety at
crossings. The exposure index pro-
vides a means by which crossing sta-
tisties can be compared throughout
the years. The fatality ratio (num-
ber of fatalities divided by the
exposure index)} for the years 1920
through 1983 is also depicted in
Figure 2.

Year

1960
1961
1962
1963
1964
1965
1866
1967
1968
1969

1970
1971
1872
1973
1974
1975
1976
1977
1978
1979

1980
1981
1982
1983

Chapter I Overview
Moior
All Vehicle
Faialities Fatalities
1,364 1.261
1,291 1,173
1,241 1,132
1,302 1,217
1,543 1,43€
1,534 1,434
1,780 1,657
1,632 1,520
1,546 1,448
1,480 1,381
1,440 1,362
1,356 1,267
1,260 1,180
1,185 1,077
1,220 1,128
978 788
1,114 78
944 846
1,021 929
834 727
788 708
697 623
580 526
542 483

Table 6. Accidents, Fatalities, and
Injuries at Public Crossings,

1975-1983
Year Accidents Fatalities Injuries
1975 11,354 978 4,168
1976 12,114 1,114 4,831
1977 12,299 gh4 4,649
1978 12,435 1,021 4,256
1979 11,552 334 4,172
1980 9,763 788 3,662
1982 7,158 580 2,508
1983 6,562 Lip2 2,467
%Tncluding motor vehicle and non-

motor vehicle accidents.

Source: Ref. 11
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The variation in the fatality

ratio appears to be related to var-

ious occurrences over the years.
From 1920 to 1930, railroad expendi-
ture for the construction of grade

separations and crossing active traf-
fic control devices was extensive.
During the early four year period of
the depression, railroad expenditures
for crossing improvements lagged, and
the fatality ratic remained about the
same. Starting in 1935 some specilal
Federal programs were 1initiated to
improve crossing safety and the
fatality ratio decreased. During the
war period of the 1940's, crossing
improvement work was greatly reduced
and the fatality ratio increased
slightly. Since 1946, Federal-aid
has increased and the fatality ratio
has correspondingly been decreasing.

During the period between 1960
and 1967, the fatality ratio remained
almost constant; however, the number
of fatalities increased as did the
exposure index. This was in spite of
continual Federal funding for grade
separations and crossing traffic con-
trol device improvements. A national
concern for crossing safety was de-
veloped as witnessed by the holding
of national conferences to address
the increase in casualties. The U.S.
Congress responded by establishing a
categorical funding  program for
crossing safety lmprovements in the
1973 Highway Act. This caltegorical
safety program was extended in the
1976 Highway Act, and the 1978 and
1982 Surface Transportation  Acts.
The result of this safety program and
other emphases on crossing safety is
illustrated in Figure 2 which shows
the dramatic reduction in the number
of fatallities involving motor vehi-
cles.

In 1983, approximately 18.3 mil-
lion motor wehicle traffic accidents
occurred. Crossing accidents ac—
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counted for 0.03% of all motor vehi-
cle accidents on public roads. How-

ever, fthe severity of crossing acci-
dents demands special attention. In
1983, there were 483 motor vehilele
fatalities at crossings and a total
of 42,584 motor vehicle fatalities.
Thus, crossing fatalities accounted

for 1.1% of all motor vehicle fatali-~
ties. One out of every 430 vehicle
accidents resulted in a fatality, but
one out of every 12 crossing acei-
dents resulted in a fatality.

While raiirocad - highway grade
crossing accidents account for only a
small portion of alli highway acci-
dents, they represent a large portion
of all railroad accidents. In 1983,
there were 1,073 fatalities resulting

Aoy ~11
from all railrocad aceidents / inei-

dents. Of these, 53.6%, 575, oc-
curred at crossings, both public and
private.

In addition to the possibility
of a collision between a train and a
highway user, a railroad - highway
grade crossing presents the possibil-
ity of an accident that does not
involve a train. Non-train accidents
include: rear-end aceidents in which
a vehicle that has stopped at a
crossing is hit from the rear; colli-
sions with fixed objects such as sig-
nal equipment or signs; and, non-ccol-
lision accidents 1in which a driver
loses control of the vehicle.

These non-train accidents are
also a concern particularly with re-
gard to the transportation of hazard-
ous materials by truck and the trans-
portation of passengers, especially
school buses. These "special vehi-
cles" are, in many States, required
by law to stop at all crossings and
lock for a train before proceeding
across the tracks. The driver of a
vehicle that is following a speeial
vehicle may not expect to stop and
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mray rear-end the

ooyt ] & am e

LCDULULU& in a cat

vehicle, perhaps
astrophic aceident.

While safety is a primary con-
cern, railroad-highway grade cross-
ings affect the public and railroads
in other ways. In the 19th century
most communities and cities welcomed
and actively encouraged the construc-
tion of railroad lines to and within
the community. As the benefits of
this transportation service were re-
alized, the communities and the rail-
road system within the communities
grew. Today, highway-oriented trans-
portation provides much of the ser-
vice needed for commercial and other
land uses 1in and near the central
city. Newer industrial developments
that need rail transportation are
frequently located in outlying areas.

Historieally, railroads came in-
to the centers of communities because
the P211Pnadq were first or

alllgios LI e X ¥

the community wanted the railroad to
enter to provide transportation to
the rest of the country. In today's
environment, especially with high ve-~
hicular traffie, conflicts have aris-
en over the railroads' 1loeation in
central cities. From the community
viewpoint, the rallroad 1is now a
dividing forece providing delays, con-
gestion, and concerns over emergency
vehicle response while trains are
moving through, blocking many street
crossings. Some communities impose

speed restrictions on the trains,

thereby exacerbating the situation of
delays because trains take longer to
clear crossings.

because

From the railroad

restrictions are
because of the delays incurred by
trains slowing down to pass through
the community. However, the central
city location has an advantage for
the railrocad. Its right-of-way may
be attractive to power companies who

viewpoint,

speed undesirable

wish to reach electric customers in
the city, hence railroads may lease
space for electric power transmission
lines. Also, with the new develop-
ment of fiber optic cables for high
capacity communications services,
communications common carriers are
also finding railroad rights of way
into cenfer cities very attractive.
Thus, on the positive side, communi-
ties and railroads are finding mutual
advantages in communicating and coop-
erating with each other on this
mutual situation.

B. Railroad-Highway
Programs

Grade Crossing

The first authorization of Fed-
eral funds for highway construction
oceurred in 1912 when the U.3. Con-
gress  allocated $500,000 for an
experimental rural post road program.
The Federal-Aid Road Aect of 1916 pro-
vided Federal funds to the Stateg for
the construction of "rural post
roads". These funds could be expend-
ed for railrcad-highway grade cross-
ing safety improvements as well as
other highway construction. The
States had to match the funds on a
50~50 basis and they often required
the railroads to pay the State's 50%
share and sometlmes more, The Feder-
al Highway Act of 1921 provided funds
with similar provisions except that
the expenditure of Federal funds was
restricted to a limited connected
system of principal roads now called
the Federal-aid primary highway sys-
tem.

The Depression era of the 1930's
brought about a change in railroad
and highway traffic volumes and cre-
ated a need for Federal assistance to
nr'nmnfa aafety as well as to
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employment throughout the nation,
Congress passed the National Indus-
trial Recovery Act in 1933 that,
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among other things, authorized the
President to provide granis totaling
$300 million to the States to be used
in paying any or all of the costs for
eliminating the hazards of railroad-
highway grade crossings. The States
did not have <fo provide wmatching
funds and the improvements did not
have to be made at crossings on the
Federal-aid highway system.

The Hayden - Cartwright Act of
1934 authorized additional funds for
the construction of rallroad-highway
grade separations and traffic control
devices at crossings. Federal funds
were avallable for initial construe-
tion costs but not for maintenance
costs nor for right-of-way costs.
Other Federal-aid highway funds were
provided in the Emergency Relief Ap-
propriation Act of 1935, the Authori-
zation and Amendment Act of 1936, the

Federal-Aid Highway Act of 1938, and
+the Federal Hichwav Act of 1040 Tn

the Federal Highway Act of 1940. In
spite of these efforts to eliminate
crossings, the number of crossings
actually increased due to numerous
highway construction projects being
completed during the same period.

The Federal-Aid Highway Act of
1944  authorized the expenditure of
Federal funds for Federal-aid high-
ways 1n urban areas and provided for
the designation of a Federal-aid sec-
ondary highway system and a natiocnal

system of Interstate Highways. While
tho Stabtoe had to nrovide 509 mateaho
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ing funds for expenditures on the
primary, secondary, and urban highway
systems, the entire cost for the
elimination of railroad-highway grade
erossing hazards on the Federal-aid
system could be paid from Federal
funds. However, n¢ more than 50% of
the right-of-way and property damage
costs could be pald with Federal
funds. 1In addition, no more than 10%
of the total funds apportioned to
each State 1n any year could be used
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for crossing projects on a reiamburs-
PR P W uo PR Yarel i
dC LdSls UR Vo 1VUG.

In the 1960's the Interstate
Comnerce Commission conducted an in-
vestigation of railroad-highway grade
crossing safety. It concluded that
the public was now responsible for
erossing safety and recommended that
Congress take appropriate action by
stating: :

Since the Congress has the au-
thority to promulgate any neces-
sary legislation along this line
it is recommended that it give
serious study and conslderation
to enactment of legislation with
a view to having the public in-
cluding the principal users,
assume the entire cost of rail-
highway grade crossing improve-
ments or allocating the costs

equitably between those bene-
fited by the improvements

ke A% LAl CauTil v e

In 1970, the U.S. Congress
passed two acts, the Highway Safety
Act and the Federal Railroad Safety
Act, that contained specific provi-
sions conecerning railroad - highway
grade crossings. The Highway Safety
Act authorized two demonstration pro-
jects, one for the elimination of at-
grade crossings along the WNortheast
Corridor high speed rail passenger
route from Washington, D.C. to Bos-
ton, MA and the other for the elimin-

ation or Installstion of traffic con-
atioh or Anstallstlon LraillTle con

trol devices at public crossings in
and near Greenwood, 3C. The Act pro-
vided $31 million for these demon-
siration projects.

ZPrevention of Rail - Highway
Grade Crossing Accidents Involving

Railway Trains and Motor Vehicles,

Washington, DC: Interstate Ccmmerce
Commission, November 1962.



Chapter I Overview

The Railroad Safety Act of 1970
required the Secretary of Transporta-
tion to undertake "...a comprehensive
study of the problem of eliminating
and protecting railroad grade cross-
ings" and to provide "recommendations
for appropriate action including, if
relevant, a recommendation for equi-
table allocation of the econonic
costs of any program proposed as a
result of such study”. Similarly,
the Highway Safety Act of 1970 called
for "...a full and complete investi-
gatlion and study of the problem of
providing increased highway safety at
public and private ground-level rail-
highway crossings ... including the
estimate of the cost of such a pro-
gram".3

The Federal Highway Administra-
tion (FHWA) and the Federal Railroad
Administration (FRA) prepared a two-
part report to satisfy the require-
ments of the legislation. Part I
discussed the crossing safety problem
and Part II provided crossing im-
provement recommendations, one of
which was a Federal funding program
exclusively for crossings. The Sec-
retary also recommended that the
Department of Transportation, in co-
operation with the railroad industry
and appropriate State agencies, de-~
velop a national inventory of cross-
ings and a uniform national numbering
system of crossings. In addition,
the Secretary recommended that rail-
road-highway grade crossing safety
research be emphasized and that
efforts to educate drivers regarding
the potential hazards of crossings be
furthered.

ity Pl o P

3Railroad-Highway Safety, Part

I: A Comprehensive Statement of the
Problem, A Report to Congress, Wash-
ington, DC: U.S. Department of

Transportation, November 1971,
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Based on the recommendations of
this study, the U.S3. Congress, in the
Highway Safety Act of 1973, estab-
lished a categoriecal safety program
for the elimination of hazards at
railroad - highway grade crossings.
Sectlon 203 of the Act authorized,
from the Highway Trust Fund, §175
million for crossing improvements on
the Federal-aid highway system. The
Federal share of improvement costs
was set at 90%. This Act also estab-
lished funds for other categorical
safety programs that could be wused
for crossing improvements at  the
States' discretion. Section 230 es-
tablished the Safer Roads Demonstra-
tion Program that provided funding
for safety improvements off the Fed-
eral-aid highway system. Funds under
this program were available for three
types of safety projects: to elimin-
ate hazards at railroad-highway grade
crossings; to improve highway marking
and signing; and, to eliminate road-
side obstacles. The Pavement Marking
Demonstration Program, Seection 205,
provided funds for pavement markings
on any road. The Federal-Aid Highway
Amendments of 1974 added Section 219,
which provided funds for the con-
struetion, reconstruction, and im-
provement of highways off the Feder-
al-aid highway system.

In 1975, all public and private
crossings had been surveyed in the
U.S. DOT/AAR National Rail-Highway
Crossing Inventory program. This
inventory showed that the majority of
crossings, 7T7%, were located off the
Federal-aid highway system and thus
were not eligible for improvement
with Federal funds from the Section
203 program. Thus, in 1976 the U.S.
Congress provided funding for all
public crossings. The legislation
authorized an additional $250 million
from the Highway Trust Fund for
crossings on the Federal-aid highway
system and $168.75 million from the




general fund for crossings off the
Federal-aid highway system.

The Surface Transportation
Assistance Act of 1978 continued the
Section 203 categorical funding pro-
gram by providing $760 millicn for
safety improvements at any public
erossing -- the distinetion between
on and off the Federal-aid h1ghway
system was eliminated.

In 1982, Congress again contin-
ued the railroad~highway grade cross-
ing safety improvement program in the
Surface Transportation  Assistance
Act. The Act provided $760 wmillion
for crossing safety projects during
the four fiscal years 1983 through
1986.

The Section 203 funds are appor-
tioned to the States in the following

manner: 50% of the money is appor-
tioned acecording to the ratic of the
number of publie crossings din each
State to the total number of public

crossings in the entire country. The
remainder is apportioned on the basis
of area, population and road mileage.
The Federal funds are eligible for
90% of the project costs and may be
used for any public crossing, on or
off the Federal-aid highway system.
For more information on the require-
ments governing the expenditure of
Federal funds on grade crossing im-
provements, see Chapter VI, Implemen-
tation of Projects.

Other regular Federal-aid high-
way funds, such as these from the
primary, secondary, and urban prog-
rams, may alsc be used for creossing
jmprovements on the Federal-aid high-
way system. These improvemenis can
include the installation of standard
signs and pavement markings, the
installation or upgrading of active
traffic control devices, crossing il-
lumination, crossing surface lmprove-

11
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ments, new grade separations and re-
construction of existing grade sepa-
rations, crossing closures or remcval
of existing crossings, and crossing
eliminations by relocation of high-
ways and/or relocation of railroads.
For projects to eliminate or reduce
hazards at crossings, the State may
utilize Federal funds for 100% of the
preliminary engineering and construc-
tion costs. Right-of-way costs are
funded at 75%. Most projects require
no additional railroad share of
costs.

The Federal-Aid Highway Act of
1973, Section 163, established a dem-
onstration program to eliminate rail-

road-highway conflicts in specified
urban areas. Additional funds were
provided in the Federal-Aid Highway

Amendments of 1974, the Natidnal Mass
Transportation Assistance Act of
1974, the Federal-Aid Highway Act of
1976 and the Surface Transportation

Assistance Acts of 1978 and 1982.

These demonstration projects are
intended to determine the feasibility
of 1increasing highway safety by the
relocation, consolidation, or separa-

tion of rail lines 1in center-city
areas. The funds are available for
95% of the project costs, with the
State or local governmenits providing
the matching 5%.

These demonstration projects

were designated for Elko, NV; Lin-
coln, NE; Wheeling, WV; Blue 1sland,
Carbondale, Dolton, East St. Louis
and Springfield, ILj; New Albany,
Terre Haute, Lafayette, and Hammond,
IN; Anoka, MN; Brownsville, TX-Mata-
moros, Mexico; Greenville, TX4{ Metai-
rie, LA; Augusta, GA; and Pine Bluff,
AR.

In the Surface Transportation

Assistance Act of 1982, Title 1II,
Section 202, Congress authorized the
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expenditure of $7.05 billion for the
continuation of the on and off system
highway bridge replacement and reha-
bilitation program. All bridges car-

rying highway traffic on public
roads, regardless of ownership or
maintenance responsibility, are eli-

gible for improvement under this pro-
gram, This 1inecludes highway bridges
owned by railroads.

In addition to administering
Federal funds for improvements at
railroad-highway grade crossings, the
FHWA is active in conducting research
on crossings. The FRA is also active
in conducting research pertaining to
railroad - highway grade crossings.
More detailed information on crossing
research 1s contained in Chapter X,
Supporting Programs.

Many States have been active in
crossing improvement programs for
decades. States have been responsi-
ble for initiating and implementing

projects under the various Federal
funding programs. In general, most
States once required the railroad or

the local government to provide the
funds needed to mateh the Federal
contribution. However, in the 1930's
some States began to apportion finan-
cial responsibility for crossing
improvements based on the benefits
each, the public (highway agency) and
the private (railroad) received, from
the project.

California was the first State
to establish a State crossing protec-
tion fund. In 1953, the Public Util-
ities Commission was authorized by

legislation to expend or allocate
funds from the State Highway User
Fund, or any other fund, to assist
the c¢ities and counties ia paying

their allocated portion of the costis
for the installation of active traf-
fic control devices on non-Federal-
aid highways and streets. 1In 1957
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California established a grade separ-
ation fund with an initial appropria-
tion of $5 million per year. The
purpose of the fund was to eliminate
existing at-grade crossings by con-
structing new grade separations or by
improving existing grade separations.
Eighteen additional States have since
established separate funding programs
for crossing Improvements. Appendix
A contalns a brief desceripiion of the
State funding programs as of 1984,

States may alsc utilize other
State funds for crossing improvements
and to provide the required 10% match
for projects funded under the Federal
Section 203 program. In addition to
finaneing costs directly assoclated
with the improvement of railroad-
highway grade crossings, all States
contribute incidentally to the cross-
ing components. In general, for
erossings located on the State high-
way 3ystem, States provide for the
construction and maintenance of the
highway approaches and for traffic
control deviges not located on rail-
road pright-of-way. Typically, these

include advance warning signs and
pavement wmarkings. Presently, 17
States have programs to coniribute
towards the maintenance of flashing
lights, gates, Lrack circuitry,
crossing surfaces;,; and crossbucks.

These States are listed in Appendix
B. More information on State mainte-
nance programs is included in Chapter
VII, Maintenance Program.

in other
improvement

States are involved
areas of crossing safety
besides the financial contributions
towards improvement projects. Gov-
ernmment agencies and the nation's
railroads are participating in Oper-
ation Lifesaver programs which have

been established in forty - four
States. Operation Lifesaver Programs
are designed to dimprove crossing

safety through education of the pub-




lie regarding the hazards of cross-
ings, promotion of engineering im-
provements, and enforcement of motor-
ist traffic laws at crossings. These
individual State programs are coor-
dinated on the national level by the
National Safety Council. More infor-
mation on Operation Lifesaver 1is
included in Chapter X, Supporting
Programs.

Scme States also conduet rail-
road-highway grade crossing research,
utilizing Highway Planning Research

(HPR)} funds made avallable by the
FHWA. Other studies are conducted
in-~house or on a contractural basis

with consultant firms and universi-
ties and are financed frcocm regular
State highway funds.

Some local government agencies
participate in railroad-highway grade
crossing safety by providing the
matehing funds for improvement pro-
jects constructed under the Section
203 Federal program. Localities have
been contributing for decades through
the installation and maintenance of

traffic contrel devices located in
advance of crossings. Some cities
and counties conduct safety studies

at specific crossing locations.

The railroad industry has, his-
torically, contributed greatly to the
improvement of railroad-highway grade

crossings, Until the advent of the
automobile in the early 1900's the
railroads were considered to be pri-

marily responsible for safety at
erossings. After that, the concept
of Jjoint responsibility between pub-~
lic agencies and private agencies,
i.e. the railroads, began to emerge.
As discussed previously, the Federal
government and State governments be-
gan to contribute financially towards
crossing improvement projects, thus
accepting part of the respensibility
that originally had been placed sole-
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1y upon the railroads.
of who 18 responsible for what
aspects of the crossing program con-
tinues to be refined.

The question

While public agencies have es-
tablished funding programs for cross-
ing improvements, raillroads have con-
tinued to contribute finaneclally as
well., In some cases, the railroad
may pay all or a portion of the
required matching funds of a Federal
Section 203 project in exchange for
some other benefit such as the clo-
sure of an adjacent crossing. Many
railreoads have established right-of-
way c¢learance programs that assist in
improving quadrant sight distance at
crossings.

At present, costs for mainte-
nance of crossing traffic control de-
vices and crossing surfaces are pri-
marily funded by the railroads.
Crossing devices and surfaces are
usually -maintained by railroad work
forces because they are integrated
into the signal system regulating
train operatiocns and into the physi-
cal railrocad frack structure. Also,
labor agreements generally specify
that union members are to perform
this type of work. A survey by the
Assoclation of American Railroads
determined that annual maintenance
costs assoclated with active traffie
control devices can range from $1,200
to $3,000 per crossing in 1982 dol-
lars dependent upon the complexity of
the system. With over 55,000 cross-
ings with active traffic control
devices, the annual expenditure by
railroads for c¢rossing maintenance is
substantial, with minimal cost shar-
ing by other involved parties, such
as Federal, State, or local govern-
ment agencies.

Railroads also work with local
communities to alleviate operational
concerns at railroad-highway grade
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crossings. For example, locations
for train crew changes can be made
ocutside of eity 1limits to aveild
blocking crossings by non-moving
trains. Railroads conduct some re-

search for the purpose of identifying .

new technologies and furthering new
concepts regarding crossing safety
and operations.

The Assoceoiatio

The \ssocliation of  American

Railroads (AAR) has been active in
crossing programs and has established
a separate State-Rall Programs Divi-
sion within its Operations and Main-
tenance Department. This Division
provides information to the U.S. Con-
gress and the U.3. Department of
Transportation to aggist 1in the
establishment and administration of
crossing programs. Railroad inter-
ests and concerns regarding crossings
are typically coordinated through the
AAR office. The State-Rail Programs

Divigion has nnnnﬁn+nd a railroad em-
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ployee in each State to serve as
AAR State Representative on crossing
programs. A 1ist of these represen-
tatives is available from the AAR.

American

Other railroad related companies
also participate in crossing safetly
programs. The signal suppliers and
the manufacturers of c¢rossing sur-
faces provide guidance for the selec-
tion of a specifiec device or crossing
surface. In addition, these compan-
ies are actlvely conductlng research

Other groups and organizations
are actively dinvolved in railroad-
highway grade crossing safety pro-

grams. These 1nclude the National
Safety Council, the National Trans-
portation Safety Board, the American
Railway Engineering Association, the
Railway  Progress Institute, the
Transportation BResearch Beard, and
various other highway safety organi-
zations. The responsiblliities of
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C. Responsibilities at
Highway Grade Crossings

Railroad -

issue that is as old as the
grade crossing safety problem itself
is that of responsibility. Who
should provide and pay for the traf-
fie control devices at railroad-high-
way grade crossings?

An

During the years from 1850 to
1870, there was tremendous growth in
population that followed the rail-
roads west. Consequently there was
need for new highways and streets,
practically all of which crossed the
railroads at grade. In most cases
the responsibility for these cross-
ings automatically fell wupon the
railroads. Occasionally, there were
accidents at crossings, but they were
usually not as seriuos as those

cccurring today.

One of these early accidents,
involving the c¢ollision of a train
and wagon at Lima, Indiana, resulted
in a court suit that eventually
reached the U.S. Supreme Court in
1877. In Continental Improvement Co.
v. Stead, the Court had to determine
who was liable for the damages in-
curred. In its decision the Court
said that the duties, rights, and

obligationg of a railroad companv
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well as a traveler on the highway at
the public crossing were "mutual and
reciprocal™. It also said that a
train had the right - of - way over
erossings because of its “character®,
"momentum", and "the requirements of
publi¢ travel by means thereof". The
railroad, however, was bound to give
reasonable and timely warning of the
train's approach. The Court further
stated that "those who are crossing a
railroad track are bound to exercise

ag
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ordinary care and diligence to ascer-
fain whether a train is approaching".
This Supreme Court deecislon clearly
indicated that there was a responsi-
bility wupon the railrcads to warn
‘travelers on the highways of ap-
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of travelers to look, listen and stop
for approaching trains.”

During the late 1890's, the num-
ber of crossings and the numbter of
accidents increased. Many States,
cities, and towns demanded that the
railroads take immediate action to
eliminate the hazardous crossings and
to provide better traffic control de~
vices at others to minimize the acei-
dents. Numerous laws, ordinances,
and regulations were enacted or
adopted demands.
There was no uniformity among the
laws, ordinances, and regulations.
Neither was the division of responsi-
bility nor the allccation of costs
specified.

ont s
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In 1893, the U.S. Supreme Court,
in New York & N.E. Ry. v. Town of
Bristol, upheld the constituticnality
of a Connecticut statute that re-
quired the railroads to pay three-
fourths of the costs to improve or
eliminate crossings where the highway
was 1in existence before the railroad.
If the highway was constructed after
the railroad, the State required the
raiircad to pay one-half of such
costs. This so-called "Senlor-Junior®
principle was followed by the commis-
sions and courts in several States to
determine the railrcads' division of
responsibility or liability for the
construction, improvement or elimlna-
tion of crossings. From 1896 to 1935
the U.5. Supreme Court adhered to the
position that a State could allocate
to the railrcads all, o¢r a portion,
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of the expense or cost for the con-
struction, maintenance, improvement,
or elimination of public railroad-
highway grade crossings.

The crossing safety problem was

YA nona nf

changed greatly by the appearance of

\-Llﬂ o 61 < U.LJ
motor vehieles on the Nation's high-
ways and streets in 1893. As the
number of motor vehicles, highway
mileage, and railroad trackage in-
creased, 3o did the number of cross-
ings and crossing accidents. The
demands for elimination of crossings
grew stronger nationwide. Because of
the dominance and financial status of
the railroad industry during this
period, the public, State legislative
and regulatory bodies, and most of
the courts, did not hesitate to place
the major, or entire, responsibiiitly
for crossing separations and improve-
ments on the railroads. By 1915 the
railroads were beginning to feel the
impact of the crossing safety prob-
lem, and established a national com-
mittee to study the problem. During
the period from 1915 to 1924, this
comunittee, the National Safety Coun-
cil, and the American Railway Asso-
ciation engaged in extensive public
education programs to reduce the num-
ber of accidents at crossings.

The depression era of the 1930's
brought about abrupt and varying
changes in the volumes of rail and

highway traffic, which contributed to
changes 1n the responsibility for
erossing improvements. A new idea of
publie responsibility was enhanced by
Congress 1in 1its passage of the
National Industrial Recovery Act of
1933 and The Hayden-Cartwright Act of
1934 that provided funds for the con-
structicn of railroad-highway grade
separations and the installation of
crossing traffic control devices.

This expanded Federal highway
construction program had a great deal
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of influence on the U.S. Supreme
Court's landmark decision in Nash-
ville, C. & St. L. Ry. v. Walters in
1935. Justice Brandeis, writing for

the majority of the Court, said:

The railroad has ceased to be
the prime instrument of danger
and the main cause of accidents.
It is the railroad which now
requires protection from dangers
incident &to motor transporta-
tion.5

In light of that decision, some
State legislatures, commissions, and
courts revised their division of
responsibility criteria, and the re-
sulting allocation of costs relating
to crossing safety projects.

Y

The Federal-Aid Highway Act of
1944 provided that any railroad in-
volved 1in any crossing improvement
project, paid for entirely or in part
with Federal funds, would be Iliable
to the United States for "a sum bear-
ing the same ratio to the net bene-
fits received by such railway from
sueh project that the Federal funds
expended on such project would bear
to the total cost of such projeet®.
This subsection also provided that
the net benefits received by a rail-
way should not "be deemed to have a
reasonable value 1n excess of ten
percent of the cost of any such pro-
Jeet". The Commissioner of Publie
Roads was authorized to determine the
railroad benefits on the basis of
recommendations made by the State
highway departments and other infor-
mation.6

During the period from 1944 +to
1946, many crossing safety projects

“Ibid.

6Ibid.
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were delayed, or never started, be-

cause of prolonged negotiations, ar-
guments, and litigation on the issue
of railrocad benefits. A compromise
was eventually reached whereby each
of the crossing improvement projects
would be classified as being in one
off five general classes. Depending
upon the classification assigned %o
an individual project, the railroads
would be liable for up teo 10% of the
costs of crossing improvements fi-
nanced with Federal - aid highway
funds. The FHWA later modified this
policy and presently the railroads
are require
cent of the costs of certain types of
crossing work on Federal-aid highway
projects.

In the early 1960's, the Inter-
state Commerce Commission completed
an investigation to determine what
action should bhe taken to prevent
crossing accidents. In its report
and accompanying order, the Commis-
3ion said that:

For practical reasons costs as-
sociated with crossing safety
improvements should be borne by
public funds as users of the
crossing plus the faet that it
is the inecreasing highway traf-
fic that 1is the controlling ele-
ment 1in accident exposure at
these crossings.

In the past it was the rail-
road's responsibility for pro-
tection of the public at grade
crossings. This responsibility
has now shifted. Now it is the
highway, mnot the railrcad, and
the motor vehicle,; not the train
which c¢reates the hazard and
must be primarily responsible
for its removal. Railroads were
in operation before the problem




presented itself and if the in-
creasing seriousness 1s a result
of the increasing development of
highways for public wuse, why
should not the cost of grade
crossing protection be assessed
to the publie?

The Commigsion found:

That highway users are the prin-
eipal recipients of the benefits
following from rail - highway
grade separations ard from spe-
cial protection at rail-highway
grade crossings. For this rea-
son the cost of installing and
maintaining such separations and
protective devices 1s a public
responsibility and should be
financed with public funds the
same As highway traffic de-
vices.

During the 1970's the public
assumed more of the responsibilities
for financing crossing safety im-
proverents. Federal highway legisla-
tion in 1973, 1976, 1978, 1980, and
1982 vrovided categorical funds for
crossing safety improvements. Today,
an understanding exists that, because
railroad-highway grade crossings in-
volve two transportation modes, one
public and the other private, their
safe and efficient operation require
strict cooperation and coordination
of the involved agencies and organi-
zations. Public agencies having re-
sponsibilities at an intersection of
the two modes include the fellowing.

"Prevention  of Rail - Highway
Grade Crossing Accidents Involving
Raiiway Trains and Motor Vehicles,
Washington, DC: Interstate Commerce
Commission, November 1962.
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At the Federal Level

o Federal Highway  Administration
{FHWA)

o TFederal Railroad Administration
(FRA)

o National  Transportaticn  Safety
Board (NTSB)

o National Highway Traffic Safety

Administration (NHTSA)
At the State Level
o State highway departments

o State
tion

departments of transporta-

o State regulatory agencies
o State highway safety agencies

0 State departments of public safety
At the Local Level

o Highway department field mainten-—

ance offices
o County road engineer offices
o City public works agencies
o Law enforcement agencies

The U.S. Department of Transpor-

tation (DOT) seeks to ensure that a
viable and safe national transporta-
tion system is maintained tc +trans-
port people and goods while making
efficient use of our national re-
sources. Three agencies within the
U.5. DOT, FHWA, FRA, and NHTSA,
actively  participate in crossing
programs.
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The FHWA administers Federally
funded programs, several of which are
available for crossing improvements.
In addition to funds from the Section
203 categorical crossing program,
funds from the primary, secondary,
and urban programs may be utilized at
crossings. The FHWA apportions these
funds to the States according to leg-
islated formulae and in the amounts
authorized by Congress for each pro-
gram. It establishes procedures by
which the States obligate the funds
to specific projects. It oversees
the overall implementation of the
Federally funded programs.

The FHWA establishes standards
for traffic control systems at cross-
ings and publishes these in the Manu-
al on Uniform Traffic Contrel De-
vices. The FHWA has also adopted,
for use in Federal-aid highway proj-

ects, various design crifteria and
guidelines developed by AASHTO and
other organizations. The FHWA pro-
vides fechnical assistance fto the
States through the distribution of

state - of - the - art handbooks and
through special training classes.

The FHWA conducts research to
support the above activities. Typi-
cal research involves road-side traf-
fic control devices, accident causa-
tion, program management tools, and
accident countermeasures. £11 of
FHWA's crossing research is coordi-
nated with FRA and, in some cases FRA
contributes finaneially to the proj-
ects. The FHWA promotes maintenance
of individual State grade crossing
inventorlies and maintenance of the
national inventory by the individual
States.

The FRA maintains the Railroad
Accident/Incident Reporting System
that contains information reported by
the railroads on all crossing acci-
dents. The FRA also serves as custo-
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dian of the National Rail-Highway
Crossing Inventory  that contains
physical and operating characteris-
ties of each crossing. The informa-
tion is submitted voluntarily by the
railroads and States. The FRA works
with other agencies and organizations
in overseeing the submission of the
inventory data to ensure accurate and
timely information.

The FRA conducts field investi-
gations of selected railroad aceci-
dents, 1including crossing accidents.
The FRA investigates complaints by
the public pertaining to crossings
and makes recommendations ¢to the
industry, as appropriate.

The FRA conducts research to
identify solutions te crossing prob-
lems, primarily from a railroad per-

spective. Typical research includes
program management tools, train-borne
warning devices, and track circuitry
improvements. Research is ccordinat-
ed with FHWA and in some cases, FHWA
contributes financially.

Both the FHWA and FRA have field
offices located throughocut the coun-
try, which collaborate with the State
highway agencies, and the individual
railroads, respectively, on a day-to-
day basis. They ensure that policies
and regulations are effectively im-
plemented and provide feedback ¢to
headquarters regarding needs realized
at the field level. FHWA has a Divi-
sion Administrator located in each
State.

The NHTSA dis involved in the
crossing program on a limited basis.
It maintains the Fatal Accident
Reporting System (FARS), a data base
containing information on all fatal
highway accidents. NHTSA cooperates
with FRA and FHWA in providing infor-
mation contained in FARS that 1s per-
tinent to crossings.




The National  Transportation
Safety Board (NTSB) provides a com-
prehensive review of the safety

agpects of all transportation modes.
Through special analyses and accident
investigations, it identifies speci-
fic safety problems and associated
remedies that are presented as recom-
mendations fto specific agencies and
organizations. Results of recommen-
dations pertaining to crossings
inelude: 1) the adoption of the
Operation Lifesaver Program by the
National Safety Council; and, 2) the
development by FHWA of a specific
program addressing the operation of
trucks carrying hazardous materials
over crossings.

Jurisdiction over railroad-high-
way grade crossings resides primarily
with the States. Within some States,
responsibility 1is divided among sev-
eral public agencies and %the rail-
road. In a number of States, juris-
diction over the crossing is agssigned
to a regulatory agency referred to as
a Public Utilities Commission, Publie
Service Commission, or similar desig-
nation. In other States, the author-
ity is divided among the public
administrative agencies of the State,
county, and city having jurisdietion
and responsibility for their respec-
tive highway systems. State highway
agencies are responsible for the im-
plementation of a program %that is
broad enough to involve any publie
crossing within the State. Table 7
indicates the State agencies respon-
sible for publlec and private c¢ross-
ings, and whether their jurisdiction
is regulatory or administrative.

State and local law enforcement
agencies are responsible for the
enforcement of traffic laws at cross-
ings. Local government bodies are
responsible for ordinances governing
operational matters related to cross-

ings.
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Private and non-profit agencies
and organizations having some con-
cerns for crossings ineclude the fol-
lowing:

o Rallroad companies
¢ FEquipment suppliers
o Rail labor organizations

o Association of American Railroads
(AAR)

o American Railway Englneering Asso-
ctation (AREA)

¢ American Short Line Railroad Asso-
ciation (ASLRA)

o Railway Progress Institute (RPI)

¢ Amerlcan kssociation of State
Highway and Transportation O0ffi-

eials (AASHTO)

© Transportation Research Board

(TRB)
o National Safety Counecil (NSC)

o American Road and Transportation
Builders Association (ARTBA)

o American Trucking Association (ATA)

o Institute of Transportation Engi-
neers (ITE)

The Assceiation of  American
Rallroads is a voluntary, unincorpor-
ated, non-profit organization com-
posed of member railroad companies
operating in the United States, Can-
ada and Mexico., It is a joint repre-
sentatlve and agent of these rail-
roads in connection with Federal reg-
ulatory matters of common concern to
the industry as a whole.
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Table 7. State and Local Government Jurisdictional
Authorities Concerned with Crossings

Has Authority Relating To

Agency Public Crossings Private Crossings
Cost
State Regulatory Improvement Allocation Closing Inprovement Closing
Alabama -- 5-C-C Yes Yes No Ko No
Alaska -— Hwy.GC Yes Yes Yes No No
Arizona Corp.C - Yes Yes Yes Ko No
Arkansas - S-C-C Yes No Yes No No
California PUC - Yes Yes Yes Yes Yes
Colorado PuC 5-C-C Yes Yes Yes No Nao
Connecticut DOT - Yes Yes Yes Yes Ies
Delaware DOT DOT Tes Yes Yes Ko No
Florida ooT Dot Yes Yes Yes No No
Georgla - S-C-¢C Yes Yes Yes No No
Hawali -— -— - -- - - -
Idaho PUC 5-C-C Yes Yes Yes Yo No
Illinois Com.C - Yes Yes Yes Xo No
Indiana P3G 8-C-C Yes Yes Yes No No
Towa BOT DOT Yes Yes Yes Ko Yo
Kansas Corp.GC - Yes Yes No o No
Kentucky - Sl Yes Yes YTes Ko No
Louisiana -— 5-C-GC ) Yes No fes No Yes
Maine DOT - Yes Yes Yes Ko No
Maryland DoT 5-C-C Tes Yes Yes Yes Yes
Massachusetts PUC - Yes Yes Yes Ye Ne
Michigan DaT -- Yes Yes Yes - No
Minnesaota DoT DOT Yes Yes Yes No No
Mississippil P3C 5-C-C Tes Yes Yes No No
Missouri PsC 5.C-C Yes Yes Yes No No
Montana P3G Hwy .C Yes Yes Yes No No
Nebraska - 5-C-C Tes Yes Yes No No
Nevada PSC notT Yes Yes Yes No No
Hew Hampshire PUC Huy.C Yes Yes Yes Yes Yes
New Jersey DoT DOT Yes Tes Yes Yes Yes
New Mexico Corp.G - Yes Yes Yes " No No
few York por boT Yes Yes Yes No No
Hurth Carolina - Hwy-Cty Yaos Yes Yes No No
North Dakota PSC -— Yes Yes Yes Yes Yes
Ohio PUC 5-C-C Yes Yes Yes No No
Qklahoma Corp.C -- Yes Yes Yes No Ne
Oregon PUC - Yes Yes Yes No No
Pennsylvania PuUC - Yas Yes Yes No Ne
Rhode Island PUOC DoT Yes Yes Yes Yes Yes
South Carolina - 3-C-C Yes Yes Yes No No
South Dakota DerT DoT Yes Yes Yes Yes Yes
Tennessee PSC 5-C-~C Yes Yes Yes Ne No
Texas - 5-C-C Yes Yes Yes Ne No
Utah PscC ooT Yes Yes Yes No No
Vermont PSC - Yes Yes Yes Ne Na
Yirginia Corp.C Hwy.C Yes Yes Yes Yo No
Washington U&TC - Yes Yes Yes Ko No
West Virvginis PSC Hwy-Cty Yes Yes Yes No No
Wisconsin TC - Yeos Yes Yes e Ne
Wyoming PBC -- Yes Yes Yes No No
LEGERD

Com.C GCommerce Commission PUC Public Utilities Commission, Division of

Corp.C  Corporation Commission Public Utilities, Public Utility Fommissioner

DOT Depertment of Transportation 5-C-C Stete, County, Cityf d%vided authority

Hwy .G Highwey Commission, Department of Highways, ¢ Transportaticn Cempission o

Hwy-Cty Highwaey Commission and City, divided authority U&RTC Utilities and Transportation Commission

PSC Public Service Commission, Public Service Beard

Source: HRef. 6
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In the area of crossings, the
AAR works closely with the TU.S. DOT,
the U.S. Congress, NTSB, the National
Safety Council (NSC), the FRailway

Progress Institute (RPI) and others.

The AAR has crossing representa-
tives 1in each State. These State
representatives, who are railrcad em-

ployees, provide liaison with groups
and government agencies having inter-
ests in crossings within that State.
They hold meetings when deemed neces-
sary to ensure that a cooperative ap-

proach is established and maintained.

The AAR provides some of the
financial support for the National
Operation Lifesaver program and works
closely with the NSC in promoting the

continued development of this pro-
gram,

The AAR conduets research per-
taining to crossings. Some of this
research 1is conducted jolntly with

other organizations, e.g. AASHTO and
the U.S. DOT. Recent research has
included a compilation of State laws
and regulations pertalning to cross-
ings and a review of the utilization
of train-borne traffic warning de-
vices. The AAR cooperates with other
organizations conducting research by
providing Information on crossings
from the railroad perspective.

wars o v d oo

organization

The American Railway Enwinpering
tation (AREAD

Association (AREA), an
of railway engineers and officers,
and having a close relationship with
AAR, serves to advance knowledge per-
taining to the scientific and econom-
ic location, construciion, and main-
tenance of railways. It has 22 tech-
nical committees that develop facts
and information pertaining to thelr
scientific and technical 1interests
and develop recommended practicss for
adoption i1in the Manual for Railway

Engineering and Portfolio of Track-

a1
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work Plans. Committee 9,
Railway Programs, is
matters pertaining to
way grade crossings.

Highway
charged with
railroad-high-

The American Short Line Railroad
Association (ASLRA) is a non-profit
organization representing the inter-
ests of d1ts member railroads. It
provides liaison between its members
and other groups having interests 1in
the railroad industry. The ASLRA
works with the U.S. POT and the U.S.
Congress to ensure that the unique
characteristics of small railroads
are considered in national legisia-
tions and regulations.

Institute

railroad

The Railway Progress
(RPI) is an organization of ailroad
equipment suppliers. It serves as
liaison on the national level between
its members and those agencies and
organizations having interests in the

o 2N o

ratlroad industiry.

The RPI monitors the development
of national policies and prograums and
determines thelr impact on its mem-
bers. Tt 1identifies the fubure de-
mand for 1i{s members' products and
identifles areas of needed product
development and research.

Bach of its members is contiau-
ally conducting in-house research for
the purpose of improving existing
products and developing new products
to meet railroad needs. Improvements
in the crossing area involve constant
warning time devices, crossing sur-

faces, and modifications to automatic’

traffic control devices. RPI is a
financial supporter of Operaticn
Lifesaver and a collaborator with the

Natlonal Safety Council.

" The  American Assoclation of
State Highway and Transpertation
Officials (AASHTOQ) 1s an organization

of officials from State highway agen-
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cies. AASHTO seeks to foster the
development of a national transporta-
tion system and serves as liaison be-
tween its members and other agencies
and organizations having interests in
highway transportation.

AASHTO develops and publishes

recommended standards for the design, .

operation and maintenance of high-

ways, including crossings. It con-
ducts research as appropriate and
participated with the AAR 1in the

development of information pertaining
to rail-highway related matters.

The Transportation Research
Board {TRB) was established in 1920
and operates under the corporate
authority of the National Research
Council, which serves. both  the
National Academy of Sciences and the
National Academy of Engineering. The
purpose of TRB is to advance knowl-
edge of the nature and performance of
transportation systems through the
stimuiation of research and dissemi-
nation of information. The TRE's
objectives are accomplishked "through
technical committee activities,
annual meetings, seminars and work-
shops, computerized information ser-
vices, publications, and special
projects.

TRB Committee A3A05, Railroad-
Highway Grade Crossings, promotes
ecrossing research and sponsors tech-
niecal papers for publication and pre-
gentation at the TRB Annual Meeting.
It identifies areas of needed re-
search and publishes a bibliography
of past crcssing research and other
substantive documents in the general
area of railroad-highway grade cross-
ings.

The
was

Council
1913 and

National GSafety

{NSC) established in

-~ industry,

chartered by Congress as & not-for- .

profit voluntary service organization
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solely committed to preventing acci-
dents and occupational illnesses.
The NSC coordinates  the National
Operation Lifesaver Program. The NSC
works with State agencies to encour-
age the development and promotion of
Operation Lifesaver programs within
each State, It sponsors mnational
conferences for the purpose of shar-
ing unique Operation Lifesaver pro-
grams and for identifying solutions
to existing impediments. The NSC de-
velops Operation Lifesaver materials
and guides for wuse in individual
State pregrams.

The American Road and Transpor-
tation Builders Association (ARTBA)
is an organization whose members in-
c¢lude representatives of the railroad
puklic officizls at all
levels of government, business firms
in the traffic safety industry, and
highway contractors. For many years,
ARTBA has supported programs of Fed-
eral assistance for safety improve-
ments at grade crossings.

American Trucking Associatlons,
Inc. (ATA) is the national organiza-
tion of trucking industry management.
It represents all segments of the
industry and deals with all phases of
the industry's operaticns.

Safety has the highest priority.

As a part of its overall safety ef-
fort, the ATA's Safety Department
develops material to inform manage-

ment and drivers of grade crossing
hazards and the safe practices neces-
sary to avoid accidents. The depart-
ment has developed a grade crossing
evaluation program for use by members
of its safety arm, the ATA Cocuncil of
Safety Supervisors, at the State and
national level.

The Institute of Transportation
Engineers (ITE) is a professiocnal
geientific society of transportation




professionals responsible for plan-
ning, design, operations, and mainte-
nance of surface transportation fa-
cllities. The ITE has more than 7000
members in over 70 countries. The
majority of its members are involved
in highway and public transportation.
Many Institute members, employed by
government agencles, iIndustry, and
consulting firms, work directly with
B

railroad - highway

issuez and problens.

ovaAda

grage Crossing

D. Some General Legal Considerations-
Hailroad-Highway Grade Crossings

Highway and railroad engineers
are becoming inecreasingly involved in
a field of litigation that was re-
cently of concern only to attorneys.
Today, it is incumbent upon staffs of
State highway departments, local
transportation agencies, and rail-
to aware and keep
abreast of highway law in general and
the 1legal elements of operational
practices in particular. This dis-
cussion of legal consideraticns in
the administration and management of
railroad—highway grade crossings is a
very basic discussion of a very com-
plex subject. It 1is not meant to
interpret the law or establish guide-
lines. It is intended only tc alert
transportation agencies and railroads
of the need to recognize and respond
to the possible consequences of fail-
ure to maintain and safeguard the
rallrcad-highway grade crossing. The
particular aspects of a specific
potential 1legal problem should be
discussed with an attorney.

| SN

roads oecome

LR A9 o)

Until recently, government enti-
ties were generally immune from law-
sults on the theory of '"sovereign
immunity" derived from English common
law. Under the sovereign immunity
doctrine,

a government entity can be
sued only if it consents to the suit
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in advance. Over the past 25 years
this situation has changed dramati-~
cally. OSovereign Iimmunity has been
eroded through the actions of courts
and/or legislatures and now survives
in less than a third of the States.
Consequently, many State highway de-
partments have become vulnerable to
lawsuits for damages resulting from

highway accidents.

Since many States now may be
sued for negligence on the part of
its officers or employees, new empha-
sis has been placed upon the legal
responsibllity of parties involved in
the selection and implementation of
erossing safety improvements. This
i3 especially true when the State is
responsible for determining which
erossings are to be upgraded and the
type of warning systems to be 1in-
stalled.

The GState has a duty to correct
a dangerous condition when its agency
has actual or "econstructive" notice
of the hazards. The actual notice
requirement does not apply when the
dangerous condition is the result of
the State's own negligence. For ex-
ample, a State ig not required to
have actual notice of faulty con-

struction, maintenance, or repair of

its highways, because the State is
expected to lknow of its own  actions,
i.e. "construetive" notice. “"Con~
structive" notice 1s knowledge im-
puted by law, usually after an injury
has oecurred. However, if the danger
did not arise as a consequence of ac-
tilve mnegligence (s3uch as faulty con-
struction), the agency has the duty
to make repairs once it has actual
notice of the defect.

maintenance

Most

must have

Wl L LAV T

hazard for a sufficient or reasonable
time "t¢ afford them a reasonable op-
portunity to repair the condition or

courts hold that the State

y - i~ 4+
had notice of the defeot or
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take precautions against the danger.”
Statutes may require that States have
notice of the condition for a speci-
fied period of time. If, for exam-
ple, the notice period is five days,
and an accident was caused by a de-
fect that originated early in the day
of the acecident, the statutory notice
period would not be satisfied and the
agency would not have had a reasona-
ble opportunity to effect repairs.
On the other hand, the notice may be
satisfied where the condition has ex~
isted for such a time and is of such
a nature that the State should have
discovered the condition by reasona-
ble diligence, particularly where
there is no statutory specified time.
In such instances, the notice is said
to be constructive, and the State's
knowledge of the condition is said to

be implied. In deciding whether the
State had notice, the courts may
consider whether the defect was la-
tent and difficult %o discover. That

is, the court will consider the na-
ture of the defect, 1its location and
duration, the extent and use of the
highway, and whether the defect could
be readily and instantly perceived.
Routine inspection and correction
procedures are important in light of
the +trend by courts to permit less
and 1less time before finding "“con-
structive notice®.

To understand the legal respon-
sibilities of traffic agencies and
railroads, 1t is necessary to under-
stand the basiec principles and termi-
nology of tort law.

A tort in legal terminoclogy is a
eivil wrong other than breach of con-
tract, for which a court of law will
provide a remedy in the form of an
action for money damages. There are
three basic elements involved in any
tort action:
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o a legal duty exists between the

parties;

o a violatbion or breach of that duty
by one of the parties; and,

¢ damage
proximate
duty.

to the other party as a
result of the breach of

Torts can be either intentional
(e.g., assault, and battery, Cfalse
imprisonment, trespass, and theft) or
unintentional (e.g., negligence).
The primary concern for crossings are
allegations of negligence.

Liability for a tort means the
legal obligation to pay money damages
to the person injured or damaged.
More than one person or organization
may be liable for damages arising out
of the same incident. In the case of
negligent coanduct by an employee,
both the employee and the employer
may be liable.

Negligence can be defined as the
failure %to do something that a "rea-
sonable person" would ordinarily do,
or the doing of something that a rea-
sonably prudent person would not do.
Negligent conduct is that which cre-

ates an unreagonable risk for others
to whom is owed a duty of exercising
care.

The reasonable person is a cri-
teria used to set the standard of
care in judging conduct. In effect,
this test of negligence represents
the "failure to use ordinary care,”

and is most often used in determining

liabiiity. In the context of this
Handbook, engineers may be found to
be negligent if their conduct does

not measure up to that of a hypothe-
tical reasonable, prudent, and care-
ful engineer under similar circum-
stances.




Contributory negligence refers
to conduct that falls below the
standard of care that a person (e.g.

a driver) is legally required to
exercise for his pwn safety, and this
failure 1s a contributing cause to
the injury or damage he has suffered.
Until recently, 4n most States, a
finding of contributory negligence by
the court would bar a plaintiff from
recovering damages even If the de-
fendant's negligence had been estab-
lished and was the primary cause of
the accident. Contributory negli-
gence as a bar to recovery 1s being
gradually eroded in the U.S. by the
doctrine of "comparative negligence”.

Comparative negligence i3 a rule
of law adopted by many States whereby
the negligence of both parties 1is
compared, and recovery is permitted
desplte the contributory negligence
of the plaintiff. However, piain-

tiff'y damaapq are usuallvy decreased

Rt ot=T o Bt Gl R i1 8 Y

in proportion to his own contributory
negligence.

Duty i1n tort law is an obliga-
tion requiring persons to conform to
a certain standard of conduct for the
protection of others against unrea-
sonable risks. Negligence ds a
breach of duty to exercise reasonable
care owed to those persons to whom
the duty applies. In this context, a
highway department owes a duty to all

travelers on the highway to avoid
creating unreasonable risks for theae

L L LIS WL S LA 4 L mariind LS Ll

travelers, and to meet the standard
of care imposed upon that department.

The standard of care may be es-
tablished by a multitude of factors.
As a minimum, all persens are re-
quired to avoid the creation of un-
reasonable risks, where feasible. In
addition, statutes and regulations
governing conduct are also components
of the standard of care by which con-
duct is judged.
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Finally, and perhaps most impor-
ftantly, the accepted standards and
practices of a profession, %frade, or
industry define the standard of care
by which conduct is judged. Included
in the definition of "accepted stand-
ards and practices" is the Manual on
Uniform Traffic Control Devices and

Engineering. This 1is

other similar standards. The Ameri-
can Rallway Engineering Association

promulgates

railroads

tcchnology pertaining to

in its Manual of Railway

not a stand-
ard, however, but a means of provid-
ing rallroad engineers with guide-
lines for the construction of rail-
roads.

To place the above concepts in
perspective, 1t is necessary to rec-
ognize the following characteristics
of tort liability.

is the failure to use

le care.

o Negligence

Ao M Dy
A CQoiJila

o Court decilsions in tort claims are
based on the concept of the exis-
tence of a "reasonable person'
exercising "ordinary care", 1l.e.
"reascnable care" under the same
or similar circumstances which
would be exercised by a prudent
person.,

o The three elements necessary 1in
every tort claim are:

x1lstence of leg:

he defendant &t

(]
d

~a breach of that duty; and,

- the oeccurrence of damage or
injury which is the reasonably
foreseeable result of that

breach of duty.

In effect, this means that the
plaintiff (the one bringing the
suit), 1if he is to win a judgment in
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a basic highway negligence case, must
prove the following.

o The defendant (agency) had a legal
duty to use reasonable care to-

wards the plaintiff (the
party).

o The defendant breached that duty,
(fell below the standard of care
thus commitiing an act of negli-
gence).

o The damages (injuries, property
pain and suffering, loss
of income, ete.) suffered by the
plaintiff were caused by the
preach (defendant's negligence),
and were the foreseeable result of
that breach. That is, but for the
defendant's negligence, the plain-
Liff would not have suffered dam-
ages.

o Finally, depending on whether the
State follows the "contributory"
or T"comparative™ negligence doc-
trine, the plaintiff, in order to
A AMTTOT 771

of the damages auf-

fered, must not have contributed
to thai negligence ("contributory"
negligence), or must have been
less at fault than the agency

{"comparative” negligence).

To understand the concept of
legal duty, it is necessary to recog-
nize the distinctions between discre-
tionary acts and ministerial (nondis-
cretionary) acts. Many States that
no longer retain their sovereign
immunity have enacted a Tort Claims

Act. This Act prescribes the condi-
tions under which the State, their
agencies, and their employees may be
held accountable. Most of these
include a limited exemption from
bility for negligence in the per-
formance (or in the nonperformance)
of so-called discretionary activi-

ties.
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The term "discretionary" refers

the power and duty to make an in-
It

to
formed choice among alternatives.
requires consideration of these al-
ternatives and the exercise of inde-

pendent judgment in

arriving at a deecision or in choosing
a course of action. On the other
hand, ministerial duties involve
clearly defined tasks performed with
minimum leeway as to personal Jjudg-
ment and not requiring any evaluabling
or welghing of alternatives. Conse-
quentiy, they are nondiscretionary.

and professional

In modern law, the distinctions
between discretionary and ministerial
functions are of great importance in
judging tort clalms against govera-
mental entities. In general, a pub-
lic organization or its employees are
not liable for negligence in the per-
formance of discretionary activities.
However, 4&the courts are constantly
revising the law in these areas, and
the classification of a particular
governmental activity as either dis-
cretionary or ministerial is subject
to shifting legal interpretations.

It should be reccgnized that the
limited exemptlon from liability that
has been afforded to discretionary
activities 1in no way provides abso-
lute protection from legal liability.
If discretion is abused or exercised
recklessly or unjustly, courts may
move in and substitute thelr own dis-

cretion for that of the agency.

The courts are fairly uniform in
holding that the design of highways
is a discretionary function because
it dnvolves high - level planning
activity and evaluation of policies,
alternatives, and other factors.
This 1is supported by court decisions
which hold that design functions are
quasi-legislative in character and
must be protected from second-guess-—
ing by the courts who are inexpert at




making such decisions. Design immun-
ity statutes represent a further ef-
fort by legislatures to immunize gov-
ernmental bodies and employees from
liability arising out of negligence
or errors in a plan or design duly
approved under current standards of
reasonable safety.

The courts consider twe factors
in determining whether a State has

taken reasonable care in giving the
public adequate warning at a rail-
road-highway grade crossing. These

factors can be stated In the follow-
ing manner.

¢ In 1light of the history of acci-
dents and/or level of traffic at
the particular crossing, was an
accident reasonably foreseeable?
if so,

© Was the State reasonable in its
cholce of warning devices to alert
the public of the foreseeable
risk?

Liability for accidents
ring at grade crossings is governed
by the law of negligence., The law
imposes upon states and railrocads the
duty to exercise reasonable care fto
avoid 1injury to persons using the
highway. States and railroads are
under noc duty to provide absolute
safety.

oCcCeur—~

Potential 1liability in erossing
acclidents may ereate a reluctance on
the part of States, railroads, and
suppliers, to initiate new technclogy
or procedures that may lead to charg-
es of negligence. Experimentation
and in-service trials of new devices
1s restricted by both potential liti-
gation and the contractural, insur-
ance requirements and negotiation
that are involved.
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The scheduling of improvement
projects has become a significant

issue in recent court cases involving
crossing accidents. The application
of administrative rules and proce-
dures to ensure the expeditious in-
stallation of safety iImprovements
based upon the principal of the alle-
viation of the highest potential haz-
ard is a major factor in these cases.

It should be obvious that it 1is
more logical to expend public funds
in sound management practices and in

proper highway maintenance than in
the settlement of claims or in pay-
ment of adverse Jjudgments. Conse-
quently, it would seem appropriate to
review malntenance activities and
reporting procedures to limit expo-
sure to tort liabllity. It would
also seem helpful to assure that all
agency employees involved in such ac-
tivities are well informed of the le-
gal Implications of their functions.

It has been suggested that agen-
cies and railroads could significant-
ly reduce tort liability suits din-
volving traffic control devices by
implementing four basic principles.

o Know the laws relating to traffic
control devices

o Conduct and maintain an inventory
of devices

o HReplace devices at the end of

their effective lives

¢ Apply approved traffic control de-
vice specifications and standards
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II. COMPONENTS OF A RAILROAD-HIGHWAY GRADE CROSSING

A railrcad-hlghway grade cross-
ing may be vlewed as simply a special
type of highway intersectlon, in that
the three baslc elements of highways
are preseant: the driver, the vehi-
cle, and the physical intersection.
As with a highway lntersection, driv.

art a1 A [ ALY Y
JbseLid wllic

R I~k ot I

must appropriately
right « of -~ way to opposing traffic;
but unlike highway lIntersections, the
opposing traffie, trains, only rarely
must yield the right-of-way to the

~re e
L= A= I

motorist. Drivers of molor vehicles
have the flexibility of altering
their path of travel and can alter

thelr speed within a short distance.
Locomotive engineers, on the other
hand, are resiricted {0 moving their
trains down a fixed path and changes
in speed can only be accomplished
much more slowly. Because of this,

J.li(JbUI J.‘dl:ﬂ DEd.I HlU:.‘ib UL tuc I'Gbpuu-‘:j.l.—
bility for avoiding collisions with
trains. In effect, the "Rallroad
Crossing" crossbuck 1s a "Yield" sign
and motorists have an obligation to
so interpret it. Traffic and highway
engineers can assist wmotorists in
their task by providing them with
proper highway design and traffic
control devices,

The components of a railroad-
highway grade crossing are divided
into two categories: highway and
railroad. The highway component Is
further classified into four ele-
ments: driver, vehicle, rocadway, and
pedestrians. The railroad component
is classified Into train and track
elements. The location where these
two components intersect must be de-
signed to incorporate the basic needs
of both highway vehicles and trains.

Traffic control devices are uti-
lized to provide the motorist with
informatlon concerning the crossing.
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Typleally, an advance warning sign
and pavement markings inform the mo-
torist that a crossing lles ahead in
the travel path. The crossing itself
i3 identified through the use of the
erossbuck. These traffic control de-
vices, advance warning sign, pavement

nd arnsahunls
ELil=¥4 A.LLLBD, cl.uu Arl VQIJVH\-!Z\’

"pagssive" becauss thelr nmessage
mains constant with time.

are termed

moarlsrdnea

re-

"Aetive® traffic control devices
tell the motorist whether or not a
train is approaching or occupying the
crossing and thus glve a variable
message. Typical active traffic con-
trol devices are flashing lights and
autcmatie gates.

The U.S. DOT/AAR National Rail-
Highway Crossing Inventory provides
information on t{he number of pub}.ic

crosslngs having each type of traffie
control deviece as shown in Table 8.

A, The Highway Component

1. Driver

The driver is a key component of
the railroad-highway grade crossing
scene and is responsible for obeying
traffic control devices, traffic
laws, and the rules of the road.
Highway and raillroad engineers, who
plan and design initial installations
and later improvements of railroad-
highway grade crossings, should be
aware of the several characteristices,
capabilities, requirements, needs,
and obligations of the driver. This
information will help them, through
the proper engineering design of
erogsing installations and improve-
ments, to assist drivers in meeting
thelr responsibilities.
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Table 8. Public Crossings
by Warning Device, 1983

Warning Device Number Percent
Gates 19,473 9.48
Flashing lights 34,120 16.62
Highway signals,

wigwags or bells 2,618 1.27
Special¥* 7,181 3.50

63,392  30.87

Total fActive

Crossbucks 126,963  61.83
Stop signs 1,374 0.67
Other signs 889 0.43
Total Passive. 124,226 62.93
No signs or signals 12,721 6.20
Total 205,339  100.00
*uSpecial™ are traffic control sys-
tems that are not train activated,

such as, a crossing being flagged by

" a member of the irain crew.

Source: Ref. 8

The Uniform Vehicle Code (UVC),
a model set of motor vehicle laws,
describes the actions that a driver
is required to take at crossings.
The UVC defines the "appropriate ac-
tions" that vehicle operators are to
take for three situations: vehicle
speed approaching the crossing; vehi-
cle speed traversing the crossing;

and, stopping requirements at the
crossing. Set out below are the pro-
visions 1in the Uniform Vehicle Code

for these actions.
0 Appreoach Speed (Sec. 11-801)

No person shall drive a vehicle at
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a speed greater than is reasonable
and prudent under the condiiions
and having regard to the actual
and potential hazards then exist-
ing. Consistent with the forego-
ing, every person shall drive at a
safe and appropriate speed when
approaching and crossing an inter-
section or railroad grade cross-
ing...8

o Passing (Sec. 11-306)

No vehicle shall be driven on the
left side of the roadway under the
followling conditions:

when approaching within 100 feet
of or ftraversing any ... rail
highway crossing unless other-
wise indicated by official traf-
fic control devices ...9

¢ Stopping (See. 11-701)

Obedience to signal indicating
approach of train. Whenever any
person driving a vehilecle approach-
es a rall highway crossing under
any of the circumstances stated in
this section, the driver of such
vehicle shall stop within 50 feet,
but not less than 15 feet from the
nearest rail of such railroad, and
shall not preoceed until he can do
so safely. The foregoing require-
ments shall apply when:

- a clearly visible electric or
mechanical signal device gives
warning of the train;

8Uniform Vehicle Code and Model

Traffic  Ordinances, Evanston, 1IL:

National Commlittee on Uniform Traffie
Laws and Ordinances, 1961, and Sup-
plement published in 1984.

Tbid.
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- a crossing gate is lowered or
when a human flagman gives or
continues to give a signal of
the approach or passage of a
railroad train;

- a railroad train approaching
within approximately 1,500 feet
of the highway crossing emits a
signal audible from such dis-
tance and such railroad train,
by reason of its speed or near-
ness to sueh crossing, 1is an
immediate hazard; and,

railrocad trailn
and is in
proximity to such

- an approaching
is plainly visible
hazardous
crossing. 10

The UVC also prohibits any vehi-
cle from driving around or under any
gate or barrier while it is closed or

while 14t is being opened or closed
(Sec. 11-701b).
Each State has its own regula-

tions that may vary from those above.
More information on State laws and
regulations affecting crossings are
contained in a Compilation of State

Laws and Regulations on Matters

Affecting Rail-Highway Crossings.

The situations faced by a driver
of any vehicle at a erossing occurs
in three areas or zones. These zones
are adapted from the information
handling =zones defined 1in A User's
Guide to Positive Guidance. Informa-
tion handling =zones are particular
areas of road that correspond to sec-
tions of highway on which drivers
should ideally make certain decisions
conceraing the upcoming crossing.
The three zones are described below
and shown in Table 9.
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Approach Zone ~- This zone is
the area in which drivers begin to
formulate actions needed to avold
colliding with ¢trains. Drivers use
this =zone to search for a traln or
signal, to recognize any hazards, and
to decide on the proper course of
action. The approach zone precedes
the nonrecovery zone.

Within the approach zone, the
vehicle operator must become aware
that a crossing 1is ahead. Informa-
tion is wusually provided by an ad-
vance warning sign and, 1in some cas-
es, by pavement markings. In virtu-
ally all situations, the driver must
take notice through visual observa-
tion of the crossing itself, its as-
sociated control devices, and some-
times through the sound of the train
horn.

The advance waraing should be
placed at a distance 1in advance of
the erossing such that the driver is
provided sufficient time to alter ve-
hicle speed and take the appropriate
action. It iz 1incumbent wupon the
driver to heed the advance warning
and to operate the vehicle such that
the driver c¢an respond properiy to
the conditions ahead. Sign placement

distances for advance warning signs
are discussed in Chapter IV, Tdenti-
fication of Alternatives.

Nonrecovery Zone -~ The nonre-

covery zone begins at the point along
the rcad where drivers must make a
stop decision if a train is approach-
ing or occupying a crossing. Theore-
tiecally, 1f the stop/go decision is
delayed beyond the beginning of the
nonrecovery zone, the amount of high-
way remaining will be insuffiecient toc
avoid a collision. The nonrecovery
zone ends abt the beginning of the
hazard zone. It starts at the stop-
ping sight distance point required by
the vehicle speed. Stopping sight
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Table 9. Needed Information and Desired Respoases
of Vehicle Operator
_ Needed. Desired
. Informatiot 5
Location e Response
-1____m__w
I Approach Zone
l Crossing is ahead Look ahead for more
I ' data on present
conditions
I "
c
[ IS Train may be present Look ahead
Ed
G
o
| S
a
=Y
| <
! Non-recovery Zone
If:
I 1) Train is on crossing Begin stop maneuver
[ 2) Train is approaching Begin stop maneuver
I crossing
3) Train not in vicinity Be cautious and look
] J left and right for
']_' _______ X information
| o
c
=}
I N Hazard Zone
> Hazard sone
| g IF:
g 1} above Stop
e
1
l s 2} above and velocity Go/No-go across tracks
| Zz © and direction of
=] train
| N
ke
= 3} Verification of Loock and go across
mJ s no train tracks
e K 3 I
{-‘“-—-—1r
*Information should be obtained from signs, markings, and signals

provided at, and in advance of the crossing. Vehicle speed should
be adjusted to correlate with the length of the Non-recovery Zone.
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distances are discussed in Chapter
IV, Identification of Alternatives.

The proper design and installa-
tion of traffic control devices will
provide the majority of drivers with
the information needed to make the
decision to stop, if necessary. At
erossings with passive traffic con-
trol devices, the motorist is pro-
vided with =a view of the
that, by its design, informs the mo-
torist of the location of the cross-
ing and requires, as a regulatory de-
vice, that the motorist approach the
erossing at a speed such that the
vehicle can be stopped safely if a

Arneaak
crossbuck

train is approaching or occupyiag the

crossing. Having been provided this
information, the motorist must oper-
ate the vehicle as required by the
prevalent conditions, e.g. visibility
of an approaching train. Thus, if a
driver's view of an approaching train
restricted, to sight
obstructions, inclement weather, or
darkness, the driver should reduce
vehiocle speed so that, if necessary,
it can be stopped.

A

is e.g. due

Active <traffic control devices
are designed to assist the driver in
making the appropriate stop/go deci-
sion. Active traffic control devices
are activated by an approaching train
and thus provide this information to
the motorist who is then required by
law to stop in advance of the cross-

ing. Ideally, all crossings would
have active ¢raffic control devices;
however, the cost to install and
maintain them at the 205,000 public
at-grade crossings is prohibitive.
Thus, actlve traffic control devices

are placed at those crossings consid-
ered to be more hazardous than oth-
ers.

Hazard Zone -- The hazard 2zone
is the rectangle formed by the width
of the highway and a distance neas-
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ured along the highway on either side
of the tracks. This zone
vhere stopped or approaching motor
vehicles

can collide with approach-
ing or stopped trains.

+ 1
is the area

This zone can
be considered as being 15 feet elther
side of the closest and farthest
rail,
In this final zone, fthe objec-
tive is for the motorist to cross the
tracks safely. At crossings with
passive control devices, the prudent
driver has heeded the advance warning
and the crossbuck and has determined
if a train is occupying or appreoach-
ing the crossing. The driver then
brings the vehicle to a stop short of
the hazard zone. AL crossings with
active traffic conirol devices, the
prudent driver has heeded the acti-
vated device and brings the vehicle
to a stop short of the hazard zone.
Once stopped, a driver must not
cross the tracks until a decision has
been made that it is safe to do so.
This action i1s dietated by law or
regulation.
2. Vehicle
The design and operation of a
railroad-highway grade crossing must
take into consideration the variety
of vehicles that are likely to trav-
erse the crossing. In this regard,
crossings are exposed to the full
array of vehicle types found on the
highway, from motorcycles to tractor-
trailer trucks. Thege vehicles have
widely different characteristiecs that
will directly influence the design
elements of the crossing., Equally
important is the cargo these vehicles
carry, especially children in school
buses and hazardous materials in
trucks.

Table 10 shows the number, type,
and percentage of motor vehicle acci-
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Table 10. Motor Vehicle Accidents and Casualties
at Public Crossings by Vehicle Type, 1983
Automobiles Buses Trucks Motoreycles Total

Total Accidents

Number B,273 11 1,945 43 6,272

Rate® 3.50 1.63 4.76 3.58 -—

Percent 68.13 0.17 31.01 0.69 100.0
Total Fatalities

Number 315 0 151 17 483

Rate¥® 0.26 0.00 0.37 1.42 —_—

Percent 65.22 0.00 31.20 3.52 100.0
Total Injuries

Number 1,603 35 717 17 2372

Rate# 1.31 5.18 1.76 1.40 —

Percent 67.58 1.47 30.23 0.72 100.0
Vehicle miles of

travel (billions) 1,221.85 6.75 408,51 12.00 1,649.11
Registered venicles 123,169,738 555,819 35,197,962 5,736,001 164,659,520
Accidents per

million vehlcles 34.69 19,79 55.26 7.50 -
*Rate 1s the number of aceldents, fatalities or injuries divided by billions
of vehicle miles traveled.
Source: Ref. 8
dents by vehicle type involving buses can be attributed to the high
trains at crossings during 1983. The number of passengers typically found
data provides some indication of the in buses. Of the 11 bus accidents
relative hazard for each of the vehi- oceurring in 1983, five 1involved

cles. Trucks have the highest over-
all accident rate, di.e. number of
accidents per number of vehilcle miles
traveled on all highways.

Motoreycle accidents have a
higher fatality rate, probably be-
cause of the lack of operator protec~
tion provided by the vehicle. Buses,
trucks and motoreyecles all have high-
er injury rates than automobiles.
The relatively high injury rate for
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school buses,

Several physical and performance
characteristics of vehiecles influence
the safety of vehicles at crossings.
These include vehicle dimensions,
braking performance, and acceleration
performance.

Vehicle Dimensions. The length
of a vehicle has a direct bearing on
the inherent safety of a vehilcle at a
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crossing and consequently is an
explicit factor considered 1in the
provision of sight distance. Long
vehicoles, and vehicles carrying heavy
loads, have longer braking distances
and slower acceleration capabilities;
hence, long vehicles may be exposed
to a crossing for an even greater
period of time than that in propor-
tion to their length.

Vehicle length is explicitiy
considered in determining the effect
of =sight distance and the corner
sight triangle on the safe speed for
vehicles approaching the crossing,
and in determining the sight distance
along the track for vehicles stopped
at the crossing. Design lengths of
various vehicles are specified by the
American Asscociation of State Highway
and Transportation Officials (AASHTO)
and are shown in Table 11. This data
was, however, developed prior to the

dn inn e
enactment of the Surface Transpor

tion Assistance Act of 1982, which
increased the allowable maximum
dimensions for truck tractor-trailer
combinations. In some cases, geomet-
ric and design vehicle criteria con-
tained 1in the AASHTO design manual
are thus not appropriate for those
hnighways which must accommocate cer-
tain of the larger truck configura-
tions. It is antiecipated that AASHTO
will publish updated criteria to
accommodate these concerns.

Transnorta-

the crossing, it is d
the design vehicle be at least a
tractor semi-trailer truck (WB-50).
Typically, the design vehicle should
be a tractor semi-trailer full-trail-
er truck (WB-60) for those crossings
on routes deslgnated for larger
trucks, although special considera-
should be given to especially
long vehicles that may be present.
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Length

Type Vehicle Designation (ft)
Passenger car P 19
Single unit truck SU 30
Single unit bus BUS 40
Intermediate semi-

trailer truck WB-40 50
Large semi-trailer

truck WB~50 55
Semi-trailer, full-

trailer truck WB-60 65
Source: Ref. ©

The width of the vehicle may be
a factor in considering the width of
the highway surface and hence the
length of the crossing surface meas-
ured along the track. With the pas-~
sage of the Surface Transportation
Assistance Act of 1982, trucks with
widths of 102 inches wlll become more
commonplace.

Another vehiele dimension that
is important in the design of cross-
ings 1is the combination of under-
clearance and wheelbase. This 1is
particularly relevant for long truck
trailers with low clearances such as
low-bed trailers and furniture vans.
These vehicles can become lodged on a
erossing if the grades of the cross-
ing and itg approa ches are not ade-—

Sripn, @l P P 10 L

quate.

Braking Performance. One compo-
nent of stopplng sight distance is a
function of the vehicle's braking
performance. If a crossing experi-
ences a significant percentage of
heavy trucks, any given sight dis-
tance will dictate a slower speed of
operation to allow for the braking
performance of these vehicles.
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Acceleration Performance. Ac-
celeration of vehicles is important
to enable a stopped vehicle to accel-
erate and clear the crossing before a
train that was just out-of-sight, or
Just beyond the train detection cir-
cuitry, reaches the crossing. Large
trucks that have relatively poor ac~
celeration capabilities, coupled with
their long lengths, make them partic-
ularly hazardous in this type of sit-
uation.

There are three phases of opera-
tion for a truck that nas stopped at
& crossing:

o start-up when the clutch is being
engaged;

o aceeleration from the point of
full clutch engagement; and,

o continued travel until the cross-

ing is cleared.

Another aspect of the accelera-
tion performance of vehicles at
crossings is the design of the cross-
ing and the condiiion of the crossing
surface. Crossings and approaches
that are on a steep rise are diffi-
cult and <¢ime consuming to cross.
dlso, vehleles will move slower over
cerossings that have rough surfaces.

Special Vehicles. Three vehicle
types are of particular concera for
crossing safety: a) trucks carrying
hazardous materials; b) vehicles car-
rying passengers for hire; and, ¢)
school buses, Accidents involving
these vehicles can result in numerous
injuries and/or fatalities, perhaps
in catastrophic proportions if cer-
tain hazardous cargoes are involved.

In a special study conducted by
the National Transportation Safety
Board (NTSB), it was determined that
an average of 62 accidents involving
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train collisions with trucks trans-
porting hazardous wmaterials occur
annually. Theilr examination of the
aceident data revealed that these
aceldents tend to occur near truck
terminals.

Provisions to eahance safety for

these special vehicles are further
discussed in Chapter TX, Special
Issues,

3. BRoadway

& major ccmponent of the cross-
ing consists of the physical aspects
of the highway on the approach and at
the crossing itself. The following
roadway characteristics are relevant
to the design and control of rail-
road-highway grade crossings.

o Loecation -- urban, rural

o Type of road -~ arterial, collec-
tor; loecal

o Traffic volume

features -- number of
lanes, horizontal and vertical
alignment, sight distance, cross-
ing angle, ete.

o Geometrio

o Crossing surface and elevation
o Nearby intersecting highways
o Iliumination

elements will be discussed
briefly in this Chapter and in detail
in subsequent Chapters.

Location and Type of Road. Fig-
ures 3 and 4 show the acecldents per
crossing per year for 1983 as a func—
tion of type of road for the urban
and rural system. Roads are classi-
fied by function, from interstates to
local roads. Crossings designated as
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Type of Urtan Hoad

1 - Interstate
2 ~ Other freeway or
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] . arterial
1 i 12837 ’ 4 - Minor arterial
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] 6 - Local
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iThe number 2% the top of each bar represents the number of crossings for that type of road.

Figure 3.

Source: Ref. 8

interstate are primarily on inter-

state ramps or frontage roads.

Acoidents occurring at crossings
all types of
the overall 1983 national average of
0.03 accidents per year as shown in
Figure 3. Urban crossings often car-
ry more vehicular traffic than rural
crossings and have sight restrictions
due to developed areas. Urban cross-
ings alsc 1nvolve obstructions to
continuous traffic flow such as con-
trolled  intersections, driveways,
business establishments and distrac-
Live signs, significant lane interac-
tlion, and parking lanes.

on

Public Crossing Accident Rate by Type of Urban Road,

37

1983

For the rural system, the number
of accidents per c¢rossing per year by
type of highway 1s shown in Figure 4.
Accident rates for crossings on rural

iy T [ R |
LNV COLICCLLI S JdAlld

T o P o

4
LCal

roads  are
below the national average. The high
number of crossings on the loeal

rural system that have minimal acci-
dents influences the national aver-
age, which was 0,03 acceidents per
erossing per year in 1983.

Traffic Volume. The effect of
traffic volume on the number of acci-

dents per crossing is evident from
Figure 5. All other factors being
the same, especially train volumes,
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Tyne of Rural Rasd
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The number at the top of each bar represents the number of crossings for that type of road.

Figure 4. Public Crossing Accident Rate by Type of Rural Road, 1983

Source: Ref. 8

: 1 @ with in-
creasing traffi volume. However,
traffic volume alone is not a suffi-
clent forecaster of accldents at
erossings, as demonstrated by accl-
dent prediction models, that are dis-
cussed in Chapter ITI, Assessment of
Crossing Safety and Operation.

Geometric Features. The geomet-
ric design features that can affect
safety at railroad -~ highway grade
crossings include the following.

Tana i i T

Number of lanes and pavement width
Horlzontal and vertical alignment

Crossing angle
Crossing elevation

o0 00
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1n LT Tat~]
These features,

e
distance to, and at crossings.

T A
f‘ LIl

Number of Lanes. Only a small
portion, 6%, of crossings are on
highways with more than two lanes.
It is not known how many crossings
with two lanes have an approach width
greater fthan two lanes. The reduc-
tion of lane width at a crossing can
affect vehicle-vehicle accidents as
well as accidents with trains.

At two lane crossings, a pullout
may be prov trucks or

that are required to stop at
the crossing. By providing a pullout

2 AAA o
ducu Lol



Chapter II Components of a Railroad-Highway Grade Crossing
0.12 .
4 7,683
]
i
0.10 o
5 )
§  o0.08 ]
o ]
Dﬂ_ .k
£ ] 11,655
]
8 -4
b 0.06 —
o 4
e
4 &
= - 38,855
4
3 i
4 0.06 *
s ) 21,918
< ] MNational Average
4 23,124 *
B %
0-02 1 102,103
0.00 §§§§
1-250 251-500 501-1K 1K-5K SK-10K > 10K

Annual Average Daily Traffic

*
The number at the top of each bar represents the number of crossings with that level of traffic

Figure 5. Public Crossing Accident Rate by &nnual Average Daily Traffie, 1983

Source: Ref. 8
lane, the likelihood of a rear-end
collision may be reduced.

Crossings with more than two

lanes wmay be candidates for canti-
levered flashing 1ights to improve
visibility for the driver.

Alignment and Sight Distance.
Sight distance to the crossing is af-
fected by the horizontal and vertical
alignment of the highway and the
crossing angle. Crossings 1located
around a curve or over the crest of a
hill may require special attention
from the motorist.

Crossing Surface. The rough-
ness of a crossing surface and 1its
approaches 1is often a major area of
aoncern for the driver. A rough sur-
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face may contribute to an accident by
diverting the driver's attention from
the continuing prime obligation of
looking for a train. In order Lo
maintain a smooth crossing, the fun-
damental difference between the two
traveled ways must be recognized. The
rallroad track is a flexible platform
and the highway subgrade supports a
rigid pavement. There must be a com-
plete separation between them and
there should be adequate drainage.

Another aspect of the crossing
is its elevation. Vehiecles that must
eross the tracks from a stop position
cannot accelerate quickly on steep
grades. 1In addition, trucks with low
underclearances may become trapped on
a severely humped crossing.
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Intersecting Highways. Approxi-
mately 36% of public railrcad-highway
grade crossings have a highway inter-
section within 75 feet. Frequently,
roads parallel tracks and intersecti-
ing roads also intersect the railroad
resulting in a crossing near the
highway intersection.

Th

e higher occurrence of acci-
P T
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a

5 these crossings 1s ia part
to short storage area for vehi-
cles waiting to move through the
intersection after passing over the
crossing. Iff the intersection is
signalized, or if the approach from
the erossing is controlled by a stop
3ign, then queues may develop to the
crossing, leaving a vehicle "trapped"
on the crossing. Also there are more
distractions to the motorist and more

vehilcle-vehicle conflicts.

Crossings withia a close dis-
tance to a signalized or stop-con-
trolled idiatersection should be care-

fully evaluated for proper controls.
The critical distance is a function
of the number of vehicles expected to
be stopped by the intersection con-
trol.

Illumination. Itlumination of
the crossing can definitely aid the
motorist. In 1983, 2,582, of 6,272
total «crossing accidents, occurred
during darkness. Tllumination may be
effective in reducing accidents at
night. The U.S. DOT / AAR National
Rail-Highway Crossing Inventory re-
ports that commercial power is avail-
able at over 90% of public erossings.
Therefore, 1lighting 1s feasible at
most crossings, depending, of course,

on the reliability of the power
source., Design details on illumina-
tion are discussed in <Chapter IV,

Identification of Alternatives.

%0
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4. Pedestrian

In 1983, accidents involving pe-
destrians at crossings accounted for
only 1%, 68, of all crossing acci-
dents. As an be expected; these
accidents almost always result in an
injury or fatality. In faet, in 1983
there were 37 pedestrian fatalities,
6.8% of all crossing fatalities.
Tnese statisties do  not include
pedestrian accidents occurring else-
where along railroad tracks. Execlud-
ing accidents and incidents at cross-

ings, 400  trespasser fatalities
occurred on railroad property during
1983. This represents 374 of all

railroad related fatalities.

There are several types of
ventive measures that might be

pre-
em—

ployed. The list includes:

o fencing or other devices for en-
P T T T . B
CLOSINE rignts—-01—-way;

o grade separations;

o additional signing;

o safety education; and,

o survelllance and enforcement.

These measures are discussed in more
detail in Chapter IX, Special Issues.

B. Raiiroad Components

Railroad companies are classi-
fied by the Interstate Commerce Com-
mission (ICC) on the basis of gross
revenue, Effective January 1, 1982,
the ICC adopted a procedure to adjust
the Class 1 threshold for inflation
by restating current revenues in 1978
constant dellars. A Class I railroad
company has an annual gross operating
revenue in excess of $50 million in
1978 dollars which equates to about



Chapter II

$83.5 million in 1983 dollars. A
Glass II railroad has an annual gross
operating revenue of between $10 and
$50 million in 1978 dollars. Class
ITI raiiroads include all switching
and terminal companies and all rail-
"roads with annual gross operating
revenues of less than $10 million in
1978 dollars. In 1983, there were 27
Class I and 18 Class Il railroads in
operation as shown in Appendix C.

In 1983, there were about 270
Class III 1line-haul railroads and
about 142 switching and terminal com-—
panies, also Class III. Many of
these Clagss III railroads provide
switching and terminal services for
the larger Class I and II railroad
companies. Some Class III railroads
take over the operation of a single
line that a larger reilroad abandoned
for economic reasons. Class III
railroads often require asslstance
with regard to railroad-highway grade
crossings becaugse of their limited
manpower and financial resources.
These small railroads are often wun-
able to seek out Federal and State
funds for improving crossings, yet
cafety at their crossings is just as
important as at any other crossing.

For the purposes of this hand-
book, the railroad components of
railreoad-highway grade crossings have
been divided into two categories,
train and track, as discussed below.

1. Train

During every business day, ap-
proximately 100,000 <freight cars are
loaded in the United States, Canada,
and Mexice. Statistice as to the av-
erage length, net lading, and overall
speed of freight trains in & typical
year do not begin to describe the va-
riety of operations involved in rail-~
road freight movements., Unit <trains
may cover over 1,500 miles without a

41

Components of a Railrcad-Highway Grade Crossing

change of consist and gross from
6,500 te 13,500 tons, while a car in
a local freight may move only a cou-
ple of miles and represent the entire

train consist. Dedicated piggyback
traing may be limiteda to 25 to 50
cars, and run over several railroads

with few, 1if any, intermediate stops
to set out and pick up blocks of cars
at major terminals. This wvariation
in rail movements occurs also on the
microscsle, i.e. at individual rail-
road-highway grade crossings. Thus,
the deglgn of traffic control systems
al ecrogsings must allow for a wide
variation in train length, train
speed, and train occurrence.

Long trains, e.g.
directly affect the
highway traffic over crossings and
indirectly affect safety as well.
Unit trains consist of as many as 100
freight cars with the same lading.
Coal and grain are two major commodi-
ties that are transported in wunit
trains. Because of their lengths,
unit trains will teke longer to pass
over a crossing and, in effect, close
the crossing to highway traffic for a
longer period of time. In addition,
some communities have passed ordi-
nances restricting train speed for
the purpose of improving safety.
However, this practice directly re-
duces the level of service for high-
way traffic and may also affect safe-
ty. Because of the longer period of
time during which the crossing is
closed to highway itraffic, a motorist
may take vrisks by passing over the
crossing juet zhead of a train. In
many cases, risks such as these are
not succegsful and collisions re-
sult.

unit trains,
operation of

Trains other than unit trains
typically consist of a variety of
cars and ladings. A few cars may be
picked wup along the way and may be
dropped off from the same train or
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may be taken to a rallroad yard where
a new traln is made up of cars with
similar destinaftions. It is obvious
that trains must stop to pick up
cars, but it 1s unfortunate that some
of these pick~up points are loecated

in the central portion of communti-
ties, This results in trains moving
slowly over the crossing, or even

standing on the crossing as the pick-
up 1s made. With the lengths of
freight trains today, an entire com-
munity can be physically dlvided by a
freight train stopped on all of its
erossings.,

Raiircads have operating proce-
dures designed to prevent extensive
blockage of crossings and many States
have passed regulations prohibiting
the blockage of crossings for various
lengths of time. Twenty-nine States
expressly prohibit trains from block-
ing crossings for a period that var-
ies from 5 to 15 minutes. Of these,
16 States exempt moving trains. A
freight train can be divided te allow
highway traffic to pass through, but
this practice requires the braking
system to be filled with air, which
can take considerable time. Changes
in operating practices that may
assist in the alleviation of these
Lypes of problems are discussed fur-
ther in Chapter IV, Tdentification of
Alternatives.

Railrcads carry passengers in
-addition %o freight although this
mode of transportation has declined
during recent decades due to con-
struction of the interstate highway
system, the convenience of the auto-
mobile, and the speed of the air-
plane. Amtrak, the National Rallroad
Passenger Corporation, provides pas-
senger service nationwide. This
railroad, created by Congress in
1971, operates over track owned by
itself (primarily in the Northeast)
and over track owned by other rail-
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road companies. In accordance with
labor agreements, employees of pri-
vately owned rallroad companies oper-
ate Amtrak passenger trains over that
rallroad's trackage. Some private
railroad companies continue to oper-
ate passenger trains particularly for
commuter service in wurban areas.
Some municipal, regional, and State
authorities have taken over railroad
commnuter services. Many light-rail
transit companies are in operation
and being constructed in this country
with numerous crossings and longitu-
dinal street wuse. (These are not
normally considered as railroads in
tabulating crossing accidents). On
the heavy rail rapid transit systems,
there are few crossings of publie
highways at-grade.

Locomotives and cars obviously
form a train, but for crossing pur-
poses ahy rail operation over a high-
way 1s of concern, whether it is cne
or more engines or a group of cars
pushed over a crossing. Most locomo-
tives today are diesel-electric or
straight electric although some rail-
roads operate gsteam locomotives as
special passenger trains for histori-
cal purposes. In 1983, there were
25,838 locomotive units in service on
Class I prailroads, all but 63 of the
units were diesel-electric.

All locomotives are equipped
with headlights that are illuminated
whenever the locomotive is in motion.
One type of light is a 30 volt, 200
watt PAR-56 sealed beam lamp with an
output of 200,000 to 300,000 candie-
power. The lamp 18 usually used in
pairs. OSome rallroads use oscillat-
ing headlights, comprised of one or
more standard locomotive headlight
lamps on a mounting plate that is
moved by a small motor in a figure
eight, ecircular, or oval pattern.
The 1light beam thus "sweeps" across
the tracks.
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Several different types of roof
lights are sometimes used on locomo-
tives to serve as markers in yards so
that the locomotive can be easily
located among numerous freight cars.
These types of roof lights include
beacon lights, strobe 1lights, and
sequentially flashing lights. In an
effort to make the locomotive as vis-
ible as possible, some railroads uti-
lize these types of lights at rail-
road-highway grade crossings, either
illuminating them whenever the loco-
motive is in motion or 1illuminating
them in advance of crossings. The
Pederal Railroad Administration (FRA)
considered a regulation that would
require the mandatory use of strobe
lights or, in a later proposed rule-
making, the use of any of the four
types of reoof lights at crogsings.
However, based on information re-
ceived 1in response ic the preoposed
rulemakings and on an indepth analy-
sis  of costes and benefits, the FRA
concluded that "...the information in
the Docket does not support the prop-

osition  that alerting lights are
effective in reducing the ircidence
of grade crossing accidents. Without

that support a Federal regulatory re-
quirement that railrcads eguip their
locomotives with an alerting light is
not justifiedr !

Locomotives are also eguipped
with air powered horns that are wused
to sound a warning of a train's ap-

proach to a crossing and are used for
various other signals in railrocad op-
erations. The FRA requires the horn
to produce a minimum sound level of
96db{A) at 100 feet forward of the

1npisplay of Altering Lights by

Locomotives &t Public Rail-Highway
Crossings: Terminaticn of Rule Msk-
ing," Docket No. RSGC-2, DNotice 4,
Federal Register, Vol. 48, No. 88,

Washington, DC: May 5, 1983.

43

. sounds

Components of a Railroad-Highway Grade Crossing

locomotive. The locomotive engineer
the horn in advance of a
crossing in a seguence of twe long
blasts, followed by a short blast,
then followed by one long blast. The
point of initiation of the whistle is
indicated by a whistle post located
alongside of the tracks. Many States
have laws pertaining to the location
where the horn must be blown. Nine-
teen States specify 80 rods (1/4
mile), but 14 others specify varying
distances ranging from 300 to 1,800
feet.

Some local agencies have passed
ordinances prohibiting the sounding
of the whistle in certain areas to
lessen the environmental noise im-
pact. This is not generally recom-
mended because the train whistle pro-
vides warning to a motorist or pedes-
trian that a train is approaching the
crossing. Even at crossings with
active traffic control systems, the
train whistle provides a redundant
indication that affects the hearing
of a highway user while the traffic
control device affects sight.

In 1983, there were
freight cars in service. The majori-
ty of these were box cars, hoppers,
and covered hoppers as shown in Table
12. In addition, there were 2,610
passenger-train cars in service in
1983, not including thcse owned by
commuter authorities which do not
report %o the Interstate Commerce
Conmission. The majority of freight
cars have a capacity of 70 or 100
tons; however, 125 ton cars are used
on track rated to support then.
Overall car size is standardized by
AAR interchange regulations. A car
10.08 feet wide by 15.08 feet high
can gc anywhere, Some cars may be as
high as 17.08 feet. Overall car body
length is limited to 89 feet, or 95
feet including the couplers.

1,542,273




Chapter II

Table 12. Types of Freight Equipment

Type Number

Box Cars:
Plain box 178,165
Equipped box 157,297
Covered hoppers 303,172
Flat cars 142,291
Refrigerator cars 63,705
Gondolas 171,554
Hoppers 315,805
Tank 183,730
Other 26,265
Total 1,582,278

Scurce: Ref. 9
Railrcad freight ecars are not

illuminated and the 1installation of
reflectorized markers on freight cars
has been studied for some time. The
most recent study found thai the ra-
pid accumulation of dirt necessitates
frequent cleaning of the reflectors,
which represents more than half of
the total cost of freight car reflec-

torization. In this study, tests
were conducted on the Canadian rail-
road system, where reflectors have

been installed on freight cars since
1054 and

L e vy | (=S¥ L

Railroad that installed high intensi-
ty retroreflectors for the purposes
of the study. BReflector reflective
intensity was found to be reduced to
23% of its initial value after six
months in serviece. After one and two
years in service, reflective intensi-
ty degraded to 14 and 5%, respective-
ly, of its initial value. Thiz deg-
radation of reflective intensity re-
sults in the reflector providing lit-
tle to no improvement in visibility
of freight cars at crossings.
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Primarily because of their enor-
mous weight, railroad trains are slow
to accelerate and decelerate. Numer-
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ous factors affect a train’s acceler-
ation capability such as the number
of locomotive units, the horsepower
rating of each unit and, of course,
the number and weight of freight

+ad
cars. At commuter

RS
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speeds, a
train may accelerate at 1.5 mph per
second while a fast freight may
accelerate at 0.3 mph per second. As
speed increases, the acceleration
rate decreases, a freight with 4.0 hp
per ton can accelerate at only about
0.1 mph per second at 70 wmph.

The braking system used on
trains is the air brake that provides
adequate uninterrupted pressure from
car to car. The single air hose at
the end of each car is manually con-

anaA fhan Yha
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brake system 1s charged. When brak-
ing is required, the pressure ian the
brake pipe leading back through the
train is reduced. This causes the
valve on each car to use air from the
auxiliary reservoir to build up pres-
sure in the brake cylinder, thus ap-
plying the brakes. For an enmergency
application, the brake wvalve opens
the brake pipe to atmospheric pres-
sure and the resulting rapid rate of
brake pipe pressure reduction causes

nected o its neighbor

the car valves to dump the contents
of both auxiliary and emergency res-

ervoirs into the brake cylinder.

Braking distances are dependent
on many factors that wvary for each
train, e.g. number and horsepower
rating of locomotives, number and
weight of cars, adhesion of wheels on
rails, speed, and grade. Therefore,
the braking distance of a train ecan
not be stated exactly. An estimate
is that a typical 100 car freight
train traveling 60 mph would require
over one mlile to stop in emergency
braking.

Table 13 shows that the majority
of crossings have rail traffic con-
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Table 13. Public At-Grade Crossings by Number of Thru Trains

and Switching Trains Per Day, 1983

Switc.:hing -Through Trains ~~-- -

Trains <1 1-2 3-5 £-10 11-13 16-20  21-25 >25 Total

< 30,571 35,637 15,665 16,130 5,051 5,983 2,194 4,385 115,616

1-2 27,905 9,233 6,745 6,716 2,823 2,176 964 1,656 58,218

2-3 6,770 1,883 2,054 2,659 1,253 670 501 919 16,709

6-10 3,740 982 G42 1,630 819 289 299 627 10,028

11-15 754 190 192 302 90 108 81 132 1,849

16-20 621 133 117 218 87 94 115 123 1,508

21-25 143 36 20 66 17 15 36 47 380

>25 346 84, 1 144 105 105 27 139 1,031

Total 70,850 48,178 25,816 27,865 10,245 10,140 4,217 8,028 205,339
Source: Ref. 8
sisting of 1less than three through number of trains per day. The cross-
trains per day and less than three ing accident rate is the number of
sw1tch1ng movements per day. The ma- accldents occurring at crossings with

Jority of croszsing accidents involve
freight trains as shown in Table 14.

Generally, crossings with higher
numbers of trains per day would be
expected to have more c¢rossing acei-
dents. Figure 6 demonstrates this by
giving the crossing accident rate by

Table 14. Accidents at Public
Crossings Involving Motor

‘Tnhﬂn‘l es by 'T‘vna Fo Yl
enilicits OY ype O

Train, 1983

Type of Train Accidents
Freight 4,540
Passenger 223
Yard switching T48
Other* 751
Total 6,272
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¥nother" includes mixe
mot
or cut of cars.

Ref.

Source: 8
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the specified number of <Lrains per
day, divided by the number of ocross-
ings within the category having that
same number of trains per day.

In summary,
operations, vary

trains, and their
congiderably from
day to day. While averages can be
developed for length, weight, number
of engines, and number of cars, this
average train would rarely be seen in
reality. Likewise, the scheduling of

trains wvaries such that a meoborist

(U = 4 e} [~ B WLl TR L LT

can never depend on it when negotiat-
ing through a crossing. Speeds of
trains also vary conzsiderably, such
that one crossing may be used by pas-

senger trains traveling at 80 aph,
freight trains traveling at 50 mph,
and switching trains traveling at
only five mph.
2. Track

In the United States, railroad

trackage is classified into six cate-

oot aa hoaad anan mavim narmmdoaihla
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operating speed. The Federal Raiircad
Administration's (FRA) track safety
standards set maximum train speeds
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Figure 6. Public Crossing Accident Rate by Number of Trains per Day, 1983

Source: Ref., 8

for each class of track as shown in

Table 15.

Initially, there were many dif-
ferent track gauges; however, in
1863, President Lincoln designated 4
feet 8.5 inches as the gauge for the
railroad to be built to the Pacific
coast. Other railroads then began
changlng to this gauge.

The rolling resistance that pro-
vides many of the technclogleal ad-
vantages for railroads as a means of
transportation is wmade possible by
the steel wheel rolling on a steel
rail. This steel wheel to steel rail
contact involves pressures of over
50,000 1lbs per square inch, that are
then reduced to pressures acceptable

46

Table 15, Maximum Train Speed
as a Function of Track Class

Track Class Passenger Freight
) 110 mph 110 mph
5 90 80
4 80 60
3 60 40
2 30 25
1 15 10
Excepted None Allowed 10
Source: Ref. 12

to the underlying scil by a series of
steps, going from the rail to a steel
plate under the rail (tie plate),
that spreads the load over a wooden
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tie, that spreads the load over rock
or slag ballast, that spreads the
load to a sub-ballast (usually grav-
el, cinders, or sand), that spreads
the load to the subgrade conslsting
of either the native soil below or
some superior materlal obtained off
site.

Rail is rolled from high quality
..... and that beilng rolled today
weighs from 115 to 140 1bs. per yard
and is six to eight inches high. For
the 1last 50 years the standard rail
length has been 39 feet for transpor-
tation inm 40 foot cars. In track,
these rails are held together by
bolted jJjoint bars or are welded end
to end in long strings. Bolted
Jjoints are, however, less rigid than
the rest of the rail so that the rail
ends wear more rapidly. Continuously

welded rail is often used today, par-

ateel
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ticularly on main line tracks. Rail
is welded intc lengths of about 1,500
feet and taken to the point of in-

stallatlon. The remainlng joints can
be eliminated by field welding in-
place.

The steel rails are splked to
ties that are typlcally made of wood
with preservative impregnated to pre-
vent decay. The ties hold the ralls
to gauge, support the rail, distrib-
ute the load to the ballast, and pro-
vide flexibility to cushion impacts
of the wheels on the rail. Pre-
stressed concrete ties have come into
greater use on American railroads i1n
recent years, but still represent un-
der 1% of the ties in use in the U.S.

Spikes or other rail fasteners
are used to connect the rail to the
ties for the primary purpose of pre-
venting the rail from shifting side-

ways. Since rall has a tendeney to
move lengthwise, rail anchors are
used, particularly on heavy-duty
track.

h7
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Ballast 1s used to hold the ties
in place, o prevent lateral deflec-
tions, and to spread out the load
that averages about 100 psi Just
underneath the tie. Ballast must be
able to resist degradation from the
effects of tie motion that generate
"fines™ that may "ecement" into an
impervious mass. Ballast must also
provide good dralnage that is espe-

clally dimportant for the strength of

P ] o= il

the subgrade, and also prevents mud
from working its way up to contami-
nate the ballast.

Railway track is normally main-
tained by sophisticated high produc-
tion mechanized equipment., Track
surface is maintained by tamping ma-
chines that ralse the track and com-
pact the ballast under the ties. In
this process 1t is often necessary to
raigse the track a few inches, and the

best track stabllity will occur if
thidag ratan nan Fhea
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cressing area instead of 1leaving a
dip in the track. Lowering track is
a very costly operation and can lead
to subgrade instability problems.

Track components are generally
replaced as needed. A typical heavy-
duty freight line on tangent may be
surfaced every two years, have about
25% of its ties renewed every eight
years, and have its rail changed eve-
ry 12 years.,

a4 e +
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a ht SIIWayS,
track 1s classified into sever al
egories dependent on its utllization
in terms of traffic flow. Main
£racks are used for through train
movements between and through sta-
tions and terminals. Branch 1line
trackage ‘typically carries freight
from its origin to the main line on
winich it moves to its destination or
to another branch line to its desti-
nation. Passing tracks, sometimes
called sidings, are used for meeting

md
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and
store

and passing trains. Side tracks
industrial tracks are used to
cars and to leoad or unload them.

The UG.3. DOT/AAR National Rail-

3 orhyeraar Crnacadno Trirrnnd v At o
IiipgLiiva, Wl uou-Llé PSR Ry ] J i s CP\JL i
that, as of 1983, 120,538 public at-
grade creossings consist of one main
track only. "Main" track is one

which carries through movement as op-
posed to switching movements or ter-
minal movements. Therefore, branch
lines have a main track as do main
lines. Publie at-grade crossings by

number of main and other tracks are
glven in Table 16.

Bcecident statisties show that
the majority of accidents ocecur on
madin Fronira Thidm 4o AP AmTImans Ana
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o the fact that there are more
crossings with main tracks and gener-
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During the early years of rail-
roading, methods had to be devised to
ensure that two trains did not meet
at the same time on the same section
of track. This was initially accom~

5 FIE VR - N S T |
pllShed thr tre use OI Timetaniss

and train orders. Block signal sys-
tems were developed that indicated to
the locomotive engineer whether or
not a train was ahead in the next
block of track. These sighals were
set manually until the track eclireuit
was developed that sensed the pres-
ence of a train in the block and set
the signals automatically. Tne track
circult was designed to be fall-safe
so  that if the battery or any wire
connections fail, or if a rail was
broken, a eclear signal would not be

,
: Tomd oA +
displayed. Insulated joints

used to define the 1limits of the
block. Various types of track cir-
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ally more train traffic moves over cuits are utilized in automatic traf-
main tracks. Accidents and casual- fic control device installations at
ties by track type and track class rallrcad-highway grade crossings.
are given in Table 17.
Table 16. Public At-~Grade Crossings by Type of Track, 1983
Number of Main Tracks
Other
Tracks 0 1 2 3 4 5 25 Total
0 0 120,538 10,132 322 87 5 3 131,087
1 23,213 25,269 2,845 96 21 1 — 51,445
2 5,331 8,627 1,259 HO 12 2 - 15,271
3 1,626 2,572 423 25 8 - - 4,654
4 448 898 197 12 7 - - 1,562
5 178 342 106 8 3 -— 1 638
=5 167 335 102 1 4 2 — 611
Total 30,963 158,581 15,064 o4 142 10 4 205,268
Note:

Source: Ref., 8

48

The number and type of tracks were not provided for 71 crossings.
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Table 17. Accidents and Casualties at Public Crossings Involving
Motor Vehicles by Track Type and Track Class, 1983
Track Class*
Track Type 1 2 3 4 5 6 Unknown Total
Main
Accidents 823 1,360 1,748 1,382 93 3 71 5,480
Killed i8 48 159 219 26 — 3 473
Injurles 236 529 758 590 33 1 35 2,182
Yard
Accidents 278 €9 20 5 - _—— 4y 416
Killed 2 I —— —— —— —~—— —_— 2
Injuries Ly 25 11 z ——— — 13 95
Siding
Accidents 79 22 T 4 1 - 10 123
Killed _— —— —— — e ——e — —_—
Injuries 15 8 1 ——— mme e —— 24
Industry
Accidents 174 29 11 10 —— —— 20 2uy
Killed 5 —_— -_—— ——— —-—— - 3 8
Injuries 0g 5 _— i S — 11 67
Unknown
Accident 1 1 2 2 ——— —— 3 g
Killed ——— -——— - —-_—— - il —r— -
Injuries - — 2 1 J— —_— 1 4
Total
Accidents 1,355 1,481 1,788  1,4G3 9l 3 148 6,272
Killed 25 48 159 2719 26 —_— & 483
Injuries 343 567 772 596 33 1 60 2,372
¥3ee Table 15 for a definition of Track Class
Source: Ref. 8
C. REFERENCES
1. Accident/Incident Bulletin, Wash- Simmons - Boardman Publishing Corp.,

ington, DC: Federal Railroad Admin- 1982.
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IiT. ASSESSMENT OF CROSSING SAFETY AND OPERATION

The Federal Highway Administra-
tion (FHWA) requires each State to
develop and implement a highway safe-
ty improvement program that consists
of three ccomponents: planning, imple-
mentation, and evaluation. The proc-
egss for improving safety and opera-
at railroad - highway grade
crossings consists of the same three
components and may be considered a
part of a State's highway safety
improvement program.

(PR RS 88 ]

FHWA policy and procedures for a
highway safety improvement program
are contained in the Federal - Ald
Highway Program Manual, Volume 8,
Chapter 2, Section 3 (FHPM §8-2-3).
The objective of a highway safety
improvement program is to reduce "the
number and severity of acclidents" and

doarroass "tha notential for zaoecidents
sSe tne p cial a

L2 Shi) gt o8 LS VA4 3 L CLeilaGiivs

on all highways".

FHPM 8-2-3 requires the planning
component to consist of:

o a process for collecting and main-

taining a record of accident,

- traffiec, and highway data, includ-

ing, for railroad - highway grade

crossings, the characteristics of
both highway and train traffic;

o a process for analyzing available

Antao A o~ {Aandd Fur e rhrrar TAno
¥ £~ Flr N [P~ LA AL W, J J.J..I.ELAWE.J LA

tions, sections, and elements de-
termined * to be hazardous on the

basis of accident experience or

accident potentialj;

o a process for conducting englneer-
ing studies of hazardous loca-
tions, sections, and elements to
develop highway safety lmprovement
projects; and,
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o a process for establishing priori-
ties for 1implementing  highway
safety improvement projects.

The implementation  component
consists of a process for programming
and implementing safety improvements.
The evaluation compenent consists of
a process for determining the effect
that safety improvements have in
reducing the number and severity of
accldents and potential accidents.

This section of the Railroad-
Highway Grade Crossing Handbook pro-
vides guidance for the planning com-
ponent consisting of the collection
and maintenance of data, the analysis
of data, and engineering studies. In
addition, the "systems approach", a

method by which several crossings are
studied is discusased.

o owaala L0 UL ACLw Ve LY —2 falolMalTins

Chapter IV identifies the various
crossing improvements that are avail.
able. Chapter V presents guidelines
for selecting improvements based on
safety and operational effectiveness
and ceosts. Chapter VI provides guide-
lines for the implementation compo-
nent of the safety program and Chap-
ter VIITI addresses the evaluation
ccmponent.

ecollectivel Y,

A. Collection and Maintenance of Data

A systematic method of identify-
ing problem locations is most impor-
tant. For railroad - highway grade
erossings two types of information
are needed: inventory and aceident
data. Inventory data includes the
location of the crossing, volumes of
highway and <%rain traffic over the
erossing, and physical elements of
the crossing. Accident data for each
crossing are also needed.
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The FHPM 8-2-3 specifies that
each State maintain "a record of ac-
cidents, highway data, highway traf-
fic and train traffic for railroad-
highway grade crossings". State main-
tenance of the U.S. DOT/AAR National
Rail-Highway Crossing Inventory will
satisfy this survey  requirement.
State 1inventories containing data
similar to that provided in the na-
tional inventory will also suffice.

The U.S. DOT/AAR National Rail-
Highway Crossing Inventory was devel-
oped in the early 1970's through the
cooperative efforts of the Federal
Highway Administration (FHWA), Feder-

al Railroad Administration (FRA),
Association of American Railroads
(AAR) and indi-

........ individual States,
vidual railrocads. Each crossing was
surveyed, both public and privaie,
grade separated and at-grade, and
data were recorded on the inventory
form shown in Figure 7. The invento-
ry contains data on the location of
the crossing, amount and type of
highway and train traffic, traffie
control devices, and other physical
elements of the crossing.

Each crossing was assigned a
unique identification number consist-
ing of six numeric characters and an
alphabetic character. The alphabetic
character provides an algorithmic
check of the six numeric characters.
To determine &the correct alphabetic
character, sum the products of each
of the first six digits times the
digit's position (position one is the
left-most digit). Divide this total
sunm by 22 and then interpolate the

remainder according to the following:

0« A 6 -G 12 - N 17 - U
1 - B 7-H 13 - P 18 - ¥
g =-cC 8 - J 14 - R 19 - W
3-D 9 - K 5 -8 20 - X
4 - E 10 - L 16 - T 21 - ¥
5 =-F i1 - M
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The crossing identification num-
ber, shown in Figure 8, was installed
at each crossing by nailing or strap-
ping a temporary tag to a crossbuck
or flashing light post. These tLempo-
rary last a
maximum of five years and should be
replaced with permanent tags. The
two most common methods used to in-
stall permanent tags at the crossing
are: 1) metal tag on which the cross-
ing number i3 embossed by raised
imprinting; and, 2) stenciling the
number on the post.

faga wara Aeaioned tn
Lags were gesigned Lo

The FRA voluntarily serves as
custodian of the national inventory
file. Data in the ianventory are kept
current through the voluntary submis-

Anformatinn hy tha Qfntaa
LA OrNa v Lol oYy iOf oiac

railreoads. Since the national inven-
tory is updated by numerous States
and railroads, systematic and uniform
procedures are required to assist the
FRA din processing the data. Three
basic procedures have been developed.

atAan Af

and
o0l OL €35 alid

Individual Update Forms. This
15 the procedure originally developed
for updating the national invenftory.
Whenever a change occurs at a cross-
ing, e.g. installation of traffic
control devices, the railrcad or
State initiates an Uﬁdate form.
involves completing the following
identification data elements on the
form: crossing identification num-

Qb ot~ ThlS

WSS
EN"T Bk

836 397 H

U5 DOT—AAR  CAOSSING NVENTORY NiMBERA

Figure 8. Crossing Identification
Number Tag
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OMB 2130-0017 U.S. DOT — AAR CROSSING INVENTORY FORM
C. REASON FOR UPDATE:
Aﬁ'&'}ﬁ'ﬂ{&” SEEE%Y G CHANGES IN EXISTING CROSSING DATA D. EFFECTIVE DATE
O NEW CROSSING (I L] L
B. CROSSING NUMBER ] | | ! 1] [1 CLOSED CROSSING M D Y

Part | iocation and Classification of All Crossings (Must Be Completed)

1. Railroad Operating Company 2. Railroad Oivision or Region 3. Railrgad Subdivision or District
NN EREERE Lo e oo s el Lo i st
4, State 5. County 6. County Map. Ref. No, | DO NOT WRITE IN THIS 5PACE
Leosvvsv v r o Bl r v v a e as oo d b g g ialf swe County
7. City 8. Nearest City 9. Highway Tvoe and No.
I_l T N N N Y Y O l LLJ N T S I T S 2 I O | ! i T O T | ! Caty Nearest Ciy
10, Street or Road Name 11. RR 1. D. No.
I_l ) T T T T N N T Y O O I | I g |- I I I I | | AR Code  Timetable Statian
1Z. Nearest RR Tirmetable Station 13. Branch of Line Name 14. Railroad Mile Post I Qi ;’\ it
LJ ) S I T O O | | l N T N N T N N O Y O e J_I I | I
15. Pedestrian Crossing 16. Private Vehicle Crossing 17. Public Vehicle Crossing
O 1. at grade A.0O1 Farm [D2. Residentia! [ 3. Recreational 01 4. Industrial Q1. atgrade
O2 RRunder B ;g aegrade C.0O8. signs-specify b L L L L1 1 & 1 11 11 11| 02, RR under
03 RR over 06 RAunder DO signals—specity L1 1 1 1 1 111111111} B3 RR over
07 8Rover 0 0. none

COMPLETE REMAINDER OF FORM ONLY FOR PU.BLIC VEHICLE CROSSINGS AT GRADE
Part 1l Detailed Information for Public Vehicular at Grade Crossing
1A. Typical Number of Jaily Train Movements

2. Speed of Train at Crossing

1B. Check if Less A, Maximum time . .
Daylight 16 AM to 6 PMI Night (6 PM 10 6 AM) Than One Moverment table speed B. Typical Speed Range Over Crossing
thru trains | switching thru trains | switching Per Day 0O from 10| mph
N T R 8 Lty 2 3
Li.J7 Li 2 ldeed 3 | Ll J4

(=]

. Type and Number of Tracks
mainL_| other Lt J1fotherspecitylL Lt 11 11111 15
1 2
4. Does Another RR Operate a Separate Track at Crossing?

OYes 10 No  Specify: RRI. ) SN N VO T S N Y A I | Iz
S. Does Another RR Operate Over Your Track at Crossing?
OYes1ONo Specify: RRLL 1L L1101 1g 011 d Ao
6. Type of Warning Device a1 Crossing
A, Signs
: Crossbucks : Stendard H}ghwaiv Other Stop Signs Other Signs: Spacify
reflectorized non-reflectorized Stop Sign 05 ) N T S T I T O I | ioe
Number
Lo Lla: Loa [loa Loy baa vt 110 1o
N il Wit Numbst Numbsr I gmbac
B. Train Activated Devices
Gates Cantilevered Flashing Lights Mast Mounted Other Highway )
red & white | other over not over Finshing Lights | | Flashing Trattic Wigwags Bells
reflectorized | colored tratticdane | traffic lane Lights  gpacity Signals
L | L Llas Llsz L Lhale s v aa || Elde Ll it Ll
Number Numbar Numbas Number Numbar Numbor Number Numbar Numbar
€. Specify Specigt Warning Device not Train Activated '
s MPRRITE S 4 I R N N W T O Y T T T T O O O T
D. No Signs or Signals [ 20
7. Is Commercial Power Available? OYes O No 8. Does Crossing Signal Provide Speed Selection for Trains? [J Yes DONo I N/A
9, Method of Signalling for Train Operation: ts Track Equipped with Signals? [ Yes O No
Part 1_” Physical Data 5, is Highway Paved {J Yes 0O No 9. Does Track Run Down A Street?
1. Type of Development [OJ1. Open Sp. O 2. Res 6. Pavernent Markings OYes DONo
O3 Comm. D4 Ind. 05 Inst O Stoplires [ RR XingSym. O None 10, Mearby Intersecting Highway?
2. Smallest Crossing Angle 7. Are RR Advance Warning Signs Present? OYes ONo
Oo’-28° 0O30°-59° O 60°-90° OYes QOMNo
3. Number of Traffic Lanes Crossing Railroad ] 8. g"’:s'"g 1. Sec Timber Q7 FullWd. Plank [ 3. Asphalt O4. Concrete Slab
Numbar urface (15 Concrete Pave.  [16. Rubber O 7. Metai Sections [ 8. Other Metal
4. Are Truck Pullout Lanes Present? O Yes 0O No 9. Unconsolidated (3 0. Other Specify
Part 1V Highway Department Information | |, . _ 1 , 1 |
N 1. rugnway oysiem i1
2, 15 Crossing on State Highway System? O Yes O No. 4. Estimate AADT l_L _1_1_1J L. D, Number
3. Functional Classification of Road over Crossing L_L__] 5. Estimate Percent Trucks |_|_!

Form FRA F 6500.71 (8-84)

Figure 7. U.S. DOT/AAR National Rail-Highway Crossing Inventory Form

o H

Souarce: Ref. 14
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ber, effective date of the change,
State «ode, county code, railroad
code, and type of update, 1l.e. a

change at an existing crossing, a new
crossing, or a closed crossing. Oth-
er data elements are completed only
if they have changed or if they were
not previously reported, such as for
a new crossing.

To that the State and
railroad are in agreement on the ele-
ments contained in the inventory, a
process was developed by which each
would have the Opportunity to review
an update initiated by the other. If
the railroad initiated the update, it
would retain a copy of the four-part
form (usually the last copy that 1is
orange) and send the other three cop-
ies to the State agency. The State
reviews the information and makes any
appropriate changes. It then sends
the pink copy back to the railrcad

for its retains the yellow

copy for its files, aand sends the
original, or green copy, to the FRA

for processing.

ansure

If a State initiates the update,
it retains the orange copy and sends
the other three to the railroad for
i1ts review. The railroad then re-
tains the pink copy for its files and
returns the other two (green and yel-
low) tc the State. The State retains
the yellow copy and submits the green
copy to the FRA for processing.

This procedure allows both the
State and railroad to concur on the
erossing information prior to submit-
fal to FRA and establishes the State
as the agency that submits all data
to FRA. Another advantage of this
procedure d1is that both the State and
railroad have a hard copy record of
the wupdate that can be placed in a
file along with the original inven-
tory record.
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The primary disadvantage of the
individual form method is that the
form must be completed for every
change. This may result in a time-
consuning effort particularly for
changes that affect a number of
crossings. For example, 1if a rail-
road changes its operation over a
route that results in an increase in
the number of trains per day, an ia-
dividual form would he completed for
each <crossing. To assist in these
types of changes, the FRA has estab-
lished procedures for the "mass" up-
datlng of one or two data elements.

Fill-in-the-Blanks List. One of
the "mass" updating procedures is the
fill-in-the-blanks list that consists
of a printout of specified informa-
tion currently contained in the din-
ventory on a crossing and a seriles of
blanks for those data elements that
are to be changed. The 1list can be

tained the FRA by request.
For example, if a State wanted to
change the annual average daily traf-
fic (AADT) for all crossings in a
county, the list would consist of the
gix identifying elements, the current
AADT and a blank. The State ecan
gquickly review the crossing informa-
tion on the list and enter t{he new
AADT if it had changed.

obtained from

The 1list 1is usually sorted by
railroad (if it is a State request)
or by State (if it is a railrcad
maraat ) an that o Alnnty AF Fhao T3 ot
i \-‘.ihl.\-ﬂ\t/ LS WILCL a bU}J.}‘ L Wil e L
can be sent to 1the other party. The

entire list is then sent to the FRA

for processing.

Magnetic Tape. Another "mass"
updating procedure involves the sub-
nission of data via computer magnetic
tape. This metihnod is advantageous
for those States and railroads that
maintain the inventory on a computer.
A State or railroad may enter changes
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onto 1ts own computer file and then

pericdically send FRA a

macnarda btoama
maEuGbLu LA T

of the changes in a prescribed for-
mat. This method, once establlished,
provides for the updating of the na-
tional file with relative ease. How-
ever, three cautions should be noted.

o The information contained on the
magnetic tape must be in the pre-
scribed format. Since FHA re-
ceives information from 50 States
and numerous railroads it must be
able to process the magnetic tape
without having to make any changes

o 1+a farnmot Natadla blae
L LD LUMIG b Ueiails on Liae re-

quired format can be obtained from
FRA.

¢ The magnetic tape must contain on-
ly changed information and not the
entire crossing record, FRA's pro-
cedures creates a new crossing re-
cord whenever any data element is
changed. Submission of a State or
railroad's entire crossing file
would result in a new record for
each crossing regardless of wheth-
er any data element changed. The
national inventory consists of
500,000 original crossing records
most of which have been updated at
least once. The unnecessary crea-
tion of a new record would result
in an extremely large file to
manipulate and maintain.

o The other party must be
with a printout of the
information on the magnetic
for its records.

provided
changed
tape

One primary disadvantage of the
two M"mass" updating procedures is
that a single form is not generated
for each creossing which could be
placed in a manual file. Many States
and rallroads do not have computer

facilities for maintaining the inven-
tory and rely upon a manual file on
each crossing. To overcome this, the
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"feedback"

to
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FRA will provide
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any
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FRA can provide information from the
natiocnal inventory in three primary
ways.

© One Page Per Crossing Printout --
This is simply a computer generat-
ed printout that contains all the
information for a crossing on a
gingle 8.5 inch by 11 inch sheet
of paper. The information has
been decoded and is easily read.

o Continucus Feed Form -~ This is a
3
o

1
TAdanttan individ

- J—
G Lucll L.Loat bU lrJ'.l‘:’ LI LV L

Lo us
update form that can be generated

by computer.

o Lists -- The FRA will also gener-
ate, upon request, a list of spec-
ified 1information for specified
erossings. This might be useful
for obtalning current data on the
elements contained in a pricrity

JLL 11z MRV

index formula.

The continuous feed form may al-
g0 be used for updating by States and
rajilroads that have computer facili-
ties. Changes are made on the State
or railroad's computer and an update
form is automatically generated and
processed as degeribed under the "in-

dividual form" procedure.

Data contained in the national
inventory or a State inventory must
be used with care. The data should
be verified in the field as discussed
in a later section on engineering
studies. The national inventory is
used not only by States and railrocads
in conducting their crossing improve-
ment preograms bubt also by national
and Federal agenciez 1in assessing
crossing dimprovement mneeds and in
conducting research. Both States and
railroads are urged to keep the
information 1n this wvaluable data

base up-to-date.
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Information on railroad-highway
grade crossing acecidents 1is also
needed to assess safety and opera-
tions. Data on acecidents involving
trains are essential in 1identifying
crogsings with safety problems. 1In
addition, data on accidents not in-
volving trains, but occcurring at or
near a crossing, are useful. For
example, non-train involved aceidents
may Iindicate a deficiency in sight
distance such that a vehiecle suddenly
stops at a crossing causing the fol-
lowing vehicle to hit the leading
vehicle in the rear.

Accident data are available from
several sources ineluding State and
local police and the FRA. In addi-
tion, the National Highway Transpor-
tation Safety Administration (NHTS4)
and the FHWA maintain some informa-
tion on erossing accidents.

Most State and loecal police
maintain a record of all highway
traffic accidents, including those
oceurring at or near crossings. It
i3 essential that the police record
the crossing identification number on
the accident report form. If the
accident did not involve a train, but
occurred at or near a crossing, the
crossing identification number should
also be recorded on the report form.
Thus; accidents in which the presence
of the crossing (regardless of the
presence of a train) was a contrilbut-
Ing factor to the accident can be
identified. It is recommended that
the accident report form give the
crossing i1dentification number for
aceidents that occur within 200 feet
of a c¢crossing.

The FRA requires each railroad
to report any "impact between rail-
road on-track equipment and an auto-
mobile, bus, truck, motoreycle, bicy-
cle, farm vehicle, or pedestrian at a
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rail-highway grade crossing".12 The
form used for reporting crossing
accldents is shown 1In Figure 9. An
annual summary of the accident data
(and the national inventory data) is
prepared by FRA, titled Rail-Highway
Crossing Accident/Incident and Inven-

tory Bulletin. This document and

other data contained in the accident
data file can be obtained from FRA.

The NHTSA maintains a data base
on all fatal highway traffic acei-
dents ineluding those occurring at
railroad - highway grade crossings.
The data hase is called FARS for Fa-
tal Accident Reporting System. The
form utilized for these fatal acci-
dents is shown in Figure 10.

The Bureau of Motor Carrier
Safety (BMCS) maintains data on high-
way accidents involving motor carri-
ers. A reportable accident is one
that d1nvolves "a motor vehicle en-
gaged in the interstate, foreign, or
intrastate operations of a motor car-
rier who is subject to the Department
of Transportation Act resulting in:
1) the death of a human being; or, 2)
bodily injury to a person who, as a
result, receives medical treatment
away from the scene of the accident;
or, 3) total damage to all property
aggregating $2,000 or more based on
actual costs or reliable esti-
mates".13 These accidents are report-
ed on the form shown in Figure 171.

Accidents involving the trans-
port of hazardous materials are re-
ported to the Materials Transporta-

12Code of Federal Regulations,

Title 49, Washington, DC: Superin-
tendent of Documents, Government

Printing Office, published annually.

13Ibid.
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DEPARTMENT OF TRANSPORTATION
FEQERAL RAILROAD ADMINISTRATION

RAIL-HIGHWAY GRADE CROSSING FORW APPROVED
ACCIDENT/INCIDENT REPORT

1. NAME OF REPORTING RAILAGAT Amtrak 18, Alphabatc Coda 1o, Railrosd Accident/Incigent Ko
Autotrain

2. NAME OF CTHER RAILRQAD INVOLVED IN TRAIN ACCQIDENT/INCIGENT Zo. Alphbiiic Code 2t. Anilrosd Aceidantfincigent Mo,

3. NAME OF RAILADAD RESPONSIBLE FOR TRACK MAINTERANCE (vingir ciniry) 2a. Aphabeti Code Bb. Aailrosd Accident/incident No.

4. U, 5. DOT-AAR GRADE CROSSING JDENTIFICATION NUMBER 5, DATE OF ACGIDENT/INCIDENT . TIME OF ACCIDENT/INGIDENT

month day yoar
w1 =[]
1 1 I
LOCATION
7. NEAREST RAILROAD STATION 8. COUNTY 9. STATE fiwa fetter code) CODE

To. ATV jif in @ clty)

11, HIGHWAY NAME OR NUMBER fif privaie cromming. so sfaie)

ACCIDENT/INCIDENT SITUATION

HIGHWAY USER INVCLVED RAILROAD EQUIPMENT INVOLVED
T2, TYPE 3, Truck-Trailer 6. Motorcycle CODE (8. EQUIPMENT 3, Train (standing) 6. Lightlocols) (moving} cope
1. Auto 4. Bus 7. Padestrian 1. Train fumits pulling) 4. Car{s) (moving) 7. Light locols) fstanding)
2. Tk 5, School Bus 8. Other fspecifv) 2. Train funiss pushing) 5. Caris} /standing} 8. Other {speeify)
13. SPEED fesifimared mph ar inpact) 14, DIRECTION [evoxraphicat) CODE [[17, POSITION OF CARIUNIT IN TRAIN CO0E
1. Nerth 3. East
2. South 4, West
B, FOSITION CODE {jie, CIRCUNETANCE CODE
1. Stalted on 2. Stapped on 3. Moving over 1. Frain struck 2. Train struck by
crossing eroging crossing highway user highway user
[ €ODE
Was the highway user and/sr rail equipment involved in the impact transporting huzardous materials? 1. Highway user 2. Rail equipment 3, Both 4. Neither

ENVIRONMENT

URE fspectyy, {f minmi 21, VISIBILITY [singie eniry) CODE |22. WEATHER [singlc enfey) ODE
1. Down 3. Dusk 1. Clear 3. Rain 5. Sleet
°F 2. Doy 4. Dark 2. Cioudy 4. Fog B. Snow
TRAIN AND TRACK
23 T¥FE OF TRAIN CODE |24, TRACK TYFE USED BY TRAIN INVOLVED CODE
1. Freight 3. Mixed 5. Yard/Switching 1. Main 3, Siding
2. Passenger 4. Work 8. Light Lecormnotivals) 2. Yerd 4 Industry
75, TRAGK NUMBER OR NAME 26. FRA TRAGK CLASSIFICATION 27, NUMBER OF LOCOMOTEVE UNITS
73 NUMBER OF CARS 78, TRAIN SPEED (recorded spec, if avaiahic; st 30. TIME TABLE DIREGTION €o0E
— 1. Nerth 3. Eest
MPH Recorded 2. South 4, West
CROSSING WARNING
1, TYPE . 32. SIGNALED CROSSING WARNING
ar 1 Gatgs E_-‘ Hwy. Trafic Signals 9 Watchman
(place X in 2 |Conthever FLS & | Audibto 10{ | Fioggod by crew Was the signaled crossing warning
appropriate +— 1 . identified in item 31 operating? . ¢opE
box{es)i 3| Standard FLS 7 GCrossbyckn 1 DOthar (ipecify) 1. Yes 2. No
4 WigWage 8| Stop Signs 12 None
3, LOLATION OF WARNING CODE (34, CROSSING WARNING INTEACON- TOGE |35, CACSSING ILLUMINATED BY STREET CODE
2. Side of vehicle approach NECTED WITH HIGHWAY SIGNALS LIGHTS OR SPECIAL LIGHTS
1. Both sides 3. Oppasite side of vehicle approach 1. Yes 2. No 3. Unknown 1. Yes 2. No 3. Unknown
MOTORIST ACTION
36, MGTORIST PASSED STANDING RIGHWAY VERICLE CGDE |37, MOTORIST DROVE BERIND OR IN FRONT OF TRAIN CODE
AND STRUCK OR WAS STRUCK 8 SECOND TRAIN
1, Yes 2. No 3, Unknown 1 Yos 2. No 3. Unknown
30, WOTGRIST CODE
1. Orowe around or thru the gete 2. Stoppad and then proceeded 2. Did not stop 4. Qther /specify) 5. Unknown
3B WEW OF TRACK OBSCURED BY fpriary ubsiniction] TCDE
3. Passing train 5. Vegetation 7. Other fspecifi)
1. Permanent sruciure 2. Standmg railroad equipment 4. Topography 5. Highway vehicles 8. Not obstructid
HIGHWAY VEHICLE PROPERTY DAMAGE/CASUALTIES
0. HIGHWAY VEHIGLE PRGPERTY DAMAGE (s, duftar dawtaye} 41, DRIVER WAS CODE [a2, WAS DRIVEW IN THE VEHIGLE? CODE
1. Killed 2, Injured 3. Uninjured 1. Yo 2, Nao [
43, TOTAL NUMBER OF OCCUPANTS KILLED 44. TOTAL NUMBE R OF DGCUPANTS INJURED 45, TOTAL NUMBER OF OCCUPANTS finciude driver)
= COTE
15 A RAIL EQUIPMENT ACCIDENT/INCIDENT REPORT BEING FILED? 3. Yes 2. Ne |
47 TYPEQONAME AND TITLE 46, SIGNATURE 35, DATE

FORM FAA F 6180.57 (12274} AEPLACES FORM FRA F §130.1

Figure 9. Accident

3{10-67 WHICH |3 OASCLETE

Report Form for Federal Railroad Administration
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Chapter IIT  Assessment of Crossing Safety and Operation

Froem Aputoved 1hey

" O ME Ne 2127 G006
COOED BY

WS Degartment of FOnSOOmion

National Highwaoy Tratfic Safety 1934 Fatal Accident Reporting Systam (FARS) DATE CODED

Admimistration ACCIDENT LEVEL STATE CASL NG
CASE NUMBER CONSECY TRANSACTION CODE rfoa 2
STATE TIVE CARD
GSA CODES) NUMBER 11 Guginal Submisson 13 - Detere 1 Ny
. 12 Updale ot Change [ 1
COUNTY MONTH DAY
v b L TIME 27 »
Miltary Time
9938 Unknown
n | w R LAND USE *
Number of vehithe Forms Number of Person L —
Submured Founs Submtted T Jroan
2 Ryrat
: _. ; - e ; % Unknown
HOADWAY FUNCTION CLASS ® FEOERRAL AIDSYSTEM 37 CLASS YRAFFICWAY ’ ]
— — —
T Procat Areral Ininestate T Interstan: 1 hamestate
2 Prncgsl Arisdai Other Urban 2 Other f eanial Axd Prinacy 2 OtherUs Roule % Local Strou
Fretways and Exproasways 6 Mapor Aural Collector 3 - Fouatar Aut Socondary 3. Other Srate Route B Other S
3 Prncipal Artanal Othur 7 Minor Ruia! Coltector 4 Foderat st Urban Artenals 7 Non Fodural Ard Cothectars 4 County Rosd 9 Unhown
4 Minoi Artongt 8 Local Road or Stract % Feduisl Ai Urban Colleciors B - Non Faderal A Locel
% - Uran Collecior 9 Unknown & Mor Fodarat Aid Artanals § - Unknowr
TRAFFICWAY IDENTIFIER 39 o6 MILEPCINT 48 53
Actaal Pysted Number, Assigned Mumber. of Com Actual 10 Nearest 1 Mite (Assurnas Docmalt
mgn Name (it No Poated or Awsignod Number Excopt. DOOX — None
Excent. Nine Fitif Unknown 93099 - Unknown
SPECIAL JURISDICTION 5| T LIRS T HARMFUL EVENT MANNER OF COLLISION 57
0 No Speciel Junsdicnon o ’\;‘0’ C°”'5':" with
) - Nuuonal Park Service . X efucie in Transpor 5 Sweswipe Same
2 Mintary ] 'SWN‘I::"‘::]C"”" 1 RearErg Oroctan —
- Inauan Reservauon : 2 - Head On & - Swoswipe Opposte
4 - College! University Campus. 8-- Other 3.~ Reat 1o Aear Burection
5 - Qthar Fegeral Propertios $ - Unknown . 4 Angla 9—Uinkncwn
RELATION TO JUNCTION 58 RELATION TO ROADWAY 59 : TRAFFICWAY FLOW ©
—— 1 - Not Physicaily Diwided
v Noe Juncugn 1 - 0On Roadway (Two Way Tratticwayl
2 Intersection 2- Shoulder 2 - Divided Hignway Medan Stp
3 -imtersectan Relared 3 - Mudin 1Without Tratfic Barmer;
4 - interchangy Arga 7 - Rul Grade Crossing 4. foadside 7 -In Parking Lane 3 Dwided Highway, Madian Sirg
5 - Doveway, Alley Access, erc. 8- In Crossover 5 Ouiscte Fughtof Way 8- Gote IWith Tratfic Barned!
- Entrance: Exic Ramp 9 - Unkagwn & - O Roadway - - Location Unknown & - Unknows 4~ One Way Teattiuway
9 - Unknown
NUMBER OF TRAVEL LANES 61 SPEED LMIT 62 | 63 | ROADWAY ALIGNMENT |84 AGADWAY PROFILE &%
Actat Value Excegt 1 Actust Mies Por Hour Excapt 1 3 Hilicrest F
7 Seven o mors fanes o0 No Stsrutory Lmiz Y Swaght § - Unknown Level 4-- Sag
§ - Laknown B Unkngwn 2+ Curve . 2 Girade 8. Uniogwn
ROADWAY SURFACE TYPE &% ROADWAY SURFACE CONDITION 57 TRAFFIC CONTROU DEVICE wle
t—i
1 cConcres 1 Dy 1St nsirution
2 Blath1og (Biiurmnouar 5 Dwt 2 et S Sand. Dirt, Qi Manuali
3 Brick or Hluck B Qthor L 3 Snowor Slush 8 - Other
4~ Stag, Gravol o Stona 8- Unknown 4 -lce 9 Uaknown
TRAFFIC CONTROL DEVICE FURCTIONING | HIT AND RUN ] LIGHT CONDITION 72 ATMOSPHERI CONDITIONS £}
0 - No Mt and Run — T - Mo Adverse Atmesghenc Conditions —
{ - No Controls 1- Hit Motor Vehicle 1 - Daylight 2-Rain
1. Devica Not Funcuoning ) in Transpart 2 Dark 3 Slewt
2.- Davice Funcuoning - Functioning kmproperly 2. Mt Pedestnan o - 3. Dark bet hgined 4-Srow —
3+ Device Funcnioning Properly Non Motorist 4 - Dawn 5-Fog
9 - Unknown 3 - Hit Pyrked Vaiucle 5 - Dusk 6 Ry ang Fog
or Obpect 9 Unknawn 7— Sweet and Fog
8--Other: Smog. Smoke. Blowing Sand or Cust
9 Unknown
CONSTAUCTION MAINTENANGE ZONE wa NOTIFICATION TIME EMS P I ARRIVAL TIME EMS P =
0-- None Militgry Trrng Except Miliary Time Except:
1 Construchon 3 - Uity X0 - Not Nowhed 000 - Not Notthed
2 - Mainzscunce 4 .- Work Zone, Type Unknown 9995 Unknown 9999 - Unknown
SEHOOL BUS <) RELATED 8 | 88 s | 87 | w | RAlL a0 %
RELATED — FACTORS GRADE
CROSSING
- Ng IDENTIFIER
1- Yes —
Sae Instruction Manust .
"Reiated Factors « ACCIDENT LEVEL" 1508 insteuction Manus)
Ha 24
ADDITIONAL STATE
NOQ INFORMATION
1See Instruction Manuail

HS Form 214 {Rev. 1/84}

Figure 10. Accident Report Form for National Highway
Traffic Safety Administration
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Chapter III  Assessment of Crossing Safety and Uperation

FOtm A oved thig
f‘ QM e 2727 G006
{4 CODEL BY
L% g tmiemt of ransporfanon DATE (rad¥f 1)
National Highwary Trathe Safety 1984 Fatal Accident Reparting System (FARS) !

L1ATE CASE ey

Administration VEMICLE/DRIVER LEVEL

CASE N 1 ‘ ’ ' TRANSACTION CODE 4 VEriCLE
S& NUMBER 2 CONSECU 3 L] 7.4 CARD 4 NUMBER
STATE TIVE 2t Ongwnal o shasigined by
1654 CODES NUMBER 22 - Updiate o Change 2 1 Atgsts
VEHICLE 14 ] 8 VERICLE |17 BODY e | 1e MOOEL YEAR x| 2
MAKE MOOEL, TYPE
\Sea Instruction iSea Insteucion (Sea Insteue ACTom Yalue sxcent
Manual Manuatl tion Manuat 89 Unkagwn
WEMICLEIDENTIFICATION NO ol e |z |26 ar | el 2] a3 | 2z] 1] e | 38361 37 38 }
Actuat Valug bacept’ i
Zero Fidd e VIN )
: Ninvs Fil it Lnknown ]
HEGISTRATION 8TATE 39| 40 ROLLOVER 41 SACKENIFE a2
GBA CODES Ercap 0 No Roiover O Notan Arficuldted Vensle
I Not Appheatie 1 FirstEvent L 1 Ne
97- No Registdlan 9 L5 Goverrenent Tags 2. Subtoquent Event 2. Fus) pven:
93 Multiphe State Heg. 10 State 96 Miktary Vohicre 3 Subsequent Event
34 Muitiphs Steto Reg ., Quuot 07 - Foraign Countries
State 99 Unknown
TRAVEL SPEED 43| 44| HAZAROOUS CARGO 15 VEHICZE TRAILERING a6 SPECIAL USE a7
Actual Mites Per Hour Eacopt: 0 Ko G- ~No 0 NG Speca Gk 4 Mibtary H
G0 Sinuped venicle 1 Yes 1-Yau, Ong l'r-n{{nq Unit L_Jd Tam 5. Polee —_
47 Ninety soven MPH o1 Gredtar 9 Unkeown 2 Y5, Two Troifig Unis 2 verch Used as § - Ambulance
99 - Unnnewn 3 Yoa, Throa or More Traling Units Seneol Bud ¥ e Faretratk
4- Yoa, Numbae of Trailing Uruts Uoknowe 1 3 yangie Usea as 2. Usknowr
9-- Unknown ciner Bug
EMERGENTY USE 48 IMPACT POINT - INITHAL a8 | 50 IMPAGCT POINT  PRINCIFAL 5 | 52
0- No DO Non Collion . 15 Undernde 00- Non-Collsor: 18- Undernda
1o Ve 01 12 - Clock Points 16-- Override @112 Clock Points 16 - Gwemnde
™ 13- Ton ) - Laknowr: 13 - Tep & unkaown
V4. Undercarnage 14 - Undercarnage
EXTENT OF DEFORMATION 53 VEHICLE ROLE 54 WMANNER DF LEAVING SCENE 55
S b
1. Driven
0- None & Disanhog 1Sevora) O Now Colion 3. Both 2 - owed awey
2 Orther IMinot) 9 - Unkogwn 1 Stikng & Unknawn 3 - Abundonet i
4-- Functional (Moderatet 2 Struck 9- Unknoven
FIRE OCCURRENCE NUMEBER OF OCCURANTS 57 ] sa RELATID FACTORS 4 59 | 6 & |6z
i Actog? vatue 1l Total Known i
0- No Fre 96 . 86 o more Sew Instruttion Manuar
1 - Firg Ocousred it Veracle Duing Acedent L} 97 Grancwn - Only Injured Repgaes : v‘:ﬂ:g«; 'LJEC\;:':
W Uakigwn ] =
VEHICLE MANEUVER ' 63| 64 MOST HARMFUL EVENT 65 |85
(See Instrucion iSee Inatughon
Manualt Manual:
DRIVER LICENSE 15| 16 LILENSE: CLASS VEHICLE COMPLIANCE & LICENSE S1ATUS L]
PRESENCE SYATE - —
G5A CODES - No Licenze Required 0. None Required 7. Loarner's Permir
1 Oriver bt NO License, Litunse Requaed 1 Nono 8 Temporaty  —
Oporated Excen 2wt | wense for Tras Class Veick: Ouly 2 waud 9 - Urkngwn
Vatichy M Mutary 3 e Vil Licerise. but Mot For This Class Vereie 3 Suspended
o Dnertlens ¥ Canads 4 Mulliph: Class Licanses, Vatid Licanse 1o This 4 - Bovoret
KOS ) 9 Mexico L Vit iy 5 Exparst]
Lt e 9 Qe foragn & Muttipie Class Licensas, Ne Valk? Licensw tor & Cancelled ur Dine
9 Unkeown Cuutitrios, [hus Class Vehicle
99 - Unknown 9 Unkngowe
CORPL lA_ItiCE WITH 19 DAVER TRAINING 20 VIOLATIONS CHARGED 2 PREVIOLS REGURDED | 22| 23
LICENSE HES TRICTIONS ACCIOENTS
o Nero 9 Unknown 0 None Suspenged or Revokod
U No R(I!SIF\('[DOV\S 1 High Sehool 1« Alcohol or Urugs License Actuat valoe Excopt
1 Rustrictons Complied With 2. Commercial 2 - Speeding 6 Other Moving Viclation 0- None
2 Restnetons Not Complied With 3 Sehool Bus 3-- Afconal or Drugs 7 - Nan-Mowng Vioktion %9 . Unknown
3 - Restrictions, Compliance Unknown 4 Traffe Sehool and Speeding 8 ~Violstion, Type Unknowr
9 - Uaknown S - Two or mare Typcs 4- Ruchless Diving ot Other Violanon
& Trairuny, Type Unkrown 5-- Dnving with a S Unknown
PREVIOLS AECORDED SUSPENSIONS 20| & PREVIGLS DWI CONVICTIONS 2% 427 PREVIOUS SPEEDING CONVICTIONS | 29
AKD REVOCATIONS
Actudt Vatug Exdept. Actugh Valug Excepl Attuat Vatue Encept
00 - None: 99 -- Unknown 00 - None 99 - Unknown 00~ lkone 99 ~ Unknown
PREVIOUS 0| 3 DATE OF LAST 2 EC) DATE OF 3% 9 RELATED a0 | ay az{ 4z sl a5
OTHER ACCIDENT, FIRST ACCIDENT FACTORS
HARMFUL MY SUSPENSION. OR SUSPENSION, OR
CONVICTIONS COMVICTION CONVICTION
¥
Acwual Valug Excent Mo Y Mo ! See Instrucuon Manual
0 Nane 0 N& Rocerd 00 - No Record
99 Unknawn 9. Unknown 95 - Unkngwn “Huted Factors - DRWER LEVEL

HS5 Form H4A (Rev. 1/84)

Figure 10, Accident Report Form for National Highway
Traffic Safety Administration (Continued)
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Chapter 111

Assessment

(A

1 g

Nationgl Highway Traftic Sately
Admmistration

2P0 OE Tty OrInOt

1984 Fatal Accident Reporting Syatem (FARS)
PERSON LEVEL

of Crossing Safety and Operation

Form Apptoveg
Mk MU 2720 GOl

SiATE CASE NO

DAt

(AL PRI

B GDDED

CASE NUMBER vz TRANSACTION CODE 7 caRD | 2 VEHICLE w PEASGN. 17 |03
STATE TWE NO NUMBER NUMBER
(GSA CODES] NUMEER A - Dregial Submussion 3 IAssxyried by
X2 Updute or Change Anatystt
00 Non Motonist JAssagned Dy Anal st
NON MOTORIST STRIKING 4|18 AGE w1 SEX 18
VEHICLE NUMBER
Actusl Value 1.- Male _|
Assigred Vohick Numbor 00- Up 10 One Year 2. femate
Excopt 97 Nmety-Seven Years or Older 9 - Unknowr e
99 - Unknown 93-- Unknown
RN SEATING POSITION x| o
PEASON TYPE
00 - Non Molorst
1~ Driver of a Motan Varicls i Transpen 11 FiontSeat - Left Sice iOnver's Si0e.
2 . Passanger of a Motor Vehicle in Transport 12 Mhagie 42 Mg
13- Rght Sude 43 Fughe Sde
3 -Occupant af a Matar Vehucle Notin Transpart L 18- Ot 48 - Qtner
4 --Occupant of a Non-Malor Venicle Transpon Device E 18 Unknawrn 49 . « Linknown
. 21 - Second Seat - Left Swe 51 Sweper Secton of Cubs i Track:
. 5..Non-Occupent - Pedestnun Hhadle 51 CGthmr Passarger .n Enciosed
& Non-Occupant - Bicyelist 3 Rignt Sude Passenger o Carge Ared
7 -Mon Jccupant - Other Cychst 28 Omner 52  Oiher Fassanger in Unancloses
~Non-Gecupant — Other or Unknown - - Unkngwn Patsenger or Cargo Area
31 Thid Seat Lett Swte 53 - Qtner Passengst 1n Passenger of
- Unknawn Occupant Type in a Moter Vahicke in Transpon 32 - Micdle Cargo Area, Unknown Whelher or
.- - Right Sude Not Enclosed
e I Db 54 - Trahing Uiy
- Urkngwn 45 - Rinnyg on Vehicle Extenar
o 3 ‘ 41 - Fourth Seat - Left Side 9 Unmnown
MANUALIACTIVEI RESTRAINT SYSTEM  USE AUTOMATIC IPASSIVEI RESTHAINT SYSTEM - FUNCTION 23
0- None Used  vemcle Otcupant - Nor Apphcable - Mon:Motonst 0 - Not Equipped o on Motorist
- Shoulder Belt t - Avlomatic Battin Use
2 -Lap Bent 1 2~ Automatc Bew Not i Use
3 Lap and Shoulder Belt 3-- Depioyed Ar Bag
4 - Chid Safety Seat 4 - Non-deploved Aur Bag
5-- Motorgych Helmat 9 Unknewn
8- Resirant Used — Type Unknawn &1 O1her including Other Halmet
3. - Unknown
NON-MOTORIST LOCATION w | = EJECTION % EXTRICATION »
00 - Nar Applicatle - Venicle Occupanm @ —Noi Ejecle 0 Not Extncaten
1 - 1ntgregetion - In Crasswatk, 1:-Toraily Ejected 1 - Extncatay
02 - wntersection - On Roagway, NOr in Crosswplh 7 Panially Erecied & . Unknown
03 -Intersection — On Roadway, Cregswaik Nat Availatis 9 - Unkngwn
04 Imtersecnion - On Roadway, Crosswatk Availabulity Unknown
0% - Intersectuon - Mot on Roadway
U3 - Intersection « Unknown
W - Nor-intersection - 1h Crosswaik
1 - Non Intersection - On Roadway, Not m Crasswalk
12-- Non Inersection - Un Roatway. Crosswalk Not Avallable
13+ Nonantersecnion - On Roadway, Crosswalk Availabiity Unknown
14 - Nonvintersecton - in Parking Lane
15 - Nontmersecuen - On Road Shoulder
16 - Non-Intersacaan - Bike Path
17 Nonaterspcuon - Ouisde Traticway
18 Non Intersection - Qrner, Nt on Roadway
19 - Non-intersecuon  Unknown
53 - unknawn
POLICE REPORTED ALCOHGL INVOLVEMENT 28 ALCOHOL TEST RESULT 30
G - No {Akeohol Not involvad Actual Yatue [Decimal Implied belore First Digit) (i
1+ Yes lAlcohal Involved} 95 Test Ratused
8- Not Reparted 96 —~Noms Given e
9 - Unknown (Police Reponed! 97 — AC Test Porfarmed, Results Unknown
99--Unknown
INJURY SEVERITY TAKEN TO HOSPITAL OR k") DEATH DATE 13 3
TREATMENT FACILITY -4
0 -No injury (01 DX0000 — Mol Applrcable
1 - Possibie Injury 1C) 0—No 999999 ~ Unknown
2+ Nonincapscitating Evident Iyury (B} 1-Yeu MONTH DAY  YEAR
3. Incupacttating Injury i) 9—Unknawn
4 - Fanadl Injusry (K]
5 Injured, Severity Unknown
6 - Died Prior 10 Actideat
9.+ Unknown
DEATH TIME =] 42 RELATEQ FACTORS 43 | a4 a5 | 46 411 48
Mititary Timo Except: See Instruction Manual
“Reloted Factors — PERSON LEVEL™
0000~ Mol Applicable
9905 - Urknown

HE Form 1148 (Rav. 1/84)

Figure 10. Accident Report Form for National Highway
Traffic Safety Administration (Continued)
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Chapter IT1

Assessment of Crossing Safety and Operation

Form Appmv-d

QM No, 004-R2394
AL g AL ATAD CADDIER ACCIRENT DEPORT
mu OF HUTDK CAI!R!ER SAFE'“' VIV I Wi SO RIAILILY AAUVWER TR Bhkal wWwrind
Original and two copies of MCS 50-T shall be filed with the Director, Regional Mator Carrier Safety Office, FHWA, as
required by 394.9. Copy shall be retained in carrier's file. Circle or (X) appropriate boxes below.
1. Name of carrier (Corporate business name) 2. Principal Address (Street and no., City, State, ZIP Code.)
(-21) (22-50)
3. Typeofcarier [A] Private, Employer iD No. Bl ¢ authorized, ] Other (Specify)
{51-668) {IRS) MC £mployer ID No. {IRS)
4. Type of trip [A] Overthe-road Bl Local pick-up and delivery operation
{67)
5. Place accident occurred (Nearest Town or City, State) Sh. Type of district IB] Rural
{79) Residential I(C] Primarily business
& Street or highway (Route or Name) 6A. Location if off highway
=16 (17-26)
7. Dayofweok [A] M T [ w | 8 Dateaccidentoccurred 9, Time accident occurred (Military time to
™ [E F [ s & s Y S S nearest hour)
2n {28-33) {34-35)
0. ACCIDENT TYPE (Primary Event)
10A. Collision (Check appropriate box)
(36) [B} Mot applicable [l Coilision with moving object [0 Cotiision with fixed or parked object
10B. Collision (Check other object involvad)
(37-45) [A] WNotapplicable [E] Pedestrian 1 Animal
Commerciai truck [E} Bus [ Motercycle
Fixed object G Train K] Other (Specify)
Automobile H sicyelist
16C. Collision with another vehicle—Accident Classification {Check sppropriate box) zzz [7] not applicabls
| (46-18) VEHICLES ACTION (AG-4H) VEHICLES ACYION
: 1(213 1{21{3
A Slowing—Stopping L Intersectien
B Stopped M Passing
[¥ Parked N Changing Lanes
D Rear-end Q Sideswipe—0Opposite Diraction
TE Backing P Head-On—Crossed Into Opposing Lane
[ Making Right Turn Q Skidding
- G Making Left Turn R Vehicle Out-Of-Control
H Making U-Turn ] Rolli-Away
IR Proceeding Straight T Controlled Railroad Crossing
] Merging u Uncontrolled Railroad Crossing
[y Entering Traffic From Shouider, Median, Parking | V
Strip or Private Drive U Other (Specify),
16D, Non-collisien (Check primary event) [ Jackknife [E] Fire {I} Other (Specify)
[Al Not appiicable Overturn [G Loss orspillage of cargo
(49-57 I Ran off road F] Separation of units [H cargo shift
10E. If not primary event, did accident result in ﬂ Spillage of hazardous cargo Dl Spillage of non-hazardous cargo
8 [A] Notapplicable Kl Fire Explosion
11. DRIVER INFORMATION
11A. Name of your driver l 11B. Age 1 11¢. Social Security No.
{59-72) (73-74) | {7-15) ... R
11D. How long empleoyed as your driver (To nearest year)
(16-17)
11E. rlours actually driving since last period of 8 consecutive hours off duty
A& 2bn 3 hrs. {E] 8 nrs. G 7 hrs. I 9 s, 11-12 hrs.
as 2trs. T3 4 hrs. [ 6 hrs. H 8 hrs. O 10 hrs. [} et applicable
T11F, Estimatec hours of driving for entize trip or portion of 4rip, since last period of 8 consncutive hours off duty
Bl tom 3 hrs. ] 5hrs. 7 hrs. ] @ nrs. 11-12 hrs,
Gy B 2 hrs. 4 hrs, Fl 6 hrs. Hl 8 ars. J} 10hrs. ] Mot applicable
116, Condition of driver
@] Apparently normaf T = en drinking [E] Madical waiver
(20-28) Sick 1o} Dozeda whee! [F] other (Specify)
11H. Date of last medical certificate {29-3) . fA—

Form MeS 50-T

(Property-Carfying) (Rev. 8-72) Previous editions of this farm 2re obsolate

{aver)

Figure 11. Accident Report Form for Bureau of
Motor Carrier Saiety
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Chapter TII

Assessment of Crossing Safety and Operation

12. CARRIER'S VEHICLE(S)

& Hazardous materials in cargo (Specify classification)

TYPE OF BODY {70-74) |
I
Type Yeour 'A:la:' Make Ml‘!,g_'l caﬁ:w Van Flat Tank Cmr (Sgt-';-l;y)
(35-39) A0-41) | (42-43) 48-53) (54-63) {64-69)
A |Teuck
B | Tractor S el TR SR
C | Semi-trailer
B | Full trailer
E | Full traiter {2nd)
F |Other
(Specity)
13. Total fength of vehicle/comb, | 13A. Total width of vehicie or cargo 13B. Weight (cargo) 13C. Weight (gross)
-9 Ft. | (10-11) Ft. {1217 ihs. | (18-23)} Lbs,
14 Type of Tuei [A] Gasoline Diesel €]l LPG. [o] other (Speciiy) @A-29)
Cargo st time of accident (Your vehicie) {30-385)

Non-tazardous materials i cargo

16 Check one of the foltowing as principal type of carge [0 Liquids in bulk [H . Mcbile home (35-54)
B General freight [E] Motor vehicles [J] Explosives [0} Farm products
R Household goods or uncrated furniture/fixtures [E] Drxveaway towaway [} Logs, poles, lumber Other (Specify}
Matal: Colls, sheets, rods, piates, ete. ) Gases in buik (ij Empty
m Hsavy machinery or other iarge objects [H Solids in bulk I Refrigerated foods

127. Was your driver Killed? 17A. Was driver injured? 17B. Was your refief driver killed? 17C. Was refief driver injured?
) [A Yes Bl No “e [A Yes Bl Noj(n (A Yes [B Ne [ N/A 9 [A] Yes B mo [T nsA
"18. Number of othsr authorzed persons in your vehicle 18A. Number of unauthorized persons in your vehicie
Killed Injured {#9-50) Killed Injurad {51-52)
19. Total number of other persons killed___ injured____ (53-56)| 19A. Amount of total property damegs in dollare £ {5781}
[ 20."Ware mechanical defects or fallures apparent on yourvehicla at bme of accident? [Al Yes @_ No [=]
21. Check appropriate boxes (Mech I defects or failures) (63-69)
A Notapplicable [} Steering system & Driveline I Lights
[B Fuel system [E] suspension [H Ergine K] Coupling
[ Whneels and tires [Fl Transmission (Il Brakes [[1 Other (Specity)
22. Was your vehicle squipped with seat belts? E Yesg E_Na (79)
[ Z3. Wére seat belts it use by your driver(s} at fime of aceidenty Yes [B] No )

24. OTHER VEHICLES INVOLVED

B wet I

(Specify).

B Two lanes Four or more lanes

ZAA. Company naime or operator (Vehicle 27 248. Address 24C. Type of vehicle

)
24D. Company name or cperator (Vehicle #3) | 24E. Address 24F. Type of vehicle
25. Waather =11 25A. Light {i3-i8)

[A Rain [] Snow [E] Cloudy/overcast A Day [} pawn [E] Dusk ] bark
[ ctear [[J Fog/Smog [F] Sleet Other (Specify) [B Artificiat tights Other (Specify) -
26. Road surface {19-23) 25A_ Total number of lanes (24} 26B. Type of highway {25}

Dry (] Snowy [E] Other [Al onelans [] Throe tanes (A} Divided [ Undivided

26C, Check approptiate box

[Al Entrance remp (Exprassway) Exit ramp (Expressway)

Not applicable 26)

27. Account of accident by carrier official

2B. Name and title of person signing report 29, Signature

30. Telephone Number 31. Date report submitted

@21-30

AreaCode 0 o oo,
Fi l¢ by the S tendent of Docurants, U.S. Government Printing Office
Form MCS 50-T (8-72) O ashiagton, Da Boaaa B Te perpad . STOCK NO. 500 7 ore  el8—16—Ar2-L dTe-08

Figure 11. Accident Report Form for Bureau of
Motor Carrier Safety (Continued)
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Chapter 1II

tion Bureau (MTB) of the Research and
Special Programs Administration
(RSPA). An immediate telephone no-
tice is required under certain condi-
tions and a detailed written report
is required whenever there is any un-
intentional release of a hazardous
material during transportation or
temporary storage related to trans-
portation. Accidents are to be re-
when, ag a direct result of
hazardous materials: 1) a person is
killed; 2) a person receives injuries
requiring hospitalization; 3) esti-
nated carrier or other property dam—

””””” or, 4) a situa-
tion exists such that a contiruing
danger to life exists at the scene of
the incident. The form used for
reporting these accidents to MIB is
shown in Figure 12.

B. Identification for

Further Analysis

of Crossings

A systematic method for identi-
fying crossings that have the most
need for safety and/or operational
improvements is essential in order to
comply with requirements of the Fed-
eral Highway Program Manual (FHEPM),
which  specifies that each  State
should maintain a priority schedule
of erossing improvements. The prior-
ity schedule is to be based on:

o the potential reduction in the
number and/or severity of acci-
dents;

o the cost of the projects and the
regsources available;

o the relative hazard of public
railroad-highway grade crossings
baged on a hazard index formula;

o onsite inspections of

crossings;

public

63

Assessment of Crossing Safety and Operation

o the petential danger to large num-
bers of people at public ercssings
uged on a regular basis by passen-
ger trains, school buses, transit
buses, pedestrians, bicyclists, or
by trains and/or motor vehicles
carrying hazardous materials; and,

o other criteria as appropriate in

each State.

Various hazgard indices and acel-
dent prediction formulae have Dbeen
developed for ranking raiircad-high-
way grade crossings. These are com-
monly used to identify those cross-
ings that are to be investigated in
the field. Procedures for conducting
the onsite inspection are discussed
in the next section. Some hazard
indices incorporate accident history
as a factor in the ranking formula;
if not, this factor should be subjec-
tively considered.

There are several advantages of
using a hazard index +to rank cross-
ings. A mathematical hazard index
enhances objectivity. It can bs cal-
culated by computer, thus faecilitat-
ing the ranking process. As cross-
ing conditions change, a computerized
data base can be updated and the
hazard index recalculated.

The hazard indices or accident
prediction formulae commonly used are
the Peabody Dimmick Formula, the New
Hampshire Index, the National Cooper-
ative Highway Resgearch Program Report
50 Formula (NCHRP 50), and the U.S.
DOT  Accident Prediction Formulae.
Several States have developed their

own formulae.

1. Peabody Dimmick Formule

The Peabody Dimmick Formula,
published in 1941, was based on five
years of accident data from 3,563
rural crossings in 29 States. It is
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DE PARTMENT oF TRANSPORTAT!ON Form Approved OMB No, 04-5613

HAZARDOUS MATERIALS INCIDENT REPORT

ENSTRUCTIONS: Submit this report in duplicste to the Director, Office of Hazardous Materials Operations, Materials Trensportation
Bureau, Depurtment of Transpartation, Washington, D.C. 20590, (ATTN: Op. Div.). If space provideq for any item is inudequate, .
complete that item under Section H, “*Remarks™, keying to the entry number being completed, Copies of this form, in limited quantities,
may be obtained from the Dircctor, Office of Hazardous Matetials Operations. Additional copies in this prescribed format may be
reproduced and used, if on the same size und kind of paper,

A INCIDENT
1. TYPE OF OPERATION
= s ... FREIGHT ~  OTHER
1 dair 2l Jrickway 3T RAIL 4T waTER 51 cGmwaRoer 61 GanS,
2. DATE AND TIME OF INCIDENT {Menth = Dap - Year) - 3. LOCATION OF INCIDENT
a.m.
p.m,
B | REFORTING CARRIER, COMPANY GR INDIVIDUAL
4. FULL NAWE 5. ADDRESS fNumber, Stroct, City, Siatc and Zip Code)
6. TYPE OF VEHICLE OR FAGILITY
C | SHIPKMENT INFORMATION
7. MAME ANC ADDRESS OF SHIPPER (Origin address) 8. NMAME AND ADDRESS OF CONSIGNEE /Dostrnaliun address)
%. SHIPPING PAPER IDENTIFICATION NO. 10, $HIPPING PAPERS ISSUED BY
" ICARRIER U SHIPPER
. _ OTHER
tidenrity;
D | DEATHS, INJURIES, LOSS5 AND DAMAGE
DUE TO HAZARDOUS MATERIALS INVOLVED 13. ESTIMATED AMOUNT OF L0535 AND OR
PROPERTY DAMAGE INCLUDING COST
11, NUMDE R PERSON GRE T2, N ER PER oL
ER PERSONS M) o ume SOM5 KILLED OF DECONTAMINATION [ Round off in
dollars,
té. ESTIMATED TOYAL QUANTI|TY OF HAZARDOUS MATERIALS RELEASED
s
E IHAZARDOUS MATERIALS INVOLYED
15. HAZARD CLASS 16. SHIPPING NAME 17. TRADE NAME
{*Sec. 172.101, Col. 3) {*Sec. 172.101. Cot, 2)
F INATURE OF PACKAGING FAILURE
18, tCheck all applicable boxes!
{1 DROPPED IN HANDLING |2 EXTERNAL PUNCTURE '3 DAMAGE BY OTHER FREIGHT
14) WATER GAMAGE 15 DAMAGE FROM OTHER LIQUID i‘s‘» FREEZING
[
170 EXTERNAL HEAT 181 INTERNAL FRESSURE 119) CORROSION OR RUST
+
i
(1ot DEFECTIVE FITTINGS, tip LOOSE FITTINGS, VALVES OR L1210 FAILURE OF INNER
VALVES, OR CLOSURES CLOSURES RECEFTACLES
113l BOTTOM FAILUKE (14} BOOY OR SIDE FAILURE [“Eu WEL D FAILURE
(17: OTHER CONOITIONS (/denrify) 19. SPACE FOR DOT USE ONLY
(18 CHIME FAILURE
Farm DOT F $800.1 (10-70) {2/1/76) .
*-Editoril change to incorporate redesipnation per HM-112.

Figure 12, Accident Report Form for Materials
Transportation Bureau
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6 | PACKAGING INFORMATION - !f mare than one aixe or fype packaging is involved in foas of material show peckaging information
soparaioly for sach. [{ more space ia neoded, use Soction H ‘'Remarks'® below keying to the item number,

ITEM 1 H2 @3
TYPE OF PACKAGING INCLUDING INNER
20 | RECEPTACLES (Steel drums, wooden box,
cylindur, arc,)
CAPACITY OR WEIGHT PER UNIT
21 [ (5% gailons, 65 Iba., efc.)

AGES FROM WHICH
ED

o
r
nz

, NUMBER OF PACKAGES OF SAME TYPE
23 | IN SHIPMENT

DOT SPECIFICATION NUMBERIS] ON
24 | PACKAGES r2fP, 17E, 3AA, ete., or hone)

SHOW ALL OTHER DOT PACKAGING
25 | MARKINGS (Pare 178

NAME, SYMBOL, OR REGISTRATION NuUM-

B BER OF PACKAGING MANUFACTURER

SHOW SERTAL NUMBER OF CYLINDERS,
27 | CARGO TANKS, TANK CARS, PORTABLE
TANKS

28 | TYPE DOT LABEL(S) APPLIED

I TREGISTRATION
IF RECONDITIONED | |MO. OR symBOL

29 or DATE OF LAST
B | TEST OF INSPEC-
REQUALIFIED, SHOW TION

IF SHIPMENT 1S UNDER DOT OR USCG

30 | SPECIAL PERMIT OR EXEMPTION, .

ENTER PERMIT OR EXEMPTION NO,

H REMARKS - Describe essential facts of incident including but net limited to defects, damage, probable cause, stowage,
action taken at the time discovered, and action taken to prevent fuiture incidenis. Inciude any recommendations to improve
packaging, handling, or transportation of hazardous materials. Photographs and dizgrams should be submitted when
necessary for clarification,

31, NAME OF PERSON PREPARING REPORT { Type or print) 32. SIGHATURE

31, TELEPHONE NO. cinclude Area Code} 34. DATE REPORT PREPARED

Reverse ¢f Form DOT F 5800.1 (10-70}

Figure 12. Accident Report Form for Materials
Transportation Bureau (Continued)
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sometimes referred to as the Bureau
U = S & T iy I o IR [ < R mey _ i = . I,
0L FupbLil1C noaas Lormuid. lre l1ormula
used to determine the expected number
of accidents in five years is:

(y0.170) (£0.151)

+ K

= Expected number of accidents
in 5 years

V = AADT, Annual average daily
traffic
T = Average daily train traffic
P = Protection coefficient
K = Additicnal parameter
Ar can be determined from a set of
curves as shown in Figure 13.
2+ New Hampshire Index
The New Hampshire Index is as
follows:
HI = (V)(T)(P¢)
where:
HI = Hazard index
V = AADT, Annual average daily
traffic
T = Average daily train traffic

Protecticon factor

0.1 for automatic gates
0.6 for f‘lﬂ.q'hﬁng 1lights
1

o nn

WX il el i

.0 for signs only

Several nodifications of the New
Hampshire Index are in use, Some
States use various other values for
Peas follows.

0.13 or 0.10
0.33, 0.20 or 0.60

Automatic gates
Flashing lights

Wigwags 0.67

Traffic signal
preemption 0.50

Crossbucks 1.00

66
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One State adds 1 to T, the aver-
age daily train traffic. Several
States use a hazard index that basi-
cally incorporates the New Hampshire
Index but alse includes other factors
such as:

Number of tracks
Surface condition
Hearby intersection
Functional class

of highway
Vertical alignment
Horizontal alignment

Train speed
Highway speed
Sight distance

Crossing angle
Crossing width
Type of tracks
Surface type

Population Number of hazardous

Number of buses material trucks

Number of Number of passengers
school buses Humber of accidents

w

= ~f +lhonan o o
& Ul LT e LiclZredl

om d ind
shown in Table 18,

3. NCHRP 50

The hazard index presented in
NCHRP Report 50 can be expressed as a
complex formula or reduced to z more
simple egquation of coefficients that

+tahlaag and

from a tables

WLEL T LL &L

graphs. The simple formula for cal-
culating the expected number of acci-
dents per year is shown in Figure 14.

forr
Iew

NCHRP 50 also provides formulae
for estimating the number of non-

train invelved accidents per year as
follows.
Automatic gates:
X = 0.00866 + 0.00036 (ADT), or
ADT
o [0.00866 + 0.00036 (DT)]
100

All other traffic control devices:

X = 0.00499 + 0.00036 (ADT), or
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6 25
5 IS 2.0 [
| e |
— // |1
.g 4 L - 1/
& ,// g5
z s g /
[ a—
) ( g 10
3 2 b=l
< 3
<
1 0.5
0 0
2 4 B 8 10 12 14 16 18 14 20 40 60 80 100 120 140
Highway Tratfic - Vehicles Per Day Railroad Traffic - Trains Per Day

1,000 .
{ ®) Figure 13b. Relation Between Railroad Traffic and

Figure 13a. Relation Between Highway Traffic and Accident Factor, T
Accident Factor, V&

Wigwag ...... ...
Wigwag and Bells..........
Flashing Lights ............
Flashing Lights and Bells . ..... The basic form of the equation for use
Wigwag and Flashing Lights with these curves is:

Wigwag, Flashing Lights and Bells . ........ 235
Watchman BHours ....................... 007 yé Tb

Watchman, 16 Hours ..., .. 1243 1.28 e + ¥
Watchman, 24 Hours ..., .. ] 2.52 pc

Gates, 24 Hours 1 2.56

Gates, Automatic 1270

EXAMPLE: Assume a crossing has an AADT

0 050 100 150 200 250 3.00 of 3,442 vehicles, an average train
Accident Factor - B¢ traffic of 22 trains per day, and is
equipped with wigwags. From Figure 13a,
Figure 13c. Relation Between Warning Device and the factor due to highway traffic of
Accident Factor, P° 3,442 vehicles per day is found to be
3.99. From Figure 13b, the factor due
7 to train traffic of 22 trains per day is
found to be 1.539, and from Figure 13c,
5 / the factor for wigwags is found to be
1.99. Substituting these factors into
/ the equation, it is found that the haz-
5 / ard index is egqual to:
4 / 3.9%
.99 x 1.59
¥ / 1.28 —mmmmm + K or, 4,08 + K.
o3 1.99
& /
E o 1 From Figure 13d, X is determined to be
+ 2.58 for a value of I; of 4.08 and,
/ with this value for the parameter, the
1 / expected number of accidents in 5 years
/] is 6.66.
o)
- —— _*“—"//

0" 05 10 15 20 25 30 35 40 45 5.0

Unbalanced Accident Factor - 1,

Figure 13d. Relation Between Unbalanced Accident
Factor and Additional Parameter, X

Figure 13. Curves for Peabody Dimmick Formula
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Table 18. Variations of New Hampshire Index

1: EI = (V) (2Tg) (T} —=——--— P
(V) (1) {Ag)
2: HI = —————- E——-Q-—
£
(TT + TTR + SD + AN + AL + L + G + V5D + W + LT)
3: HI = (V) (T) —-————————m————————— e
100
(Pr) (V§) (T) (TS) (NTR) SRP
4: pr - -(EE2_CVE) (D) (T8) (NTR) + (708, 32 4 1.2(8D); A = (V + —oon- ) (M)
160 1.2
5t HI = L1(B) (A (T)) + (AN)(NIR) (8) (.5L) + TS((FC x P) + (--—65§~) + 3B)
(Vve) (P (D)
(B HT = _____,__,_,_____E____f _______________
TR + TN + rf + HS + G + SD + AN
7: HI = (. 01) (V) ) + (.1) (HS) (TS) + (SD) (AN) (TR) (NTR) (AL} +
(A + 1) (RF) (LP)(P.) + (SB) (SBP) + (10) (HM)
SV (T}
8: HI = --———- 5
f
where
AS = Number of accidents in five years § = Factor for surface type
Aa = Number of accidents per year SB = Number of scheool buses
A = Accldent factor SBP = Number of school bus passengers
AE = Factor for highway alignment SD = Factor for sight distance
AN = Factor for approach angle T = Average number of trains per day
FC = Factor for functional class Tf = Number of fast trains
G = Factor for approach grades T = Number of slow trains
HT = Hazard Index 7 = Train factor
HM = Factor for hazardous materials T& = Factor for number of night trains
vehicles TR = Factor for number and type of tracks
HS = Factor for highway speed TS = Factor for train speeds
L = Factor for number of lanes TT = Factor for type of train movements
LI = Factor for local interference TTR = Factor for type of tracks
LP = Factor for lecal pricrity V = Annual average daily traffic
NTR = Factor for number of tracks Ve = Factor for annual average daily
PP = Factor for population traffic
P_ = Protection factor VSD = Factor for vertical sight distance
R; = Factor for rideability W = Factor for cyossing width
Source: Ref. 5
" ADT _ - ALT = Average daily traffic
————— l?-00499 + 0.0036 (ADTl] EA = Expected number of accidents
100 per year
where: Modifications of +the NCHRP 50
o hazard index exist. For example, one
X = Pro?ablllty cf coincidental State's formula is:
vehicle and _train arrival

scaled by 103
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xpected Accident Frequency = EXAMPLE
4 x B x Current Trains per Day ASSUME
Urban area
Crosasbucks
5000 vehicles per day
Vehicles 5 trains per day
Per Day
(10 yr. ADT) "A' Factor
EXPECTED ACCIDENT FREQUENCY
.000347
-000654 EAF = ,006516 x 3.06 x 5
-001377 EAF = 0.10
.002627 EAF = 1 accident every tem years
.003981
-005208
-006516 Accldent frequency is greater
- 007720 than 0.02. This would indicate
-009005 need for higher type device
.010278
-011435 Try flashing lights
.012674 B = 0.23
.015012
+017313 EAF = ,006516 x .23 x 5
.019549 EAF = 0.01
.021736
-023877 THEREFORE FLASHING LIGHTS
-029051 . ARE WARRANTED
.034757

'B' FACTOR COMPONENTS

('B" FACTOR BASTC VALUE ADJUSTMENTS)

BASIC VALUES FOR EXTSTING DEVICES
A Crossbucks, highway volume less than 500 per day 3.89
B Crossbucks, urban 3.06
C Crossbucks, rural 3.08
D Stop signs, highways volume less than 500 per day 4.51
E Stop signs 1.15
F Wigwags 0.61
G Flashing lights, urban 0.23
H Flashing lights, rural .93
1 Gates, urban .08
J Gates, rural 0;19

FTigure 14. NCHRP 50 Hazard Index
Source: Ref. 12
.NCHRP 50 ngard Index ‘0 distance from crossing to business
Site Evaluation + ACC/Yr or crossroad;

The Site Evaluaticn factor is based o crossing angle;

on the following:

] o distraction from +iraffic contrel
o most restrictive sight distance of devices; and,
all guadrants;

o people factor,
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Bach factor 18 rated from 1 ({best)
through & (worst) and the average of
the 5 factors 13 used Iin the formula.

4, U.S. DOT Accident Prediction Equa-

tions

The DOT accident prediction for-
mula combines two independent calcu-
lations to produce an accident pre-
diction value. The basic formula
provides an initial prediction of ac-
cldents on the basls of a crossing's
characteristics, slmilar to other
formulae such as the Peabody-Dimmick
formula and New Hampshire Index. The
second calculation utilizes the actu-
al accident history at a crossing
over a determined number of years to
produce an accident predietion value.
This = procedure assumes that future
accidents per year at a crossing will
be the same as the average historical
accldent rate over the time period
used in the calculation.

The basice accident prediction
formula can be expressed as a series
of factors that, when multipliled
together, yield an initial predicted
number of accidents per year at a
crossing. Bach factor in the formula
represents a characteristic of the
crossing described in the national
‘Inventory. The general expression of
the basic formula is shown below:

a=KxEI » MT x DT x HP x MS x
HT x HL

where:

a = Initial accident predietion,

accidents per year at the
erossing
K = Formula constant

EI = Factor for exposure index
based on product of highway
and train traffic

Factor for number of main
tracks

MT

Assessment of Crossing Safety and Operation

DT = Factor for number of thru
trains per day during day-
light

HP = Factor for highway paved (yes
or no)

MS = Factor for maximum timetable

-~ 3peed :

HT = Factor for highway type

HL = Factor for number of highway

lanes

Different sets of equations are
used for each of the three categories
of traffic control devices: passive,
flashing lights, and automatic gates,
as shown in Table 19.

The structure of the basic acei-
dent prediction formula makes it pos-
sible to construct tables of numeri-
cal values for each factor. To pre-
dict the acecidents at a particular
crossing whose characteristies are
known, the values of the factors are
found in the %table and multiplied
together. The factor values for the
three traffic control device cabtegor-
ies are found in Tables 20, 21, and
22, respectively.

The final acecldent prediction
formula can be expressed as follows:

To N
A= cmmnioee CY T G — (~==)
Tos+r T0+T T
where:
A = Final accident prediection,

accidents
crossing

a = Initial accident prediction
from basic formula, accidents
per year at the crossing

per year at the

N
~~= = Accident history prediction,
T accidents per year, where N

is the number  of observed
accidents in T years at the
crossing



Gerersl Form of Basic Accident Prediction Formula:
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Table 19. U.S. DOT Accident Prediction Equations for
Crossing Characteristic Factors

g =X x EI x M[ x DT x HP x MS x HT x HL

Assessment of Crosgsing Safety and Operation

CROSSING CRARACTERISTIC TACTORS
Exposurg Main Day Thru Highway Maximum Highway Highway
Formula Index Tracks Traine Paved Speed Type Lanes
Crosaing | Constant Factor Facter Factor Factor Factor Factor Factor
Catetory K £l MT T HP HT HT HL
o, 0.
Passive | 0.002268 | c.x t ¢ 0.2 0-33% Q020%4me | 4.8 Kzl.z 133 ¢0-6160(hp-1) [ 0.0077ms | _-0.1000(ht-1) 1.0
Flashime ~ - 0.29%3 _ . 0_0470
SemRRILE . cxr+0,2 7% . d+ 0,27 1.0 . 1.0 Q. -
Lights 0.003646 557 .D 1088at o‘zg 1.0 e 1380{h1-1)
0.3116
Gaten 0.001088 |cx ¢t + 0.2 o0 2912mt 1.0 1.0 1.0 1.0 £D-1036(h1-1)
o2
¢ = annual average number of highway wvehicles Highway Type Inventory ht
per day (total both directions) Rural Code Value
t = average total train movementa per day Interacate 01 1
Other principal arterial - 02 2
mt » number of main tracks Minor arterial 06 3
Major collector o7 4
d = average number of thru trains per day Minor collector 08 5
during daylight Local 09 6
hp = highway paved, ves = 1.0, no = 2.0 Urban
me = maximum timetable speed, mph
Interstate 11 1
ht = highway type facror value Other freecway and expressway 12 4
- Other principal arterial 14 a
hl = number of highway lanea Minor arterisl 16 4
Collector 17 5
Local 19 6
Source: Ref. 7
Table 20, U.S. DOT Accident Prediction Factor Values for
Crossings with Passive Warning Devices
P e s T T Highway + e et
Main Day Thru Highway Timerable TYDRy Highway
X e x e EI Tracks MT = Trains DT Paved HP Speed MS Code HY Lanes ML
0.002268 0' 1.00 0 1.00 0 1.30 1 (yes) 1.00 0 1.00 01&11 1,00 1 1,00
1- 5 2.22 1 1.23 1 1,27 2 {ap) 0,54 5 1.04 02812  0.90 2 1.00 |
6 - 10 3,30 2 1.52 2 1.38 10 1.08 06814 0,82 3 1,00 ;
it - 20 4,24 3 1.87 3 L.45 15 1.12 07816 0.74 4 l.OO'f
21 - 30 5.01 4 2.3 4 1,50 20 1.17 08R17 0,57 5 l.OGj
31 - 50 5.86 5 2,85 5 L.55 25 1,21 09519  0.61 (] 1.00:
51 - 80 6.59 6 3,51 b 1.58 30 1.26 7 1.00 .
a1 - 120 7.95 7 1.6 35 1.31 8 L.00
121 - 200 9.29 8 1,64 40 1.36 9 1,00
201 - 300 9 1.67 45 1,41
301 - 400 10 1,69 50 1,47 '
401 - 300 i1-20 1.78 55 1.53 .
sl - GO0 21.30  1,9% 50 1.59 .
601 - 700 31-40 65 1.65 :
701 - 1000 41-60 70 1.1 ’
1003 - 1300 75 1.78
1301 - 1600 Bo 1.85
1601 - 2000 83 1.92
2001 - 2500 90 2,00 !
2501 - 3000 :
3001 - 4000 General Form of Basic Aceident Prediction Formula: & = K x EY x MT x DT x HP x HT x HL
4001 - 6000 |
6001 - 800D “e® x "t = Number of highway vehicles per day, "e", i
8001 - 10000 multiplied by total train movements pec day, "t" H
10001 - 15003 EI = Exposure index factor !
15001 ~ 20000 MT w Main tracks factor :
0001 - 25000 DT « Day thru trains factor H
25001 - 30000 HP = Highway peved factor !
30001 - 40000 MS = Maximuym timetable speed factor
40001 - 50000 HT = Highway type factor
50001 - 40000 HL, » Highway lanes factor i
60001 - 70000 !
70001 - 90000
900¢1 - 110000 :Ll:as than one train per day
110001 - 130000 *See Table 1% for definition of highway type codes
130001 - 180000
180001 - Z30000
230001 - 300000
300001 - 370000
Source: Ref. 7
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Table 21, U,S5. DOT Accident Prediction Factor Values for
Crossings with Flashing Light Warning Devices

T Haximu Highway
Main Day Thru Highway Timetable Typg, Highway
K Mt g M EI Tracks MT Trains DT Paved HP Speed Ms Code HT Lanes HL
0.003646 a 1.00 [s3 1.00 4 1.00 1 (yes) 1.00 o 1.00 01&11 1.00 1 1.00
- 5 2,27 1 1.1t 1 1.09 2 (no) 1.0Q 5 1.00 02812 1.00 2 1.15
6 - 10 2.99 2 1,24 2 1.12 10 1.00 06&14  1.00 3 1,32
11 - 20 3.59 3 1.39 3 1,14 15 1.00 07816 k.00 [ 1,51
21 - 30 4,17 4 1.55 4 L.k5 20 1,00 0BEL7 1,00 3 1,74,
31 - 50 479 5 1.72 5 1.t7 25 1,00 09819 1,00 6 1.9%:
51 - 80 5.52 [ 1.92 6 L.i8 30 1.00 7 2.29
BL - 120 6,27 7 1.18 35 k.00 8 2.63
121 - 200 7,20 8 1.19 40 1.00 9 3.0z
201 - 300 8,22 9 1.20 45 E.00
301 - 400 9.07 16 1,20 50 1.00
401 - 500 9.77 11-20 1,23 55 1.00
sot - 600 10,37 21-30 1.2 60 1,00
801 ~ 700 10,89 31-40 1.28 653 1,00
701 ~ 1000 11.79 41-60 1.30 0 1,00
1001 - 1300 1Z2.89 75 1,00
1301 - 1600 13,80 80 1,00
1601 - 2000 14,71 85 1.00
2001 - 2500 15,72 90 .00 !
501 - 3000  16.67 .
3001 - 4000 17.91 General Form of Basic Accident Prediction Formuls: a = K x EI x MT x DT x HP x HT x HL
4001 - 6000 19.89 i
5001 - 8OO0 21,97 Mc™ x "t" = Number of highway vehicles per day, "c", ;
H 8001 - 10000 23,66 multiplied by total traln movements per day, "t™ )
i 10001 ~ 15000 26,08 EZI = Exposure index factor
! 15001 - 20000  28.80 M{ = Main tracks factor
20001 - 25000 31.02 DT = Day thru trains factor
25001 - 30000 32,91 HP = Highway paved factor :
30001 - 40000 35,34 MS = Maximum timetable speed factor i
- 40031 - 50000  3B.06 BT = Highway type factor i
50001 - 60000 40,39 HL = Highway lanes factor :
60001 - 70000 42.43
70001 - 90000 45,11 T
90001 - 110000 48,18 %ess than one train per day
110001 - 130000 50,85 ee Table 19 for definition of highway type codes
130001 - 180000 54,84 :
180061 - 230000 59.56 i
230001 -~ 300000 64.25
300001 ~ 370000 _ 68.86 I f

Source: Ref, 7

Table 22. U.S. DOT Accident Prediction Factor Values for
Crossings with Gate Warning Devices

’ ’ T Haxgmum T Higheay T
Main Day Thru Highway Timetable Tyep, Highway
K e ox " EI Tracks MT Trains DT Paved HP Speed MS Code i Lanes HL
*
0,001088 [ 1.00 o] 1.00 ¢ 1.00 1 (yes) 1.00 0 1.00 0l&ll1  1.00 1 1.00
| 5 2,37 1 1.34 1 1.00 2 (ne) 1.00 5 1.00 02812 1.00 2 L.LE
6 - 10 3.18 2 1.79 2 1.00 10 1,90 06&14  1.00 3 1,23
1 - 20 31.86 3 Z.40 3 1.00 13 1.00 07816 1.00 4 1.36.
21 - 30 4.51 4 3.21 4 1.00 20 1.00 08817 1.00 5 1.51;
3 - 50 5,22 5 4,29 5 1.00 25 1.00 0%&19  1.00 & 1.68
5t - 80 6.07 & 5.74 6 1.00 30 1.00 7 1,86
8L - 120 6,94 7 1.00 3s 1.0 8 2.07
12t - 200 8.03 8 1.00 40 1,00 9 2.29°
H 20! - 300 9.23 9 1,00 45 1,00 :
! 301 - 400 10.25 10 1,00 50 1,00
i 401 — 500 11.08 11-20  £.00 55 1.00
i 501 - 600 11.80 21-30 .00 60 1.08
i 601 - 700 12.43 31-40  1.00 65 1.00
i 701 - 1000 13.51 41-60  1.00 70 1.9
| 1001 - 1300 14,84 75 1.00
1 1301 - 1600 15,96 80 1.00
; 1601 - 2000 17,07 85 1.00
! 2001 - 2500 18,30 90 1.00
2501 - 3000 §9.48 :
3001 - 4000 21.00 General Form of Basic Accident Prediction Formula: a = K x EI x MT » DT x HP x HT x HL ;
4001 - 6000 23.46 !
6001 ~  BOOD 26,06 "c" x "t" = Number of highway vehicles per day, “c", t
8001 - 10000 28,18 multiplied by total train movements per day, "t* !
10007 - 15000  31.22 EI = Expoaure index factor !
5001 - 20000 34.67 ML = Main tracks factor |
20001 - 25000 37.49 DT = Day thru trains factor 1
: 25001 — 30000 39.91 HP = Highway paved factor !
H 30001 - 40000 43,03 ME = Maximum cimetable speed factor }
40001 - 50000 46.53 HT = Highway type factor ]
' 50001 - 60000 49.53 HL = Bighway lanes factor !
§0001 - 70000 52,18 i
l 70001 - 90000 55,67 . i
90001 - 110000 59.68 4488 than cne train per day i
110001 - 130000 63,16 See Table 19 for definition af highway type codes !
130001 - 180000 648.41 i
180001 - 230000 74,63 '
I 230001 - 300000 80,85

300001 - 370000 86,98

Source: Ref. 7
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TO = Formula weighting factor,
1.0
Tg = cmmem ——————
(0.05 + a)

Values for the f{inal acclident
prediction, A, for different values
of the initial prediction, a, and
different prior accident rates, N/T

are tabularized in Tables 23 to 27.
Each table represents results for a
specific number of years for which
accident nistory data are available.

If the number of years of accident
data iz a fraction, the final

data, T, a fraction, final
accident prediction, A, can be inter-
polated from the tables or determined
directly from the formula. The for-
mula provides the most accurate re-
sults d1f =all +the accident history
available is used; however, the ex-
tent of improvement is minimal if da-~
ta for more than five years are used.
Accident history information older

pauae of changes
~ B

Assegsment of Crossing Safety and Operation

than five years may
+ha

[P 8 1=1

be misleading be-
£ e}

ur Lo eross-

QA i A 1 Wi Lo

ing characteristics over tinme.
significant change has occurred to a
crossing during the most recent five
years, such as the installation of
signals, only the aceident data since
that change should be used.

Saliths

The U.S. DOT has also developed
a formula for predicting the severity
of a crossing accident. The proba-
bility of a fatal accident given an
accident, P(FAIA), is expressed as:

1
P(FAILA) = mmmmmmm e e ——————
1 +CF xMS x TT x TS x UR
where:
CF = Formula constant = 695
MS = Factor for maximum timetable

train speed

Table 23. U.S. DOT Final Accident Prediction from Initial Prediction

and Accident History (1

year of accident data (T = 1))

Initial Prediction Number of Accidents, M, in T Years
from Basic Model, a 1] 2 3 4 5
0.00 2,000 0.048  ©0.095  0.143 0.190 0.238
0.01 0.009 0.046  0.123  0.17% 0.236  ©.292
0.02 0.019 0.084 0,150  0.21% 0.280 0.346
0.03 0.028 9,102 0.176  0£.350 0,324 0,398
0.04 0.037 0.119  6.202 0,204 0.367 0,450
0.03 5.045 6.i34  0.2Z7 0,318 0,409 0.300
0.08 0.054 0.133  0.232  ©.351 0.450 ° 0.%%0
0.07 0.063 0.170 0.277  ©.324 0.491 0.%98
0.08 0.071 0.186 0,301 0,416 0.331 0,646
0.09 0.07¢ 0,202  0.325  0.4a7 0.570 0,691
0.10 0.087 0.217  0.348  0.478 0,609 0,739
0.70 0.160 0.380 0.560 0.740  0.960 1.140
0.30 0.222 0,481 0.741 1,000 1.25% 1,519
0.40 0.276 0.%84 0.897  1.207 1,517 1.828
0.50 0.323 0.477 1,032 1,387 1,742 2,097
0.40 0,384 0.758 10152 }.345 1.939 2.333
0.70 0.400 0.029 1.257 1.484 2.%14 2.3543
0.80 c.432 0.992 1,351 1.811 2.270 2.730
0.9%c ©. 862 0.940 1,436 1.923 2.410 2,897
1.00 o.488 1.000 1,242 2.02a 2.537 3.049
1.10 0.%12 1.047 1.%31  2.114 2,651 3.184
1.20 0.333 1.08% 1.644 2,200 2,754 3,318
1.30 ©0.553 - 1.i2@ 1,702 2.277 2,851 3,428
.40 0.571 1.163 1,753 2,347 2,93% 3.331
1.30 ¢.568 1,196 1.804¢ Z.4127 3,020 3,627
1.60 Q.604 1.228 1,849 2,472 3,094 3.717
1.76 0.418 1.25% 1,891 2.%27 3,144 3.800
1.80 0.832 1.281 1.930  2.%7¢ 3,228 3.877
1.96 0.644 1,305 1,988 2.627 3.286 3.949
2.00 0.458 1,328 2.000  2.472 3.344 4,018
2.10 0.467 1.349 2,032 2.714 31.397 4,079
2.20 0.677 1.389 2.062  2.7%4 3. 844 4,138
2.30 0.687 1.388 2,090 2,771 3. 493 4.194
2.40 0.694 1.406 2,816 2.874 3,538 4,044
2.50 0.704 1.423% 2,141 2.8%9 3.577 4.2%96
Source: BRef. 7
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Table 24, U.S. DOT Final Accident Prediction from Initial Prediction

Assessment of Crossing Safety and Operation

and Accident History (2 years of accident data (T = 2))

Initial Prediction Number of Accidents, N, in T Years
from Basic Model, a 0 2 3 4 5 ] 7 8
0.00 9.000 0,045 0.091 0,138 ¢, 182 0.227 0.273 0.318 0.364
¢.01 Q.00% 0.063 116 0.170 o0.223 ©.277 0.330 0.184 G. 4308
0.02 0.018 0.07% 0,140 0.202 0,243 9.323 0.386 G447 0.509
0.03 0.024 0.093 ©.144 0,233 o.302 0.371 0.440 o.509 0.578
0,04 0.034 0.110 ¢. 184 0.263 0,339 Q. 413 9.492 0,558 0,444
0.08 0.042 0.12% 0,208 0.292 0.37% 0.4%8  0.%42 0.82% 0,708
.08 0.049 0.139 0,230 0.320 0.410 0.500  0.390 0.880 0,720
.07 0.0348 0.1%3 0.230 0.347 0.444 0.%40 ¢.837 0.734 ¢.831
0.08 0.043 0.147 0,270 0.373 0.474 0.579 0.683 0.78s ¢.8a9
0.0% 0.070 0,180 ¢.209 0.398 0.508 0.417 0.727 ©.834 ¢.943
¢.10 ©.077 6.192 . 308 0.423 0.338 0.4%4 0.789 0.885 1.000
0,20 0.133 0.300 0.487 0.433 0.800 0,947 1.133 1.300 1.467
.30 0. 174 0,382 0.%588 0.7%4 1.000 1.206 1.412 1,410 1.824
¢, 40 0. 711 0,447 0.688 0.921 1.158 1.393 1.432 1.860 2.10%
o.30 ©.238 ©.300 9.742 1.024 1.288 1.548 1.0810 2.071 2,333
©.40 C.241 0.343 0.828 1,109 1.391 1.474 1.9%7 2,239 2.322
0.70 0,280 ©,380 0.880 1,180 1,480 1.780 2.080 2.380 2.480
0.80 0.2%6 0.811 ¢, 924 1,241 1.%%48 1.870 2,185 2,500 2.913
0.9¢ ¢.310 ©.438 0.768 1.293 1,621 1.%48 2.276 2,603 2.931
1.00 0.323 o861 1.000 1.339 1.677 2.014 2.355 2.4%4 3.032
1.10 0.333 0,682 1,030 1.379 1,727 2.074 2.424 2,773 3.121
1.20 0.343 e.700 1,057 1,414 1,271 2.129 2,484 z2.843 3.200
1.30 0,331 0.714 1.081 1.448 1.8114 2.178 2.54% 2.90% 3.270
1,40 9.35¢9 ©.731 1,103 1,474 1.844 2.218 2.390 2.942 3.332
1.50 0.348 C.744 1.122 1.500 1.878 2.254 2434 3.002 3.390
1.60 0.372 0.756 1.140 t.52 1.907 2.291 2.474 3.0%08 342
1.70 0.378 0,747 1.1%4 1,544 1.933 2.322 2.711 3.100 3,489
1.80 0.383 0.777 1,170 1,564 1.957 2.331 2,743 3.138 3.532
1.90 0.388 0.786 1.184 1.382 1.980 2.378 2.774 3.173 3.371
2.00 0.392 ©.794 1.194 1,554 2.000 2.402 2.004 3.206 3.608
Z2.10 0.394 ©.0802 1.208 1,513 2.019 2.42% 2.930 3.234 3.642
2,20 0.400 0.90% 1,218 1,627 2.036 2,445 2.85% 3.264 3.673
2.30 0.404 0.814 1,228 1,640 2,033 2,445 2.877 3,289 3.702
2,40 0.407 0.822 1.2357 1.4%3 2.068 2.483 2.9%8 3.314 3.729
z,30 0. 410 9.828 1.244 1.664 2.082 2.500 2.918 3.33 3.734
Source: Ref., 7
Table 25. U.S. DOT Final Accident Prediction from Initial Prediction

and Accident History {3 years of accident data (T =

3))

Initial Prediction Number of Accidents, N, in T Years
from Basic Model, a 0 1 2 3 4 5 6 7 2 9 10 11 42
0,00 0.000 0.043 0,087 - 0.130 0.174 0.247 0.281 0.304 G.348 ©.391 0.433 0.478 0.322
Q.01 o.008 0.039 0.110 [-FR Y%} 0.212 Q.243 O0.314 Q.36 D.415 O.488 0.587 ¢.548 0.41%9
.02 0.017 D.074 0.1X2 C.190 0.248 0.306 0.3584 C.421 O.47%9 0.332 ©0.393 0.633 0.711
.03 ©0.024 0,089 ©.133 0.218 0.282 0,347 a. 411 C.474 0.5a0 0.40% 0,459 0.734 0.7v8
0.04 €.031 0.102 0.17) ¢.244 0,315 0,384 0. a%7 0.328 <.590 C. 589 0.7490 O.811 0.882
©.05 0.0380 ©.1135 0.192 0.249 0.344 0,423 0. 500 ©.577 0,634 Q.73 &.008 0.863 Q%42
G.06 ¢.048 0.128 0.211 04.293 0.37¢ 0, 439 0.54% C.424 0.707 &.789 ¢.072 0.95% 1.038
0.07 0.051 0.140 0.228 ¢.J31& 0.4a04 0. 4%) 0.581% 0. 849 0.737 0.B44 e.%34 1.022 1.1t0
0.08 0.058 0.1%1 0.243  0.338 0.432 0,525 O0.4t9 0.712 0,806 0.899 0,993 1.086 1.180
c.09 0.0a3 0.142 0,261 0.35% O0.458 0.%36 0.435 0,734  0.0%2 0.951 1.04%  1.1468 1.246
.10 Q.069 0.172 0.274 0.379 0,483 0.584 ¢.690 G.792 €.59 1,000 4.103 1,207 1.310
Q.20 0.114 0.237 0.400 0.343 O.484 ©0.829 0.971 1.112 1.2%2 1,409 1.943 1.484 1.82%9
©.30 O.14é 0.317 0,488 0.83% 0,029 1.000 1,171 1.341 1.512 1,483 1.854 2,024 2.19%
G.40 Q.170 0,342 0.553 9.74% 0,934 1.128B 1,319 $.51% 1.702 1.894 2.083 2277 2.468
Q.50 0.18% 0.394 0.404 0.@11 1.01%9 1.224 1,434 1.542 1.849 z.0%7 2.244 2.472 2.4679
0.40 0.203 O0.424 0,444 0.8464 1.083 1.303 1,523 1.744 1:964 2.1846 2:.407 2,827 2:847
0.76 0,213 0.446 0,477 0.90B 1.138 1.38% 1,400 1.831 2,042 2.292 2,523  2.754 2.985
0. 80 0.223 0.443 Q.704 Q.F44 1.103 1.223 1,842 1.901 2.141 2,380 2.4620 2.b5% J.099
G.90 0,234 0D.481 0.727 0.974 1.221 1.448 1.714 1.941 2.208 2,453 2,701 2.948 3.19%
1.00 0.241 0.494 0,747 1.000 1.253 1.30& 1.7499 2.012 2,265 2,318 2.771 3.024 3.277
1.10 0.247 0.504 0,744 1.022 1.2081 1.33% 1.798 2.056 2,313 2,373 2,83} 3.0v0 3,348
1,29 0.253 0,584 0,779 1.042 1.30% 1.3&88 1.832 2,095  2.3%8  2.621 2.864 3.147 3.411
1,30 0.357 0.323 Q.792 1.035%9 1.327 1.%94 1,841 2.529 2.394 241663 2,931 3.1908 J.44%
1.40 0.262 0,33F 0.004 1,075 1.346 1.617 1.888 2,139 2.430 2.701 2.972 3.243 3.314
1.50 0.263 0.5%40 0.G1L4 1,088 1,363 1,437 1.912 2.184 2,460 2.735 3,009 I1.203 3.338
1.40 0.26% 0.346 0.824 1.101 1,378 1.435 1,933 2.210 2,487 2,743 3.042 3.9 3.597
1.70 ©.272 0.552 0.832 1.112 1.392 1.672 1.932 2.232 2.312 2.792 3.072 3.352 Z.432
1.80 0,273 0.357 0,840 1,122 1,405 | 1.4B7 1.749 42352 2.%34 2,817 3,009 3.382 J.484
1.%0 0.277 0.%42 0.6a7 1.131 1,418 1.701 1.98% 2,270 2.953 2.839 3.124 3.aH9 31.473
2.00 ©.280 0.%a& 0.833 1.140 1,427 1.713 2.000 2.287 2.%73 2,840 F.147 J3.434 3. 720
2.10 0.282 0.570 0.BL¢ 1.148 1,438 1.22% 2.013 2.302 2.391 2.879 3.148 J.a348 3.743
2,20 0.284 0.574 0.043 1.1353 1,445 1.733 2,024 2.314 2.4608 2.897 3.187 3:.477 3.74B
2.30 0.286 0.378 0.870 1.181 14453 1,745 2.037 2,32% 2.621 2.913 3,205 3.4%7 3.7a9
2,40 0.247 0.3%81 0.B74 1,148 1,441 1.7%54 2.040 2.341 2.433 2.928 3.222 3.513 3.808
2.50 0,289 0.584 0.87% 1.173 1.448 1.763 T.0%8 2.353 2.647 2.942 3.237 3.532 3,827
Source: Ref. 7
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Table 26. U.S. DOT Final Accident Prediction from Initial Prediction
and Accident History (4 years of accident data (T = 4))

Initial Prediction Number of Accidents, N, in T Years

from Basic Model,a_ ;| ¢ 1 2 3 4 5 [ 7 8 ] 10 13 12 13 14
8.60 0.000 0.042 0.003 0.12% 0.147 0,208 0.250 0.292 0.33F 0.37% 0.417 0.430 0.500 2.542 o.383
0.01 0.008 0.0%4 0.105 0.1%3 0.202 0.2%0 0.298 0.347 0.395 Q.444 0.2892 0.340 0.%89 0.437 D,aB3
2.02 0.014 0,070 0.123 0,180 0,234 0.289 0.34a 0.398 0.433 0,308 0.363 0.417  0.672 0.727 o.701
9.01 0.025 0.083 0.144 0.203 0.245 0.326 0.306 0.447 0.308 0.%48 0.529 0.887 0.750 0.911 0.87)
O.04 0.02¢ 0.004 0.182 0.226 0.294 0.340 0.426 0.493 0.359 0.423 0.4%1 0.757 0.824 0.890 §,9%4
.09 0.034 0.107 O.17% 0.2%0 0.321 0.)93 0.44a 0.334 0.407 0.47% 0.7%0 0.821 0.893 C. 744 1,038
.04 0.042 C.118 0.194 0.271 0.347 0.424 0.%00 0.574& 0.453 0.729 ©.80a 0.882  0.958  1.035 1,111,
6.07 0.047 0,124 0.209 0.2%1 0.%72 0-.433 0.534 0.41% 0.6%8 0.777 0©.838 0.93% 1.020 1.161 1,182
o.08 0,053 0.138 0.224 0.309 0.393 0.480 0.%48 O©.431 0.737 ©.822 0.908 0.99% 1.07% 1l.144 1.02%y
o.0f 0.058 0.147 0.237 0,327 0.417 0,304 0.3%6 0.406 0.774 0.B45 0,953 1.04% 1.13%  1.224  1.3314
0.10 0,062 0.138 0.250 0,344 0.430 0.531 0.42% O0.7i% 0.812 0.904 1.000 1,094 1.1189 1.281  1.37%
0.20 ¢.100 0.22% 0.773 0.8%0 O.¥75 1.100 1.22% 1.3% 1.479% 1.400 1,725 1,8%0
©.30 0,123 0.271 0054 1.000 1.148 1.292 1,437 1.383  1.729 1,873 2.021 2.147
©.40 0.143 ©.304 0.P48 1,107 1.2480 1.429 1.3B%Y 1.730 1.91% 2,071 2.232 2,393
.50 0.1% 0.32¢ 1.33% 1.3 1.703 1.87% 2.047 2,219 2,391 2.%83
0.40 0.147 0.347 31.04% 1,280 .88 (.611 1.792 1.977 2.153 2,333 2.314 2,494
¢.70 9.175 0.343 L1.113  1.300 1.489 1.473 1,863 2.0%0 2.238 2.42 2.813 2,800
.80 0.182 0.37% R.148 1,34t 1.53% 1.727 31,920 2.t1a4 2.307 2.300 Z.493 2.804
0.%0 0.188 0,383 1.177 1,375 1.373 1,771 i.%ev 2.147 2.3a% 2.563 2.760 2.9%3
1.00 0.192 0,394 1.202 1,404 1.406 1.808 2,010 2.212 2.413 2,615 2.817 3.019
1.10 0.1% &.402 1.223 1.42¢ 1.634 1,839 2.043 2.290 2I.45% 2,661 2.086 .07
1.20 0,200 0.408 1.242 1,436 $.658 1,847 2,073 2,283 2.492 2.7060  2.%08 3,117
1.30 0.203 0.414 1.2358 1.469 1.480 1.891 2,102 2.313 2,523 2.734  2.945 3.156
1.40 0.204 0.419 1.272 1.4B% 1.499 1.912 2.12% 2.339 2.551 2.743  2.978 3.191
1.50 0.208 0.424 1.285  1.560 1.713 1.931 2.148 2.386% 2Z.3%6 2.792  3.097 3.222
1.80 0.211 9.428 1.294 1.3513 1.730 1.v47 2.144 2,382 2.%9¢ 2.816 3,033 1,750
1.70 0.213 0.43% 1,304 1.525 1.744 1.982 2.181 2.400 2,419 2-837  X.0% 3.27%
t.90 0.214 9.433 .31 1.334 1.734 1.9Y6 2.194 2,417 2,437 2.857 3,077 3,29g
1.90 Q.214 0.437 1.324  1.545  1.747 1.98% 2,210 2.432 2,633 2.87% 3,097 3,3:P
2.00 0.217 0.440 1.332 1,554 1.777 2.000 2,223 Z.448 2.668 2.891  3.114 3,337
2.10 0.21% 0.443 1.339 1,542 1.784 2.010 2,234 2.a4%8 32,5482 2.904 3,130 1,354
2.20 0.220 0.445 0.470 0.893 1,120 1,343 1.370 1.7935 2,020 2,283 2.470 2.49% 2.92 3.145  3.370
2.30 ©.221 0,447 0.473 0.899 1.125 1.351 1,577 1.803 2.029 2,248  2.481 2.74% 2.933  3.15% 3.39%
2.40 0,227 0.44Y 0.474 0,903 1.130 1.356 1,583 1.810 2.037 2,264 2.491 2,718 2.944  3.171 3,398
2.%0 ©.223 0.431 0.477 0.908 1.134 1,342 1.38% 1.817 2.045 2.272 2.%00 2.778 2.95%  3.183 3.4

Source: Ref. 7

Table 27, U.S., DOT Final Accident Prediction from Initial Prediction
and Accident History (5 years of accident data (T = 50

initial Prediction Number of Accidents, N, in T Years
from BLM_IH_OdeI, a 4 1 2 3 4 5 [] 7 8 9 i0 11 12 13_ 14
0.00 0.000 0,040 0.08¢ 0.120 0,140 0.200 0.240 0,280 0.320 0.340 0.400 0.440  0.480 0.520  0.540
c.0¢ 0.008 0.054 0,100 0.146 0.19 0.239 0.28% 0.331 0.377 0.423 0.44% C.515  o.ma> 0.400 ©.4%4
Q.02 0.01% 0.067 6.11% 0.170 .222 0.274 0.326 0,378 0.430 0.481 0©.533  0.303 0.437 0.68% 0,74t
9.03 9-971 0.079 0.136 0.193 0.230 0.307 0.364 0,421 0.479 0.536 O0.593  0.450 o.ro7 0.744 0.821
.04 0.028 0.070 0.t52 0.214 0.274 0.338 0.400 0,442 0.374 0.584 O0.448  0.710 .77+ 0.B34  0.997
0.05 0.033 0.100 0.147 0.233 0.300 0.147 ©.433 0,300 0.%47 0.833 0.700 0©0.747 o.a3d 0.900 0,947
0.0 0-039 0.110 0.181 0.232 0,323 0,394 0.465 0.533 0.406 0.4677 0.748 0.81% ¢.090 0.981 3.032
0.07 0.044 0,117 0.194 0.26% 0.344 0.419 C.4P4 0,549 0.644 0,719 0.794 0.36Y 9,744 1.619 1,094
.08 0.04B 0,127 0.204 0.28% 0.344 0.442 0.521 (.400 O0.47% 0.738 0.83& 0.91%  0.9%a 1.073  1.152
©.09 ©:933 ©.13% 0.210 0.300 0.332 0,445 0-347 0,529 0.712 0.794 0.876  C.9%%  1.gap .12 1.206
¢.10 0.057 0.14% 0,229 0.314 0,400 0.4B4 0.571 ©.437 0.743 0.02% 0.9i4  1.000 1.086 1.171 1,237
0.2 0.089 0.200 0.311 0.422 0,331 0,444 0.754 0,847 0.970 1.089 1.200  1.311 1.4922 1,333 1,444
9.30 0.10% 0.234 0.3s4 0.491 0.418 0.745 0.873 1,000 1.127 1.755 1.382  1.509 1.634 1.784 3.8%3
0. 40 0.123 0,247 0,400 0.338 0.477 0,815 0.954 1,092 1.231 1.389 1.508  1.846 1.785  1.923 2,082
0.50 0.133 0.2806 0.427 0.373  0.720 0.847 1.013 1,140 1.307 1.453 1.400  1.747 1.893 2.040 2,187
0.80 0.141 0,294 0.447 0.400 0.753 0,908 1.0%% 31,212 1.385 1.518 1.471 1.024  j.974 2129 2.282
0.20 0.147 0.30% 0.463 0.621  0.779 0,937 1.095 1,253 1.411 31.348 1.726  1.084 2.042  2.200 2.3%8
€.80 0.132 0.314 0,478 0.438 0.000 0.962 1,424 1.204 1.448 1,810 $.771 1,233 2,093 2,257 2,419
¢.90 0.157 0,322 0.487 0.632 0.817 0.983 1.148 31,313 1.478 1.443 1.009%  1.974 2.13%  2.304 2.a70
1.00 0.180 0.328 0.496 0.444 0.830 1.000 1.148 1,338 1.504 1.472 1.840  2.008 2174 2.344 2,582
1.10 0.143 0.333 0.504 0,474 ©0.844 1.015 1.165 1.356 1.3 1.494 1.367 2.037 2,207  2.378 .54
1.2 0.146 0.338 0.510 0.483 0,853 1.078 1.700 1,372 1.345 1.717 1.@90 2,042 2.234 2,407 2,377
1.30 0.148 0.342 0,514 0.490 0.86%5 1.03% 1.213 1,387 1.541 1.733 1.910  2.084 2.258  2.437  2.408
1.40 0170 0,345 0,321 0.497 ©0.873 1,048 1.274 1.400 1.376 1.732 1.927 2.103 z.a27¢ 2,435 2,830
1.50 0.171 0.34% 0.528 0.7061  0.880 1,057 1.234 1,411 §,509 1.766 1.943 2.170 3.097 2.47¢ 2,471
1.0 0.173 0.351 0.530 0.708 0.884 1.065 1.263 1.472 1.400 31.778 1.9%7 2.13% 2.314 2,492 2,470
1.70 0.174 0,334 0.535 0.713  0.893 1,072 1.351 1,431 1.810 1.790 1.94%  2.14¥ 2.328  2.508 2.487
1.80 0.176 0.3%56 0.53¥ 0,717 0.0%8 1.078 1.2%9 1.43% 1.430 1.800 1.980  2.181 2,341 2.823  2.702
5.90 0.177 ©0.358 0.540 0.721 0.902 1,084 1-265 1,447 1.478 1.809 1.991  2.172 2.383 2,535 2,716
2,00 ¢.178 0,350 0,742 0.724  0.907 1,089 1.271 1,453 1.816 1.618 2.000 2.187 2.3sa 2.547 2,729
2.10 Q.179 0.342 0,545 0.72 O.¥11  1.094 1.277 1.460 1.643 1.826 2,009 2,191 2,374 2.557 2.740
2.20 0.180 0.363 0,547 0.731 ©.914 1.098 1,202 1.46%5 1.449 1.833 2.01a 2.200  2.384 D.%47 2,758
2.30 0.180 0.345 0.549 Q.733  0.91@ 1.102 1.204 1,471 1.43%5 1.@3% 2.024  2.208 2.392  2.978  2.7a8
2.40 0,181 0.344 0.5%1 0.734 0.92) 1,106 2.291 1.473 1.440 1.045 2.030  2.01% 2.400 2,435 2,770
2.%0 04182 0.367 0.%533 0.730 0,924 1.109% 1.295 1.800 $.645 1.851 2.034 2.222 2.407 2.593 2.7

Source:; Ref. 7
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TT = Factor for thru trains per

day
- TS = Factor for switch trains per
day
UR = Factor for urban or rural
crossing

The probability of an injury accident
glven an accident 1is:

_ 1 ~ P(FAJA)
P(IAJA) = —mmmmcccr—mwee e — e
(1 + CI x MS x TK x UR)
where:
P(FAJA) = Probability of a fatal ac-

ecident, given an accident
CI = Formula constant = 4.280

MS = Factor for maximum timeta-
ble train speed

TK = Factor for number of tracks

UR = Factor for urban or rural

crossing

Table 28. Equations for Crossing
Characteristic Factors for U.S. DOT
Fatal Accident Probability Formula

Fatal Accident Probability Formula:
1

P(FA|A) =
(1 +CF x M5 x TT x TS x UR)

Crossing Characteristic Equation for Crossing

Factor Characteristic Factor
Formula constant CF = 695
Maximum timetable .
1.074
train speed factor MS = ms
Thru trains per day -0.1025
factor TT = (tt + 1)
Switch train per day 0.1025
factor TS = (tt + 1)
Urban — Rural crossing 0. 1880ur
factor UR = e

maximum timetable train speed, mph
number of thru trains per day
number of switch trains per day

1, urban crossing

Q, rural crossing

where: ms

ts
ur

o ononn

Source: BRef. 3
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The equations for calculating
values of the factors are listed 1in
Table 28 for the fatal accident prob-
ability formula and Table 29 for the
injury accident probability formula.
To simplify use of the formulae, the
values of the factors have been tabu-
lated for typical values of crossing
characteristics and given in Tables
30 and 31 for the fatal accident and
injury accident probability formulae,
respectively.

5. Florida
Model

DOT Accident Prediction

The Florida State University de-~
veloped an accident prediction model
for the Florida Department of Trans-
portation. The model was developed
using stepwise regression analysis,
transformation of data, dummy varia-
bles, and transformation of the aceci-
dent prediction model to its original
scale. The resulting model is as
follows.

Table 29. Equations for Crossing
Characteristic Factors for U.S. DOT
Injury Accident Probability Formula

Injury Accident Probability Formula:

1 - P(Fala)

PIAlA) =
(1 +€CI x MS x TK x UR)

Equation for Crossing
Characteristic Factor

Crossing Characteristic
Factor

Fatal accident P{FA|A) - See Table 28
probability
Formula constant

Maximum timetable train

Cl = 4,280

speed factor MS = ma_?iggii
Number of tracks factor TK = e°
Urban - Rural crossing

factor UR = 90.1844ur

maximum timetable train speed, mph
rotal number of tracks at crossing
1, urban crossing
0, rural crossing

where: ms
tk
ur

i

Source: Ref. 3
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Table 30. Factor Values for U.S. DOT Table 31. Factor Values for U.S. DOT
Fatal Accident Probability Formula Injury Accident Probability Formula

Fatal Accident Probability Formula: Injury Accident Probability Formula:

1 1 - P(FAjA)

P(FA|A) = . P(1414) =
{1 +CF x M5 x TT x TS x UR) (1 +CIxMSx T x UR)
where: CF = 695.0, formula constant
UR = 1.207, urban crossing where: P(FA|A) = Fatal accident probability,
= 1.000, rural crossing, and See Tables 28 and 30
CI = 4,280, formul t
Maximum Thru Switch UR = 1,202 n?:TE f,ffffngnt
Timetable Trains Trains 000, rural crosein
= 1.000, 1 .
Train Speed _MS  Per Day _TT  Per Day _ TS rural crossing, and
1 1.000 0 1.000 ¢ 1.000 Maximum Total
5 0.178 1 0,931 1 1.074 -
Timetable Number
10 Q.84 2 0.894 2 L.119 Train Speed __MS Of_Tracks __TK
15 0.055 3 0,868 3 1.152 =
20 0.040 4 0.848 4 1,179 :
25 0,032 5  0.832 5 1.202 é 3'22? ? i’?gg
30 0.026 &  0.819 6 2.221 : i
10 0,584 2 1,265
40 0.019 7 0.808 7 1.238
15 0.531 3 1,423
50 0,015 9 0,790 9 1.266 20 0.497 5 1.800
60 0.0iz2 10 0.782 10 1.279 5 : .
70 0.010 20 6.732 20 1,366 25 0.472 6 2-025
30 0.452 7 2.278
80 0.009 30 0.703 30 1.422 20 0.473 8 3.562
30 0.008 40 0,683 40 1,464 50 0. 401 9 5 882
100 0,007 50  0.668 50 1,497 50 0.385 10 3941
70 0.371 15 5,836
80 0.360 20 10.507
90 0.350
Source: Ref., 3 100 0.341
Source: Ref. 3
1.tp=:—8ﬁ75+ .318 1nS_ + 48B4 InT + .437 lnA + MASD = Actual minimum stopping sight
MASD 5o distance along highway
. W28 - 28 0% M .
B In¥, 4 (.28 - 2B pegp )t MCSD = Clear sight distance (ability
(.33 - 1.23 52 )" + .15 (no crossbucks) to see approaching train
aleng the highway, recorded
la. y = exp (968t + 1.109) / 4 for the four quadrants estab-
‘ lished by the intersection of
2. t, = -8.075 + .318 InS_ + .166 1nT + .293 InA + the railroad tracks and road)
MASD
2387 1nV_ + (.28 = .28 goem ) + RSSD = Required stopping sight dis-
Ak
225 (L - ™ _ 233 (gates) s tance on wet pavement
t = Maximum speed of train
2a, y = exp (.938t_ + 1,109) / 4 T = Yearly average of the number
of trains per day
t_ = ln of predicted number of ac-
where: a idents in four year period at
erossings with active traffic
A = Vehlecles per day or annual control devices
average dally traffic tp = 1n of predicted number of ac-
L = Number of lanes idents in four year period at
In = Logarithm to the base e
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crossing with passive traffic

contronl davices

CRLRILGI VL LoV IiLDs

Vy = Posted vehicle speed 1limit
unless geometrics dictate a
lower speed

v = Predicted number of accidents
per year at crossing
Notes: *#This  variable omitted 1if
crossing is flagged or the
calculation is less than
ZEero.
¥*This  variable omitted if
sight restriction 1ieg  due to
paraliel road.
¥¥%This wvariable omitted when
gates are present.
The predicted number of acci-

dents per year, ¥y, 1s adjusted for
accident history as follows:

=y VE/ () (®)
where:
¥ = Accident prediction adjusted
for accident history
¥ = Accident prediction based cn
the regression model
E = Number of accidents for six-
year history or since year of
last improvement
P = Number of years of the acci-
dent history period
A simple method of rating each
crossing from zero to 90 was derived

hased mn+hpmn+10911v on the accident

predictiion. This method entitled
Safety (Hazard) Index, is used to
rank each ocreossing. A Safety Index
of 70 is considered safe (no further
improvement necesgary). A&  Bafety
Index of 60, or one accident every
nine years, would be considered mar-
ginal. The Safety Index is .calcu-
lated as follows:

=X (1 - VT )
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where:
R = Bafety Index
Y = Adjusted accident prediction
value
X = 90 when less than ten school
buses per day traverse the
crossing
= 85 when ten or more school
buses  per day and active
traffic control devices exist
without gates
= 80 when ten or more school
buses per day and passive
traffic control devices exist
In general, those crossings that

rank highest con the hazard index are

selected to be investigated in the
field by a diagnostic team as dis-
cussgsed in the next section. Other

crossings may be selected for a field
investigation because they are uti-
lized by buses, passenger trains, and
vehicles +transporting hazardous ma-
terials. The FHPM reguires that the
potential danger to large numbers of
people at crossings used on a regular
basis by passenger itrains, school
buses, transit buses, pedestrians,
bicyelists, or by trains and/or motor
vehicles carrying hazardcus materials
be one of the consideraticns in
establishing a priority schedule.
Some States incorporate these consid-
eraticns into a hazard index; thus
providing an objective means of as-

sessing the potential danger to large
nunmbhers of honn?o

uuuuuuuuuu LMLl

Some States, however, consider
these factors subjectively when se-
lecting the dimprovement rrojects
among the crossings ranked highest by
the hazard index. Other States uti-
lize a point system so that crossings
high on the hazard index receive a
gpecified number of points,; as do
croggings with a specified number of
buses, passenger trains, and vehicles
transporting hazardous materials.
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Other States wutilize the systems
approach, considering all crossings
within a specified system, e.g., all
crossings along a ©passenger train
corridor.

Crossings may also be selected
for field investigation as a result
of requests or complaints from the
public. State district offices,
local governmental agencies, other
State agencies, and railroads may al-
so request that a crossing be dinves-
tigated for improvement. A change in
highway or railroad operations over a
crossing may Justify the considera-
tion of that crossing for improve-
ment. Tor example, a new residential
or commercial development may sub-
stantially increase +the volume of
highway traffic over a crossing such
that its hazard index would greatly
increase.

C. Engineering Study

Fngineering studies should be
conducted of those railroad-highway
grade crossings that have been selec-
ted from the priority schedule. The
purpose of these studies is to:

o review the crossing and its envi-

ronment;

o identify the nature of the prob-
lem; and,

o recommend alternative improve~

mentsg.

An engineering study consists of
a review of the site characieristics,
the existing traffic control system,
and the highway and railroad opera-
tional characteristics. Based on a
review of these conditions an assess-
ment of existing and potential haz-
ards can be made. If safety defi-
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ciencies are identified, countermeas-
ures can be recommended.

1. Diagnostic Study Team Method

The procedure recommended in the
origiral Handbook, adopted ir FHWA's
Highway Safety Engineering Studies

Procedural Guide, and also adopted in

concept by several States, i1is the
diagnrestic study team. This term is
used to describe a simple survey pro-
cedure, utilizing experienced indi-
viduals from variocus agencles and
diseiplines. The procedure involves
the diagnostic team's evaluation of
the cressing as to its deficiencies
angd judgmental consensus as to the
recomnended improvements. The details
of the procedure are discussed below.

The primery factors to be consi-
dered in the assignment of people to
the diagnostic team are first, that
the team 1is  interdisciplinary in
nature, and second, that it is repre-
sentative of all groups having re-
spongibility for the safe operation
of crossings so that each of the
vital factors relating to the opera-
tional eand physical characteristics
of the crossing may be properly iden-
tified. Individuval team members are
selected on the basis of their =ape-
cific expertise and experience. The
overall structure of +the team 1is
built upon three desired areas of re-
sponsibility: 1) local responsibili-
ty; 2) administrative responsibility;
and, 3) advisory capability.

For the purpose of the diagnos-
tic team, the operational and physi-
cal characteristics of crossings may
be classified into three areas: 1)
traffic operations; 2) traffic con-
trol devices; and, 3) administra-
tion. Fach of these arsas should be
represenied by one or more of the
diagnostic team members as discussed
below.
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Traffic Operations. This area
includes both vehicular and train
traffic operation. The responsibili-
ties of highway traffic engineers and
railroad operating personnel chosen
for team membership include, among
other criteria, specific knowledge of
highway and railroad safety, types of
vehicles and trains, and their vol-
umes and speeds.

Control Devices. Highway main-
tenance engineers, 3ignal control
engineers, and railroad signal engi-
neers provide the best source for
expertige in this area. BResponsibil-
ities of these team members include
knowledge of active traffic control
systems, interconnection with adja-
cent signalized highway intersec-
tions, traffic control devices for
vehicle operations in general and at
crossings, and crossing signs and
pavenment markings.

Administration. It 1s necessary
to recognize that many of the prob-
lens relating to crossing safety
involve the apportionment of adminis-
trative and financial responsibility.
This should be reflected in the mem-
pership of the diagnostic team. The
primary responsibility of these rep-
resentatives is to advise the team of
specific policy and administrative
rules applicable to modification of
crossing traffic control devices.

To ensure appropriate represen-
tation on the diagnostic team, it is
suggested that a team be comprised of
at least a traffic engineer with
safety experience and a railrocad sig-
nal engineer. Following are other
disciplines that might be represented
on the diagnostic team.

Railroad administrative official
Highway administrative official
Human factors engineer

Law enforcement officer

o0 0C
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o Regulatory agency official
o Railroad operating offieial

The diagnostic team should study
all available data and inspect the
¢rossing and 1its surrounding area
with the objective of determining the

conditions that affect safety and
traffic operations. In conducting
the study, a questionnaire is recom-

mended to provide a structured ac-
count of the crossing characteristics
and their effect on safetly.

Figure 15 shows a
tionnaire that could be altered to
reflect 1individual agencies' needs.
As an example, one State's question-
naire 1is shown in Appendix D. The
questionnaire shown in Figure 15 is
divided into four sections: 1) dis-
tant approach and advance warning; 2)
immediate highway approach; 3) cross-
ing proper; and, 4) summary and anal-
yais.

sample ques-

Each of the sections that ap-
plies to the approaches is further
divided into subsections. To conduct

the study, traffic cones are placed
on the approach as indicated in Fig-
ure 16.

Cone A 1is placed at the point

where the driver first obtains infor-
mation that a crossing is ahead, usu-
ally from the advance warning sign,
pavement wmarkings, or the crossing
itself. The distance from the cross-
ing 1s based on the decision sight
distance, the distance required for a
driver to detect a crossing and for-
mulate actions needed to avoid col-
liding with trains. This distance is
also the beginning of the approach
zone as discussed in Chapter II.

Table
distances
line, dependent upon design
speed. The maximum distances

32 provides a range of
from point 4 te the stop
vehicle
are
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LOCATIONAL DATA: Street Name:
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City:

Railroad:

Crossing Number:

VEHICLE DATA: MNo. of Approach Lanes:
) Approach Curvature:

Approach Speed Limit: AADT:
Approach Gradient:

TRAIN DATA: No, of Tracks:
Track Gradients:

Train Speed Limit: Trains Per Day:

SECTION 1 ~ Distance Approach and Advance Warning

1. Is advance warning of railroad crossing available? 1f so, what devices are used?

2. Do advance warning devices alert drivers to the presence of the crossing and allow time to react to approaching

train traffic?

3. Do approach grades, roadway curvature, or obstructions limit the view of advance warning devices? If so, how?

4. Are advance warning devices readable under night, rainy, srowy, or foggy conditions?

SECTION IT - Immediate Highway Approach

1. What maximum safe approach speed will existing sight distance support?

2. Is that speed equal to or above the speed limit on that part of the highway?

3, If not, what has been done, or reasonably could be done, to bring this to the driver's attention?

4, What restrictive obstructions to sight distance might be removed?

5. Do approach grades or roadway curvature restrict the driver's view of the crossing?

6. Are railroad crossing signals or other active warning devices operating properly and visible to adequately warn

drivers of approaching trains?

SECTION 1II ~ Crossing Proper

1. From a vehicle stopped at the crossing, is the sight distance down the track to an approaching train adequaté for the

driver to cross the tracks safely?

2. Are nearby intersection traffic signals or other control device affecting the crossing operation? If so, how?

3. TIs the stopping area at the crossing adequately marked?

F=3

Do vehicles required by law to stop at all crossings present a hazard at the crossing? Why?

5. Bo conditions at the crossing contribute to, or are they conducive to, a vehicle stalling at or on the crossing? _

6. Are nearby signs, crossing signals, etc. adequately protected to minimize hazards to approaching traffic? _
7. Is the crossing surface satisfactory? If not, how and why?
8. Is surface of highway approaches satisfactory? If not, why?

SECTION IV - Summary and Anpalysis

1. List major attributes of the crossing which may contribute to safety.

2, List features which reduce crossing safety.

3. Possible metheds for improving safety at the crossing:

4. Overall evaluation of crossing:

5. Other comments;

Figure 15, Sample Questionnaire for Diagnostic Team Evaluation

a1
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A train at this point allows
vehicle at "B" to safely
proceed across grade crossing

ERINSNNRNRRNNNNNAINE
Traffic Cone C
o
o
D
I
NonRecovery E
Zone ®
()
hat)
Traffic Cone B
92}
)
o
5
%pproach 2
Zone =
(%7
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Traffic Cone A

/?/' ;
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Figure 16. Study Positions for Diagnostic Team

Table 32. Distances to Establish
Study Positions for Diagnostic

Team Evaluation

Design Distance from Stop Line®
Vehicle to Cone to Cone
Speed (mph) 4 (ft) B {ft)
30 u50 -~ 625 210
40 600 -~ 825 325
50 7506 - 1025 H75
55 875 - 1150 555
60 1000 - 1275 645
70 1100 - 1450 850
*The distance from the stop line is
assumed to be 15 feet from nearest

rail.
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applicable to crossings with a high
level of complexity.

Cone B is placed at the point
where the driver must be able to see
an approaching ftrain so that a safe
stop can be made if necessary. This
point 1s located at the end of the
approach zone and the beginning of
the nonrecovery zone.

Distances to point B are based
on the design vehicle speed and are
shown in Table 32Z. These distances
are stopping sight distances to the
stop line (15 feet from the track)
and are identical to the values in
Table 36, Chapter IV (less the 15
feet). In calculating these dis-
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tances, a level grade is assumed.
this

L35 38 W}

i3 not the case, aiiowance

should be made for the positive or
negative effects of grade.

oy
QL

Cone C 1s placed at the stop
line, assumed to be 15 feet from the
nearest rail.

The questions in Section I of
the questionnaire (Figure 15) are
concerned with the following.

0 Driver awareness of the crossing

+
o] VLS

o Effectiveness of advance
signs and signals

warning

o Geometric features of the highway

When responding to questions in this
section, the crossing should be ob-
served at the beginning of £fhe ap-

proach zone, the location of traffic
cone A.
The questions in Section II are

concerned with whether or not the
driver has sufficient information to
detect an approaching train and make
correct decisions about crossing
safely. Observationa for responding
to questions in this section should
be made from cone B., Factors consid-
ered by these questions include the
following.

© Driver awareness of approaching
trains

¢ Driver dependence on crossing sig-

-

fials

o Obstruction of view of train ap-~
proach

o Roadway geometrics diverting drive
er attention
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location of standing

o Possibility of removal of
obstructions

sight

o Availability of dinformation for
proper stop or go decisions by
the driver

orinn

N LAl

The questions in Se ITT
apply to observations adjacent to the
crossing, i.e. cone C. Of particular
concern, especially when the driver
must stop, is the ability to see down
the tracks for approaching trains.
Also, intersecting streets and drive-
ways should be observed to determine
whether intersecting traffic could
affect the operation of highway vehi-
cles over the crossing. Questions in
this section relate to the following.

o Sight distance down the tracks

¢ Pavement markings

0 Conditions conducive to vehicle
becoming stalled or stopped on the

crossing

o Operation of vehicles required by
law to stop at crossing

o Signs
hazards

and signals as fixed object

In Section IV of the question-
naire the diagnostic team is given
the opportunity tc do the following.

o List major features that contrib-
ute Lo safely

o List features that reduce crossing
safely
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o Suggest methods for
safety at the crossing

improving

o Give an overall evaluatlon of the
crossing

o Provide comments and suggestions
relative to the questionnaire

In .addition <*o completing the
questionnaire, should
take photographs of the crossing from
both the highway and the railrcad
approaches.

team

UG

'rm:n'm'htm'r-q
ne 4

Jrigiw)

Current and projected vehicle
and +train operation data should be
obtained from the +team members. In-
formation on the use of the crossing
by buses, school buses, trucks trans-
porting hazardous material and pas-
senger trains should be provided.
The evaluation of the crossing should
include a thorough examination of ac-

addant Promiionne anpaidant +tunoag A
CilUellu Liejuellly, aCCLUClu LYypPTo, ana

accident circumstances. Both train-
vehicle accidents and vehicle-vehicle
accidents should be examined.

Team members should drive each
approach several timee to become fa-
miliar with all conditionsg that exist
at, or near, the crossging. All traf-
fic control devices (signs, signals,
markings, &and train detection cir-
cuits) should be examined as part of
this evaluation. If the crossing is
equipped with signals, the railroad
signal englﬂeer should activate thenm
so that their alignment and 1light
intensity may be observed.

Two principal references to be
used for this evaluation are the
Manual on Uniform Traffic Control De-
vices and the Traffic Control Devices

Handbook. Also, A User's Guide to
Positive Guidance provides informa-
tion for conducting evaluations of

traffic control devices.
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After the questionnaire has been
completed, the team is reassembled
for a short critique and discussion
period. Fach member should summa-
rize his observations pertaining *o
safety and operations at the cross-
ing. Possible improvements to con-
gider include the following.

¢ Closing of crossing -- Available
alternate routes for highway traf-
fic.

o Site TImprovements —-- Removal of
obstructions in the sight trian-

gle, highway realignment, improved
cross sectlon, drainage, or illu-
mination.

o Crossing Surfaces -- Rehabilita-
tion of the highway structure, the
track structure, or both. Instal-
lation of drainage and subgrade
filter fabriec.

o Traffic Control Devices -- Instal-
lation of passive or active con-
trol devices and I1mprovement of
train detection equipment.

The results and recommendations
of the diagnostic team should be doc-
umented. Recommendations should be
presented promptly to programming and
implementation authorities.

2. Other Fngineering Studies

;_-'P

4+ Faat e
LilE LacuoIs

8]
tioned above there are other consid-
erations to complete a comprehensive
examination of a crossing. These are
briefly described below.

meil-—

Traffic Flow Operations. Impor-
tant considerations for traffic flow
operations are the traffic wvolume
(daily and peak hour), the mix of ve-
hicle types, their operating speeds,
the capacity of the road, delays, and
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queue lengths. These should be re-
viewed in terms of their status and
how they might be affected by im-
provements at the crossing. Two par-
ticular concerns are access across
the railroad by emergency vehicles
and the use of the crossing by spe-
cial vehicles, i.e. trucks transport-
ing hazardous wmaterial and buses.
Standard data collection procedures
for evaluating these factors are con-
tained in FHWA's Highway Safeily Engi-
neering Studies, Procedural Guide or
in the Institute of Transportation

Engineer's Manual of Traffic Engi-
neering Studies.
Community Separation. The engi-

neering field survey should also con-
gider the impacts of crossing opera-
tions on the community. Considera-
tions include frequency and type of
train operations, pedestrian and bi-
cycle access, and number of crossings

in the community needed +to provide
adequate vehicle access.
D. The Systems Approach

The procedures for evaluating

railroad-highway grade crossings are

generally based upon the physical and

operational characteristics of indi-
vidual crossings. A typical crossing
safety program consists of a number
of individual crossing projects.
Funding for crossing safety is ap-
proved on the basis of the require-
ments of these individual projects.
Therefore, crossing evaluation, pro-
gramming, and construction follows
traditional highway project implemen-
tation procedures.

The concept of using the systens
approach to railroad - highway grade
crossing Aimprovements was enhanced
when crossings off the Federal-aid
system were made eligible for TFeder-
ally funded programs. Since all pub-
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lic crossings are now eligible for
improvement with Federal funds, the
systems approach provides a compre-

hensive method for addressing safety
and operations at crossings.

The systems approach considers
the railroad-highway grade crossing
t¢ be a2 part, or a component cf, a
larger transportation system. For
this purpose, the transportation sys-
tem is defined as a land surface sys-
tem consisting of both highway and
railroad facilities., The intersec-
tion of these two transportation
modes affects both safety and opera-
ticns of the entire system. The
objective of the systems approach for
crossings is to improve both safety
and operations of the total system or
segnents of the system.

The systems approach may be
applied to a segment of the rail com-
ponent of the system. For example, to
improve  operating efficiency and
safety over a specified segment of a
rail line, all crossings would be
considered in the evaluation. Thus,
the systems appreach is often called
the corridor apprecach. Or, the sys-
tems approach may be applied to an
urban area, city, or communiiy. In
this case, all public crossings with-
in the jurisdiction of a public agen-
cy are evaluated and programmed for
improvemente. The desired outcome is
a combination of engineering improve-

ments and eclosures such that boih
safety and operations are  highly
improved.

Assume that a segment of rail

line is to be upgraded for unit train
operations or high speed passenger
service. Thies type of change in rail
operations would provide an ideal op~
portunity for the application of the
systems approach. The rail iine may
be upgraded by track and signal im-
provements for train operations that
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might cause a need for adjustments in
train detection circuits of active
traffic control devices. Also, modi-
fications of +train operations and
speeds may require the installiation
of active traffic contrcl devices at
selected crossings.

A system approach developed for
crossings in a specified community or
political for a

analysis of highway
traffic operations. Thus, unneces-
sary crossings can be cloged and
improvements made at other crossings.
This approach enhances the accepta-
bility of crossing closures by loecal
officials and citizens.

kAT s oS ~

subdivision allows
comprehensgive

Initially, all cross n the
system, both public and private,
should be identified and classified
by  jurisdictional  respongibility,
e. g. city, county, and State for
public crossings, and parties to the
agreement for private crossings. In-
formation should be gathered on high-
way traffic patterns, train opera-
tions, emergency access needs, land
uses, and growth trends. The inven-
tory records for the crossings should
be updated to reflect current opera-

tional and physical characteristics.

A diagnostic team, consisting of rep-

resentatives from all of the public
agencies having jurisdiction over the
identified crossings and the rail-
roads operating over the crossings,
should make an on-site assessment of
each crossing as described in the
previous section. The diagnostic
team's recommendations should consid-
er, among other things, crossing clo-
sure, installation of active traffic
control devices, upgrading existing
active devices, elimination by grade
separation, surface improvements, and

detection

inegs in
—tto T

in the train

modification
and at,

improvements

o WV CUUT I U

01rcu1ts. In additien,
of +train operations near,
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each crossing, removal of sight ob-
structions, rerouting of  gpecial
vehicles and emergency vehicles, and

railroad relocation should be consgid-
ered.,

Federal, State, and loecal cross-
ing funding programs should be re-
viewed to identify the eligibility of
each crossing improvement for public
funding. Other funding sources in-
clude railroads, urban renewal funds,
land development funds, and other
public or private funding sources.

There are several advantages of
the systems approach. A group of
crossings may be improved more effi-
ciently through the procurement of

nnnnn 34y

materials and eauninment \.j_LLG.J.AtJ.u‘y,
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thus reducing product procurement and
transportation costs. Usually, only
cne agreement between the State,
local jurisdiction, and railroad is
necesgary for all of the improve-
ments. Train detection circuits may
be designed as a part of the total
railroad signal system rather than
custon degigned for each individual
crossing. Electronic components,
relay houses, and signal transmission
equipment may be more efficiently

utilized. Labor costs may be signifm
1C&utly reduced. Travel time of con-
gtruction crews may be reduced when

prejects are in close proximity of
each other.

Rallroads benefit from the ap-
plication of the systems approach in
several ways. Train spseds may be
increased due to safety improvements

Maintenance costs
reduced if a sufficient number of
Other improve-

of

at crossings,
be
crossings are closed.
ments may enhance the efficiency
rail operations.

mawvw
MY

Safety improvements are an obvious
benefit to the publie., Other bene-
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fits include reduced vehicular de-
lays and better access for emergency
vehicles.

Orne impediment to the systems
approach is that most Federal and
State crossing safety improvement
programs provide funding for safety
improvements only. Also, safety im-
provement projects may be limited to
crossings that rank high on a prior-
ity schedule. Arother impediment is
the involvement of multiple jurisdic-
tions.

The Federal Highway Administra-
tion (FHWA) has endorsed the systems
approach and its resultant identifi-
cation of low-cost improvements to
crossing safety and operations. The
FHWA has sponsored a demonstration
project that utilized the systems
approach to improve crossings along a
rail corrider in Illincis.

In order to eliminate the need
for project agreements with each
local agency, the Illinois Commerce
Commigsion issued a single order cov-

aring t+the
ering Lile WOrs Lo

nine locaticons. This accelerated the
project and reduced labor intensgive
work., The FHWA and the Illinois
Department of Transportation (DOT)
agreed that minimal plan submittals
would be required of the local agen-
eies, and the local agencies agreed
to perform the nscessary work at
mutually agreed upon lump sum prices
under the supervision ¢f 11linois DOT
district representatives.

work to be

RANTLDRS

performed at

@

Improvemenits made as part of th
rnradiant 3 T113 s
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included the following.

mn

o Removal of vegetation
0 Pavement widening

o Recongtruction of approaches

Agsessment of Crossing Safety and Operation

o Installation of 12-inch lenses in

crossing signals
o Relocation of train loading areas
o Closure of crossings
o Remcval of switeh track

o Installation of traffic control
signs pertinent to crossing geo-
metrics

The Florida Department of Trans-
portation (DOT} and other States have
adopted policles 1incerporating the
systems approach as a part of their
erossing safety improvement programs.
The Florida DCT selects track seg-
ments on the basis of the following
conditions.

o Abnormally high percentage of
crossings with passive iraffic
control devices only

o Freight trains carrying hazardous
material in an envirenment that
presenis an unacceptable risk of a

catastrophic event

o Passenger train routes

o Plans for increased rail traffic,
especially commuter trains
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IV. IDENTIFICATION OF ALTERNATIVES

In the previous chapters, meth-
odologies for selecting and analyzing
potentially hazardous railroad-high-
way grade crossings were presented.
In this chapter, alternative safety
and operational improvements are dis-
cussed. These alternatives are pre-
sented by type: crossing elimination;
installation of passive traffic con-
trol devices; 1installation of active
traffic control devices; site im-
provements; crossing surface improve-~
ments; and, removal of grade separa-

tions. From information contained in
this chapter, the highway engineer
should select several alternative

improvement proposals for any partic-
ular crossing being studied. The "do-
nothing" alternative should also be
considered a proposal. Procedures
for selecting among the various
alternatives are presented in Chapter
V, Selection of Alternatives.

A. Elimination
The first alternative that
should always be considered for a

railroad-highway at-grade crossing is
elimination. Elimination can be ac-
complisned by grade separating the
crossing, closing the erossing ¢o
highway traffic, or closure of the
erossing to railrocad traffic through
the abandonment or relocation of the
rail line. Elimination of a crossing
provides the highest level of cross
ing safety because the point of in-
tersectlon between highway and rail-
road is removed. However, the ef-
fects of ellmination on highway and
rallroad operations may be beneficial
or adverse. Thus, &the bhenefits of
the elimination alternative are pri-
marily safety and perhaps operation-
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al, offset by construction and opera-
tional costs.

Decisicons regarding whether the
crogssing should be eliminated or oth-
erwise improved through the installa-
tion of fraffic control devices or
site or surface improvements depends
upon safety, operational, and cost
conslderations. However, the Federal
Highway Program Manual (FHPM) does
specify that "all crossings of rail-
roads and highways at grade shall be
eliminated where there is full con-
trol of access on the highway (a
freeway) regardless of the v?%ume of
railroad or highway traffie".

The major benefits of crossing
elimination ineclude reductions in ac-
cldents, reductions in highway vehi-
cle delay, reductions in rail traffic
delay, and reductions in maintenance
costs of crossing surfaces and traf-
fic control devices.

Safety considerations include
both train - involved accecidents and
non-train involved accidents. Cer-

tain vehiecles, e.g. school buses and
trucks carrying hazardous materials,
may be required to stop at all cross-

ings. These vehiecles, that may stop
unexpectedly, may cause collisions
with other vehiecles. In addition,

the presence of the crossing ditself
may cause non-train accidents. For
example, when stopping suddenly to
avoid a collislon with an oncoming
train, a driver may 1lose control of

the vehicle and collide with a road-

14Federal - Aid Highway Program

Manual, 6-6-2~1, Washington, DC:
Federal Highway Administration.
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side object.
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grade crossing were

Thus,

ha
e

these types of

axr, Aad 'F' +
avoided 1if an at-

eliminated.

Four types of delay are imposed

on highway traffic by crossings.

o}

Delay due to trains occupying
crossings. Highway traffic should
slow down to look for trains, par-
ticularly at crossings with pas-
sive Ltraffic control devices. Ve-
hicles must stop and wait for a
train to e¢lear a crossing. Fur-
thermore, there may be some delay

to vehicles which arrive at s

crossing before those vehicles
that were delayed by a train have
cleared the crossing.

el ra -t ~

Delay to special vehicles. Cer-~
tain vehicles may be required to
stop at all crossings. These in-

clude school buses, buses carrying
passengers for hire, and vehicles
carrying hazardous materials. In
addition to the delay incurred by
these special vehicles, their
stopping may also impose delay on

Al lndngs va
£ UJ.J.UWJ-J.J& Yol

lhdnal

LCLES.
Delay due to crossing surface.
Crossing surfaces should be main-
tained so that they provide a
smooth surface.

Delay due to crossing. This delay
occeurs regardless of whether or
not a train is approaching or oc-
cupying the crossing. Motorists
usually slow down 1In advance of
crossings so that they can stop
safely 1if a train is approaching.
In fact, this is a required safe
driving practice in conformance
with the Uniform Vehiecle Code,
which states "...vehicles must
stop within 15 to 50 feet from the
erossing when a train is in such
proximity so as to constitute an
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Therefore,
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immediate hagzard."15
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cause some delays to motorists who
slow Lo look for a train.

Railroads also sometimes exper-
ience delays due to the presence of

crossings, that may be alleviated
should the crossings be eliminated.
Some local Jurisdictions  restrict

train speeds on the basis that cross-
ing accidents would be iess severe
should they occur. Not only are de-
lays caused by trains moving at slow-
er speeds, but alsc because trains
are slow to accelsrate back to
higher speed. Eliminating crossings
would also reduce train delay due to
crossing accidents,

4= ln o
Ll

Another benefit of
elimination 1is the
malntenance costs of surfaces and
traffic control devices. As dis-
cussed in a later chapter on mainte-
nance, these costs can be gquite sub-
stantial for both highway agencies
and railroads.

crossing
alleviation of

P T =T Sy (-Gl SR . S,
OGS L Ol ﬁJ. .Ll.i.lJ.IJ.d. b J..[lg

depend on whether the cr0331ng
merely closed to highway traffie,
grade separation 1s constructed, or
the highway or railroad is relocated.
These costs are discussed along with
other considerations for each type of
elimination alternative.

1. Grade Separation
The Traffic Control Devices
Handbocok suggests that grade separa-

tions be considered specifically in

15Uniform Vehicle Code and Model
Traffic Ordinances, Evanston, IL:

National Committee on Uniform Traffie
Laws and Ordinances, 1961, and Sup-
plement, 1984.
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and

to railroagd facilities
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the design of new highway routes

imnrovements
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A grade separation is recommended for
highways that must eross high speed
railroad passenger routes.

Whiie no Federal criteria for
grade separations exist, many States
have developed their own criteria or
warrants. J3Specific criteria provide
a means to justify the expenditure of
funds for separating grades at some
erossings while not separating grades
at others. Obviously, costs and ben-

efits should be considered in the
decigion-malkine nrnnegas however ag
Gecision-maxing process; aowever, as
discussed 1in Chapter V¥V, some costs

and benefits are difficult to quanti-
fy. Thus, engineering judgment plays
a major role in selecting the grade
separation alternative.

A few States consider the grade
separation alternative for a crossing
if its priority index is above a
specified value. A few other States
utilize an exposure index such that
iff the product of train and highway
traffic is above a specified value a

separation of grade is c

LIS LU.L—.‘I EU .

It 1is recommended that grade
separations be considered as an al-
ternative for heavily traveled cross-
ings. However, costs and benefits
should be carefully weighed as grade
separations are expensive ¢tc¢ con-
struet and maintain. In some cases,
it may be feasible to separate grades
at one crossing in a community or
town and close most of the remaining
crossings.

~ 1-1-

e
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Highway and Hailroad Relocation

Other alternatives to railrocad-
hlghway grade crossing problems are
relocation of the highway or railroad
or railroad consolidation. These al-
ternatives provide a soluticn to oth-
er railroad Iimpacts on communities;
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however, the

relocation or

3
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quite high.

Railroads provide advantages and
disadvantages to communities. They
generate employment opporfunities for
local citizens, provide transporta-
tion services to local industries and
businesses, and are a source of tax
revenue to government agenciles. But
the presence of railroads 1n communi-
ties can impose some disadvantages,
such as vehicular deiay and safety
concerns at rallroad-highway grade

ocrnegsinges Tn addition

crossings. In addition, the presence
of railroads wmay 1mpose noise and
other environmental concerns upon the
community. Railrcad relocation to
the outer limits of the community may
be a viable alternative for alleviat-
ing these concerns while retaining
the advantages of having railroad
service. Relocation generally in-
volves the complete rebuilding of
railroad facilities. Not only does
this require track construetion, but
alsc acquisition of right-of-way and
construction of drainage structures,
signals, communiications,
and separations,
and utilities.

the nraogonno

crossings
station facilities,

consolidation of
railroad lines into common corridors
or Jjoint operations over the same
trackage may allow for the removal of
some trackage through a community.
Railroad consolidation may provide
benefits similar to those of railroad
relocation, and possibly at lower
coStS.

In scme cases,

Benefits of raillroad relocation,
in addition to those associated with
crossing safety and operations, in-
clude: improved envircnment result-
ing from decreased noise and air pol-
lution; improved land use and appear-
ance; and, improved railrcad effi-
ciency. Rallroad relocation and con-
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solldation may alsc provide for the
elimination of obstructions to emer-
gency vehicles and the safer movement
of hazardous materials. Collective-
ly, the tangible and intangible bene-
fits may justify the relocation or
consolidation of railrocad facilities,
whereas, any one of the benefits
alone might not provide sufficient
Justification for the expense.

Many factors must be considered
in planning for railroad relocation.
The new location should provide good
alignment, nminimum grades, and ade-
quate drainage. Sufficient right-of-
way should be avallable fo provide
the necessary horizontal <¢learances,
additlional rail facilitles as service
grows, and a buffer for abating noise
and vibrations. The number of cross-
ings should be minimized.

The railrocad corridor can be
further isolated from residential and
commercial activity by zoning the
property adjacent tc the railroad as
light and heavy industrial. Busi-
nesses and industry desiring rail
service can locate in this area.

To accomplish a rall relocation
or consolidation project; a partner-
ship 18 required between the Federal
government (if Federal funds are in-
volved), State and loeal government
agencies, the railrocad, and the com-
munity. While the purpose of the
project may be only to eliminate
physical conflicts between the high-
way user and the railroad, the part-
nership developed for this project
provides an atmosphere of cooperative
working relationships that continues
into the future,

Highway relocations are some-
times accomplished +to provide im-
proved highway traffic flow arocund
communities and other develcoped ar-
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eas. Planning for highway reloca-
tions should consider routes that
would eliminate at-grade crossings by
avoiding the need for access over
railroad trackage or by providing
grade separations.

3. Closure
Ciosure of a railroad-highway

grade c¢rossing to highway traffic
should always be considered as an al-

ternative. Numerous crossings were
built when railroads first began
operating. Then, safety was not a
serious concern since horse drawn

carriages could easily stop and train
speeds were low.

Closure of at-grade crossings is
normally accomplished by closing the
highway. The number of crossings
needed to carry highway traffic over
a railroad in a community iz influ-
enced by many of the characteristics
of the community 1tself. A study of
highway traffic flow should be con-
ducted to determlne origin and desti-
nation points and needed  highway
capacity. Thus, optimum routes over
railroads can be determined. Highway
operation over several crossings may
be consolidated to move over a nearby
crossing with flashing 1lights and
gates or over a nearby grade separa-
tion. Alternative routes should be
within a reasonable +travel time and
distance from a closed crossing. The
alternate routes should have suffi-
cient capacity to accommcdate the
diverted traffic safely and effi-
ciently.

There are several stumbling
blocks to successful closure, such as
negative community attitudes, funding
problems, and lack of foreeful State
laws authorizing closure or reluctant
utilization of State laws that permit
closure.
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Legislation that authorizes a
State agency to close crossings fa-
cilitates the implementation of clo-
sures greatly. A list of State agen-
cies that have the authority to close
crossings is contained in Appendix E.
These State agencies should utilize

their authority to close crossings
whenever possible. Often, a State
agency can accomplish clesure where

local efforts fail due to citizen bi-
agses and fear of losing access across
the railroad. Local opposition may
somnetimes be overcome through empha-
sis on the benefits resulting from
closure such as improved traffic flow
and safety as traffic is redirected
to grade separations or crossings
with active traffic conirol devices.
Railroads often support closure, not
only because of safety concerns, but
alsc because malntenance costs asso-~

ciated with the crossing are elimi-
nated.
To assist in the identifiecation

of crossings that may be closed, the
systems approach might be utilized as
discussed in Chapter III. With this
method, several crossings in a commu-
nity or rail corridor are improved by

the installation of traffic control
devices while other crossings are
ciosed. This is accomplished follow-

ing a study of traffic flows in the
area to assure continuing access
acrogs the raiircad. Traffie flows
are sometimes improved by the instal-

lation of more sophisticated traffic
control systems at the remaining
crossings and perhaps the construc-

ticn of a grade separation at one of
the remaining crossings.

Another important matter to con-
sider in connection with crossing
closure 1s access over the railroad
by emergency vehicles, ambulances,
fire trucks, and police. Crossings
that are frequently utilized by emer-
gency vehicles should not be. closed.
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On the contrary, these crossings
should be candidates for grade sepa-
rations or the installation of active
traffic control devices.

Specific criteria to identify
those crossings that should be closed
are difficult to establish because of
the numerous and various factors that

should be consldered. The Traffic
Control Devices Handbook suggests
eriteria that may be used for cross-

ing closure. It is important that
these criteria not be wused without
professional, objective, engineering,
and economic assessment of the posi-
tive and negative impacts of crossing
closures.

on branch

Criteria for

lines:

crossings

© less than 2,000 ADT;

0 more than two trains per day; and,

0 alternate crossing within 0.25%
miles that has less than 5,000 ADT
if two-lane, or less than 15,000
ADT if four-lane.

Criteria for

tracks:

crossings on spur

0 less than 2,000 ADT;

o more than 1% trains per day; and,

o alternate crossing within 0.25
miles with less than 5,000 ADT if
two-lane, or less than 15,000 ADT
if four-lane.

Criteria for crossing on main line:

© any main line section with more

than filve crossings within a 1.0
mile segment.
When a c¢rossing is permanently

closed to highway traffic, the exist-
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ing crossing should be obliterated by
removing the crossing surface, pave-
ment markings, and all traffic con-
trol devices both at the crossing and

approaching the crossing.

Generally, the railroad is re-
sponsible for removing the crossing
surface and traffic control devices
located at the crossing, e.g. the

crossbuck sign, flashing light sig-

nals, and gates.

The highway authority is respon-
gible for removing traffic control
devices in advance of and approaching
the crossing, ¢.g. the advance warn-
ing signs and pavement markings.
Nearby highway traffic signals which
are interconnected with crossing sig-
nals located at the closed crossing
should have their phasing and timing
readjusted.

The highway authority 1is alsc
responsible to alert motorists that
the crossing roadway is now closed.

A Type II1 barricade, shown in Figure
17, may be erected. If used, this
barricade shall meet the design cri-

w02 Pl S OLL L |
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45°
g"to12"] —

[¢—————— 4" Minimum ———H

F 20" ] 20"

[ 5" min-

Type ill Barricade

Width of Rail 8" min - 12" max
Length of Rail 4 ft. min

Width of Stripes 6 in.

Height 5 ft. min

Number of Reflector-
ized Rail Faces

3 if facing traffic
in one directicn

Note: For wooden barricades nominal jumber
dimensions are satisfactory.

Figure 17. Type III Barricade

Source: Ref. 15
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teria of Section 6C-8 of the Manual
on Uniform Traffic Control Devices
(MUTCD), except the colors of the

stripes shall be reflectorized white
and reflectorized red. Characteris-
tics of a Type III Dbarricade are
provided in Figure 17.

Warning and regulatory signing
should be installed to alert motor-
ists that the crossing roadway is now

closed. These signs include the
"Road Closed Sign" (Rt1-2), "Local
Traffic Only Sien" (R11-3, R11-4),
and appropriate advance warning
signs as applicable to the specific
crossing.

Consideration should alsc be
given to advising motorists of alter-
nate routes across the railroad. If
trucks use the crossing that is being
closed they should be given advance
information of the closure at points
they can alter

where conveniently

their route.

4. Abandoned Crossgings

Railroad-highway grade crossings
on abandoned railroad lines present a
different kind of safety and opera-
tional preblem. Motorists who con-
sistently drive over crossings that
are not maintained but have traffic
control devices and at which they
never see a train may develop a care-
legs atbtitude and not take appropri-

meat S

et
MOLOTr1ist may

ate caution. A may then
maintain this attitude and behavior
at crossingg that have not been aban-
doned; perhaps resulting in a colli-
sion with a train. Thus, credibility
of creossing traffic-control devices

may be reduced, not only for the

‘abandoned crossing, but alsc for oth-

er crossings as well.

Operationsl vprcblems exist for
abandoned crossings. A careful mo-~
torist will slow down in advance of
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every crossing, especially those with

bassive traffic control devices. If
the track has been abandoned, unnec-
essary delays result, particularly

for special vehicles required by Fed-
eral and State laws to stop in ad-
vance of every crossing. These spe-
cial vehicles include school buses,
buses carrying passengers for hire,
and vehicles transporting hazardous
materials. In addition, these vehi-
¢les may be involved in vehicle-vehi-
c¢le collisions +that occur because of
their unexpected stops.

Hy
D
"3

The desirable

doned crossings is to remove al

traffic control devices related to
the crossing and to remove or pave
over the fracks. The difficulty is
identifying abandoned raillroad lines.
For example, a railrcad may discon-
tinue service over a line or a track;
with the possibility that another
railroad, particularly a short 1line
railroad, may later purchase or lease
the line {0 resume that service.
These railroad lines are called inac-
tive lines and, obviously, removing

o ale
or the track

action f

. s |

adud
in reactivating the

nasring

Pav .LL.I5
substantial cost
service.

MITOY
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inactive rail
service is season-
al. For example, rail lines that
serve grain elevafors may only have
trains during harvest season. The
lack of use during the rest of the
year may cause the same safety and
operational problems described ear-
lier.

Another type of
line is one whose

*3 dressing the
problem of crossings on  abandoned
rail lines is to obtain information
from the Interstate Commerce Commis-
sion (ICC) or a State regulatory com-

mission., Railroads are required %to
apply to the ICC for permission to
abandon a rail iine. In addition,
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some State laws require the railrcad
to alsc apply for permission or noti-
fy a State agency of its intentions
to abandon the line. The State high-
way engineer responsible for crossing
safety and operations should be noti-
fied of these intenticns. The State
highway agency (SHA) might work out
an agreement with the State regulato-
ry commission that any infermation on
railroad abandonments 1s automatical-
ly sent to the SHA. Additionally,
the SHA should perilodically call the

State regulatory commission or the
ICC to obtain the records on rail
abandonments In the 3tate. Railroad
personnel responsible for crossing
safety and operations should also

seek the same information from their
traffic and operating departments.

Once a rail line has been iden-
tified as abandoned or abandonment is
planned, the crossings on that Iine
should be 1identified. This can be
determined from the State inventory
of crossings or obtained from the
Federal Railroad Administration, cus-
todian of the U.S. DOT/AAR National
Rail-Highway Crossing Inventory. A
field iInspection of these c¢rossings
should be made to determine if all
crossings on that line, both publiec
and private, are listed in the inven-
tory and to verify the type of traf-
fic control devices located at each
¢rossing.

g field
an excellent opportunlty to assess
the safety and operations of each
crossing on that line as discussed in
Chpater III. If the rail line is not
abandoned, the necessary information
has been gathered to improve each
crossing by one of the alternatives

described in following sections.

If rail service has been discon-
tinued, pending resolution of the
abandonment application and thus for-
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mal abandonment, immediate measures
should be taken to inform the public.
For exampie, "Exempt" signs, if au-
thorized by State law or regulation,
can be placed at the crossings to no-
tify drivers of special vehicles that
a stop at the crossing is not neces-
sary. Gate arms should be removed
and flashing 1light =signal heads
should be hooded, furned or removed.

Howaver if these actions are taken
LAV W e W r ke , WL ad S Gl W LA Uu‘\\‘l-l’

the traffic control devices must be
restored to their original condition

prior to operating any trains over
the crossing. The railroad might
flag the train over the crossing

until such action can be taken.

If it appears that rail service
has been permanently discontinued and
resolution of official abandomment
appears certain, the track might be
paved over and all traffic control
devices removed. This action should

heo +alran ITmmodiately FAllnwinge nffi-
oe taKen immegliately 10i.0Wing oIl

abandonment if no possibility
exists for resumption of rail serv-
ice. This can be determined by exam-
ining the potential for industry or
business to require rail service.
For example, if the rall line was
abandoned because the industry that

cial

required the service has moved and
other plans for the land area have
been made, then it could be deter-

mined whether need for the rail serv-
ice will continue. An agreement may
be necessary between the public

1A ey ried matlrmAand 5 annasmal g al
aucTnor Ly ana raiL.rocaa To AUV 4ol

the physical removal of the iracks.

B. Passive Traffic Control Devices
Passive traffic control devices
provide static messages of warning,
guidance, and in some instances, man-
datory action for the driver. Their
purpose is to identify and direct at-
tention to the loecation of a crossing
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in order to permit drivers and pedes-
irians to take appropriate action.
Passive traffic control devices con-~
sist of regulatory, warning, and
guide signs, and supplemental pave-
ment markings. They are basic de-
vices and are incorporated into the
design of active traffic control
devices.

SZ'.. ang and nnvpmnn‘i’ mn'r*lr':rla-cz are
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to be in conformance with the Manual
on Uniform Traffic Control Devices

(MUTCD). The MUTCD is revised peri-
odically as the need arises. Ir
there are differences between this
Handbook and the current edition of
the MUTCD concerning both active and

passive traffic control devices, the
MUTCD should be followed.
Federal law requires that as a

minimum each  State shall provide

signs at all crossings. The railroad
erossbuck sign and other supplemental

p= el PAE L Had Sl WAl ot e p R g

signs attached to the crossbuck mast
are usually installed and maintained

by the railroad company. The agency
responsible for maintenance of the
roadway 1is normally responsible for
advance warning signs and pavement
markings.
1. Signs

The typical signs used at rail-

road-highway grade crossings are
shown in Figure 18. Ind1v1dual char-

anatoarfatineg and lTanastdnn
AQULTL Lobiieow aliiu dLveduvaw

are discussed below.

In general, the MUTCD specifies
that signs should be located on the
right-hand side of the highway where
the driver is loocking for themn.
Signs should be loecated to optimize
visipility. Signs should not be lo-
cated in a highway dip nor beyond the
crest of a hill. Care should be tak-
en so that the sign 1is not obscured
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------ Widg

F}%ﬁm

EXEMPT
TRACKS
R15-3 White background
RI52 WI0-12 Yellow background
NO DO NOT
TURN SYOP
ON ON
RED TRACKS

WiG-4

Figure 18. Typieal Crossing Signs

by parked cars or foliage, or covered
by roadsige splatter or snow accumu-
lation.

In rural areas,
side of the road should be
five feet high, measured
bottom of the sign to the elevation
of the near edge of the pavement. In
business, commercial, and residential
areas, where parking and/or pedes-
trian movement is likely to occur or
where there are other sight obstruc-
tions, the clearance to the bottom of
the sign should be at least seven
feet. The height to the bottom of a
secondary sign mounted below another
sign may be one foot less than the

height specified above.

signs along the

at least
the

LR} 8 3

from

PR W 1%
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Signs should have the maximun
practical lateral clearance from the
edge of the traveled way for the
safety of motorists who may leave the
highway and strike the sign supports.
Advantage should be taken of existing
guardralls, overcrossing structures,
and other conditions to minimize the
exposure of sign supports to traffic.

d not be

=t
closer than six feet from the edge of

the shoulder, or if none, 12 feet
from the edge of the traveled way.
In urban areas, a lesser clearance
may be used where necessary. Al-

though two feet 1is recommended as a
working urban minimum, a <¢learance of
one foot from the curb face is per-
migsible if sidewalk width is limited
or where existing poles are close to
the curb.

Signs should be mounted approxi-
mately at right angles to the direc-
ticn of, and facing, the traffic that
they are intended to serve. Post-
mounted signs located close to the
highway should be turned slightly
away from the highway t¢ avoid re-
flection of headlights off the sign
directly back into the driver's eyes.

Sign posts and their foundations
and sign mountings shouid be con-
structed to hold signs in a proper
and permanent position, to resist
swaying in the wind or displacement
by vandalism. If ground mounted sign
supporto cannot be suffieciently off-
get from the pavement edge, sign sup-
ports should be of a suitable break-
away or yielding design. Concrete
bases for sign supports should be
flush with the ground level.

Sign materials are usually alu-
minum, wood, or galvanized or non-
galvanized steel. Signs are reflec-
torized or illuminated to provide
visibility at night. The require-
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ments of sign illumlnation are not
congldered to be satisfied by street
or highway 1lighting or by strobe
lighting. Information on reflective
materials 1is
fic Control Devices Handbook.

Railroad Crossing (Crossbuck)

contained in the Traf-

Sign (R15-1) and Number of Tracks

S8ign (R15-2). The railroad crossing
sign, commonly identified as the
"erossbuck™ sign, consists of a white
reflectorized background wlth the
words "Railroad Crossing” in black
lettering as shown in Figures 18 and
19, A minimum of one c¢rossbuck is
to be used on each highway approach
to every crossing, alone or in combi-
nation with other traffic control
devices. If there are two or more
tracks at the erossing, the number of
tracks is to be indicated on an auxi-
liary sign mounted below the cross-

*Height may be
varied as re-
quired by local
conditions.

| i
WMWT-'W”'
\~* Roadway Level

Figure 19. Crossing Sign (Crossbuck)

Source: Ref. 17
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buck as shown in Figure 19. The use
of this auxiliary sign is optional at
crossings with automatic gates.

Where physically feasible and
visible to approaching traffic the
crossbuck sign should be installed on
the right-hand side of the highway on
each approach to the crossing. Where
an engineering study finds restricted
sight distance or unfavorable road
gecmetry, c¢rossbuck signs shall be
placed back-to-back, or otherwise
located, so that two faces are dis-
played to that approach. Some States
and railroads use back-to-back cross-
bucks at every crosslng, while other
States and railroads place reflector-
ized white stripes on the back of
every crossbuck.

Crossbuck signs should be locat-
ed with respect to the highway pave-
ment or shoulder as discussed above
for all signs and should be located
with respect to the nearest track in
accordance with signal locations as
discussed in the next section., Where
unusual conditicns exist, the place-
ment of erossbucks should provide the
best possible combination of view and
safety clearances as determined by
engineering Jjudgment.

Advance Warning Signs (W10-1,
Wi10-2, W10-3, W10-4). The round,
black and yellow advance warning sign
{W10-1) is located in advance of the
crossing and serves to alert the mo-
torist that a crossing is ahead. The
advance warning sign has a winimum
diameter of 36 inches. The sign is
required in advance of all crossings
except the following.

o Low volume roadways {(ADT below
500) with approach speeds below 40
mph which c¢ross minor spurs or
other tracks which are infrequent-
ly used and which are flagged by
train crews
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o In business districts of large
cities where active crossing traf-

fic control devices are  belng
used
o In situations where physical con-

ditions do not permit even a par-
tially effective display of the
sign
When the crossing is on a divid-
ed highway, it is desirable to place
an additiocnal advance warning sign on
the left side of each approach. It
may also be desirable to place an
additional sign on the left side of a
highway approach when the highway
alignment 1limits the visibility of
signs mounted on the right side.

The distance from the advance
warning sign to the track is depend-
ent upon the highway speed, but in no
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case should it be less than 100 feet
in advance of the nearest rail. This
distance should allow the driver suf-
ficient time to comprehend and react
to the sign's message and to perform
any necessary maneuver. The recom-
mended distances are shown in Table

33.

Where a reoad runs parallel to a
railroad and the perpendicular dis-
tance between the two iz 1less than
100 feet, there 1s not enough dis-
tance to display the advance warning

sign (W10-1). For <traffic turning
from the parallel road, one of three
other warning signs (W10-2, W10-3,

and Wi10-4) can be used when their
need has been determined from an en-
gineering study. Typical sign place-
ments for crossings located near
highway intersections are shown in
Figures 20, 21, and 22.

Table 33. Placement Distances for Advance Warning Signs

Suggested Minimum Warning Sign Placement Distance (ft)] for

Condition B

Condition C

Posted or 85 Condition A& Stop Deceleration to advisory
percentile High judgment condition3 or desired speed (mph)3
speed (mph) needed

(use higher speed) (10 sec PIEV) 0 10 20 30 40 50
20 175 (4) (&)
25 250 (4) 100
30 325 100 150 100
35 400 150 200 175
40 475 225 275 250 175
45 350 300 350 325 250
50 625 375 425 400 325 223
55 700 450 500 475 400 300
60 775 550 575 550 500 400 300

1pistances shown are for level roadways, and corrections should be

based on 36-inch signs., If 48-inch signs are us

ed,

made for grades., Distances are
the legibility distance may be increased to 200

feet, thus reducing the placement distance by 75 feet,

214 urban area
mentary plate

s, 1if there is an in-between in
u

3pistance provides for 3-second PIEV,

o
nderneath the warning sign should

125 feet sign legibility distance,

nnnnnnnn

t might confuse the motorist a Supple—
used to specify the distance to the condition.

braking distance for

Condition B and comfortable breaking distance for Cendition C,

4At these speeds,
distance is provided.

Source: Ref. 29

sign location depends on physical conditions at site and no suggested
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Figure 20. Typiecal Sign Placement Figure 22. Typical 3ign Placement
Where Parallel Road is over Where Parallel Road is within 100
100 feet from Crossing feet of Crossing and Parallel

Road Traffic must Stop
Source: Ref. 29

|
! Advisory Speed Plate (Wi3-1).
v { @ The advisory speed plate should be
- I: L seotnm w2 used when sight or geometric condi-
bl i tions require a speed lower than the
- ———— —r————— posted speed limit. The advisory
o "F“:;;;;_“\ _TC____—"““_"' speed plate should not be erected un-
£ é}&;}'ﬁﬁ‘“““’ é%T_ til the recommended speed has been
& Note: Pavement marking R |- determined by an engineering study of
a1 ote. Disiance the specific crossing. If the plate
5 g%ﬁﬁ%@ is used, the recommended speed should
e g be pericdically reviewed and revised
E as necessary. Should it be deter-
| Y — 1 N DU mined that the advisory speed plate
e is not effective in reducing vehicu-
{-C@S 2 lar speeds, then it may be appropri-
] % ate to use a regulatory speed limit
W“TTzééwm 3 sign (R2 - 1). The advisory speed
" plate must be mounted on the same
Figure 21. Typical Sign Placement assembly and is normally below the
Where Parallel Road is within 100 advance warning sign (W-10 series).
feet of Creossing and Intersecting
Road Traffic must Stop Stop Sign (R1-1) and Stop Ahead
Sign {(W3-1a). A stop silgn consists
Source: Ref. 29 of an octagon with a white message
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and border on a red background. The
standard size is 30" x 30"; however,

a larger =size is recommended where
greater emphasis or visibility is
required.

The use of the stop sign (R1-1) at
rallroad - highway grade crossings
shall be limited to selected cross-
ings where the need has been deter-
mined by a detailed traffic engineer-
ing study. Crossings considered for
installation of stop signs should be
limited to those having the following
characteristies.

0 The highway should be secondary in
character with low traffic counts
(400 ADT inm rural areas, and 1,500
ADT in urban areas).

o Train traffic should be substan-
tial (10 or more trains per day).

© A restricted line of sight exists
such that approaching traffic is
required to reduce speed to 10
miles per hour or less in order %o
stop safely.

At the stop bar there must be
sufficient sight distance down the
track to afford ample time for a
stopped vehiecle to start and cross
the +Lrack before the arrival of a
train. An engineering study may de-
termine other compelling reasons,
such as acecident history, to install

a stop sign. In those latter cases,
use of the stop sign should be con-
sidered an interim measure until

active traffic control devices can be
installed. A stop sign should never
be used at a crossing with train
activated signals.

Whenever a stop sign is in-
stalled at a ecrossing, a "stop ahead"
sign (W3-1a) shall be installed in
advance of the stop sign. Figure 23
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shows
tion.

a typical stop sign installa-

Do Not Stop On Tracks Sign (R&-
8). TWhenever an engineering study
determines that the potential for ve-
hicles stopping on the tracks is
high, a "Do Not Stop On Tracks" sign
should be used. The sign may be lo-
cated on the near or far side of the
crossing, whichever provides betier
visibllity to the motorist to observe
the sign and be able to comply with
its message. On multilane and one-
way roadways a second sign should be
placed on the near or far left side
of the crossing. Placement of the
R8-8 sign(s) should be determined as
part of an engineering study.

Exempt Sign (R15-3, W-10-1a)
The exempt crossing sign is only used

Mote: Stop Sign may not
be neaded on this
approach if sight
triangles are not
chstructed

R15-1

Approx 15‘}""""" [
RN I

ﬁ ‘\!” b .
P [ et
| b Al Note: Stopped Vehicle must
i | | have sufficient sight
Obstruction | | distance to start and
atthis : | €ross track before
location may | i arrival of a train.
justify simi- ! | See Tabla 36,
lar treatment . ..
[ I
| ]
! ! ~—¢ Bullding or other 8
! ! obstruction which 2
Lt cannot be removed =
&
[
ot
*
A ; Wwai-ta
[ HH4
[
W15 (Optibnal) B 1% e
i
T T S Nermal placement from nearest rail,
| See Table 33, Minimum Distance 100,

Highway Type
Secendary in charecter !
Typical Traffie Volumes: H

ural below 400 ADT
Urben below 1400 ADT

Figure 23. Typical Application of
a Stop sign at a Crossing

Ref. 29

Source:
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when authorized by law or regulation.
Its purpose is to inform drivers of
vehicies, normally required to stop
at all crossings, that a stop is not
required at a specific crossing un-
less a train, locomotive, or other
railroad equipment is approaching or
occupying the crossing. When used,
the exempt sign (R15-3) is placed un-
der the crossbuck (R15-1) sign. A
supplemental exempt sign (W10-1a)
may be placed under the advance warn-
ing sign (W10-1).

Turn Prohibition Signs (R3-1a

and R3-2a). At signalized highway
intersections within 200 feet of a
crossing, where traffic signal con-
trol 1is preempted by the approach of
a train; all turning movements foward
the crossing should be prohibited.
Turn prohibition signs, "No Right
Turn® (R3-1a) and "No Left Turn" (R3-
2a), consist of a 24" x 30" rectangle
with black Iletters and border on a
white background. These signs are to
be visible only when the turn prohib-
ition is in effect; thus a blank-out
or internally illuminated sign, or
other type of changeable message sign
may be used to accomplish this objec-
tive. These signs are activated by
the approach of a train using the
same train detection circultry as
flashing 1iight signals. Therefore,
these signs could be considered
active traffic contirol devices.

No Passing Zone Sign (Wid-3).
The "No Passing Zone" sign may be in-
stalled at crossings to supplement no
passing pavement markings. This sign
consists of black letters and border
on a yellow background and is in the
shape of a pennant with dimensions of
36" x 48" x u8", The sign is to be
placed on the ieft side of the high-

way at +the he
Way ai viae og

fodu ] Tna N =1
S eliiladipy WL WIS W G

ing zone.
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2. Pavement Markings

Pavement markings are used fo
suppiement the regulatory and warning
messages presented by crossing signs
and signals. Pavement markings have
limitations in that they may be ob-
literated by snow, may not be clearly
vigsible when wet, and may not be very
durable when subjected to heavy traf-
fie.

Pavement markings in advance of
railroad-highway grade crossings con-
sist of an X, the letters RR, a no
passing marking for 2-lane roads, and
certain ftransverse lines as shown in
Figure 24. These pavement markings
shall be placed on each approach lane
on all paved approaches to crossings
where crossing signals or automatie
gates are located, and at ail other
erossings where the prevailing speed
of highway traffic is 40 mph or
greater. These markings are also to
be placed at crossings where engi~
neering studies indicate there is a
significant potential confliet be-
tween vehicles and trains. These
markings may be omitted at minor
crossings or in urban areas if an en-

gineering study indicates that other
crossing devices provide suitable
control.

The most common pavement marking
material is paint; however, a wide
variety of other materials is availa-
ble. Pavement markings are to be re-
flectorized by mixing glass beads in
wet paint or thermoplastic. Raised
pavement markers can be used to sup-
plement pavement markings in advance
of crossings. The "X" lane lines and
the stop 1line can be delineated by
raised reflective markers to provide
improved guldance at night and during

rain and foo,

Aonla @aill L VR

of the raised pavement markers

narinda nf
periods jo 25
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{1euondg)

250 II 260"

/It—-—-—Sae Section 2C-3, Table il-!

v

Width mey vary according to lane width.

¥ When used, a portion of the

directly opposite the Advance

r ‘*‘TE
5§

suppiemental pavement marking

==

—¢-0

Advance Warning Sign and the

feet from the Stop Line.

Lanet

[e——Pavement Marking Symbol $—

pavement marking symbol should be
Warning Sign (W10-1). If needed,
symbol(s) may be placed between the

crossing, but should be at least 50
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Stop line approximately g
from gate {if present)

approx.
15

_ ]

A three lane roadway should be marked with a
centerline for two-lane approach operation gn
the approach to a crossing.

On multi-lane roads the transverse bands
should extend across all approach lanes, and
individual RXR symbols should be used in
each approach lane,

Refer to Standard Alphabet for Highway Signs
and Markings for RXR symbols details.

Flgure 24. Typical Placement of Warning Signs and Pavement Markings

Source: Ref. 17

are the initial cost and the possi-
bility of being damaged or removed by
snow plows.

All pavement markings are to be
reflectorized white except for the no
passing markings that are to be re-
flectorized yellow. The stop line is
to be 2 feet in width and extend
across the approach lanes. The stop
line should be located perpendicular
to the highway centerline and approx-
imately 15 feet from the nearest
rail. Where automatic gates are
installed, the stop 1line should be
located approximately eight feet in
advance of where the gate arm crosses
the highway surface.
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C. Active Traffic Control Devices

Active crossing traffic control
devices are those that give warning
of the approach or presence of a
train, They are activated by the
passage of a train over a detection
circuit in the track except in those
few situations where manual control
or manual operation 1is used., Active
control devices are supplemented with
the same signs and pavement markings
that are used for passive control,
Aetive traffic contrel devices in-
clude flashing 1light signals, both
post-mounted and cantilevered, bells,
automatic gates, active advance warn-
ing devices, and highway traffic sig-
nals. Also incliuded in this section
is a desecription of the various meth-
ods of train detecticn.
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Driving tasks differ somewhat at
crossings with active devices than at
crossings with passive devices only.
Passive devices indicate that a
crossing is present and a highway
user must look for an appreoaching
train and take appropriate action.
At crossings with active devices, a
motorist is told when a ¢train is
approaching. The motorist must take
appropriate action when the devices
are activated. Crossing traffic con-
trol devices that are train activated
normally incorporate some "fail-safe"
design principles. As discussed in a
following section on train detection,
the warning system is designed to
give the indication of an approaching
train whenever the system has failed.

Active traffic control devices
have proven toc be an effective method
of improving safety and operations at
railroad - highway grade crossings.
Effectiveness 1s the percentage re-
duction in accidents due to a cross-—
ing improvement. Utilizing data con-
tained in the U.S. DOT/AAR Naticonal
Rail-Highway Crossing Inventory and
the Railroad Accident/Incident Re-
porting System data bases, effective-
ness factors have been developed for
active devices. The effectiveness
factors are shown in Table 34 along
with results obtained from a Califor-
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nia study and from a study by William
J. Hedley covering 23 years of exper-
ience on the Wabash Railrocad.

The effectiveness factors pre-
sented in Table 34 were developed
from "before and after" accident ex-
perience of groups of crossings actu-
ally improved. The same effective-
ness would not necessarily be experi-
enced at any other crossing where the
sSame improvements (changes) were
made. It should be remembered that
in those studies the crossings were
selected for improvement by competent
authorities as a precondition to per-
formance of the work. Similar effec-
tiveness could be anticipated under
similar conditions.

1. Flashing Light Signals

Fiashing light =signals consist
of two light units that flash alter-
nately at a rate of 45 to 65 times
per minute. Thus, like its predeces-
sor, the wigwag, 1t simulates a
watchman swinging a red lantern.
Wigwags consist of a single red light
unit that sways back and forth.

The main components of a flash-
ing 1lght unit are the hood, back-
ground, roundel, lamp, lampholder,
reflector, and housing. The back-

Table 34. Effectiveness of Active Crossing Warning Devices
Effectiveness Factors (Percent)
1980 1974 1952
Category U.S. DOT California Hedley
Passive to Flashing Lights 70 64 63
Passive to Automatic Gates 83 88 96
Flashing Lights to Automatic Gates 69 56 ' 68

Source: Ref. 4, 12, and 20
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ground is 20 or 24 inches in diameter
and is painted a nonreflecting black
to provide a contrast for the red
light. The hood 1s also painted
black.

Flashing light units are availa-
ble in twe roundel, or lens, sizes:
8-3/8 inch diameter and 12 inch diam-

eter, the latter may provide somewhat
better visibil 'H-v

L i e

The roundel is red and comes in
a variety of designs that direect the

light toward the motorist. The
"spreadlight" roundel distributes
light through the entire angle, one-

half the angle being on each side of
the beam axis. A deflecting roundel
directs a portion of the light from
the beam to one side of the awxis in
the direction indicated on the lens.
A roundel having both spreadlight and

deflecting features i3z designed so
that the deflection is at a right an-

that the deflection is at a right an-
gle to the spread. An example is the
30-degree horizontal deflection and
15-degree vertical spread. A roundel
using a 20-degree spread and 32-de-
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gree downward deflection can be used
on cantiievers. Back light units may
use a 70-degree horizontal spread.

The lamp consists of a low watt-
age bulb used to ensure operation on
standby battery power should commer-
cial power fail., The wattage most

commonly used is 18 or 25 wat%t; how-
ever, some railroads use quartz-
iodide bulbs of 16 or 36 watts. The

reflecteor, or wmirror, is mounted
behind the lamp and directs the light
back through the roundel.

Proper alignment of the light is

esgential. The lamp must be precise-
ly aligned to direct the narrow ine
tense beam toward the approaching

motorist. The flashing light unit on
the right hand side of the highway is
usually aligned to cover a distance
far from the crossing. The light
units that are mounted on the back of

nainoe annwasnh,
the Signals on tta\.’ Oppua_hj.lé appiiiacisy

and thus on the left, are usually
aligned to cover the near approach to
the crossing. Figures 25 and 26 show
typical alignment patterns for a two-

s (?_ngnway

1000" max
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1000" max
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0
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OF ROADWAY TO CENTER OF LENS

Figure 25. Typical Alignment Pattern for Flashing Light Signals with
30-15 Degree Roundel, Two Lane, Two-Way Roadway

Source: Ref. 29
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Top &f Reflected Beam
Axis of Vertlcal Beam

! _:'__“_' GQ max
L 327 Pavement 5"-6"
T

—

Figure 26. Typilcal Alignment Pattern
for Flashing Light Signals with
20-32 Degree Roundel,
Multi-lane Roadway

Source: Ref. 29

lane, two-way highway and for a mul-
tilane highway.

The Manual on Uniform Traffic

Control Devices (MUTCD) requires that
two gets of flashing lights be mount-

ed on each supporting post, back-to~
back, such that two sets of flashing
lights face the motorist -- one set

on the right, near gide of the cross-
ing, and one set on the left, far
side. Back-to-back iight units may
not be required on one-way highways.
A crossbuck 1is always wused in con-
Junction with the flashing 1light sig-

nal and is usually mounted on the
same post above the light units.
Other supplementary signs may be
mounted on the post such as the "Do

{(R8-8}) and
(R15"2) -
are shown in

Not Stop on Tracks" sign
the number of tracks sign
Flashing light signals
Figures 27 and 28,

National warrants for the in-
stallation of flashing light signals
have not been developed. Some States
have established criteria based on
exposure factors or priority indices.
Other considerations include the fol-
lowing.
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Top of foundation to be
at the same elevation
as the surface of the
traveled way and no
more than 4 inches
above the surface of
the ground

For curb section,
see Figure 31

o4 max

Roadway --— Ground Level

Figure 27. Typical Flashing Light
Signal - Post Mounted

Source: Ref. 17

Cantilever Arm Type and Length is Variable

l\)) units may be provided
o “—" ag conditions require

- 4" max

. L]
“— Crown of Roadway | | ‘\— Ground Level

Top of foundation to be at the same elevation as the

surface of the traveled way and mo more than 4 inches
above the surface of the ground

Figure 28. Typical Flashing Light
Signal - Cantilevered

Source: Ref. 17
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Volume of vehilcular traffic
Volume of railroad traffiec
Speed of vehicular traffic
Speed of railroad traffic
Volume of pedestrian traffic
Accident record

Sight distance restrictions

[« B v o I o I « i o]

Flashing light signals are gen-~
erally post-mounted, but where im-
proved visibility to  approaching
traffic 1is required, cantilevered
flashing 1light sighals are used.
Cantilevered flashing lights may be
appropriate when any of the following
conditions exists. '

o Multilane highways (two or more
lanes in one direction)

Highways with paved shoulders or a
parking lane that would require a
post-mounted light to be more than
10 feet from the edge of the
travel lane

Roadside foliage obstructing the
view of post - mounted flashing
light signals

Line of roadside obstacles such as
utility poles (when minor lateral
adjustment of the poles would not
solve the problem)

Distraecting backgrounds
excesgive number of necon signs.
(Conversely, cantilevered flashing
lights should not distract from
nearby highway traffic signals.)

Horizontal or vertical curves at
locations where extension of
flashing lights over the traffic
lane will provide sufficient visi-
bility for the required stopplng
sight distance.

A typilecal installation ccusists
of one pair of cantileversd lights
on each highway approcach supplemented

such as.
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with a pair of lights mounted on the
supporting mast. However, two or
mere pairs of cantilevered flashing
lights may be desirable for multi-
lane approaches, as determined by an
englneering study. The cantilevered
lights can be placed over each lane
30 that the lights are mutually visi-
ble from adjacent driving lanes.

Cantilevers are available with
fixed, rotatable or walkout supports.
The primary disadvantage of the fixed
support 1is that maintenance of the
light unit is usually performed from
equipment in the traffic lane, there-
by blocking highway traffie. Rotata-
ble cantilevers can be turned to the
side of the highway for maintenance
but not for aligning the flashing
lights.

Walkout cantilevers allow for
easier maintenance. Standard canti-
levers for mounting flashing lights
are made with arm lengths up to U0
feet. Where cantilever arm length in
excess of 35 feet 1is required, a
bridge structure is preferred.

Post-mounted flashing light sig-
nals are normally located on the
right side of the highway on all
highway approaches to the crossing.
Horizontal clearances for flashing
light signals are discussed in the
next section along with eclearances
for automatic gates.

Additicnal pairs of 1light units
may also be installed for side roads
Intersecting the approach highway
near the crossing or for horizontal
curves. Figure 29 shows the use of
multiple pairs of lights to cover a
horizontal curve to the left on the
approach highway. A horizontal curve
to the right may be covered by plac-
ing another roadside flashing 1light
unit on the copposite side of the
highway as shown in Figure 30.
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Figure 29. Use of Multlple Flashing
Light Signals for Adequate Visibility
Horizontal Curve to the Left

Sources Ref. 29

2. Automatic Gates

An zutomatic gate
barrier across the

train 12 annroachine ar neminvine the
WA LA Ak i \.‘yy‘ \.’u\lbl-‘nllb WA A s u}JJ J-L‘& LS

crossing. The gate is reflectorized
with 16 inch diageonal red and white

serves as a

stripes. To enhance visibility dur-
ing darkness, three red lights are
placed on the gate arm. The light
nearest to the tip burns steadily

while the other twe flash alternate-
ly. The gate 1is combined with a
standard flashing light signal that
provides additional warning before
the arm starts to descend, while the
gate arm is across the highway, and

highway when a

108

Identification of Alternatives

Note: Not to Scale,
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Figure 30. Use of Multiple Flashing
Light Signals for Adequate Visibility
Horizontal Curve to the Right

Source: Ref. 29

until the gate arm ascends to clear-
ance. The gate mechanism is either
supported on the same post with the
flashing 1light signal or separately

menmtard AN nadoaeatal ad Sanant +fn thao
ALAAF LAL L 4 N Nl LL H\.’\A\au A= T u“da\'"il 1~ WS Whd

flashing light signal post.

o
a

In a normal sequence of opera-
tion, the flashing light signals and
the lights on the gate arm in its
normal upright position are activated
immediately upon the detection of the
approach of a train. The gate arm,
shall start its downward motion not
less than three seconds after the
signal lights start to operate, shall
reach its horizontal position before
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the arrival of the train, and shall
remain 1in that position as long as
the train occupies the crossing.

When the train clears the crossing,
and no other train is approaching,
the gate arm shall ascend to its up-
right position normally in not more
than 12 seconds, following which the
flashing lights and the lights on the
gate arm shall cease operatlion. In
the design of 1individual installa-
tions, consideration should be given
to timing the operation of the gate
arm to accommodate slow  moving
trucks.

In determining the need for au-
tomatic gates the following factors
may be considered.

¢ Multiple main line railrocad tracks

o Multiple tracks where a train on
or near the crossing can obscure
the movement of another train
approaching the crossing

o High speed train operation com-
bined with limited sight distance

0 A combination of high speed and
moderately high volume highway and
railroad traffic

o Presence of school buses, transit
buses, or farm vehicles in the
traffic flow

0 Presence of trucks carrying haz-
ardous materials, particularly

when the view down the track from

a stopped vehicle is obstructed
(curve in track, etec.)
¢ Continuance of accidents after

installation of flashing lights
0 Presence of passenger trains

In addition to the above fac-
tors, some States utilize a specified
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level of exposure or the priority in-

dex as a guldeline for the selection
of automatic gates.

On two-way streets, the gates
should cover enough of the approach

highway to physically bloek the mo-
torist from driving arocund the gate
without going into the opposing traf-
fiec lane. On multilane divided high-

wavq- an ﬂﬂl‘-‘lﬂ'l ng of nhhwnvﬁmni"njv six

Slallin M MVALILTG v L Y

feet may be provided for emergency
vehicles.

Gates may be made of aluminum,
fiberglass or wood. Fiberglass or
aluminum gates may be designed with a
breakaway feature so that the gate is
disengaged from the mechanism when
struck. The feasible gate length is
40 feet. When conditions indicate
that a longer gate is required, it
may be necessary to place gate assem-~

blies in the median to cover the ap-
proach highway. In these cases

ol ik VARITOD waAwlaDy

cushions or other safety barriers may
be desirable. Under ne circumstances
should signals or gate assemblies be
placed in an unprotected painted me-
dian.

crash

A typiecal clearance plan for g
flashing 1ight signal with automatic
gate i3 shown in Figure 31. When no
train is approaching or occupying the
crossing, the gate arm is held 1in a
vertical position and the minimunm
clearance from the face of the ver-
tical curb Lo the nearest part of the
gate arm or signal is two feet for a
distance of 17 feet above the high-
way. Where there is no curb, a mini-
mum horizontal clearance of two feet
from the edge of a paved or surfaced
shoulder is required with a minimum
clearance of six feet from the edge
of the traveled highway. Where there
iz no curb or shoulder, the minimum
horizontal eclearance from the trav-
eled way is six feet. Where flashing
lights or gates are located in the
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16" Alternate
Reflectorized
Red and White,
Both Sides
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Figure 31. Typlcal Clearances for
Flashing Light Signals wilth
Automatic Gates

Vertical Curb

Source: Ref. 17

median, additional width may be re-
quired to provide the nminimum clear-
ances for the c¢ounterwelight support.

of

flashing
e ion of flashing
light and gate assemblies must also
provide adequate clearances from the
track as well as space for construc-
tion of the foundations. Figure 32
shows typical locational requirements
for the foundations for flashing
lights and cantilevered flashing
lights with gates. The area for the
foundation and excavation must be an-
alyzed to determine the effect on
sidewalks, utility facilities, and
drainage. While these plans indicate

a 12=-foot minimum clearance between
the penter of the flashine licht as-=

Wia T CileTl VLAY A RQaTiAlis dRRRAY QO

sembly and the center of the tracks,
some railroads prefer a 15-foot mini-
mum clearance.
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b. Cantilever Flashing Lights and Gates

*
Some railroads require minimum clearance of
15 feet.

Figure 32. Typical Loecation of
Signal Devices

Source: Ref. 29

Figures 33 through 39 show typi-
cal location plans for flashing light
signals with and without gates. 1If
it 1s necessary to 1locate the sup-

nmtentially hazard-

P WeLl v LG L LY QAadia

.Aa

o

nortine nnst in
poriing pest in

ous position to ensure adequate visi-
bility, some type of safety barrier
should be considered. These are dis-
cussed in a later section.

3. Warning Bell

A crossing bell is an audible
warning device used {o supplement
other active traffic contreol devices.
A bell is most effective as a warn-
ing to pedestrians and bicyelists.

When used, the bell 1is usually
mounted on top of one of the signa
support masts. The bell is usually

activated whenever the flashing light
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b. Flashing Lights and Gates

Note: Two gate arms may be used as an
alternate,

Figure 33. Typical Location Plan
Right Angle Crossing, One-Way
Two Lanes

Source: Ref. 79
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b, Flashing Lights and Cates

Figure 34, Typical Location Plan
Right Angle Crossing, One-Way
Three Lanes

Source: Ref. 29
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a, Flashing Lights

b. Flashing Lights and Gates

Note: The median width of 8'2" is an operation requirement
and is not an AASHTO recommendation for median width.

Figure 35. Typical Location Plan
Divided Highway with Signals in
Median, Two Lanes Each Way

Source: Ref, 29
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b. Flashing Lights and Gates

Note: The median width of 8'2" is an operation requirement

and is not an AASHTO recommendation for median width.

Figure 36, Typical Location Plan
Divided Highway with Signals in
Median, Three Lanes Each Way

Source: Ref, 29
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b, Flashing Lights and Gates

Figure 37, Typical Location Plan
Divided Highway with
Insufficient Median for Signals
Two Lanes Each Way

Source: Ref., 29

T

Note: The median width of 8'2" is an operational

requirement and is not an AASHTO recom-
mendation for median width.

Figure 38, Typical Location Plan
Acute Angle Crossing for Divided
Highway with Signals in Median
Two or Three Lanes Each Way

Source: Ref. 29
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|
i
Note: The median width of 8'2" is an operational

requirement and is not an AASHTO recom-
mendation for median width.

Figure 39. Typical Location Plan
Obtuse Angle Crossing for Divided
Highway with Signals in Median

Two or Three Lanes Each Way

Source: Ref. 29

signals are operating. Bell circuit-
ry may be designed so that the bell
stops ringing when the lead end of
the train reaches the crossing. When
gates are used, the bell may be gi-
lenced when the gate arms descend to
within 10 degrees of the horizontal
position. Silencing the bell when

the +train reaches the crossing
when the gates are down may be de-
sired to accommodate residents of

suburban areas.

or

4, Active Advance Warning Sign

An active advance warning sign
(AAWS) consists of one or two 8-inch

Identification of Alternatives

yeviow hazard indentification beacons
mocunted above the advance warning
sign as shown in Figures 40 and U1,
The AAWS provides a motorist with ad-
vance warning that a train 1s ap-~
proaching the crossing. The beacons
are connected to the railroad track
clrcuitry and activated on the ap-
proach of a train., The AAWS should
continue fo be activated wuntil the
crossing signals have been deacti-
vated.

W10-1

qTOP 004
PiEﬂ HEl
g,
//}blding Sign ~

{ Control Sysrey
{Open) {Closed) ’

W

Figure 40. Examples of Active
Advance Warnlng Signs

Ref. 29

Source:

RAIN WHEN|
FLASHING

8" Flashing |

Yellow Beacon

IT
e 1

Figure U1. Example of Cantilevered
Active Advance Warning Sign

Source: Ref. 29
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A train-activated advance warn-
ing sign should be considered at
locations where the crossing flashing
light signals cannot be seen until an
approaching motorist has passed the
decision point (the distance from the
track from which a safe stop can be
made). Use of active advance warning
sighs may require some modification
of the track circuitry. Considera-
tion should bhe civnn to nwnvidﬂna a
backup source of power in the event
of commercial power fallure.

AWS 1is sometimes supple-
h a message, either active
sy that indicates the mean-
e.g. "Train When

Th

ted wi
passiv
ing of the device,
Flashing"”. A passive supplemental
message - remains constant while an
actlive supplemental message changes
when the device is activated by the

approach of a train.

e A
et A LI
mer LT
or e

The AAWS should be placed at the
location where the advance  warning
sign would normally be placed. To

enhance visibllity at crossings with
unusual geometry or site conditions,
the devices may be cantilevered or
installed on both sides of the high-
WaY . An engineering study should
determine the most appropriate loca-
tion.

5. Traffic Signals

- Highway traffic contrecl s
located at intersections withi
feet of a crossing should be pre-
empted by the approach of a train.
Signals at intersections further than
200 feet from a crosslng should also
be preempted if traffic flow is such
that vehicles queue up on the cross-
ing, or 1f an engineering study
determines the need for preemption.
Rallroad-highway grade crossing sig-
nals are coordinated with adjacent
highway traffic control signals so
that the operation of these separate

Identification of Alternatives

contrel devices will at all times
complement rather than negate each
other. The Manual on Uniform Traffic
Control Devices (MUTCD) stresses that

", ..design, 1instaliation, and opera-
tion should be based wupon a fotal
system appreoach in order that all
relevant features may be consid-
ered."16 A primary criterion is to

avoid the entrapment of vehicles on
the conflieti ng nqnnm- g

of the highway signal and the eross-
ing signal. The best way to do this
i3 to prevent vehicle queues onto the
tracks by the proper design and oper-
ation of the dual signal systems.

crogsing by

The preemption feature requires
an' electrical circuit between the
contrel relay of the crossing warning
system and the traffic signal con-
troller. The circuii shall be on the
¢losed circuit principle, that is,
the traffic signal controller is nor-
mally and the

an nr‘cr'f zed

Laalra

wired through a closed contact of the
energized control relay of the cross-
ing warning system. This is to estab-
lish and maintain the preempted con-
ition during the time the crossing
signals are in operation. Where mul-
tiple or successive preemption may
oceur from differing modes, train
actuation should receive first prior-
ity and emergency vehicles second
priority.

.
gt
cireult 1is

Crossings without active traffie

control devices but near
highway intersections

signalized
also present a

situation where vehicles may be
entrapped on the crossing when a
traln is approaching. Thus, preemp-

ticn of the highway traffic signal
should be considered. If the neces-

16Manual on Uniform Traffic Con-
trel Devices, Washington, DC: Fed-
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eral Highway Administration, 1978,
Revised 1979, 1980, 1984,
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sary cirecuitry is to be 1installed,
consideration should be given to add-
ing flashing 1light signals or auto-~
matic gates to the crossing at the
same time.

In designing the preemption, the
following elements should be consid-

ered: intersecticn geomeiriecs, vehie- .

ular voiume, gueue lengths and dissi-
pation rate, proximity of the cross-
ing to the intersection, train move-
ments, approach speeds for trains and
motor vehicles, public transportation
vehicies, school buses, and trucks
carrying large or hazardous ecargoes.

When preempted by train move-
ments, the *ifraffic control signal
(after provision of the proper phase
change intervals) will immediately
provide a short green interval to the
approach crossing the track. This is

done to clear any vehicles that may
be on, or so clese to, the track as

to be in danger, or where vehicles
may interfere with the operation of
erossing gates. The traffic signal
will subsequently display indications
to prevent vehicles from entering the
track area, while at the same time
iraffic movements that do not con-
flict with the railroad movement may

be permitted. If, =2t the time of
preemption, the green interval is on
an approach that does not cross the

track, that green interval would be
immediately terminated with a stand-
ard yellow phase change interval in
order that green time may be given to
the approach croassing the track.
Conflicting indications must not be
permitted and every green signal
indication must be terminated with a
yellow indication as specified in the
MUTCD. Turning movements onto the
highway with the crossing should be
prohibited through the use of blank

out signs that display "No Right
Turn" or "No Left Turn" as appropri-
ate.
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Optically limiting devices may
be employed for traffic signal indi-
cations to preclude driver observance
of conflicting or misleading indica-
tions. The layout of the preemption
sequences should specifically state
what phase change interval is %o
occur no matter when the preemption
begins in relation to the normal
phasing sequence. There are an infi-
nite number of railroad - highway
grade crossing configurations. Fig-
ures 42 through 53 illustrate how
the basic principles may be applied.

In some cases, geometric or
operational characteristies may re-
quire a traffic signalization strat-
egy other than the typical ones pre-
vicusly mentioned. This is especially
true when the crossing is extremely
close to the signalized intersection;

is rather far from a sgignalized
intersection but queues develop
acroas the track; or, the crossing

is located between two closely spaced
signalized intersections.

When a crossing is located only
a few car lengths from the signalized
intersection's stop line, it is like-
ly that vehicles will queue across
the tracks during the red interval of
each cyecle. Although the track clear-
ance interval of the preemption
sequence may provide sufficient time
to allow vehicles in the track area
to proceed through the intersection,
occaslonally an anxiocus driver may
stall the vehicle and not clear the
erossing.

The potential for this situation
can be reduced 1f the Intersection
stop line 1is removed from itis normal
locatlion and the stop line in advance
of the crossing 1is allowed to func-
tion as the intersection stop line.
This configuration effectively incor-
porates the crossing area intc the
width of the intersection. The yel-
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FIGURE KEY

) Signal Phase
o—P Overhead Mounted Signai Head
o- P Pedestal Mounted Signal Head
R Circular Steady Red Indication
FR Circular Flashing Red Indication

Y . Circular Steady Yellow Indication
Fy Circular Flashing Yellow
Indication

G Circuilar Steady Green Indication
—Pp  Steady Green Arrow Indication
Y—P  Steady Yellow Arrow Indication

W Steady Lunar White Walk

Indication
FDW  Flashing Portland Orange Don't
Walk Indication
DW  Steady Portland Orange Don't
Walk Indication
R/W  Green Interval
CHANGE Yellow Change Interval
T.. T, T... Preemption Clearance interyals
Prior to Train Approach

T Yellow Change Intervai
Following T- interval

T. Yellow Change Interval
Following T.. Interval

Tw Yellow Change Interval

Following T., nterval
HOLD Signal Indications During Train
Passage
HELEASE Signal Indications Immediately
After Train Passage
BLANK  Signal Indication Extinguished
NOTES

t Turn profibelion signais are blank-oul 1ype and snal conlarm
to tne Mancal on Uniform Tratthe Conlred Devices

¢ Turn prghibdion messages shown herenn may Pdue 10 be
modihed 1o conform Lo apphcable slale or togal law concerming
nght lyre on reg

Figure 42. Key to be Used with
Figures 43 through 53

Source: Ref. 29
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Figure 43, Typical Preemption Seque
Signalized Intersection
Four Lane Undivided Roadways
Two Phase Operation

Source: Ref, 29
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NORMAL
SEQUENCE

NORMAL
SEQUENCE

PREEMPTION PERIOD

B4

SIGNAL

28

PREEMETION SEQUENCE

CHANGE

AW CHARGE

@A CHANGE

28 CHANGE
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SIGNAL
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S8

FREEMPTION SEQUENCE
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1234
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R
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R

¥

(1]

#
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¥
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Figure 44, Typical Preemption Sequence
Signalized Intersection, Two
Lane Roadways with Railroad
Bisecting Intersection
Two Phase Operation

Source: Ref. 29

Figure 45, Typical Preemption Sequence
Signalized Intersection, Four Lane
Undivided Roadways with Railroad
Bisecting Intersection
Two Phase Operation

Source:; Ref., 29
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Figure 46, Typical Preemption Sequence
Signalized Intersection, Two Lane
Roadways with Crossings on Two

Approaches, Two Phase Operation

Source:

Ref. 29

“OFTIONAL

Figure 47, Typical Preemption Sequence
Signalized Intersection, Four Lane
Undivided Roadways with Crossing on
Two Approaches, Two Phase Operation

Source: Ref, 29
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Figure 48, Typical Preemption Sequence
Signalized Intersection, Four Lane
with Railroad Bisecting One
Roadway, Two Phase Operation
with Pedestrian Signals

Source: Ref. 29

ahn 28 FREEMPTION SEGUENCE
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Figure 49. Typical Preemption Sequence
Crossing Between Two Signalized
Intersections, Two Phase
Operation with Pedestrian
Signals

Source: Ref, 29
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Figure 50, Typical Preemption Sequence
Signalized Intersection, Four Lane
Divided and Two Lane Roadways with

Crossing on Major Approach
Three Phase Operation

Source: Ref. 29
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Figure 51. Typical Preemption Sequence
Signalized Intersection, Four Lane
Divided and Two Lane Roadways with

Crossing on Minor Approach
Three Phase Operation

Source: Ref. 29
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Figure 52. Typical Preemption Sequence
Intersection with Beacon Control
Crossing on Major Approach

Source: Ref, 29
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Figure 53, Typical Preemption Sequence
Intersection with Beacon Control

Crossing on Minor Approach

Source: Ref, 29
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low clearance interval should be
extended accordingly to compensate
for the added travel distance. This
situation is 1illustrated 1in Figure
54.

Someilimes the or
is greater than 120
farthest 1intersection signal face
which governs that approach. When
this occurs, the faces should either
be relocated to the near side of the
intersection or supplemental faces
should be used. This is accomplished
more economically if box span wire
asgemblies or mast arms are employed
at the intersection. Then, a sepa-
rate span wire assembly may be used
on the near side of the intersection
as shown 1n Figure 55. To enhance
the effectiveness of these c
tives, permanent right-turn-on-red
prohibitions would be appropriate for
the track approach with a "Stop Here
on Red" sign (R10-6) installed at the
stop line.

ossing stop line
feet from the

Identification of Alternatives

Optically programmable signal
faces should be considered for the
far side of the intersectlon for the
track approach. View of these signal
faces should be limited fto that por-
tion of the approach from the tracks

““““ supplemen-
tal heads should operate In wunison
with the primary signals during nor-
mal conditions. Upon detectiion of an
approaching train and after appropri-
ate phase change intervals, the pro-
grammable signal faces would display
a green indication to clear  the
tracks while the primary signals
would display a red indleation in
conjunetion with the crossing flash-
ing 1light signals to hold subsequent
traffic at the crossing stop line.

. o
il

When the distance between a
crossing and a signalized intersec-
tion 1is approximately 150 feet or
more and traffic volumes are such

that vehilcle queues routinely develop
onto the tracks, the typical preemp-

s
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Figure 54. Relocation of Intersection Stop Line to Reduce
Possibility of Vehicles Stopping on Tracks

Source: Ref. 29
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Figure 55. Relocation of Intersectlon Stop Line and Signal Faces to
Reduce Pogsibility of Vehicles Stopping on Tracks
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tion strategies may not be capable of o 120’
clearing the tracks within the normal
warning time provided by the train _ ?
detection circuit. One solution, :2—
lengthening the warning time, may not - [ =
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be feasible. Another option 1is to s e
employ traffic control signals at the dd gy
crossing in addition to the ones at .
the intersection. The additional
traffic control signals are located
on the dntersection side of the

k
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approach as depicted in Figure 56.
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4 "Stop Here On Red" sign (R10-~ w lelvlnlal o | &
6) should be placed at the crossing N B B B e
stop line that also serves as the e« | o | el | &
stop 1line for the traffic control o ki e it el A A R
signals, Using this option during w mumumk%h%ﬂLﬁw %ﬁgm %ﬁ %g Blank
normal signal operation, the addi-
tional signals would operate in coor- Figure 56. Use of Additional Traffic
dination with the intersection sig- Control Signals at Crossings
nals. For the track apprcoach move-

ments, a double ¢learance interval is Source: Ref. 29
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provided to terminate green Indica-
fions at the crossing signals prior
to the termination of green at the
intersection signais.

Highway traffic signals shall
not be used in lieu of flashing light
signals at crossings that are on
mainline railroad tracks., However,
highway traffic control signals may
be used at industrial track orossings
and other crossings where train move-
ments are very slow as In switching
operaticns. Operation of highway sig-
nals at crossings should provide
approximately the same warning {ime
as flashing light signals or automat-
ic gates.

6. Train Detection

To serve their purpose of advis-
ing motorists and pedestriansg of the
approach or presence of trains,
active traffic control devices are
activated by some form of train
detection. Generally, the method is
automatic, requiring no perscnnel to
operate it, although a small number
of such 1installations are operated
under manual control. The automatic
method uses the railroad circuit.
This electrical circuit uses the
rails as ccnductors in such a way
that the presence of a solid electri-
cal path, as provided by the wheels
and axles of a locomotlve or rallroad
ear, shunts the circuit. The system
is also designed to be "fail-zafe";
that 1s, any shunt of the circuit,
whether by railroad equipment, van-
dalism, or "open circuit™, such as a
broken rail or track connection,
causes the crossing signals to be
activaied.

Standard highway traffic signals
display a light, green, yellow, or
red, at all times except when power
has failed and the signals are dark.
Crossing signals are normally dark
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unless a train 1s approaching or -
cccupying the crossing. There is no
indication to the highway user when
power has failed. Therefore, cross-
ing control systems are designed to
also operate on astandby battery
should commereial power be terminated
for any reason. Sclar energy may be
used to charge storage batteries to
power signals at crossings in remote
locations.

Storage battery standby power is
provided to span pericds of commer-
clal power failure, The  standby
assures normal operation of crossing
slgnals during a commercial power
outage.

When this practice was initiat-
ed, the crossing signals were normal-
1y supplied with AC power through a
step~down {ransformer. The same AC
source provided charging current
through a rectifier for the standby
battery to maintain the battery in a
charged condition. When commercial
AC power falled, crossing signal pow-
er connections were transferred from

the AC source to the battery, as
shown in Figure 57a. This arrange-
ment was necessary because the "con-
stant current" rectifiers used in
this service were unable to respond
to changes 1in Dbattery voltage or
load.

Present day ‘"constant voltage"
rectifiers can respond to changes in
battery voltage and load, and can
provide high DC current to the bat-
tery and load during periods when
crossing signals are energized, ta-
pering off quickly as soon as standby
battery capacity has been replenished
after the crossing signals are de-en-
ergized. This ability of the modern
rectifiers permits DC operation of
the signals whether AC supply voltage
1s present or not. The signals are
connected directly to battery termi-



Chapter IV
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Figure 57. Standby Power Arrangement

Source: Ref. 25

nale and the power transfer is elimi-
nated as shown in Figure 57b.

On tracks where trains operate
at speeds of 20 mph or higher, the
circuits controlling automatic flash-
ing light signals shall provide for a
minimum Operat_:_ on of 20
before the arrival of any train.
This 20 second warning time is a
MINIMUM. The warning time should he
of sufficient length to ensure clear-
ance of a vehicle that wmight have
stopped at the crossing and then pro-
ceeded to cross just before the
flashing lights began operation. Some
rallroads use a warhing time of 25
seconds at crossings with automatic
gates. TFactors that can affect this
time include the width of the cross-

anammAa
T ULIND

- determined to be a
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ing, length and acceleration capabil-
ities of vehicles using the crossing,
highway grades, and the condition of

the crossing surface.

Care should be taken to ensure
that the warning time 1is not exces-
give. If the motoristi cannol see the
train approaching {due to sight
obstructions or track curvature),
excessive warning time may cause a
motorist to attempt to cross the
tracks despite the operation of the
flashing light signals.

Excessive warning fime has been
contributing fac-
accidents. Moteorists

activated <flashing
light signal and seeing no train
approaching, or seeing a distant
train moving very slowly, might
ignore the warning of the signals
and cross the +tracks. An accident

could result. For examnle

could result example, the si
nals may have been activated by a
high speed passenger train Jjust out
of sight and not by the slower
freight. However, if motorists are
successful in clearing the <racks,
they may assume that other crossings
have excessive warning +time. When
they encounter a crossing with the
minimum warning time, they may ignore
the sighals, move ontoc the cross-
ing, and become involved in an acci-
dent. This credibility problem 1is
strengthened if motorists continue to
successfully pass through

signais with excessive warning tim

tor in some
stopped at an

the sio-
=]

antdagataA
acuvivaielu

Equipment  housing should e
located where it is least likely to
be struck by a vehicle leaving the
roadway. It should not  unduly
obstruct a motorist's view of an
approaching train.

Factors that may be considered
in the design and installation of a
train detection system include:
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existing rall and ballast condi-~

tions;

volume, speed, and type of highway
and rail traffic;

other train detection circuits
that may be used cn the same pair
of raills for the regulation of
train movements;

train propulsion currents on elec~
trified lines;

track switeh locations within the
approach warnlng distances for a
crossings

train detection circuits used for
other croasings within the
approaches (overlapping); and,

number of tracks.
Design and applieation of train
detection ecircuits are accomplished

by railroad signal engineers.

There are five basic types of
train detection systems in use today:

o direet current track circuit;

o AC-DC track eircuii;

o audio frequency overlay track cir-
cuit;

o motion sensitive track circuit;
and,

o constant warning time track cir-
cuit,

Direct Current (DC) Track Cir-
cuit. The DC track cirecuit, shown in

Figure 58, was the first means used
for automatic train detection. It iz
a relatively simple c¢ircuit and is
8till wused in many crossing warning
systems. The maximum length of these
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Insclated
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Relay (B)

Figure 58. DC Track Circuit

Source: Ref, 25

¢ircults is more than adequate to
provide the necessary warning time
for crossing warning systems
today's train speeds.

The raills are used as conductors
of energy supplied by a battery.
This energy flows through a limiting
registor %o one rail, then through
another limiting resistor to the coil
of a DC relay, back over the other
rail to the battery, thereby complet-

ing a simple series celreuit., The
relay 1is energized as long as the
rails are intact and no train is

present on the c¢ircuit between the
battery and the relay. The limits of

the circuit are established by the
use of insulated joints. TInsulated
Joints are devices placed between

adjoining rall gsections to electri-
cally isolate the two sections.

In order to provide a means for
stopping the operation of the cross-

ing warning system as soon as the
traln clears the crossing, three
track circuits, as shown in Figure

59, and assoclated logic elements are
required per track. The logic ele-~
ments are arranged such that, as the
train moves through the crossing, the
erossing clears for highway traffie
as soon as the rear end of the train
leaves the island section.

All trains activate the crossing
warning system as soon as the first
set of wheels of the train enters the

with -
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Figure 59. Three Track Circuil
System

Source: Ref. 25

approach track ecircuit. This track
eircuit must be long enocugh to pro-
vide the minimum warning time for the
fastest train. A slow train will op-~
erate the crossing warning system for
a longer period of time
stops before it reaches the crossing,
the crossing warning system continues
to operate which results in an addi-

tional delay to highway traffic.

T a +tradin
[ Lo =3 Wi Qs

In order to overcome this prob-
lem, approach sections may be divided
into several short track circults, as
shown in Figure 60, and timers incor-
porated into the loglc. This permits
more consistent warning time. Also,
if a train stops in the approach sec-
tion, a "time-out" feature will deac-
tivate the warning devices to allow
highway <¢traffic to move over the
crossing.

Wesl Approach Island East Approach Insulated

Section :Section Soction Jaints
. L N A d
1 —— - gt 4
81 H1BE H233 HBB4 HARS BSRG BBFi7 B:,
Housing
Figure 60. Track Circuits with
Timing Sections

Source: Ref. 25

AC-DC Track Circuit. The AC-DC
track ecircuit, shown in Figure 61,
{sometimes referred to as Type C) 1s
used quite extensively when approach
distances are less than 3,000 feet
and no other circuifs are present on
" the rails. The AC-DC track circuit

is a half-wave rectified AC circuit
with all operating equipment located
at the crossing. A rectifier is con-
nected across the rails at the far
end of the track ecircuit. As is the
case with DC e¢ircuits, insulated
joints define the limits. An advan-
tage of this circuit is that all con-
trol equipment is located in a single
housing at the crossing. Shunting is
also improved due to the somewhat
higher voltages used across the

rails.
ralis.

A sinmple explanation of the
operation of the AC-DC (or Type C)
track ecircuit is that the major por-
tion of the transformer secondary
current flows through the rectifier
during one-half-cycle and through the
relay during the other half-cycle
thus providing a net DC component in
the track relay. A shunt on the rails
reduces the rail veoliage causing the
track relay to release, thereby acti-
vating the system. As is the case

With e trac'lr Atwrandita +lhn

h DC N v

F 29 AR R e Wwlll ee Ll T
cuits are normally used to establish
train direction.

Insulated

+ “//.loints
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i Adjusting
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Resisto Track Relay
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Figure 61. AC-DC Track Circuif

Source: Ref. 25
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Audio Frequency Overlay Track

Circuit (AFO). The AFO track cir-
cuit, shown in Figure 62, is similar
in application to the DC track cipr-
cult, except that it can be superim-
posed over other circuits which may
exist on the ralls. Instead of the
battery and relay used in the DC cir-
cuit, a transmitter and receiver of
the same frequency are used for each
AFC track eircuit. No insulated
Joints are required with this type of
circuit.

The AFO track circuit uses an AC
signal applied to the rails through a
transmitter. This signal is trans-
mitted via the raills to a receiver at
the opposite end of the <track eipr-
cuit, which converts the AC signal to
DC to operate a relay, which in turn,
performs the function of operating
the warning devices via the control
logic similar to the DC track cir-
cuit. Once again, three circuits are
required to establish the direction
in which the train is moving.

o=

AFO Transmittar

T_]
B

AFO Recelver

Figure 62. Audio Frequency Overlay
Track Circuilt

Source: Ref., 25

Motion Sensitive Track Circuit.

Identification of Alternatives

the track circuit is relatively con-

stant. A decreasing track ecireuilt
impedance Indicates that a train 1is
moving toward the crossing. If a

train should subsequently stop, the
impedance will again remain at a con-
stant value. If the train is moving
away from a crossing, the impedance
will increase. Thus, if the train
stops on the approach, or wnoves away
from the crossing, the crossing warn-
ing system 1is deactivated and the
crossing is cleared for highway traf-
fiec.

This type of circult is advanta-
geous where trains gtop or conduct
switching operations within the nor-
mal approach 1limits of a particular
cerossing. All powered equipment is
located at the crossing with the
additional advantage that insulated
joints are not required when applied
in a bi-directional manner, as shown
in Figure 63. Adjacent crossing ecir-
cults can be overlaid and overlapped
wlth other train detection circuits.
Tuned electrical shunts are required
to define the end limits of motion
Sensitive circuits and coupling units
are required to bridge any existing
insulated joints used in conjuncticn
with other types of track circuits
such as might be required for wayside

‘'signaling purposes.

Island
Section

i\ r

x East "
roac
sggeoen 8

This type of circuit employs audic
frequencles similar to the AFO equip-
ment and is designed to detect the
presence, as well as the direction of
motion, of a train by continuously
monitoring the track cirecuit imped-
ance. As long as the track circuit
is unoccupied or no train is moving
within the approach, the impedance of

Terminating
Shunt

/ . Terminating
Shunt
Motion Sensing Device

m Heusing

Figure 63. Motion Sensitive Track
Cireult, Bi-Directional Application

Source: Ref. 25
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Where longer approach zones are
required, or where ballast or track
conditions dictate, a uni-directional
application may be desirable. in
this type of application, one device
is required for each approach =zone,
with insulated rail joints wused to
separate the two approach zones as
shown in Figure 64.

Island .
Secﬁon’ Lnsulated Joints

[N

West . East
Approach Approach
Zone . Zone .

/ L -
'é':rminating ‘Sr,gﬁmnxtnatmg
vt Motion .
Sensing
ﬁ Devices

Haousing

Figure 64. Motion Sensitive Track
Circuit, Uni-Directional Application

Source: Ref. 25

Constant Warning Time Track Cir-

cuit. Constant warning time equip-
ment hag the capability of sensing a
train in the approach section, meas-
uring its speed and distance from
the crossing and activating the warn-
ing equipment to provide the gselected
minimum warning time. Thus, regard-
less of train speed, a uniform warn-
ing time is provided. If a train
stops prior to reaching the crossing,
or is moving away from the crossing,
the warning devices are deactivated
to allow the highway traffic o move
over the crossing. With constant
warning time equipment, trains can
move, or switch on the approaches
without reaching the crossing, and,
depending on their speed, never cause
the crossing warning devices to be
activated, thus eliminating unneces-
sary delays to highway traffic.

Tdentification of Alternatives

The latest constant warning time
devices, like motion  sensitive
devices, may be applied either in a
uni-directional or  Dbi-directional
mode as shown in Figures 65 and 66,
respectively. A uni - directional
application requires two devices,
one monhitoring each approach zone,
with the approach zones being sepa-
rated by insulated rail jolnts. 4
terminating shunt is placed at the
outermost end of each approach zone.
The location of the terminating shunt
is determined by the fastest train
using the crossing.

Uni-directional application 1is
suggested in situations where there
are closely following train moves or

Islang
Section
< ’

: West l " East
Approach Approach
Zone Zone
+
Terminating Terminating
Shunt & Shunt
Device

G Housing

Canstant Warning Time

Figure 65. Constant Warning Time
Track Circuit, Uni-Directional
Appliecation

Source: Ref., 25

Island
Section

- A

West * East
Approach Approach
Zonhe Zone
;ooh o
Terminating Terminating
Shunt Shunt
Constant Warning Time

Dovice
Hems kg

Figure 66. Constant Warning Time
Track Circuit, Bi-Directional
Application

Source: Ref. 25
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to break up frequency pollution.
Uni-directional ingtallations

tlaiial Siliar wlid A v VD

suggested to avoid bypassing insulat-
ed joint 1locations when bypassing
these joints is not desirable.

are

4 bi - directional application
uses a single constant warning time
device which monitors both approach
zones. Insulated rail joints are not
required in a bi-directional applica-
tion. Again, terminating shunts are
placed at the outermost end of each
approach zone. The bl - directional
application 1s normally used where
moderate train speeds are employed,
thus requiring shorter approach
zones, and where track and ballast
conditions permit.

emnloved.

Moticon sensing and constant
warning time track circuits should be
considered for c<rossings on railroad
mainiines, particularly at crossings
with variations in train speeds and
crogsings with a number of switching
movements on the approach sections.

N, Site And Onarastionsl Tenravoman
L)

Site

In addition %o the installation
of traffic control systems, site and
operational improvements can contrib-
ute greatly to safety of railroad-
highway grade erossings. Site
improvements are discussed in six
categories: sight distance, geomet-
ries, illumination, safety barriers,
flagging, and miscellaneous. Opera-
tional improvements are discussed
under miscellaneous.

Available sight distances help
to determine the safe speed at which
a vehicle may approach a ecrossing.
There are three sight distances to
consider: 1) the distance ahead to
the crossing; 2) the distance to and

Identification of Alternatives

on which a train
crossing in
either direction; and, 3) the dig-
tance along the track(s) 1in either
direction from a vehicle stopped at
the crossing. These sight distances

are illustrated in Figure 67.

along the track(s)

micht he annraankhd

Wapmill D€ approalnilig the

In the first case, &the distance
ahead to the crossing, a driver must
determine whether a t{rain occupying
the crossing or there 1is an active
traffic control device iIndicating
the approach or presence of a train.
In such an event, the vehicle must be
stopped short of the crossing and the
avallable sight distance may be a
determining factor limiting the speed

of an approaching vehicle.

.

i

Track
Sight
Distance

e

MENAE AR N

Approach
Sight Triangle

dT {Track sight distance}

{Approach sight
iriangle)

LS

T e 1

131

W

P\ Obstmctson
AR
R NN

Approach Sight
Triangle

T
T NSNS
=
oy

o[

Figure 67. Crossing Sight Distances
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The relationship between vehicle
speed and this sight distance is set
forth in the following formula:

Sight distance measured along
the highway from the nearest
rail to the driver of a vehi-~
cle which allows the - vehicle
to be safely stopped without
encroachment of the erossing
area, feet

Velocity of the vehicle, mph
Perception  reaction  time,
gec, agsumed to be 2.5 sec
Coefficient of friction, see
Table 35

Distance from the
or front of the vehicle
the nearest rail, feet,
sumed to be 15 feetb
Distance from the driver to
the front of the vehicle,
feet, assumed to be 10 feet

stop line
to
as-

distance
certain
shown in

The minimum safe sight
(dg) along the highway for
selected vehicle speeds are
the Dbottom 1ine of Table 36. As
noted, these distances were calcu-
" lated for certain assumed conditions

Table 35. Coefficients of Friction

Speed (mph) 'f'
10 0.40
20 0.40
30 0.35
L0 0.32
50 0.30
0 0.29
70 0.28
Source: Ref. 29
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and should be increased for less

favorable conditions.

The second gight distance situa-
tion utilizes a so called "sight tri-

angle" in the guadranis on the vehi-
cle approach side of the track. The
triangle is formed by: 1) the dis-

tance (dy) of the vehicle driver from
the track; 2) the distance (dT) of
the train from the crossing; and, 3)
the unobstructed sight line from the
driver to the front of the train.
The sight triangle is depicted in
Figure 67. The relationships between
vehicle speed, maximum  timetable
train speed, distance along the high-

way (dy), and distance along the
railroa (dT) are set forth in the
following formulas
v v?
G =L (1477 t+ Yo+ 2D+ L +W
Ty v o30f
v
where:
dT = Sight  distance along  the
railroad tracks o permit the
vehicle to cross and be clear
of the crossing wupon arrival
of the train
Vp = Velocity of the train, mph
L = Length of vehicle, feet, as-
' sumed to be 65 feet
W = Distance between outer rails,
feet, assumed to be 5 feet
for a single track
Vg t, £y Dy are as defined above.

Distances dy and dp are shown in
Table 36 for several selected highway
speeds and train speeds.

In the case of a vehicle stopped
at a crossing, the driver needs to
see both ways along the tracks to
determine  whether a train is
approaching and estimate its speed.

The driver needs to have & sight
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Table 36. Sight Distances for Combinations of Highway Vehicle and Train Speeds

Vehicle Speed (mph)
0 10 20 30 40 50 60 70
Train Distance (dT) Along Railroad From Crossing (ft)
Speed (mph) —— ——
10 40 145 105 100 105 115 125 135
R0 480 290 210 200 210 225 245 270
30 720 435 310 300 310 340 370 405
40 960 580 415 395 415 450 490 540
50 1200 725 520 495 520 565 615 675
60 1440 870 620 595 620 675 735 810
70 1680 1015 725 690 725 790 860 940
80 1920 1160 830 790 830 900 380 1075
20 2160 1305 330 890 930 1010 1105 1210
Distance (dH) Along Highway From Crossing (ft)
n/a 70 135 225 340 490 660 865
Note: All calculated distances are rounded up tc next higher 5-foot incre-~
ment.
Assumptions: 65 foot truck crossing a single track at 90 degrees; flat ter-

rain.
capabilities, multiple tracks, skewed
Ref. 29

Source:

distance along the tracks that will
permit sufficient +time to accelerate
and clear the crossing prior to the
arrival of a train, even though the
train might come inte view ag the
vehicle is Dbeginning its departure
process.,

Figure 68 illustrates this
maneuver. These sight distances, for
a range of train speeds, are given in
the column for vehicle speed equals
zero in Table 36. These values are
obtained from the following fornmula:

cro
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Adjustments should be made for unusual vehicle lengths and acceleration

ssings, and grades.

VG L+2D+W -4

dT = 1.47VT(;- L — ; -------- +J)
1 G
where:

VG = maximum speed of vehicle in
selected starting gesar,
assumed to be 8.8 ft/sec

a, = acceleration of vehicle in
starting gear, assumed to be

: 1.47 ft/sec/sec

J = sum of the perception time
and the <time required to
activate the eclutch or an
automatic shift, assumed to
be 2 sec
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d. = distance the vehilcle travels
while accelerating to maximum
speed in first gear, or

VG2
da T s ——— or,
2ai
8.82
----------- = 26.4 feet
(23(1.47)
dp, Vg, L, D, and W are ag defined
above.
Adjustments for longer vehlcle

lengths, slower acceleration capabil-
ities, multiple tracks, skewed cross-
ings, and other than flat highway
grades are necessary. The formulas
in this section may be used with
proper adjustments to the appropriate
dimensional value. It would be desir-

H

< ‘

ﬁl |
R

EEBENREEE

Stop +Stop. o
Line Line
L D D

T

ENENNE

'

Figure 68. Sight Distance for a
Vehicle Stopped at Crossing

Source: Ref. 29
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able that
operation at the legal
for approach highways.
times impractical.

sight distances permit
speed limit
Thig is some-

In order to permit this, three
areas of the crossing environment

should be kept free from obstruc-

tions. The area on the approach from
the driver ahead to the crossing
should be evaluated to determine

whether it is feasible to remove any
obstructions which prevent the motor-
ist from viewing the crossing ahead,
a train occupying the crossing or
active control devices at the cross-
ing. Clutter is often a problem in
this area, consisting of numerous and
various traffic control devices,
roadside commercial signing, utility
and lighting poles, and vegetation.
Horizontal and vertical alignment can
also serve to obstruct motorist view
of the crossing.

Clutter can often be removed
with minimal expense, improving the
visibility of the crossing and asso-
eciated traffic control devices. Traf-
fic control devices unnecessary for
the safe movement of vehicles through
the crossing area should be removed.
Vegetation should be removed or cut
back periodically. Billboards should
be prohibited on the approaches.

Changes to horizontal and verti-
cal alignmeni are usually more expen-
sive. However, when constructing new
highways or reconstructing existing
highways, care should be %aken to
minimize the effects of horizontal
and vertical curves at a crossing.

The approach sight triangle is
the second area that should be kept
free from obstructions. This area
provides an approaching motorist with
a view of an approaching train. It
can encompass a rather large area
that 1s wusually privately owned. In
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rural areas, this gight triangle may
contain crops or farm equipment that
block the motorist's view. For this
reason, clearing the gsight triangle
may be difficult to achieve. How-
ever, obstructions should be removed,
if possible, to allow vehicles ¢to
travel at the legal speed 1limit for
the approach highway. Vegetation can
be removed or c¢ut back periodically,
biliboards and parking should be pro-
hibited, and small hills may be
regraded.

The third area of concern is the
track sight distance, or the area
along the track. Usually, this area
i3 located on railroad right-of-way.
Vegetation 1s often desired along
railroad right-of-way to serve as an
environmental barrier to noise gener-
ated from train movements. However,
the safety concern at crossings is of
more importance and, 1if possible,
vegetation should be removed or cut
back periodiecally. Also, if practi-
cal, this sight distance area should
be kept free of parked vehicles and
standing railroad cars. Care sheculd
be taken to avoid the accumulation of
snow in this area.

An englineering study, as
deseribed in Chapter III, should be
conducted to determine if the three

types of sight distance can be pro-
vided as desired. If not, other
alternatives should be considered.
The highway speed might be reduced,

elither through the installation of an
advisory or regulatory speed sign, to
a level which conforms with the
available sight distance. It 1is
important that a motorist understand
why the speed reduction is necessary,
otherwise, it may be ignored unless
enforced. At crossings with passive

rnantrnl AsvulaAanao ] ey neanalidamat < Aan
srviial UEVILLS Lhuy, COHSLaSavLonn

might be given to the installation
of active +traffic control devices
that warn of the approach of a fLrain.

E -Lbl..ll.! . lﬁJ.cD ]
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2. Geometrics

The ideal crossing geometry is a
90 degree intersection of track and
highway with slight ascending grades
on both highway approaches to reduce
the flow of surface water toward the
crossing. Few crossings have this
ideal geometry because of topography
or 1limitations of right-of-way for
both the highway and the railroad.
Every effort should be made to con-
struct new croasings in this manner.
Horlzontal and vertical alignment and
crogs-sectional design are discussed
below.

Horizontal Alignment. Desira-
bly, the highway should intersect the
tracks at a right angle with no near-
by intersections or driveways. This
layocut enhances the driver's view of
the crossing and tracks and reduces
conflicting vehicular movements from
erossroads and driveways. To the
extent practical, crossings should
not be located on either highway or
ralircad curves. Roadway curvature
inhibits a driver's view of a cross-
ing ahead and a driver's attention
may be directed toward negotiating
the curve rather than looking for a
train. Railroad curvature inhibits a
driver's view down the tracks from
both a stopped position at the cross-
ing and on the approach to the cross-
ing. Those crossings that are located
on both highway and railroad curves
present maintenance problems and poor
rideability for highway traffie due
to conflicting superelevations. Sim-
ilar difficulties arise when super-
elevation of the track is opposite
to the grade of the highway.

If the intersection between

track and highway cannot be made at
-t ol i

e wrowmd odkd on s v

+ )
il Val Laidsd il L R
degrees should be minimized., One
State limits the minimum skew to 70
degrees, At skewed crocssings, motor-

ar\n-'l oo 90
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1sts must look over thelr shoulder to
view the tracks. this
more awkward movement, some motorists
may only glance quickly and not take
the necessary precaution.

—~
L

Generally, improvements to hori-
zontal alignment are expensive. Spe-
cial consideration should be given to
crossings that have complex horizon-

_________ as described above.
These erossings may warrant the
installation of active tfraffie coa-
trol systems or, 1if possible, may be
closed to highway traffic,

Vertical Alignment. It is desir-
able that the intersection of high-
way and railroad be made as level as
possible from the standpoint of sight
distance, rideability, and’ braking
and acceleration distances. Drainage
would be improved 1if the crossing
were located at the peak of a long
vertical curve on the highway. Ver-
tical curves should be of sufficient
length to insure an adequate view of

the cressing.

Track maintenance can result in
raising the track as new ballast is
added to the track structure. Unless
the  highway profile 1s properly
adjusted, this practice results in a
"humped" crossing that may adversely
affect safety and operation of high-
way traffic over the railroad. Humped
crossings can be of particular con-
gern for vehicles with low under-
clearances, e.g. "low-boy" trucks.
It 1is possible for these frucks to
become caught on the tracks, obvious-
ly causing a hazard.

Alternatives to this problem
include a design standard that deals
with maximum grades at the crossing,
prohibiting truck trallers with a
certain combination of underclearance
and wheelbase to cross the crossing,
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setting trailer design standard

rds, or
the rise track due &

$rdm
minimizing

maintenance operations.

in
LIl

Q

Some States have addressed this
issue by setting standards. The Il1i-
nois Commerce Commission specifies
that from the outer rail of the out-
ermost track, the road surface should
be level for about 24 inches. From
there to a distance of 25 feet, a
maximum grade not to exeeed one per-
cent 1is specified. ¥From that point
to the railroad right-of-way 1line,
the maximum grade is five percent.

The West Virginia Department of
Highways recommends that when a track
raise of one inch or more is neg¢es-
sary, the approach pavement should be
tapered at a rate of not less than 10
feet per one inch of track raise.
The pavement immediately adjacent o
the outermost rail should be level
for a minimum distance of three feet.

The Florida Depariment of Trans-
portation (DOT) has initiated a sur-
vey of crossings on the State highway

....... Ant Aarvming A f
11

aetvermine a

crossing profile will accommodate low
bed vehicles that meet State road
clearance requirements. The Florida
DOT has identified seven different
profile types and corresponding
tables to be used in the determina-
tion of adequate profiles.

narticular

4+ o~
L e A A e ks

The American Railway Engineering
Association (AREA) Manual for Railway
Engineering  recommends that the
erosslng surface be in the same plane
as the top of rails for a distance of

two feet outside of rails and that
the surface of the highway be not

more than three inches higher nor six
inches lower than the top of nearest
rail at a point 30 feet from the raill
unless track superelevation dictates
otherwise.
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The Southern Pacific Railroad
recommends that for a distance of 20
feet from a point two feet from the
nearest rail, the maximum descent
should be six inches. From that
point for a distance of another 20
feet, the maximum descent should be
two feet.,

Drivers of low clearance vehi-
cles can be warned regarding cross-
ings that have a profile insufficlent
for a certain combination of wheel-
base and underclearance. However,
presently no nationally accepted ori-
teria, procedures, or signing have
been adopted to accomplish this.

New developments in track main-
tenance equipment minimize the rais-
ing of track during maintenance oper-
ations. The maintenance of track and
highway should be coordinated between
the railroad and the highway agency.
In this manner, the crossing approach
can be malntained to present a smooth
trangition to the crossing.

Improvements in vertical align-
ment are almost always expensive.
Efforts should be made to build new
crossings on as flat a grade as pos-
sible. Humped crossings are diffi-
cult to correct without regrading
either the highway or railroad.

Cross Section. A physical rail-
road-highway grade crossing is a com-

Shoulder

Foreslope 2-12 ft

i

Travel Lanes
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posite of a railrcad track struecture
supporting a vehicular roadway sur-
face. At <the crossing, the normal
crogs section of the track wmust be
modified somewhat to provide support
for the roadway surface, Several
typlecal cross sections are shown in
detail in a later section on crossing
surfaces.

On the highway approaches to the
crossing, the normal cross section of
the highway must be modified gradu-
ally +to accomplish transition from a
crowned roadway surface to a basi-
cally level surface at the junction
with the crossing. The highway sur-
face and supporiing components are
discontinuous through the crossing
area, ending on each side at the ends
of the track crossties.

A typical railroad track struce-
ture permits open drainage through
the ties into the ballast, out to the
edge of shoulders, and into ditches
in roadbed excavations. The highway
has a nearly impermeable surface, and
the base and subgrade remain at rela-
tively constant moisture levels.
These differences require special
attention to drainage at crossings.

Elements of a highway cross sec-
tion are shown 1n Figure 69. The
roadway pavement should be crowned
with a desirable cross slope of 1.5
to three percent; however, cross

Shoulder

2-12 ft " Poreslope

‘ Surface

Base

Subbase

/

Subgrade

T

Figure 69. Elements of a Highway Cross Section
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slopes of up to six percent
acceptable for low £type surfaces.
Shoulders should be sloped suffi-
ciently to rapidly drain surface
water but not to the extent that
vehicular use would be hazardous.
Typically, bituminous and concrete
surfaced shoulders are sloped from
two to silx percent; gravel or crushed
rock shoulders from four to six per-
cent; and turf shoulders about eight
percent. Foreslopes provide for
drainage channels and desirably are
no steeper than U4:1
vertical).

are

These guidelines are typical for
tangent alignment in open areas.
Variations for curves, urban areas,
and other roadside environments are
desceribed in the American Association
of State Highways and Transportation

(horizontal to

Offiecials' (AASHTO's) A Policy on
Geometric Design of Highways and
Streets.

Elements of a railroad cross
section are shown in Figure 70.
Shoulder to shoulder wildths for sin-

gle tracks typically vary from 20 to
26 feet. The top ballast is usually
sloped at a ratio of 2:1. Variations
in cross section occur for track on
curves and where right-of-way is
restricted.

The pavement surface adjacent to
the track should be at the same ele-
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vation as the track. This will
require a change in the normal
crowned highway. Crossings in curves
may encounter superelevated track.
The rate of change 1in elevation of
the pavement edges should not exceed
those shown in Table 37.

As with the wusual design of
highways and railroads, adequate
drainage is essential to prevent sat-
uration of the track subgrade and the
pavement structural section and fail-
ure of the pavement adjacent to the
erossing. Excessive moisture can lead
to pumping and a consequent fouling
of the ballast and settlement of the
track. Where the grade of the highway
approach descends toward the cross-
ing, provisions should be made to
intercept surface and subsurface
drainage and discharge it laterally
so that it will not be discharged on
the track area.

Table 37. Rate of Change 1in
Elevation of Pavement Edges

Design Distance Required
Speed for 1.0-foot Change
{(mph) in Elevation (ft)

4o 175
50 200
50 225
70 250

Subgrade

Top Ballast

Sub Ballast

Figure 70. Elements of Railroad Track Cross Section
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Surface ditches should be
installed. If required, subdrainage
with suitable inlets and the neces-
sary provisions for clean-out should
be made to drain the subgrade thor-
oughly and prevent the formation of
water pockets. This drainage should
be connected to a storm water sewer
system, if available. If not, sulta-
ble piping, geotextile fabries, or
french drains should be installed to
carry the water a sufficient distance
from the roadbed., Where gravity
drainage is not available, a nearby
sump may provide an economical out-
let, or the crossing may be sealed
and the roadbed stabllized by using
asphalt ballast or its equivalent.

The length of the crossing meas-
ured along the track should be suffi-
cient to include all highway travel
lanes and adjacent shoulders plus two
feet, with the continuation of all
traffic lanes across the tracks.

Intersections and driveways
should be avolded near crossings. A

driver's attention may be distracted
toward another vehicle entering or
exiting the highway and the driver

it

r)
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might not take appropriate cautionary
action at the crossing. Parking
should be avoided near crossings for
the same reason and because parked
vehicles may restrict a motorist's
view of an oncoming train or a cross-
ing warning device.

Certain vehicles (school buses,
vehicles carrylng passengers for
hire, and vehicles transporting haz-
ardous materials) are required to
stop at all crossings before proceed-
ing across the tracks. Pullout lanes
are sometimes provided to remove
these vehicles from the through lane
such that they ecan stop without
delaying following vehicles.

A typleal pullout lane is shown
in Figure 71. The length of the pull-
cut lane on the approach is designed
to provide for the deceleration of

the special vehicle to a stop in
advance of the crossing. Recent
research egtablishes that the

length, L4, from the beginning of the
taper <o a point in advance of the
ecrossing, is based on the appropriate
speeds of the special vehicles as
shown in Table 38. The length of the

- —

__——h_-‘“h_-"““‘--ﬁ_,

\

15 feet

]

T

o

Ld= Total length of pullout lane, approach
L

2" Total length of pullcut lane, exit

Figure 71. Typical Pullout Lane at a Crossing
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Table 38. Approach Length
of Pullout Lane

Vehicle Length
Speed (mph) (ft)
30 190
4o 360
50 560
60 850

taper on the approach varles, depend-
ing on the type of highway facility
and vehicle speed. Adequate storage
length in advance of the crossing for
stopped vehicles should be provided,

It would be desirable for the
length of the pullout lane, L,, from
the stopped position in advance of
the crogsing to the end of the accel-
eration taper, downstream, to allow
for acceleration up to the design
speed of the roadway. However, it
seldom would be practical £©o con-
struct the extended lengths necessary
for all vehicle types. The values in
- Table 39 are adequate to permit pas-
senger cars to attain roadway speed
prior to merging and will allow heav-
ier vehicles to accelerate to a speed
which will make merging with through
traffic easier to accomplish. The
length of the taper for acceleration
varies depending on the type of high-
way facllity and vehicle speeds.

Table 39. Downstream Length
of Pullout Lane

Vehicle Length
Speed (mph) (f)
30 190
L0 380
50 760
60 1170
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It is desirable that shoulders
be provided for an escape route for
errant vehicles. A driver trying to
stop without sufficient distance may
either lose control of the vehicle or
need a space to direct the vehicle
without colliding with a train on the
erossing. Likewise, the area adja-
cent to the highway should be kept as
level as possible and free from
obstructions to provide a space for
errant vehicles, subject to the space
needed for traffic control devices.

In an engineering study, congid-
eration should be given to low-cost
improvements such as the removal of
parking near the crossing and the
closure of low volume intersecting
highways and driveways.

3. Iliumination

Illumination at a crossing may
be effective in reducing nighttime
accidents., Illuminating most cross-
ings 1s techniecally feasible since
commercial power 135 available at
approximately 90% of all public
crossings. Illumination may be effec-
tive under the following conditions.

o Nighttime train operations
o Low traln speeds

o Blockage of crossings for iong
periods at night

o Accident history that indicates
that motorists often fail to
deteet trains or traffic control
devices at night

o Horizontal and/or vertical align-
ment of highway approach such that
vehicle headlight beam does not
fall on the train until the vehi-
cle has passed safe stopping dis-
tance
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¢ Long dark trains, e.g. unit coal

trains

0 Restricted sight or stopping dis-
tance ir rural zreas

0 Humped c¢rossings where
vehicle headlights are
under train

oncoming
visible

o Low ambient light levels

O

A highly reliable source of power

Recommendations for the place-~
ment and type of luminaires are
available in the FHWA's
Lighting Handbock and the Illuminat-
ing ZEngineering Soclety's
National Standard Practice for Road-

Roadway

American

way Lighting. It is desirable that
at least two luminaires be provided,
one on each side of the tracks.

On uncurbed roadways, luminaire

supports should be erected as far as
practical from the +traveled way,
desirably outside +the clear zone.

When located within the clear zone,
defined 1in the Guide for Selecting,

Locating, and Designing Traffic Bar-

riers, luminaire supports should have
breakaway bases. If possible, lumi-
naires should alsc be located to
ensure damaged poles will not fall on
the tracks. A distance of 25 to 50
feet from the nesrest track is recom-
mended.

Mounting height should be in the
range of 30 feet to 40 feet. It is
preferable that the illumination be
distinective in color, volume, or dis-
tribution so that it clearly distin-
guishes the crossing among other
street lighting.

The Oregon Public Utility Com-
missioner recomnends that there
should be at least one foot-candle of
average maintained illumination orn a
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vertical plane, five feet from the

centerline of the +track. The lumi-
naires should be oriented toward the
railroad. Maximum permissible level

of illumination and exact orientation
of the luminaires should be deter-
mined on a case-by-case basis and
should consider site conditiong and
the level of ambient nighttime illu-
mination. Ideally, luminaires should
illuminate an area along the track
that is 507 longer than the width of
the road., TIllumination should extend
to approximately 15 feet above the
top of rail.

The luminaires should be posi-
tioned to ensure that a wmotorist o»
railroad operator is not subjected to
glare from the light source. Iz
glare cannot be eliminated, cutoffs
may be provided to shield the cone of
vision of a motorist or locomotive
engineer. In rural areas with high
train speeds, some lighting should be

directed down the tracks to illumi--
nate the sides of an approaching
train. Trains, traffic control

devices, or signs should not be over-

powered by  background objects or
lighting.
Train activated illumination

circuliry can be designed, but should
not be used as a substitute for
active traffic control systems.

4. Shielding Supports for Traffic
Control Devices

The purpose of a traffic bar-
rier, such as a guardrail or crash
cushion, is to protect the motorist
by redirecting or containing an
errant vehicle. The purpose is not
to protect a traffic control device
against collision and possible dam-
age. Their use should be limited to
situations where hitting the object,
i.e. a +traffiec control device, is
more hazardous than hitting the traf-
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fie barrier and possibly redirecting
the wvehicle into a train.

A longitudinal guardrail should
not be wused for traffic control
devices at cressings unless the
guardrail is otherwise warranted, as
for a steep embankment. The reason
for not using a longlitudinal guard-
rail is that it might redirect a
vehicle into a train.

On some c¢rossings, it may be
possible to use crash cushions to
protect the motorist from striking a
traffic control device. Some crash
cushions are designed to capture,
rather than redireet a vehicle, and
may be appropriate for use at cross-
ings to reduce the redirection of a
vehicle into the path of a train.

The ring type guardrail placed
around a signal mast may create the
same type of hazard as the signal
mast itself, i.e. the guardrail may
be a roadside obstacle. They do how-
ever serve to protect the signal
mast. Since functioning devices are
vital to safety, the ring type guard-
rail may be wused at locations with
heavy industrial traffic, such as
trucks, and low highway speeds.

When a barrier is used, it
should be installed according to the
regquirements in the Guide for Select-

ing, Locating and Designing Traffic

Barriers.

5. Flagging

At certaln crossings, railroad
companies may have a policy to use a
flagger to stop highway vehicles and
pedestrians before allowing a train
to move over the crossing. These
crossings typically have only passive
warning signs. Flaggers should be
employed at crossings which do not
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have active control devices when the
railroad cars are not headed by an
engine. Some railroad companies
require flagging when the train has
been split or when switching opera-
tions necessitate numerous movements
across the roadway.

6. Miscellaneous Improvements

There are several other site
improvements that can be made to
enhance safety and operations at
railroad-highway @ grade crossings.
One of the alternatives is crossing
closure, ag discussed in an earlier
section.

Prolonged blockage of crossings
as a result of low train speeds or
numerous switching movements can
adversely affect crossing safety and
operations. Increased vehicular delay
not only affects operations but may
also affect safety 1f emergency vehi-
cles cannot respond to a lLife-threat-
situation. Train speeds might
be increased by upgrading the track
class, removing local speed restric-
tions, and improving crossings to
compensate for local concerns regard-
ing the safety of higher speed
trains. Crossings located on track-
age that has numerous switching move-
ments should be closed, 1if possible.
If not, switches might be relocated
or switching operations might be re-
scheduled at times other than peak
highway traffic periods. Establlsh-
ing "hotlines" belween emergency ser-
vices and the railroad can assist the
railroad in opening blocked crossings
to allow emergency vehicles access
across the tracks. Sidings might be
extended to allow space for storage
of railroad equipment away from
crossings. Rail operations, such as
train crew changes and refueling
points, might be relocated outside of
communities.




Chapter IV

Exposure between traing and
school buses, commercial buses, and
vehicles transporting hazardous mate-
rials should be minimized because of

the potential ecatastrophic conse-
quences. These types of vehicles
might ha wmoarmitad +n~ aundAd  Aaracadie

LLgill e Irerguveq v y;uaa*u&
the railroad at-grade, 1if possible.
If not, these vehicles may traverse
the railroad at crossings with active
traffic control devices.

Qv

Traffic divisional islands may
be used at crossings on multi-lane
roadways to prevent motorists from
driving around a lowered gate. Traf-
fie divisional 4islands are narrow
elongated islands that follow the
course of the highway to separate
conflicting traffic movements.

An engineering study should be
conducted to determine if traffic
divisicnal islands are appropriate.
The study should consider +the acci-
dent history of the crossing, driver
response to lowered gates, train and
highway traffic volumes and condi-
tions, need for upgraded train detec-
tion systems, and crossing approach
geonmetry. Consideration should be
given to the potential hazard of the
island itself.

T rged o marde e

must extend far euougn
back from the crossing to accommodate
traffic queues and should not have
cut-outs for access and egress of
local ¢traffic. The pavement may
require widening to retain minimum
lane widths. Vertieal transitions on
the raised island approaches should
be ftreated similar to curbed gore
areas. Delineators might be placed on
the raised island to aid snow plowing
operations.

The ends
rotected

L v T

to provide a

of the i1sland should be

PPIA Talan
other t{raffic ;S;uuua,

maximum degree of warn-

%=
Qend

T
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ing of the presence of the island and
a definite indication of the proper
vehicle path or paths to be followed.

Comprehensive planning 1s essen-
tial to avoid future crossing prob-
lems. Community development  should
be plammed to avoid ecrossings at-

grade,

E. Crossing Surfaces

This portion of the handbook
provides general information of cur-
rently available types of erogssing
surfaces. The use of trade names and
the identification of manufacturers
and distributors are solely for the
conventence of the reader. Such use
and identification do not constitute
an official endorsement by the U.S.
Department of Transportation of any
product to the exclusion of others
that may be suitable,

As a vehicle moves across a
railroad-highway grade crossing, the

material on which its tires roll is
(‘O‘ITITI'IOYE-’V r'r:-f'.c-r-wnd_ to as o Aracad e
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surface. It is supported by the

railroad track structure, primarily
the crossties, which in turn trans-
fers the highway load, as well as

the train locad, through the ballast

to the underlying subgrade.

For railroads, the c¢rossing sur-
face and the highway approach pave-
ments leading up to the crossing con-
fine the track structure and create
drainage and maintenance problems.

DYING o
’ kW

the nor-
mal highway surface, which at best
results 1n somewhat poorer riding
quality and may result in increased
vehicle operating costs, hazard, and

incouvenience to highway traffic,
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In negotiating a cros
degree of attention thatl iver
can be expected to devote to the
erossing surface is related to the
condition of that surface. If the
surface is uneven, the driver's at-
tention may be devoted primarily to
choosing the smoothest path over the
erossing, rather than to determining
if a train is approaching the cross-
ing. "This type of behavior may be
conditioned; that is, if a driver is
consistently exposed to uneven cross-
ing surfaces, he may assume that all
crosgsing surfaces are uneven whether
or not they actually are. Converse-
ly, 1if a driver encounters an uneven
surface unexpectedly, he may lose
control of his vehicle resulting in
an accident. Therefore, providing
reasonably smooth crossing surfaces
is viewed as one of the several ele-
ments toward improving crossing safe-
ty and operations.

Originally, crossing surfaces
were made by filling the area vetween
the rails with sand and gravel, prob-
ably from the railroad ballast. Lat-
er, crossing surfaces were made of
planks or heavier timbers or of bitu-
minocus material, sometimes using
planks to provide the flangeway cpen-
ings. Treated timber panels and pre-
fabricated metal secticns followed,
and in 1954 the first proprietary
rubber panel crossing surface was put
on the market. Presently available

nrnAanwd atany =]

tented, are fabricated from concrete,
rubber, steel, syntheties, wood, and
various combinations of these materi-
als.

1maiial s P -
\A’-)u'u"J-J-J Fu

Crossing surfaces avallable tfo-
day can bpe divided into two general
categories: monolithlce and section-
al. Moneclithie cerossings are those
that are formed at the c¢rossing and
cannot be premoved without destroying
them. Typical monolithic crossings
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are asphalt, poured - in - place con-
crete, and cast - in - place rubber
{elastomeric) compounds. Sectional
crossings are those manufactured in
sections {panels) that are placed at
the crossing and can be removed and
reinstalled. These crossing surfaces
facilitate the maintenance of track
through the crossing. Typical sec-
tional crossings consist of ftreated

timbers, reinforced concrete, steel,
high density polyethylene, and rub-
ber.

The U.S.

DOT/AAR National Rail-
TTE laswmer omm e tasm T onrrmund mvrrr 17
Oigiiwdy LIOSSLy LivellLuiy 1o

the majority of crossings

A that
Uil wviiae

are as-—

phalt. Numbers and percent of cross-
ings by surface type are given in
Table 40.

Proper preparation of the track
structure and good drainage of the
subgrade are essential to good per-
formance from any type of crossing
surface. Excessive moisture in the
soil can cause track settlement,
accompanied by penetration of mnud
into the ballast section. Moisture

Table 40, Public Crossings by
Surface Type, 1983

Surface Type Number Percent
Sectional timber 29,339 14.29
Full width plank 30,131 14.67
Bituminous asphalt 112,544 54.81
Concrete slab 849 0.41
Concrete pavement 896 O.uY4
Rubber 1,768 0.86
Metal sections 292 0.14
Other metal 254 0.14
Unconsolidated 28,797 14,03
Other Lzg 0.21
Total 205,339  100.00

Source: Ref. 7
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can enter the subgrade and ballast
section from above, below and/or
adjacent subgrade areas. To the ex
tent feasible, surface and subsurface
drainage should be intercepted and
discharged away from the crossing.
Drainage can be facilitated by estab-
lishing an adequate difference in
elevation between the crossing sur-
faces and ditches or  embankment
slopes. The highway profile at all
crossings should be such that water
drains away from the crossing.

In situations where the grade of
the highway approach descends toward
the crossing, provisions should be
made to intercept surface and subsur-~
face drainage and discharge it later-
ally so that 1t will not be dis-
charged on the track area. Surface
ditches should be installed. If re-
quired, subdrainage with suitable
inlets and the necessary provisions
for clean-out should be made to drain
the subgrade and prevent the forma-
tion of water pockets. This drainage
should be connected to a storm water
drainage system, if available; if
not, suitable piping, geotextile fab-
ries and/or french drains should be
Ingtalled toc carry the water a suffi-
clent distance from the roadbed.
Where gravity drainage is not availl-
able, a nearby sump may provide an
economical outlet, or the crossing
may be sealed and the roadbed sztabi-
lized by using asphalt ballast or its
equivalent. '

Since drainage is more of a
problem Iin multitrack territory, the
installation of catch basins between
tracks at the ends of a crossing
should be considered. Any lag bolt,
drive spike or track spike holes in
the ties should be filled and sealed
to prevent entrance of moisture that
causes early deteriloration of the
ties. :
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It is desirable that the sub-
grade be cleaned of all old contami-
nated ballast and bladed to a level
surface. Selected subgrade material
should be placed 1in layers no more
than 12 inches thick, then thorocughly
compacted by approved methods. Sub-
grade material may consist of select
soils, soil cement, or asphaltic mix-
e3, to be selected by the individual
railroad.

Use of a suitable
over the entire subgrade area under
the <crossing and for a sufficient
distance beyond can be a significant
ald in separation, filtration, water
transport, and tensile reinforce-
ment. The fabric separates the bal-
last from the subgrade, and thus
restricts ballast penetration down
into the subgrade and prevents con-
tamination of the ballast from the
flow of soft subgrade material into
the ballast 1layer through pumping
action caused by heavy train loads.
Fabrics also provide additional
structural support at the ballast-
subgrade interface such that loads
are apread over a greater area.

filter fabric

Numerous stabilization fabries
are avallable from several manufac-
Tturers and are useful in a varlety of
elvil engineering functions involving
Improvements in drainage and reten-~
tion of fine so0il particles. These
fabrics are made of polymers; some
are woven but many non-woven ones are
produced by spunbonding or by felt-

Ing. These fabrics are also called
"engineering fabrics" or ‘'plastic
filter fabrics". However, the term

stabilization fabrics better charac-
terizes theilr function in highway and
rallroad applications where abrasion
resistance and tenslle strength under
heavy 1loads are qulte important.
Some of the avallable products are
listed in Table 41.
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Manufacturer

Amoco Fabriecs Co.

Carthage Mills

Crown Zellerbach

E.I. Dupon de Numours

& Co.
Hoechst Fibers

Industries

Mirafi, Inc.

Nicolon Corporation

Phillips Fiber
Corporation

Quline Corporation

Texel, Inc.

True Temper Railway
Appliances, Inc.

Table U1,

Product
ProPex U557

Filter X

Identification of Alternatives

Poly-Filter GB

Poly-Filter X

Fibertex

Typar

Trevira Spunbond

Mirafi 100 X
Mirafi 500 X
Mirafi 600 X
Mirafi 700 X

Kontrol
Nicolon
Geclan

Supac N

Supac W

Q—Traq

Texel
Texpro

True Tex
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Ground Stabilization Fabries

Description

Highly permeable nonwoven'

Woven fabric of polyvinylidene
chloride Monofilament yarns

Woven fabric of polypropylene
monof'ilament yarns

Woven fabric of polypropylene
monofilament yarns

Nonwoven polypropylene, spunbonded
and needlepunched

Continuous filaments of polypro-
pylene, spunbonded

Nonwoven polyester continuous
filament fabric mechanically
bonded by needling

Woven polypropylene yarns

Woven polypropylene yarns

Woven polypropylene yarns

Woven polypropylene monofilament
yarns

Woven polypropylene
Woven polypropylene
Woven polypropylene

Nonwoven polypropylene
mechanically interlocked by
needlepunching and heat bonding

Woven polypropylene

Needledpunched and bonded,
continuous {ilament

Polyester or polypropylene
mechanically bonded by needle-
punch process. Texel is non-woven
and Texpro 1ls woven

Nonwoven polyester with staple
needlepunch bonding
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Some of these fabrics allow the
penetration of water but prevent
novement of even the finest soil par-
ticles through them. In addition,
these fabrics have various applica-
tions in below~grade drainage chan-
nels. Together with ballast or other
granular material they are used to
construct non-clogging French drains
and may be combined with perforated
pipe where greater flow capacity 1is
needed.

When used, the fabric should be
rolled beyond each end of the c¢ross-
ing for at least 20 feet. If a ratl
Joint falls within this 20 foot dis-

tance, the fabric should extend at
least five feet beyond the rail
Jjoint. If practical, the fabriec

should extend under the highway sur-
face 15 feet each way from the center
line of the track. One manufacturer
suggests extending the fabric up the
sides of the crossing to prevent soil
fines from migrating horizontally
into the clean ballast. Thils tech-
nique is called encapsulating or
bullding a fabriec envelope.

The ballast and subballast
should be clean at least 10 inches
below the bottoms of the ties. Clean
ballast should be placed a minimum of
one foot beyond the ends of the ties
and 20 feet beyond the ends of the
crossing, Ties should be elther
treated No. 4 or 5 hardwood ties or
concrete ties through the c¢rossing
surface area and beyond for a ninfmum
distance of 20 feet. Length and
spacing of the ties should conform to
the type of crossing surface materi-
als being used.

All ties through the crossing
area and at least 20 feet beyond each
end of the crossing should be fully
tie plated, with two or four spikes
per tile plate, and fully box an-
chored. Optional placement of tie
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pads is acceptable. Figure 72 illus-

trates the connection of the rail to
the tie.

The rails through the crossing
should be 1laid to elminate jJoints

within the crossing. Preferably, the
nearest joint should be not less than
20 feet from the end of the ecrossing.

Continuous welded rail may be used,
or raitls might bhe welded in the
field. The use of heavier rail

through the crossing area may be war-
ranted at crossings with high traffic
volumes.

Rails should be spilked to 1line
and the track mechanically surfaced
to appropriate grade and alignment
such that the crossing surface will
be in the same plane as, or slightly
above, the top of the rails for a
distance of two feet outside the
rails. This will assist in avoilding
any Jjarring and overfurning effect
on the rails from the movement of

- 1. Eliminate rail joints within rcadway/
and for a distance of at least 30 feet
bayond each end of the roadway
cressing surface.
2. install heavier rail within the
crossing.
3. Install rail anchors at gagh tie., / S,

4. Use tour spikes in each tie plate.
Use double shoulder tie plates to
‘provide adequate bearing.

5. Use rubber tie pads under tie
plates on each crosstie within limit of

crossing.

6. Support field side panels fully on
track ties.

7. Bevel ends of crossing planks.,

8. Seal Flangeway openings and
spaces outside the head of the

running rails with bituminous or
other material,

Figure 72. Connection of the
Rail tc the Crosstie
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heavily loaded highway vehicles and
will aid in providing a smooth riding
surface. In turn, the first {two or
three 1inches of the top surface of
any non - plastic c¢rossing surface
material immediately adjacent to the
outside of the head of a running rail
should be lowered by dapping approxi-
mately one quarter inch, so that it
will not be damaged by contact wlth
false flanges of railroad car wheels
with worn treads.

Following completion of the
original tamping, arrangements should
be made for rail traffic to move over
the track to induce any initial set-
tlement, and the track should then be
retamped to obtain coptimum track sta-
bility. This retamping should in-
clude the area of the cerossing and
extend one rail length past the near-
est joint. In its final position,
the top of the crossing surface
should be at the same elevation as
the top of the adjacent highway sur-
face.

Flangeway openings on the inside
of the running rails are provided in
various ways. Prefabricated section-
al type surfaces make provision for
flangeways in the design and fabrica-
tion of the individual sectiona, In
the very simple monolithic bituminous
crossing surfaces, flangeways may be

formed by placing a removable wood
strip adjacent to the head of the
rail and removing it after the sur-

face has been compacted by rolling.
This procedure is not recommended,
except for crossings with very light
vehicular 4{rafflic. 4 more durable
inner edge of the flangeway will be
formed by using a line of permanently
fastened timbers or scrap rails.
Consideration must be given to the
impact on track circuits and appro-
priate Federal Railrcoad Administra-
tion (FRA) rules. The flangeway
opening shouid have a minimum widtn
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of 2.5 inches and should extend at
least two inches below the top of the
running rails. Flangeway openings
and spaces outside the head of the
running rails should be sealed to
reduce the flow of water into the
ballast and subgrade in the crossing
area.

The crossing lengthy; measured
along %the track, should be sufficient
to extend at least one foot beyond
the edge of the highway pavement, in-
c¢luding any paved shouiders on the
highway approaches to the crossing.
State laws may dictate that if hot-
mix Dbituminous asphalt pavement is
used on the highway approaches, con-
sideration should be given to instal-
ling the pavement to at Jleast the
bottom of the tie elevation, placing
it in several layers, and rolling it
parallel tc the track with the final
layer rolled in botn directions. The
ends of the c¢rossing surface should
be beveled £$¢ avoid damage by drag-
ging railroad eguipnment. Median
strips, shoulder escape routes, and
sidewalks normally should have the
gsame surface mnaterial installed to
provide one continucus crossing sur-
face. In urban areas, separate sec-
tions of crossings may be provided
for pedestrian use if sidewalks are
somewhat removed from the highway.
However, unless adequate drainage is
provided, the unsurfaced pockets be-
tween the separate crossing areas may
create undesirable soft subgrade con-
ditions.

Proper preparation of subgrade
cannot be overemphasized. Several
States have experienced problems with
crossing surfaces that can be direct-
ly related to 1inadequate subgrade
preparation. Typical problems found
at crossings include the following.

failed
in apron

pavement
settlied)

o Replacement
(ecracked and
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area adjacent to
because of':

crossing surface

inadequate compaction in apron
area (from ends of ties to ex-
isting pavement) of subgrade,
ballast, and pavement material;

failure to install header board
vhen required;

failure to
ing rellef

form pavement/cross-
Joint;

failure to
ing relief

seal pavement/cross-
Joint; or,

inadequate existing pavement
removed for crossing installa-
tion, creating a space too nar-
row to properly compact re-
placement material. (Minimum of
36 inches is recommended.)

Frost heaving of pavement on high-
way approaches.

Improper establishment of highway
pavement and crossing surface ele-
vations resulting in a non-uni-
form transition and causing a
decrease in riding comfort.

Track settlement causing poor
transition, and loose outslide pan-
els due to:

Unstable subgrade
advance investigation) or,

Inadequate ballast depth and/or
compaction.

Improper placement of filter cloth
and failure to place under track-
bed.

Whenever either track resurfac-
ing or highway resurfacing projects
involve a crossing, appropriate meaa-
ures should be taken %to avoid detri-

(inadequate.

149

Identification of Alternatives

mental effects to the serviceabllity
of the crossing surface. In track
surfacing projects, the general frack
raise should be tapered off in the
area approaching the crossing so as
not to disturb the elevation of the
crogsing. Or, the level of the en-
tire crossing should be raised and
gradual adjustments should be made in
the grade line of the highway ap-
proaches consistent with the profile
design criteria for the c¢lass of
highway 1nvolved. If more than one
track is involved, the adjusted sur-
face of the entire crossing should
lie in one plane and all tracks
should be raised to correspond with
tne new elevation.

Caution must also be taken when
constructing or maintaining crossing
surfaces In signalized track terri-
fory. The rails must be kept insula-
ted one from the other. Metal contact
between the rails wlill shunt the
track circult and cause signal fail-
ures. Standing water in the crossing
areaz may also shunt the ¢ircuit.

In highway resurfacing projects,
the crossing surface should be
raised, if necessary, to avold creat-
Ing a pocket that will increase the
flow of surface drainage inte the
crossing area. Track railses should
be made where necessary to accommo-
date the highway grade adjustment.
Also, highway agencies should ralse
approaches where necegsary to accom-
modate track grade adjustments.

Proper liasion should be estab-
lished between railroad and highway
authoritles so that plans and sched-
uling of work can be coordinated to
avoid the planning or execution of
work on either the highway or rail-
road that might adversely affect the
grade 1line of the other. This is
especially true for removing snow
from the crossing surface. Removal of
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snow from only the crossing surface,
and not the approaches, will result
in a trough at the track and may

cauge a vehicle to stall on the
track. The operation of snow plows
must aveid damsge to the rails.
Windrows across the track or the
highway should be aveided.

Following are desgcriptions of
varicus types of crossing surfaces
along with typical cross sections.
These cross sections do not show a

stabilization fabric because the best
position for a fabric in each situa-
tion will depend on the combination
of subgrade materiail, subballast,
climatic conditions, drainage method,
and other relevant characteristics of
the site. Information on the use of
several types of crossing surfaces by

State is given in Appendix F. Table
42 provides a specification check
list for several types of crossing
surfaces.

1. Uncongolidated

Unconsolidated crossing surfaces
are those that consist of sand, grav-
el or other material placed between
and outside the rails. While - they

Compacted
Base Material

Form Flangeways
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may be appropriate for some very low
density unpaved roads, particularly
in combination with low-density rail
operations, they are undesirable be-
cause without frequent replacement of
the materials, vehicles may become
caught between the rails. A surpris-
ingly large number of publiec cross-
ings have this +type of surface. If
they are used, they should be used
only on highways that alsc are uncon-
solidated, i.s. gravel roads.

2. Asphalt

An asphalt crossing surface is
monolithic, formed from a pavement
type mixture of non-metallic aggre-
gate and a bituminous binder (usually
hot mix). It may inciude flangeway
protectors of planks, flange rails,
or other devices that form flangeway
openings on the inside of the running
rails. A line of timbers or flange-
way rails is sometimes placed on the
outside of the running rails. A
cross section of a typical plain as-
phalt crossing is shown in Figure 73.

Agphalt crossings are relatively
inexpensive to install. However, they
must be torn out and completely re-

Bituminous Pavement

R '.-'." . D
e e 1-1‘ - Aggregate Base R

. -

Perforated Drain Pipe

Figure 73. Typical Cross Section thru Plain Asphalt Crossing
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Table 42. Crossing Surface Data Sheet

R.R. Cross- Premler OMNI
Fab-Ra- Ganeral Geners! Goodyear ings, Inc.* Red Hawk Structural Structurat Kralburg Caone., Rubber Paric Koppers
Cobra Cast Tirs Tire Super Steel - Rubber Rubber Rubber Siraf Precast Producis  Rubber Co. Waar
X (R) {1834) ] Gi ] € 1] Epoxy Coat Co. SafNDri Mod. C  SalNDriMod. 5 “HI-Ral” Conc. inc. Guard
8.8" F5 Fory 36" 8.6 &6 e 80" 8"
Length of Ties 8'-6" ¥-0” L -5 9-0" @-0v 9'-0" 9'-0" 90~ 9'-0" N/A 9'-0" 9'-0"Y
Tie Spacing it Any 18" 18" 18" 19%" 18" 18 20" 18" N/A 8" 18" 19-3116"
Maximum Length
of Tie Plates 16" Any 14 14" 16" 14" 6" 16" 14" 16" N/A 18"
3/4" x 374" x 12"
Size of Fasteners 12" N/R 8" 11" 3/4" x 127 7B X7 12" 127 2 N/R N/A 10%" 8", 10", 12" 5/8" x 5"
Cong, Cable, Rod
Type of Fasteners Drive N/R TS/DR TS/DR Drive LSw TSW LAG LAG N/R Anchor T8 Lag LR, LAG, TS
Fasteners
Furnished Y N/R ¥ Y Y ¥ ¥ Y Y N/R ¥ ¥ ¥ Y
Additional
Washers Necessary Y N/A N N Y Y Y N N N/R N/R N Y As Specified
Additional
Washers Necessary Y N/R N N Y Y ¥ A N N/R N/R N ¥ Y
# Fasteners/Tie -
Maximum 7 N/R 12 18 18 6 18 10 N/R N/A -] 4 8
# Fasteners/Tie -
Average 7 N/R 12 7 2 12 11 L] Y N/R N/A 5 N/A 8
X-ing Pads It If
Predrilled Y N/R Y Y Y Y Y Y Y N/R Y Required Aequired Y
Spike Holes
Courtersunk Y N/R Y Y Y Y Y Y Y N/R N/A Y N Y
Spike Hole Plugs
Furnished N N/R Y ¥ ¥ Optional Y N N N/R N Y N/R N/R
Length of Gage
Pads 18" 26" 18% 72 36" 58" 36~ 36" an" 36¢ 48" T2 72" 95"
Length of Figld
Pads 18" 96" 18" 12" 38" 58" 38" 38" 80" 35" 48" 7a 2 95"
Gage Pads -
# of Pieces 1 1 1 4 1 2 1 i 2 1 2 2 2 2
1-1/8" Pad
Depth of Material Full Full Full 2-3/8" 2% Full 3" 2-13/18” & Fuil Full Fall ki Full Timber
Steel Reinforced N Y Y Y Y N/A Y Y Y N ¥ N ¥ N
Tangue & Graove
Design Y N N N N N N Y Y Y N N Y N
Weight of Gage -
Pads 04 2.2004 2404 3954 3104 1,0944 32o4 2PRH ey 575# 7004 625# azs# 570#
Weight of Field
Pads 344 1,0004 1054 2754 16# B800# 125# 04 460% 2304 3,800# 5754 174#% 4624
Shims Necessary -
Furnished N/R N/R N/R Y Y N/R Y Y Y N/R N/R N/R Y N/R
Shim Fasteners -
Furnished N/A N/A N/A Y Y N/A Y ¥ ¥ N/R N/A N/A Y N/R

AT as3deyn
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Table 42 (Continued). Crossing Surface Data Sheet

R.R. Cross- Premler OMN]
Fab-Ra- General General Goodyear Ings, Inc.* Red Hawk Structural Structural Kralburg Cone. RAubber Park Koppers
Cobra Cast Tire Tlee Super Steel - Rubbear Rubber Rubber Strall Precast Products Rubber Co. Wear
X{R) {1984} Gentrac | Genlrac il Cushlon Epoxy Coat Co. SafNDrl Mod. & SaiNDri Mod. 8 “Hi-Rall” Conc. Inc. Parkea Guard

Abrasion Pads i

Recommended Y N Y A Y Y Y N N N Y
Abrasion Pads Field Y Y N Y Y Y N N If Specified Y+

Furnished Y N/R Side Only -
Header Board

Required N N N Y Y N Y Y Y N N N N N
Type of Header Rubbsr/ Rubber/ R Wood/Rubber/

. ubber/ Rubber/ Rubber/

Material N/A N/A N/A Woad Woad N/A Wood Wood Wood N/A N/A NiA Polypsr;:lepeyl'lene! N/A
Header Material

Furnished N N N Y Y N Y Y Y - N N As Specified N/R
Maximum Curve

Allowable 20° 22° 35° 0° 30 20° 9 30° 15° 9? a° Any i9° Any
Can Materials be

Ordered, Cut or

Modified for Use Field  Ordered Ordered Ordereg Ordered Y

in Switches? Cut To Fit N N N Yo Fit Y N To Fit Y N Y To Fit Factory Gut
End Plates .

Available Y Y Y Y Y Y Y Y Y Y Y Y Y N/R
End Plates

Furnished Y+ Y Y Y+ Y Y Y Y Y Y Y Y+ Y Nia
Gage Side

Flangeway ¥ ¥ Y Y ¥ Optional Y Y Y ¥ Y Y Y Y
Gage Flangeway Struct.

Type Foam Mastic Rubber Rubber Rubbver Steel Rubber Rubber Rubber RAubber Cone. Rubber Rubber Timber
Can Pads in

Center of X-ing

be Removed With-

out Remaving

Balangs of

Crossing? Y Y Y Y Y Y Y Y Y 2] Y Y Y ¥
N/R = Not Required
N/A = Not Applicable
N = No
Y = Yes
DR or Drive = Washar Head Drive Spikes
LAG = Lag Screws
+ = At additicnal cost
LSW = Lag Screws with Attached Washer
T8 = Timber Screws
TSW = Timber Screws with Attached Washers

Note: The data on this table was coliected by the Union Pacliic Rellroad

= Specifications are for R.A.C. Super Heavy Duty

Model. Other lighter weight models available.

AT asadey)
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placed whenever track resurfacing is reduce deterioration of the crossing
done. Good track conditions through surface that might be caused by the
the crossing area and good drainage effect of rail flexure on the bitumi-
of the subgrade will reduce mainte- nous surface material in direct con-
nance costs. This type of crossing tact with the rail. Planks or tim-
can be installed during paving of a bers must be wide encugh to extend
street or road over light-density over the area of the tie plate and
rail lines by allowing the asphalt spikes, to provide support on the
paving machine to continue over the ties, and to be anchored to them.
crossing, using the top of rails as a

top of pavement reference. A scrap railroad rail may be

used to form a flangeway as shown in
The use of a plank or timber Figures .75 and 76. The rail i3 laid

header, as shown in Figure T4, on on 1its side with the head fitted
each slde of the running rail will against the web and under the head of
Bituminous Timber or Bituminous
Pavement Bituminous Material Pavegent
Timbers

............................................

A Crosstle SRR AR
Pomimiudattetrnlnfl
6"-8" Ballast! 7 oubbase -
\I NIRA S : Material
T A PEAES ““‘W""Is, e U e e
1‘IU" m1n Base Material -',. 7 & inch
S 7 . Perforated
Mrain Pipe
. 10!
Where Treated Base is Used, Graduated Aggregate Base

Place Untreated Filter Material

' Treated Base
Over Drain Pipe on Each Side or lreate

Figure 74. Typical Cross Section thru Asphalt Crossing with Timber Headers

Highway Pavement Highway Pavement

l - O"

5"
I See Flgure 7

Lo O
= ULSORR —_—
=5 V—Aﬂ "
W\g"‘-‘ N
BRI \.-u.

LIRS ~:‘ :.
ALY

Bltumlnous Surface N LRI

i .,

A

Compacted Base Material

Figure 75, Typical Cross Section thru Asphalt Crossing with Flange Rails
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Bituminous
Pavament

B 25 [ 4 -8.5" Gage Ristance
Quter Flangeway y

Chair Chair

=== 05 5/

Figure 76. Detail Section Thru
Flangeway of Asphalt Crossing

the running rail. The scrap rail is
supported by steel chalrs that are
made and marketed by Nelson Iron
Works, Inc. and also distributed by
Virginia Suppliers. They are made to
fit the desired combination of run-
ning rail and flangeway raili. With
this flangeway construction, the bi-
tuminous material is placed against
the vertically-positioned base of the
flangeway rail and against the out-
side of the running rail. At cross-
ings carrying heavier volunes of
highway or railrcad traffic, an addi-
tiocnal serap rail may be installed on
rail c¢halirs on the outside of the
running rail to avoid the deteriorat-
ing effect of flexure of the running
rall on the bituminous surface.

Another product that provides a
formed flangeway and eliminates con-
tact of the running rails with cross-
ing surface materials is Epflex Rall-
seal, produced and marketed by Epton
Industries of Kitchener, Ontario,
Canada, An extruded elastomeric pro-
duct formed from an ethylene propy-
lene copolymer, it can be wused with
agphalt, concrete and timber sur-
faces. Typieal cross secticns are
shown in Figure 77. Epflex Railseal
has been installed at more than 200
crossings on Canadian railroads, the
first in 1970,
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et e e ——

Light Timber Surface

Figure 77. Typical Cross Section
of Epflex Railseal

3. Wood Plank

A wood plank crossing surface is
formed by installing planks or tim-
bers as individual pieces over the
entire crossing area as shown in
Figure 78. An advantage of the wood
plank ec¢rossing 1is that it can be
continuously maintained by replace-

ment of deteriorated or worn planks
one at a time. A disadvantage 1is
that it cannot be removed and re-

placed in sections for track mainte-
nance purposes, making more difficult
the continuing flow of highway traf-
fic during maintenance operations.

Wood planks in a crossing may be
full depth from top of rail to top of
tie in order to eliminate the use of
shims. Planks should not be less
than four inches thick and where
used, shims should not be less than
1.625 inches thick.

Flangeway openings on the gauge

side of the running rail are provided

in various ways, such as by dapping
the underside of a plank to clear the
tie plates and spike heads and spac-
ing them to allow an appropriate
flangeway width.
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4' - 85"

325 3,25" =
r 4' - 2" 1

Filler Blocks

10"y 10" 10", 10" , 10"
& _%_

y%/

Crosstie 7" x 9" x 9' - Q"

N

)

1'x6"
Header \- 14" Tie Plate

Figure 78. Typical Cross Section thru Wood Plank Crossing

4, Sectional Treated Timber The panels are fabricated from
gum timbers or other suitable hard-

A sectional treated timber wood timbers, Usually, the timber is
crossing consists of an assembly of thick enough to extend from the top
pre-fabricated treated timber panels, of the rail to the top of the tie and
installed between the rails and to not require  shims. Thinner timbers
the ends of the ties as shown in can be used with shims on top of the
Figure 79. The panels can be removed ties. The minimuwn thickness of tim-
and replaced for maintenance pur- ber should be 5.125 inches and the
poses. minimum thickness of shims should be

1.625 inches.

] [ 225"

2,5" progn 2.2 2.5"
20,25" q |- le 26" - 26" - .
|  Section Section Section i
b R MY >
Sk =
N Ry o : B N NS S5, ="
" ' . 0.75" Spiral & Fluted Dowels I
7 xgtf?'O' Crosstie S thry each Section

Illustrative Cross Section thru
Sectional Treated Timber Crossing

Fill with rock
and asphalt
Allow first train

to make flangawsy P S 7" F&: 4" - ¥
"o PR L g
e /hmi 4 N . | w | BT e @\‘
ISYENRENHPHEN 520 B 2 SR N
X Ha. ] PN - Geeon Y
Sz &11716'%'4“\‘:;:;\ 7 /‘%9\( =3 %:E\b ?rmx\\\_\ N \‘ﬁ ?
= ] X _ Diady 3
2d R\\Tlf\“liﬁ'ﬁ f‘\\\\"\ﬁ\\ \ %\'\i\{\fﬁ-\i\a‘ ‘11.\\\ D ===s b et 1)
] [ 1
I :ﬁ\h”““{\ \)::“\ i | i Do 1
! 1 1;;" h { It ] i Urie Pad U
H [ | yme'raey i v U v
U U v U Section Shwoineg DAP & Drilling of Planks at !
o "o ,l Rail for Alternate Ourside Slab Unit

Section Showing DAP & Drilling of Planks at Rail’

Figure 79. Typical Cross Section thru Sectional Treated Timber Crossing

155




Chapter IV

The timbers are securely fas-
tened together in panels to permit
adequate dapping of the underside of
the edge timbers to provide proper
clearance over the tie plates and
heads., & width of
2.5 1inches on the gage side of the
runaning rail is provided. The
flangeway opening can be filled with
rock and asphalt or a treated timber

filler block.

F1nnamuday

uuuuuu L LiipT W

The widths of the outside panels
vary to accommodate various lengths
of ties. Typically, the widths are
17 inches %o accommodate eight foot

ties, 20 1inches for 8.5 foot ties,
and 24 dnches for nine foot ties.
Inside panels are a standard 25.5

hhhhhhhh Sections vy fur-

nished 1in eight foot or 6.4 foot
lengths to accommodate 19.2 inch tie
spacing. Other 1lengths are availa-
ble. The end panels are beveled four
inches at #5 degrees to minimize
damage from dragging railroad equip-
ment.

usuall

are
are

Dome-head drive spikes, washer-
head drive spikes, or lag screws with
steel washers are used to secure the
timber panels to the ties. The heads

of the washer-head drive splkes and
the lag screws are countersunk to
provide a smooth riding surface. One

manufacturer has an optional double
coll spring-loaded drive spike that
absorbs shock from the traffic and is

Edge Armor 2"x0. 5”)%"
Steel Channel

b—16.75" - f—asl—‘%

== 16.75"

—t- 16,75"
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designed to keep tension between the
drive spike and timber.

Some manufacturers provide rub-
ber cushions that are placed under
the timber panels to reduce vibra-
tion. provide a non - skid

Others
safety plate on the top surface of

the panels as an o¢optional feature.
For example, Koppers Company, Inc.
recently  introduced "Wear  Guard"

(patent pending)} that is a replace-
able 1.125 ineh thick high-density
polyethylene surface. These panels
are secured to the timber panels with

dome head Jlag screws or timber
serews. This wear surface can be
removed and replaced when needed

without having to remove the entire
creossing surface.

Manufacturers of treated timber
panels are:

The Burke-Parsong-Bowlby Corp.;
International Track Systems, Inc.;
Kerr-McGee Chemical Corp.;

Koppers Company, Inc.; and,

W.J. Smith Wood Preserving Co.

0O 0000

5. Precast Concrete Slabs

of surface

con-

crossing
pregast reinforeoed

This type
.i..

nsists of
is

wio s

ete panels, shown in Figure 80,
that may Dbe removed and reinstalled
for maintenance and replacement pur-
poses. However, due to their weight,

5" min 8" max
in 0,25" Multiples

Preformed & Treated
QOak Fillers

s g,

LA
P . »

) < 0

.

P

o 16.75%%‘—1&5-— 16.75" =]
F . i
— Y A
-“i'ﬁrﬁmfﬂ‘<f;r;$’
.5"x3" Steel Dowel | o Ha ™

A ! i R
T T == — _=
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I"
s~

Crossties 87 — 6" Long :

Figure 80. Typical Cross Section thru Conerete Slab Crossing
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appreximately 1,500 to 2,500 pounds,
they must be removed by powered
nmechanical equipment.

The reinforcement typically con-
gists of 10 longitudinal 0,375 inch
deformed bars made into two mats of
five Dbars each and spaced one inch
from the top and bottom surfaces, and
five 0.5 inch deformed bars laid
transversely In the botiom of the
slab. The concrete has a compressive
strength of 5,000 to 6,000 1lbs in 28
days and & one inch maximum slump.

manufactured in
usually six, eight,
or nine feet. A crossing made by
Permacrete Products Corporation has
concrete slabs that £it 18 inch tie
spacing and a cressing made by Inter-
national Track Systems hag a slab
that fits 19.2 inch tie spacing. One
or more center sections are placed
between the running rails  with
flangeway openings ranging from 2.5
to 3.25% inches. Outside sections
usually extend to the ends of the
ties, although some are slightly nar-

The panels are
various lengths,

rower., Slabs are iypically 16.75
inches wide.
International Track Systems,

Inc. has & precast concrete slab that
utilizes two slabs for the center
gection with treated guard +imbers
adjacent to the rumning rail, both on
the inside and outside slabs. Perma-
crete'ls crossing also  utilizes
treated timbers adjacent to the run-
ning rail. The tinbers are dapped to
fit over the tie plates and spike
heads and form the flangeway opening.
Timbers are held to the concrete with
tie rods.

The thickness of concrete slabs
varies. Some are full depth from top
of rall to top of tie while some use
shims on the ties +to bring the top
surface of the slab up to the top of

~distributed
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rail., Typical slab.thicknesses are
five tc eight inches. Some concrete
slabs have edges that are protected
with steel armor that require special
provisions for electrical dinsulation
when located in irack circuit terri-
tory. End slabs are bheveled to pre-
vent possible damage from dragging
railroad equipment. Rubber pads that
are placed on the the ties are stand-
ard features of International Track
Systems installations.

The design and installation . of
precast concrete slab crossings
should be such that after a period of
time they do not rock. Surface spall-
ing of concrete slabs can be repairsd
using an epoxy product. Periodic
surface treatments are sometimes used
to reduce spalling.

One precasit concrete glab cross-
ing is designed so that the center
slabs are not held in position by
metal hardware but are resgirained
against lateral movement by rubber-
resin filler beitween the edge of the
slabs and the web of the running rail
as shown in Figure 81. This filler
is alsc used in the space beiween the
outside slabs and the running rail.
The slabs are supported vertically by
grout bags resting on top of the
ties. This surface 1s reglstered
under the name FAB-RA-CAST and is
by Szarka Enterprises.
The normal slab units are eight feet
long and five inches thick. Clear
openings of 2.5 inches are provided
on both sides of each head of the
running rails. This flangeway is
filled with a cryogencially processed
rubber and moisture cured polyure-
thane that is field mixed and poured
in place. This filler is called FAB-
RA-FILLER and is used to protect the
integrity of signal and communica-
tions systems. Since the slabs are
not connected to the 1ties; they can

be installed in a +track having con-
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Rubber Resin Filler Molded
for Hi-Speed Train Traffic

Field/Approach
Panel

Gage Pane!
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Field/Approach

Resteel and Mesh Panel

!

#-51.5"

1

i;;;ﬂ [C5

1 Railroad Cross Tie (Wood Steel Concrete or Bridge Decking)

,—Jﬂestramt Rod
(Standard)

1

! e

Grout Bags - Automatically
Adjust to any Variations of

Rail Size, Tie lrregularities

or Surface Variables

Any Track Spike or
Rail Clip may be Used
as Grout and Filler
will Conform te any
Shape.

Rubber Resin Filier Molded
Low Speed Train T raffic

Note: All Steel (Rail, End
Plates, End Ramps, Restraint io
Rads) Rustproofed

f
Rurning Rail (Any Size)

Temporary Leveling Stacks
(to 1/16") 4 Stacks per 8’
Panel: Gauge and Field

Ngte: Paving to be
Cut pricr to
Installation

Variable 24" Ideal

18" “%

Paving

k25 Il:z.s"‘{‘

insuiated Restraint Ro
Signal Territory

N Lock Nut

Restraint Bracket

Figure 81. Typical Cross Section thru FAB-RA-CAST Crossing

crete ties as well as wood Gties. The
top surface 1is broom - finished to
improve skld resistance and reduce
hydroplaning. ’

The Premier crossing, shown in
Figure 82, does not utilize cross-
ties. It is a patented concrete slab
crossing incorporating a precast re-
inforced concrete base placed on a
compacted subgrade. The runaning rails
are inserted in a custom formed re-
cess and center panels bolted 1nto
place., The modules are forced

I’E.I.Ill LI'ded.

are placed on a 0.125 inch thick con-
tinuous polyurethane strip that pre-
vents abrasion between steel and con-
crete and provides electrical insula-

tion and less rail/wheel noise. No
spikes, rail anchors or tie plates

are utilized. The end concrete mod-
ules are sloped 45 degrees to prevent

damage caused by dragging railroad
equipment. A 2.5 inch flangeway
width is provided. The top of the

finished modules has a textured fin-
ish, cast against a non-sikid floor

T de wnfano Tha Praomiar

pLate 3uriace. +0€ remier erossin

o
ing
c

ifi

with high tensile wire mesh. Ralls surface iz available from Pac
6x12 °% welded wire fabric Lot
with oo bars transverse am —
" Q. hookded as shown / Provided 0.25" Filler
1.5" ¢l Anchor i
- —-k-H-O.TS"‘\ at Rail as Shown
Membrane / .
SO U > T e e
i =] L e gl AT . il ‘,T
‘ L t<4:f% - ~..-:' A g
o " A h
_“’1 \__._&" [ ncher \ \— 1“ ot surethane
n #4 bars @ 5" ctrs All 3 t. bars
°© Note: #& bars to be bent ong':; ' ‘0. ?5“ é Machine Boit
around 1" dismeter pin

- #4 bars x 6'117

@

5" ctrs

Figure 82. Typical Cross Section thru Premier Crossing
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International Pipe and Engineering,
Inc. and Railroad Crossings, Ine.

6. Continuous Concrete Pavement

The cross section of a cast-in-
place continuous conerete
that covers the entire crossing area
encasing the crossties is shown in
Figure 83. This type of surface does

T rrd Al
not allow for track maintenance with-

out removing the surface. Therefore,
a continuous concrete pavement should
be used only on auxiliary tracks
where track resurfacing will not be
needed during the 1ife of the cross-
ing surface. Such a surface might be
appropriate at locations where a
track extends Jlongitudinally in a
paved street. While the encasement
of a track in a concrete pavement is
relatively expensive, it can provide

excellent riding quality over the
track area. It is totally unsuited
far nas Aan a main track

<
a
[¢
e
.

WL WO WLl & i LEd

T. Steel Sections

Several manufacturers have pro-
duced prefabricated steel sections of
an open grating type, that may be
installed and removed individually
for maintenance and replacement pur-
poses. An advantage of this crossing
surface is the better aeration of

surface

Identification of Alternatives

the ballast and roadbed secticn in
the crossing area, providing the area
under the crossing and on top of the
ballast is kept clear of dirt and
debris. Accumulation and retention of
dirt on the

the steel crossing may lead
to rapid corrosion. These surfaces
generally have good riding quality
but are sometimes difficult to hold
in place. Shims are required on top
of the ties. Insulation 1is required
in track circuit territory.

Steelplank Corporation produces
a solid surface sectional steel
crossing that 1s shown in Figure 84,
It is mzde of die formed 0.25 inch
steel and consists of channel shaped
planks for the running surface that
are solidly welded to U-shaped sup-
porting sections that rest direectly
on and are secured to the ties with
six Ineh lag screws. These support
risers run perpendicular to the ties
and, while 16.5 inch tie spacing is
preferred, minor variations in spac-
ing are not critical. Center sec~
tions of the five-plank units are 6.5
feet long and 4.23 feet wide, Ap-
proacn panels are 20 dinches wide.
Tapered end sections are available to
prevent damage from dragging railroad

equipment. To permit 1Installation
and removal of lag screws, access
holes are provided in the center of

8.25" ¢ Longitudinal Bars 2nd Pour
with 12" lap at midpoint between

top of tie and top of concrete

-—12"-—- 124~

Pav:l.ng? r -~ 5" 5“ 5ru 1.5"

Flangeway

0.25%x3" Bevel

{ B N _L: RS

i . s Faving

8' - 6" Cross Tie

5_" ctrs 12" lap

Figure 83. Typical Cross Section thru Continuous Concrete Pavement
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Barrier Strip
Q25"x4"x6'6" Steel

A 8'5“
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i 21" Flangeway

—8-10.25" 40, 25"

2|'|

o — 20"

0.75" x 6" Lag Screws

U
o

5425
25" Die Formed Safet

—=TMx9"x8'6" Crosstie @ 1"-3_.5" CErs

1T

Plates Channels

e

1-(Edge of

Pavement

0.25" Die Formed U Shaped Sections
over each Crosstie

Figure 8U4. Typical Cross Section thru Steelplank Crossing

each plank at each end and the center
of the panels. Steelplank crossings
are made to fit the rail height and
tie plate thickness and require no
shims. The surface 1s made of steel
safety plates with an abrasive epoxy
finish for skid resistance. Complete
epoxy encapsulation of erossing pan-
els can be provlided to meet unusual
exposure problems. Steelplank panels
can be built to accommodate curves,
frogs, and turnouts.

R.R. Crossings, Inc. manufac-
tures a steel crossing surface, Unl-
Panel, shown in Figure 85, that is

designed for heavy wheel loadings for
heavy industry. Most of thelr sur-
faces are used as custom applications
for corporations that maintaln their
own sidings and crossing areas. Each
standard steel Uni-Panel consists of
a flat deck plate, formed box channel
risers, a diagonal web, and end
plates. Access holes through the
deck plate permits fastening of the
Uni-Panel to the tie, using elther
full-threaded lag screws or rotating
drive gspikes, along with rubber shock
abgsorbers and metal washers. The
Uni-Panel channel risers are custom
made to mateh the combined height of

Typical Highway Crossing (132# Rail)

Gap Dimensi¢ning Around Rail {QOptional)

56.5" (4'8.5") Gage Line

he |
v M=
- 18.25" — 1% ol 505" 4
Field Sice Panei rGage Side Panel {1 piece) —\
™1 11 1] '
- ol (I ¥ i
fv[ REINEIE
ol L7 N o b = by ) i
TSR 3 14x7.75" Tie Plate 7 Nolag X 7°x7/8" Sieel 0.5 thick Rubber
= with Wood Tie {Oak) or . Bolts Used Lag Screw & Fiber Shock
Cement Tie (7" x9"x8'¢") in Center Area  petal Washer Absorber
Typical Industry Crossing (90# Rail)
29/16" . )
{ 5y = 56.5
19 3/16 ] 2 a 25 1/8" > [+ 251/8 H
8 l 'k
=

ey
Field Side Panel
W L

10" x7.5" Tie Plate
with 90# Rail

7"x9" 286" Oak Tie

Figure 85. Typical Cross Section

Gage Side Panel
Sage !

It
I i

No Lag Bolts Used
in this Area

Note: 3 Piece Gage Pane!l Also Available

thru R.R. Crossings, Inc. Crossing
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the rail and tie-plate. The standard
tie apacing is 19.5 inches, but the

e llen Fes o =i MU vl

surface can be customized for any
crossing. Flangeways of 2.875 inches
are provided. The steel surfaces are
coated with a coal tar epoxy and the
top surface given a non-skid treat-
ment. End sections are tapered +to
prevent damage from dragging rallroad
equipment. A 0.25 inch rubber strip
can be fastened between the center

panels to provide signal insulation.

8. Rubber Panels

This type of crossing surface
consists of molded rubber panels usu-

ally steel-reinforced and with a pat-

terned surface. The panels can be
removed and replaced for track main-
tenance. There are several manuface
turers of rubber crossing panels as
discussed below.

The Goodyear Tire and Rubber
Company makes a rubber crossing sur-
face, known as Supercushion and first

produced in 1954, with panels that
are three feet long, each spanning
two tie spaces. The center pads ex-

tend from rail web to rail web, with
2.375 inch flangeway openings. Side
panels are 21 inches wide at the top
and fit against the head of the run-
ning rail as shown in Filgure 86,

RUBBER PLUG 75
PER CENTER PAD,
6 PER SIDE PAD

 strips.

CENTER PAD

Identification of Alternatives

Thus the Goodyear crossing completely

covers an R oot ﬁ Inch tds and nro-

COVer inch tie and pro-
vides header strips at each end. For
nine foot ties, extension pads are
furnished as a part of the header
Panels require performed
wood shims on top of the ties held in
place by eight inch splkes driven
into the tles. & 0.25 inch rubber
abrasicn pad is installed on top of
the shims teo reduce abrasion and
wear. A diamond pattern antiskid
surface is molded intoc the rubber.
The transverse joints between the
panels can be sealed against water
penetration by applying pressure to
compress a 0.125 inch by 0.25 inch
protrusion at the top edge before the
panels are fastened to the ties.
Rubber header strips are now provided
instead of wood header boards. Gal-
vanized steel end plates are fur-
nished to prevent damage by dragzging
railroad equipment.

OMNI PBRubber Products, Ine, a
subsidiary of Hiedel International,
has recently introduced a  rubber
crossing surface called OMNI. This
crossing surface, 1is full-depth and
requires nc shims, as shown in Figure
87. It can be installed on coacrete
ties. The panels are custom molded
te it specifie rall and tie plate
dimensions and the six foot leong pan-

HEADER
SIDE PAD STRIP

SPIKES %~ X 127
SAME QUANTITY AS BLUBS

SMIL WA

GALVANIZED DRIVE \ TREATED CENTER SHIMS

537 LONG X 9" WIDE

TREATED SIDE SHIMS
21" LONG % 9" WIDE

A \
LIGHT SPIKES 8" LONG %" ABRASION PAD

RUBBER WASHER ASSEMBLIES
SAME QUANTITIES AS PLUGS

Figure 86. Typical Cross Section thru Goodyear Tire & Rubber Co. Crossing
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1'13” 2'5"

115 Rail

—_
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" Camrail Tmber Screw *29'-0" Tie it

2w 5/8" dia x 10.5” long

Figure 87. Typical Cross Section thru OMNI Crossing

els are fastened directly to the ties
with high-strength Camrail timber
screws. Tles must be properly located
6 feet apart to support mating ends
of the panels. Intervening tie spac-
ing is not critical because there are
no preformed fastener holes in the
panels and screw locations are fileld
adjusted to mateh tie locations. The
panels are designed to fit nine foot
long ties but field panels can be
manufactured to fit shorter ties. The
panels fit snugly against the rail
flange and web. 4 2.75 inch flange-
way is provided.

Park Rubber Company produces a
steel reinforced rubber erossing
named Parkeco, shown in Figure 88,
The steel reinforcement plates 1in
each panel are convex and directs
deflection forces against both sides

—  28,25"

M 2.75"

%“16.75"
Highway

Pavement

1 Steel Plate

Cerh iopd

Groove Joint

3 f???)//)?ﬁs"xx‘i(&i\_\}ﬁﬁi(";&///f/

of each rail. The panels are not
individually fastened to the ties be-
neath. The assembly of panels form-
ing an individual crossing are held
together by elght post - tensioned
steel rods that pass through pipe-
formed channels in each panel, £two
per panel. Anchor rods are fastened
at each end of the crossing to steel
plates that are bolted to one tle.
The panels are 3.5 inches thick and
rest on timber shims on top of each
tie. The top surface of the panels
has a molded antiskid pattern of
small protruding circles. Normal
panel length is six feet with 18 inch
tie spacing. Alternate header mate-
rials are available in rubber, steel,
wood, or poly materials.

Red Hawk Rubber Company manufac-

fures a rubber crossing surface,
28.25"
Post-tensioned
Continuous Rods
Tie Units Together
Tongue and Header

X NS *

Gl 13 wB-

Figure 88. Typical Cross Section thru Parko Crossing
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[-Field Shim

Rubber Plugs

Identification of Alternatives

Gaug? Pad Field Pad

shown in Figure 89, that contains a
0.25 inch thick corrugated steel
plate that is eompletely encased in
three inch thick rubber pads. Timber
Screws are used to fasten the panels
and crecsoted wood shims to the
ties. The center pads are 3 feet
long and 4.92 feet wide, providing a
flangeway width of 2.5 inches. Side
‘pads are 21 inches wide. Header mate-
rial comes in 9 or 12 foot lengths,
eight inches high and is made cf tim-
ber, rubber, or polypropylene. Ties

should be at least 8.5 feet long on
18 ineh centers.

Strail Hi-Rail, a full depth
ethylene propylene, rubber crossing
is shown in Figure 90. This crossing
was developed in Germany by the Krai-
burg Rubber Company, the Huls Chemi-
cal Company, and the German Federal
Railways. Belng full depth, this

‘crossing requires no shims. An anti-
skid tread design 4is used for wear

resistance, water shed, and weather
nﬁnnfﬁhu_ The panels are fitted to-=

Wi Lilg LT RIsT A W LA LE RV AT Y Lh=

gether using tongue and groove at the
fransverse joints to reduce noise and

Q0
P e - - r-...-c-.,

r—
Full ;azr:wowwv
ot | II)Y/M'//

Tie

Gauge Shim

%" Thick
Corrugated
Steel Plate

Filgure 89. Typical Cross Section thru Red Hawk Crossing

to lock the system in place. No lag
bolts, shims, or cables are required.
The rubber panels accommodate 8.5
foot and 9.0 foot tie lengths, 85 1b
to 140 1b rail heights and adapts to
turn-outs and curves. The gauge and
field pads are 36 inches in length.
The gauge pad extends to and locks
under the railhead and on top of the
rail base on both sides,

Struetural Rubber Products manu-

Twmer ot .
ures a rubber corossing surface

act

called SAF & DRI, shown in Figure 91.
The panels are formed of rubber en-
capsulated four by eight inch steel
tubes. Two cen%er panels are com-
prised of six tubes and .the two side
panels are comprised of two tubes
each. The steel tubes are completely
encased in rubber with a 0.3 inch top
wearing surface and 0.5 inch pads on
the bottom side of each tube at each
tie location. Intermittent vibration
dampeners bear against each side of
the rail web. Special modeling con-
figurations provide  water tight
flangeway openings on the gage side
of the running rail along with addi-

ry

Module - Female_qfd Shown

L LI I I I el s L LD ...-'r.'-b.-....c 1L -
"'I l"lq SRIES SRR FEN " OREERETFRERITRET

—-—-L--—zm—-—
\///M/#IIIIW/MM

Made for 8'6" &r 9'0" Crosstie —

Figure 90. Typical Cross Section thru Strail Hi-Rail Croasing
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Pl 2_7
2-

51-5/8 7/18" 20-7/8"
Typical Spike Well - One Located a 3 8: / I e
thru each Tube at Alternate ‘H._ .] L—‘

Treated Timber Shim =
8" wide 7

3 “
URubber Shock Absorber

7 x 9" x 8'6" Crossties, Spaced 20" ctrs

8"x4"x3/16" Steel Tube |

Figure 91. Typical Cross Section thru SAF & DRI Crossing

tional longitudinal drainage channels
and smaller fransverse channels to
provide continucus drainage from end
to end of the crossing. The inter-
faces of all panels have tongue and

groove design to stop water from
passing through to the ballast and
subgrade. The Model-S panels are

furnished in 6,67 foot lengths to
acconmodate tie spacing of 20 inches.
The outside panel width i3 designed
to fit a tie length of 8.5 feet. The

""" ineluding
requires the use of
timber shims on top of the ties. The
SAF & DRI Model-C, with a panel
length of 36 inches, has the capabil-
ity to handle sharper track curva-
ture, and has improved drainage and
fastening., The Model-C 1is anchored
by ductile ircn splice plates at each

the bottom pads,

module poinf. The splice plate 1s
rotated into a water tight molded
rubber pocket after the modules are

0.75"x12" Drive 3pike
1.12" Square Head
with Integral Washer
0.12" Rubber Washer

4t - 85"

in position on the track. A single
plate allows both sections to be
anchored to the tie with just one
spike. The Model-C will accommodate
tie spacing of 18 inches. The header
board is either an elastomeric mate~
rial or creosoted timber boards.

9. High Density Polyethylene Modules

This type of crossing surface
consists of molded panels, usually

g IV R 4

with recesses to serve as openings
for lag screws or drive spikes. Pan-
els are usually full depth, but some

requlre wood shins.

The COBRA X high density poly-
ethylene crossing, shown in Figure
92, is manufactured by Railrcad Fric-
tion  Produets Corp. Interiocking
modules are fastened directly to the
ties. Gage modules, 57 inches wide,
fit between the rails and provide 2.5

Rail: 115 1b, Ares
Tie Plate: 13 in. Area
Plan No, 7

1 in. dia Hole

2,5 in dia Counterbore
1,25 in. Deep

Crosstie

/7||x9||x8 gt

Figure 92. Typical Cross Section thru COBRA X Crossing
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inch flangeways. Field modules, are
20 incheg wide, extending to the end
of an 8.5 foot tie. These modules
span one tie space of 18 inches.
Preformed and countersunk holes,
aligned with the ties, provide a
drilling template for the anchoring
drive spikes. The modules are avail-
able 1in various heights between six
and eight 1inches to accommodate a
variety  of rail sizes and tie plate
thicknesses. The modules are full
depth and do not require shims,

No national guidelines exist for
selecting the appropriate surface for
a gpecified crossing. Thirty-seven
States have guidelines for selecting
the type of crossing surface. Ten
States require the railroad to se-
lect, construct, and maintain cross-
ing surfaces., Factorz that should be
considered in selecting an appropri-
ate surface are as follows.

o Highway traffic -~ The volume,
type, and gpeed of highway traffic
affects the loadings the surface
must bear. Many States consider
AADT and percent trucks when
selecting a surface,

o Highway functional classifica-
tion - This factor is generally a
measure of the volume and capacity
of the highway.

"o Special vehicles - Crossings used
regularly by special vehlclen
should be given very careful con-

gideration.
¢ Railrgad traffic - The volume,
type, and speed of railroad traf-

fic affects the loading the sup-
‘porting track and subgrade has to
bear. Some States consider gross
tonnage over the crossing.

0 Track classification - This factor
generally 1s a measure of the

Identification of Alternatives

weight of rail and size as well as
the volume and type of train traf-
fic.

o Accident history - Particularly,
accidents related to the conditilon
of the surface.

o Engineering judgment

o Costs - Initial construction cost,
replacement cost, and maintenance
cost,

o LExpected service life of surface

At least 23 States consider AADT
as one factor in selecting a crossing
surface. The AADT groups vary con-
siderably. Rubber crossings are
specified for crossings with AADT's
greater than a c¢ertain value: the
minimum value ranges from 1,000 to
10,000, Asphalt and fimber crossings
are apecified for crossings with
AADT's  of certain values less than a
value which ranges from 100 to 7,500.

Conslderation should be given to
uging header boards or header strips
made of materials other than wood,
e.g. rubber, polymeric, or metal.
Some States have found that wooden
header boards deteriorate quickly.
Whatever is used, careful steps
should be ftaken to ensure a clean
separation hetween crossing surface
and approach pavenment.

The Flerida Department of Trans-
portation {(DOT), Office of Value En-
gineering, completed a Highway Plan-
;u.ug, Research ;:suuuy (] ueve.wp erite—
ria for the selection of crossing
surfaces. The expected 1ife of each
surface type is reduced by factors
for wvarious characteristics of a
crossing: AADT, percent trucks,
track gpacing, and gross train ton-
nage. These factors were determined
from data on the actual condition of
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various surface types of various
ages. The equivalent annual cost for
each surface type is then determined
based on costs per linear foot. The
surface type with the lowest equiva-—
lent annual cost is selected.

The Florida DOT has alsc devel-
oped a procedure for the selesction of
crossing surfaces for improvement.
. Crossings are assigned points in four
areas as follows.

- cracking

o Condition of surface

and patching
o Slowing and swerving by drivers
o Dipping and bouncing of vehicles
o Rail and pad movement

The final formula also considers AADT
and percent trucks.

The condition of +the crossing
surface should be evaluated at least
by physical inspection and by riding
over it. Two States utilize the Mays
Ride Meter to assess surface condi-
tion. One State performs skid tests.
A few States assign a rating to the
surface condition using a question-
naire or point system.

Other States have conducted
evaluations of crossing surfaces in
service. Because of the variety of

test conditions, procedures, and doc-

umentations, the resulis of these
evaluations are noct reported here.
Following 1is a list of States known

to have completed a formal documented
evaluation.

Connecticut Mississippi Chio

Florida Migsouri Penngylvania
Illinois Montana South Dakota
Louisiana  Nebraska Tennessee
Michigan Nevada Wisconsin
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F. Removal of Grade Separation Struc-
tures

There arse nearly 38,000 - public
grade separated railroad - highway
croseings in the United States. More
than half of the grade separated
crossings have a bridge or highway
structure over the railroad tracks.
As these structures age, become dam-
aged, or are no longer needed because
of changes in highway or railroad
alignment or use, alternative engi-
nesring decisions must be made. The
alternatives to be considered are: 1)
upgrade the existing structure to new
construction standards; 2) replace
the existing structure; 3) remove the
gtructure, leaving an at-grade cross-
ing, and 4) close the crossing and
remove the structure.

In general, crossing programs
are based upon criteria established
for the installation of itraffic con-
trol devices or the elimination of a
crossing. However, rehabilitation of
structures is a significant part of
the crossing improvement program at
both the State and national level.
Currently, there are no nationally
recognized guidelines for evaluating
the alternatives available for the
improvement or the replacement of
grade separation structures.

Some States have developed eval-
uation methods for the selection of
projects to remove grade separation
structures. The following is a sum-
mary of the State of Pennsylvania
guidance.

The purpose of the Pennsylvania
guidance is to assist highway depart-
nment personnel in the selection of
candidate bridge removal projects
whers the railroad line is abandoned.
Both bridges carrying highways over
railroad and bridges carrying aban-
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doned railroads over highways can be
considered., ‘

The factors to be considered in

selecting candidate projects are as
follows.
For bridges carrying highway over an

abandoned railroad

Bridges that are closed or posted
for a weight 1imit because of
structural deficiencies (The
length of the necessary detour is
important.)

0]

0 Bridges that are narrow and there-—
fore hagzardous ‘
o DBridges with hazardous vertiecal

and/or horizontal alignment of the
highway approaches  (Acecident re-
cords can be reviewed to verify
such conditions.)

For bridges carrying abandoned rail-
road over a highway

¢ Bridges that are
gound and a hazard +to
operating under the bridge

gtructurally un-
traffic

piers and/or abut-
ments are in close proximity to
the traveled highway and consti-
tute a hazargd

Bridges whose

Bridges whose vertical clearance
over the highway is substandard

Bridges where the vertical and/or
horizontal alignment of the high-
way approaches are hazardous pri-
marily because of the location of
the bridge

It should be noted that this

guidance is applicable to situations
that involve abandoned rail lines.
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In those instances where a railroad
continues to operate, other decisions
must  be made. Some considerations
for removing a grade separation over,
or under a rail line that is still
being operated are as follows.

Can the structure be removed and
replaced with an at-grade cross-
ing?

o

Who is liable if an accident oc-
curs at the new at-grade crossing?

If the structure is to be rebuilt,
who is to pay the cost or who is
to share in the cost and to what
extent?

To what standards is the structure
to be rebuilt?

What is the future track use and
potential for increase in ‘train
frequency?

If the structure is replaced with
an at-grade crossing, what delays
to motorists and emergency service
will result? Are alternate routes
available?

What impact will an
crogsing have on railroad
tions?

at-grade
opera-

What will be the impact on safety
of an at-grade crossing vs. a
structure?

To ensure a proper answer to
these and other related questions, an
engineering evaluation, including
relative costs, should be conducted.
This evaluation should follow proce-
dures described in Chapter V.
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V. SELECTION OF ALTERNATIVES

In this Chapter, analyses are
presented to assist in improvement
alternative selection by examining
the costs and benefits of each alter-
native and. by making comparisons
among alternatives. In addition,
these analyses can be used to prior-
itize projects for implementations

and funding.

Methods for selecting alterna-
tives and economic analysis tech-
niques which may be utilized are dis-
cussed. In addition, the Rail-High-
way Crossing Resource Allocation Pro-
cedure is presented. Other low-cost
solutio

soussed,

A. Warrant Procedures

As noted in Chapter IV, some
Federal and/or State guldelines have
been established for certain types of
improvements. In some cases, these
guidelines serve as a threshold for
implementation action when certain
conditions exist, thus dictating the
appropriate improvement alternative.
In most cases, haowever, the guide-

lines p}"(“r‘fr‘e frr sas

TV
e S A W ¥ & A Wi WS

improvements.

B. Economic Analysis Procedures

An economic analysis may be
performed to determine the possible
alternative improvements which could
be made at a railroad-highway grade
crossing. These procedures involve
estimates of expected project costs
and safety and operational benefits

for each alternative. Much of the

following discussion is adapted from

the methodology presented in the
Highway Safety Improvement Program

User's Manual (HSIP User's Manual).
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Initially, information on the
following elements must be estab-
1ished, using the best available
facts and estimates.

o Accldent costs

0 Interest rates

o Service life

o Initial improvement costs
o Maintenance costs

o Salvage value

¢ Traffic growth rates

Other considerations are the
effectiveness of the 3improvement in
reducing accidents and the effects on
travel, such as reduction in delays.

The cost information is not
always readily available, thus some
States are reluctant to impute a

dollar cost to human 1ife or personal
injury. Considerable care must be
used in establishing values for these
costs.

The selection of accident cost
values 1s of major importance in the
econcmic analyses. The two most
common sources of accildent costs are:

o National Safety Council (NSC), and

o National Highway Traffic Safety
Administration (NHTSA).

NSC costs include wage
medical expenses, insurance adminis-
trative costs, and property damage.
NHTSA includes the caleculable costs
associated with each fatality and
Injury plus the cost to society, i.e.
congumption losses of individuals and
goclety at large caused by losses in
production and the inability to pro-
duce. Many states have developed
their own values which reflect their

situation and philosophy. Whichever

losses,
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is selected +the values ought to be
consistent with those used for other
safety improvement programs.

An appropriate interest rate is
needed for most of the precedures
consldered. The selection of an
inappropriate interest rate could
result in unsuitable project costs
and benefits and thus, in selection
of an dineffective solution. Periods
of rapid inflation and fluectuation of
interest rates make the identifica-
tion of an appropriate rate somewhat
difficult. The standard rates used
by the highway department should be
selected.

The HSIP Users' Manual states
that the service life of an improve-
ment should be equal to the time
period that the improvement can rea-
sonably affect accident rates. Both
costs and benefits should be calcu-
lated for this time period. Hence,
the service 1ife is not necessarily
the physical life of the improvement.
For railroad-highway grade crossings,
however, 1t is a reasonable assump-
tion that the improvement would be
equally effective over its entire
physical life. Thus, selecting the
service 1life equal to the physiecal
1ife would be appropriate.

life can
on the eco-

The selected service
have a profound effect
nomic evaluation of dimprovement al-
ternatives; therefore, it should be
selected using the best available
information. The Depreciation Branch
of the Interstate Commerce Commission
(ICC) periodically studies individual
Class I railroads to determine the
economic 1ife of railroad signal
equipment. For example, thelir re-
sults iIndicate that the average ICC
signal equipment depreciation period
in 1977 for the 20 largest Class T
rallroads was 30 years.
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Project costs should include
initial capital costs and maintenance
costs and be considered as life-cycle
costs, i.e. all costs are distributed
over the service life of the improve-
ment.

The installation cost
include the following.

elements

Preliminary engineering
Labor

Material

Lease or rental of equipment
Miscellaneous costs

o0 000

The maintenance costs are all
those costs asscelated with keeping
the system and components in opera-
ting condition. Maintenance costs
are discussed in Chapter VII.

The salvage value 1s defined as
the dollar value of a project at the
end of its service life and is there-
fore dependent on the service life of
the project. For ecrossing signal
improvement projects, salvage values
are generally very small.

There are several accepted eco-
nomic analysis methods, all of which
regquire different inputs, assump-
tions, calculations, and methods, and
which way yield different results.
Several appropriate methods are de-
scribed here.

1. Cost-Effectiveness Analysis

The cost-effectiveness analysis
method is an adaptation of a tradi-~
tional safety analysis procedure
based on the ealculation of the cost
to achieve a given unit of effect
(reduction in accidents). The signif-
icant asgpects of this procedure 1is
that 1t need not require the assign-
ment of a dollar value to human
injuries or fatalities, and requires
minimal manpower to apply.




should be
the cost-effectiveness

The following steps
performed for
technique.

1. Determine the dnitial
cost of equipment, e.g. flashing
lights or gates, and other costs
assoclated with project implemen-
tation.

capital

2. Determine the annual operating
and maintenance costs for the
project.

3. BSelect units of effectiveness to
be used in the analysis. The
desired units of effectiveness
may be:

0 number of total accidents pre-

vented;

0 number of accidents by type
prevented;

0 number of fatalities or fatal

accidents prevented;

O number of personal injuries or
persconal injury aceidents pre-
vented; and/or,

o number of Equivalent Property
Damage Only (EPDC) accidents
prevented.

4. Determine the annual benefit for
the project in the selected units
of effectiveness, i.e. total num-
ber of accidents prevented.

5. Estimate the service life.

6. Estimate the net salvage value.

7. Assume an interest rate.

8. Calculate the equivalent uniform

annual costs (EUAC) or present
worth of costs (PWOC). '
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9. Calculate the average annual ben-
efit, B, in the desired units of
effectiveness.

10. Calculate the cost-effectiveness

(C/E) value using one of the
following equations:

C/E

]

EUAC / B , or

C/E

i
PWOC (CRFn) /B
where:

1
CRF = Capital recovery factor for n
1 years at interest rate 1.

A sample worksheet, with fictitiocus
values, 1is given in Figure 93 for
illustration.

‘ This is an iterative process for
each alternative dimprovement. The
results for all projects can then be
arrayed and compared for selection.
A computer program can be used for
the analysis and ranking of projects.

2. Benefit-Cost Ratio

The benefit/cost ratio (B/C) is
the accident savings in dollars
divided by cost of the improvement.
Using this method, costs and benefits
may be expressed as either an equiva-
lent annual or present worth value of
the project.

The B/C technique
following steps.

requires the

1. Determine the initial cost of
implementation of the crossing
improvement being studied,

2. Determine the net annual opera-
ting and mzintenance costs.
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COST-EFFECTIVENESS ANALYSIS WORKSHEET

Evaluation No.: Project No.: Date:
Evaluator:
1. Initial implementation cost, I: $ 100,000
2. Annual operating and maintenance costs
before project implementation: $ 100
3. Annual operating and maintenance costs
after project implementation: $ 1,000
4, Net annual operating and maintenance
costs, K = #3 - #2: $ 900
5. Annual safety benefits in number of :
injury accidents prevented, B, from below: 2
Accident Type Actual - Expected = Annual Benefit
Injury 4 - 2 = 2
Total
6. Service life, n: 20  years 8. Interest rate: 10 7 = 0.10
7. Salvage value, T: $ _ 5,000 (Annual. compounding interest)
9, EUAC Calculation:
Capital recovery factor, CR = 0.1175
Sinking fund factor, SF = 0.0175
EUAC = I (CR) + K - T (SF)
100,000 (0.1175) + 900 - 5,000 (0.0175) = 12,562
10. Annual benefit: B {(from #5) = 2 injurv accidents
11. C/E = EUAC/B = 12,562 / 2 = $6,28] / injury accidents prevented
12, PWOC Calcuation:
Present worth factor, PW = 8,.5136
- Single payment present worth factor, SPW = 0.1486
PWOC = I + K (PW) - T (SPW)
= 100,000 + 900 (8.5136) - 5,000 (0.1486) = 106,91
13. Annual benefit
n (from #6) = 20  years
B (from #5) = 2  accidents prevented per year
14. C/E = PWOC (CR)/B

it

(106.919)(0,1175) / 2 = $ 6,281 / injury accidents prevented

Figure 93. Sample Cost-Effectiveness Analysis Worksheet
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3. Determine the annual safety bene-
fits derived from the project.

to each
(NSC, NHTSA

y, Assign a dollar value
safety benefit unit
or other).

5. Estimate the service life of the
project based on patterns of
historic deprecfation of similar
types of projects.

6. Estimate the salvage value of the
project or improvement after its
primary service life has ended.

7. Determine the interest rate by
taking 1into account the time
value of money.

8. Calculate the B/C ratio using
equivalent uniform annual costs
(EUAC) and equivalent uniform
annual benefits (EUAB).

9. Calculate the B/C ratio using
pregsent worth of costs (PWOC) and
present worth of benefits (PWOB).

A sample worksheet with fiecti-
tious values for the B/C analysis is
glven in Figure 94,

This method requires an estimate
of accident severity in dollar terms,
which can greatly affect the outcome.
It is relatlvely easy to apply and is
generally accepted in engineering and
financial studies. As with the cost-
effectiveness method, the process can
be performed for alternative improve-
ments at a single crossing, and ar-
rayed for all projects to determine
priorities for funding.

3. Net Annual Benefit

The net annual benefit method is
based on the premise that the rela-
tive merit of an improvement #s meas-
ured by its net annual benefit., This
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method is used to select improvements
that will ensure maximum total bene-
fits at each location. The net an-
nual benefit of an improvement 1is
defined as follows.

Net Annual Benefit = (EUAB) - (EUAC)

where:
EUAB = Equivalent Uniform  Annual
Benef'it .
EUAC = Equivalent Uniform  Annual
Cost

A positive value for net annual
benefit indicates a feasible improve-
ment and the improvement, or set of
improvements, with the largest posi
tive net annual benefit is considered
te be the best alternative,

The following
used to compute
fit.

steps should be
the net annual bene-

1. Estimate the initial cost, annual
cost, terminal value, and service
1life of each improvenment.

2. Estimate the benefits (in dol-
lars) for each improvement.

3. 3elect an interest rate.
4, Compute the EUAB.
5. Compute the EUAC.

6. Calculate the Net Annual Benefit
of each ilmprovement.

For the data and calculations
shown 1in Figure 94, the net annual
benefit would be $91,U38, determined
from an EUAB of $104,000 less an EUAC
of $12,562.

While any of the three methods
is an acceptable procedure to follow
for economic analyses, they might
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BENEFIT-TO-COST ANALYSIS WORKSHEET

Evaluation No.: Project No.: Date:
Evaluator:
1, Initial implementation cost, 1. k3 100,000
2. Annual operating and malntenance costs
before project implementation: $ 100
3. Annual operating and maintenance coOsts
after progect 1mplementation $ 1,000
4, Net annual operating and maintenance
costs, K (#3 - #2): $ 800
5. Annual safety benefits in number of accidents prevented:
Severity Actual — Expected = Annual Benefit
a) Fatal accidents (fatalities) _O - ¢ = 0
b) Injury accidents (injuries) 4 - 2 = 2
¢) PDO accidents (involements) 5 - 3 = 2
6. Accident cost values (Source _ Department )
Severity Cost
a) Fatal accident (fatality) $ 500,000
b) Injury accident (injury) $ 50,000
c) PDO accident (involvement) $ 2,000
7. Annual safety benefits in dollars saved, B:
(5a) x (6a) = 500,000 x 0 = 0
(5b) x (6b) = 50,000 x 2 = 100,000
(5¢) x (6c) = 2,000 x 2 = 4,000
Total = $104,000
8. Service life, n: 20 yrs 10, Interest rate, 1i: 102 = .10
9, Salvage value, T: $5,000 (Annual compounding interest)
11, EUAC Calculation:
Capital recovery factor, CR = 0.1175
Sinking fund factor, SF = 0.0175
EUAC = I (CR) + K - T (SF)
= 100,000 (0, 1175) + 900 -~ 5,000 (0.0175) = 12,562
12. BUAB Calculation: EUAB = = 104,000
13. B/C = EUAB/EUAC = 104,000 / 12,562 = 8.3
14, PWOC Calcuation:
Present worth factor, PW = 8.5136
Single payment present worth factor, SPW = _ 0.1486
PWOC = I + K (SPW ) - T (PW )
= 100,000 + 900 (8.5136) - 5,000 (0,1486) = 106,919
15, PWOB Calculation:
PWOB = B (SPW) = 104,000 (8.5136) = 885,414
16. B/C = PWOB/PWOC = 885,414 / 106,919 = 8.3

Figure 94. Sample Benefit-to—Cost Analysis Worksheet
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produce

different results depending
on the values. Table 43 dllustrates
this peint. 1In this table, the val-
ues shown for the second alternative
are from the example provided above.
Based on the cost - effeciiveness
method, the analyst would select the
third alternative. The benefit/cost
ratio method would lead to selecting
the second alternative. The Ffirst
alternative would be selected if the

net benefit method was followed for
this example.

Given that different results can
cceur, the agency should not follow
Just one procedure. At 1least two
methods should be fellowed with the
decision based on these results and
other factors, constraints, and poli-

cles of the agency.

Table 43. Comparison of Coste-

-
"""" H

and Net Benefit Methods

Cost-Effec-
Alter- Initial tiveness Net
native Costs ($/acc,} B/C  Benefit
A 1,000,000 106,000 2 200,000
B 100,000 6,281 8.2 91,438
C 20,000 5,100 5 70,000

€. Resource Allccation Procedure

In lieu of the economlec analysis
procedures described above, the U.S.
Department of Transportation (DOT)
has developed a resource allocation
procedure for railroad-highway grade
crossing Improvements. This proce-
dure was developed to assist States
and railroads in determining the
effective allocation of Federal funds
for crossing traffic control improve-
ments.
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The resource allocation model is
designed to provide an initial 1ist
of crossing traffic control improve-
ments that would result in the great-
est accident reduction benefits on
the basis of cost-effectiveness con-
sideraticns for a given budget. As
designed, the results are checked by
a dlagnecstic team In the field and
revised as necessary. It should be
noted that the procedure

LTS wiad e vasts AR (.40 el LGl D

only traffic control improvement
alternatives as described below.

oanaidarg

o For passive crossings, single
track, two upgrade options exist;
flashing lights or gates.

0 For passive, multiple-track cross-
ings, the model allows only the

gate option to be considered in

accordance with the FHPM 6-~-6-2-1,

Other improvement alternatives,
such as removal of site obstructions,
crossing surface improvements, d1llu-
mination, and train detecotion cir-
cultry improvements, are not consid-
ered in the resource allocation pro-
cedure.

The input data required for the
procedure consists of the number of
predicted accidents, safety effec-
tiveness of flashing lights and auto-
matic gates, improvement costs, and
amount of available funding.

The number of annual predicted
accidents can be derived from the
U.3. DOT Accident Prediction Model or
from any model that yields the number
of annual acecidents per crossing.
(See discussion in Chapter III.)

Safely effectiveness studies for
the equipment used in the resource
allocation procedure have been com-
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pleted by the U.S. DOT, the Califor-
nia Publiec Utilities Commission, and
William J. Hedley. The resultiag
effectiveness factors of these stud-
ies were given in Table 34 for the
types of signal improvements applica-
ble for the procedure. Effectiveness
factors are the percent reduction in
accidents occurring after the imple-
mentation of the improvement.

The model requires data on the

costs of the Improvement alterna-
tives. Life c¢yele costs of the
devices should be used, 1.e. both

installation and maintenance costs.

Costs used in the resource allo-~

cation procedure must be developed For any proposed signal improve-
for each of the three alternatives: ment; a pair of parameters, Ej and Cj
3 “d
must be provided for the Pesource
o passive devices to flashing allocation algorithm. As shown in
lights; Table U4, j = 1 for flashing lights
installed at a passive crossing, j =
o passive devices to autcmatie 2 for gates installed at a passive
gates; and, cerossing, and Jj = 3 for gates in-
stalled at a crosslng with flashing
o flashing lights to gates. lights. The first parameter, Ej is
. Warning Device
A§c1dent Effectiveness
History by
FRA Crossing l/,"Crossing Accident
Accident Predictions I
Data File / for Crossings l
Resource Recommended
pecident 41 ol Allocation o Jociotone for
Predictlion Model LOSLdLiduion oL
r“ Formula Warning Devices
U.S. DOT-AAR
Crossing
Inventory Physical & Operating 1 A
Data File Characteristics .
of each Crossing Ezzgzgg Budget
Level
Costs
Figure 95. Crossing Resource Allocation Procedure
Source: Ref. 3
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Caution should be exercised 1In
developing specific costs for a few
selected projects while assigning
average costs to all other projects.
If this is done, decisions regarding
the adjusted crossings may be unrea-
sonably biased by the algorithm.

The amount of funds available

for implementing crossing signal pro-~

+hao Frrinth
Wil b WAL Wl the

allocation procedure.

Frarn
L

input

Santa 1a
.JUUUID R

regource

The resource allocation proce-
dure iz shown in Flgure 95. It em-
ploys a step-by-step methed, using

the inputs deseribed above.




Table 44. Effectlveness/Cost
Symbel Matrix

Existing Warning Device

Proposed
Passive Flashing Lights

Warning Device

Flashing Lights:
Effectiveness
Cost C1

Automatic Gates:
- Effectiveness 2
Cost. 02 C3

Source: Ref. 3

the effectiveness of installing a
proposed warning device at a crossing
with a lower class warning device.
The second parameter, C. is the cor-
responding cost of the p oposed warn-
ing device.

The resource allocation procedure
considers all crogsings with either
passive or flashing light traffic
control devices for signal improve-
ments. If,  for example, a single-
track pa531ve crossing, i, is consid-
ered, it could be upgraded with ei-
ther flashing lights, with an effec-
tiveness E.,, or gates, with an effec-
tiveness of E,. The number of pre~
dicted accmdengg at crossing i is Aj
hence, the reduced accidents per year
is AlE for the flashing light option
and A E for the gate option. The
correspondlng costs for these two im-
provements are C., and G,. The acci-
dent reduction/cost ratios for these
improvements are A.E 4/Cq for flashing
lighte and & EE/& for gates. The
rate of incredse in accident reduc-
tion versus costs, that results from
changing an initial decision to in-
stall flashing lights with a decision
to install gates at crossing i, is
referred to as the incremental acei-
dent reduction/cost ratio and is
equal to:

Ai(E2_E ‘I) / (CZ—G',]) .
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If a passive multiple - track
crossing, i, dis considered, the only
improvenment option allowable would be
installation of gates, with an effec-
tivesnesgs of Esy & cost of Gy and an
accident reduction/cost ratio of
A;E,/Cy. If crossing i was originally
a. flashlng iight crossing, the only
improvement option available would be
installation of gates, with an effec-
tiveness of E a cost of C and ar
accident 3uct10n/cost ragl
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The dindividual accident reduc-
tion/cost ratios which are associated
with these improvements are selected
by the algorithm in an efficient man-
ner to produce the maximum acecident
reduction which can be obtained for a
predetermined total cost. This total
cost is the sum of an integral number
of equipment costs (Cq, Cy and C,).
The total maxinum aGC1dent reduction
igs the sum of the individual accident
reductions of the form A EJ

The resource allocation proce-
dure is being updated to include the
severity prediction equations dis-
cussed in Chapter III.

If this resource allocation pro-
cedure is used to identify high hasz-
ard crossings, a field diagnostic
team should investigate each selected
crossing for accuracy of the input
data and reasonableness of the recom—
mended sclution. A worksheet for
accomplishing this is included in
Figure 96. This worksheet also in-
cludes a method for manually evaluat-
ing or revising the results of the
computer model.

D. Selection of Other Improvements
The types of selection proce-

dures described above regquire infor-
mation on installation and mainte-
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RAIL-HIGHWAY CROSSING RESOURCE ALLOCATION PROCEDURE VERIFICATION WORKSHEET

This worksheet provides a format and instructions for use in field evaluation of crossing to determine if iritial
recommendations for warning device installations from the Resource Allocation Procedure should be revised. Steps 1
through 5, described below, should be followed in making the determination. In Steps 1 and 3, the initial information
(left column) is obtained from office inventory data prior te the field 1nspect10n. In Step 4, the decision criteria
values are obtained from the Resource Allocation Model printout.

STEP I: Validate Data used in Calculating Predicted Accidents:

Crossing Characteristic Initial Information Revised Information
Crossing Number

Location

Existing Warning Device

Total Trains per Day

Annual Average Daily Highway Traffic (c)
Day thru Trains (d)

Number of Main Tracks {mt)

Is Highway Paved? (hp)

Maximum Timetable Speed, mph (ms)
Highway Type (ht}

Number of Highway Lanes {(hl)

Number of Years of Accident History (T}
Number of Accidents in T Years {N)
Predicted Accident Rate {A)

9TEP 2: Calculate Revised Accident Prediction from DOT Formula if any Data in Step 1 has been Revised.

Revised Predicted Accidents (A) =

STEP 3: Validate Cost and Effectiveness Data for Recommended Warning Device

Assumed Effectiveness of Recommended Warning Device {E)
Assumed Cost of Recommended Warning Device (C)
Recommended Warning Device Installation

STEP 4: Determine if Recqmmended Warning Device should be Revised if A, E, or C has Changed.

1. Obtain Decision Criteria Values from Resource Allocation Medel Qutput;

DC1= DC2= DC3= Dcaz
. . Bevised A Revised E Previous C
2, Calculate: R - Previous A Previous E Revised C

3. Compare R with Appropriate Decision Criteria as shown Below:

Existing Passive Crossing Existing Passive Crossing Existing Flashing Light Crossing
(Classes 1, 2, 3, 4) (Classes 1, 2, 3, 4) (Classes 5, 6, 7
Single Track Multiple Tracks
Comparisen Decision Comparison Decision Comparison Decision
o< R Gates MWaL R Gates X44R Gates
DC3< R < DCy Flashing Lights R DCq No Installation R < DCy No Installation
R < DC, No Installation

4. Revised Recommended Warning Device Installation®

STEP 5: Determine other Characteristics that may Influence Warning Device Installation Decisions

Multiple tracks where one train/locomotive Either, or any combination of, high vehicular
may obscure vision of ancther train? traffic volumes, high numbers of train

Percent trucks movements, substantial numbers of school

Passenger train operaticns over crogsing buses or trucks carrying hazardous

High speed trains with limited sight distance*¥ materials, unusually restricted sight

Combinaticn of high speeds & moderately high distance or continuing accident occurrences*¥

volumes of highway & railroad traffic®*

#*The cost and effectiveness values for the revised warning device are assumed to change by an amount proportional to the
change in these values for the initial recommended warning device as determined in Step 3.

#**Gates with flashing lights are the only recommended warning device per 23CFR 646.214(b)(3){i).

Figure 96. Resource Allocation Procedure Field Verification Worksheet

Source: Ref. 3
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nance costs and safety effectiveness
of each alternative improvement.
There is, however, a family of
improvements for which there is no
data on safety benefits. Suech %m-
provements include closure, removal
of obstructions, surface improve-
ments, traln detection cireuitry im-
provements, improved signing and
pavement  markings, preempiion of
highway signals at nearby intersec-
tions, innovative signals, and rail-
road operational improvements. Good
engineering practice should be used
to identify specific crossing prob-
lems and to reveal the most appropri-
ate solutions for these situations.
Extensive economic analysis may not
be required to effect safety and op-
erational improvements at crossings.

Some safety projects may be
selected on the basis of other socio-
economic congiderations, such as
State or loecal political constraints,
avallability of finanecial or manpower
resources, etc. These situations must
be decided on the basis of individual
merit.

E. References

1. The Effectiveness of Automatic
Protection in Reducing Accident Fre-
quency and Severity at Public Grade
Crogsings in California, S8an Fran-
cisco, CA: California Public Utili-
ties Commission, June 1974.

2. Highwéy Safety Tmprovement Pro-
gram, User's Manual, Washington, DC:
Federal Highway Administration.

3. Hitz, John and Mary Cross, Rail-
Highway Crossing Resource Allocation
Procedure User's Guide, Washington,
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and Federal Railroad Administration,
Report FHWA-IP-82-7, December 1982.
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dent Frequency at Public Rall-Highway

Crossings, Washington, DC: Federal
Railroad Administration, Report FRA-
RRS-80-005, April 1980.




VI. TMPLEMENTATION OF PROJECTS

An organized approach to the
implementation of a rallroad-highway
grade crossing improvement program is
necessary so that its administrators
will proceed effectively and expedi-
tiously to obtain the benefits of the
program. The implementation component
consists of obtalning all required
regulatory and funding approvals,
preparing and executing agreements
between participating partles (poten-
tially Federal, State, railroad, and
local highway authority), designing
the selected alternative in detail,
establishing appropriate accounting
procedures (generally set forth in
the agreements), and constructing the
project.

A. Funding

Sources of funds for railroad-
highway grade crossing improvements
include Federal, State, and loecal
government agencies, railroad indus-
try, and special funding., The fol-
lowing is a brief deseription of
these funding sources.

1. Federal Sources

The Surface Transportation
Assistance Act of 1982 autherized the
appropriation of Federal-ald highway
funds through fiscal year 1986. This
- Act, a fourth in a series of highway
safety acts, continues a railroad-
highway grade crossing safety im-
provement program that began in 1973.
This crossing program 1s commonly re-
ferred to as the Section 203 program.
Fifty percent of the Section 203
funds are apportioned to the States
according to the ratic of the number
of public crossings in each State to
the total number of public crossings
in the nation. The remainder ig ap-

portioned on the basis of population,
area, and road mileage of each State
compared to the total in the nation.

Federal Section 203 funds may be
used for, but are not limited to, the
following types of crossing improve-
ment projects.

o Crossing elimination by new grade
separations, relocation of high-
ways, relocation of railroads, and
crossing closure without other
construction

o Reconstruction of existing grade
separations

o Crossing improvement by:

installation of standard signs
and pavement markings;

installation or replacement of
active warning devices, includ-
ing track circuit improvements
and Interconnection with high-
way intersection traffic sig-
nals;

cerossing illumination;
surface improvements;

crossing
and,

general site improvements

For projects completed with Sec-
tlon 203 funds, the Federal share of
the  1mprovement costs are 90%.
States, local governments, railroads,
and other involved parties may par-
ticipate in the remaining 10% share

- of the costs.
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States cannot require a railroad
to participate in the cost of certain
crossing improvement projects com-
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pleted with Federal funds. These
projects are specified by the
Federal-aid Highway Program Manual

(FHPM), 6~6-2-1, as follows.

o Projects for crossing improvements
are deemed to be of no ascertain-
able net benefit to the ralirocads
and there shall be no required
railroad share of the costs.

Projects for the reconstruction of
exiating separatlons are deemed to
generally be of no ascertainable
net benefit to the railroads and
there shall be no required rail-
road share of the costs, unless
the railroad has a specific con-
tractual obligation with the State
or its political subdivision to
share in the costs.

On projects for the elimination of
existing crossings at which actlve
traffic control devices are not in
place and have not been ordered or
installed by a State regulatory
ageney, or on projects that do not
eliminate an existing crossing,
there shall be no required rail-
road share of the projeet cost.

The railrcoad share of Federal-
ald projects that eliminate an exist-
ing crossing at which active traffic
control devices are in place, or
ordered to be dinstalled by a State
regulatory agency, is to be 5%. These
costs are to 1include cosis for pre-
liminary engineering, right-of-way,
and construction as described below.

o Where a crossing is eliminated by
grade separation, the structure
and approaches required to transi-
tion to a theoretical highway pro-
file that would have been con-
structed if there were no railroad
present, for the number of lanes
on the existing highway and in
accordance with the current design

Implementation of Projects
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standards of the State highway
agency

o Where another facility, such as a
highway or waterway, requiring a
bridge structure is located within
the limits of a grade separation
project, the estimated cost of a
theoretical structure and
approaches as described above to
eliminate the raillrcad - highway
grade crossing without counsidering
the presence of the waterway or
other highway

¢ Where a grade crossing is elimi-

nated by railroad or highway relo-
cation, the actual cost of the re-
location project, or the estimated
eost of a structure and approaches
under specified conditions

Railroads may voluntarily con-
tribute a greater share of project
costs, Raillroads may be willing to
agsume a greater share if certain
concessions are made, e.g. closure of
one or more crossings. Also, other
parties wmay voluntarily assume the
railroad's share.

At least one-half of the Section
203 Federal funds must be wused for

the installation of "protective"
devices, which the Federal Highway
Administration (FHWA) has defined to
include crossbucks, warning signs,
pavement markings, flashing 1light
signals, automatic gates, crossing
surfaces and 1illumination. The re-

maining funds may be used for any
type of eliglible improvement.

Another Federal program provides
funds for railroad - highway grade
erossings. The 1982 Surface Trans-
portation Assistance Act authorized
$7.05 billion for the "on and off™"
system highway bridge replacement and
rehabilitation program. All highway
bridges on public roads, regardless




of existing ownership or mainternance
responsibility, could be eligible un-

der this program. The Federzl share
in this program is 80%Z. To be eli-
gible for these funds, the highway
bridge over the railroad must be

ineluded in the

tory and be placed onto the State's
prioritized implementaticn schedule.

Sta

te's bridge inven-

In addition tec the specific pro-
grams described above, other regular
Federal-aid highway funds may be used

for improvements at crossings. The
Federal share is the normal pro-rata
ghare for the Federal -~ aild highway
funde involved, e.g. 75%Z for primary
funds. However, under the provisions
of the law, certain categories of
funds may be increased up to 1007 of

4+l ancinearing
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and congiruction. In this case right-
of-way costs remain at 75%.

Uil

Other reguirements pertaining to
the use of Federal funds sre as fol-
lows.

Federal funds are not eligible to
participate in costs  incurred
solely for the benefit of the
railroad.

o}

At grade separations Federal funds
are eligible <o participate in
costs to provide space for more
tracks than are in place when the
railroad establishes, 1o the sat-
igfaction of +the ©State highway
agency and FHWA, that it has a
definite demand and plans for
installation of +the additional
tracks within a reascnable time.

The Federal share of the cost of a
grade separation projsct shall be
based on the cost Lo provide hori-
zontal and/or vertical clearances
used by the railroad in its normal
practice, subject to limitations
as agreed to periodically by FHWA
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and the joint American Assoclaticn
of State Highway and Transporta-
tion Officials (AASHTO) - Associa-
tion of American Railrocads (AAR)
Committee, or as required by a
State regulatory agency.

There are a number of Federally
funded railroad relocation and demon-
stration projects. These projects
are site specific and are dependent
upon annual authorization and appro-
priation by Congress.

There are several other poten-
tial sources for Federal funding,
particularly if the improvement proj-
ect incorporates specific community
benefits. These include the follow-
ing.

Farmers Home Administration. Con-
struction of community facilities
such as fire and rescue services,
transportation, social, healih,
cuitural and recreational facili-
ties

o

Economic Development Administra-
tion. Construction of public fa-
cilities to initiate and encourage
economic growth

Agsgis-

oo
SIS L —

Health and Human Services.
develop regional
gency medical services including

operations

N
Lalive Ly

Department of Housing and Urban
Development. Assistance for eco-~
nomic developnment, reighborhood
revitalization and improved com-
munity services and facilities

2. State Funding

States also participate in the
funding of railrcad - highway grade
crossing improvement projects. States
often contribute the matching share
for projects financed under the Fed-
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eral-aid highway program. In addi-
tion, States sometimes finance entire
crossing projects, particularly if
the crossing is on a State highway.

As of 1984, 19 States
tablished State crossing funds. The
monies in these funds are dedlcated
to crossing improvement projects,
either financing them completély or
providing the required match. These
States, and a brief description of
their State funding programs as of
1984, are contained in Appendix A.

had es-

In general, for crossings on the
State highway system, States provide
for the maintenance of the highway
approach and for traffic control
devices not Jlocated on the railroad
right-of-way. Typically, these in-
clude advance warning signs and pave-
ment markings. As of 1984, 17 States
have legislation authorizing the
State to contribute to the mainte-
nance costs of traffic control de-
vices and/or surfaces at the crossing
proper. These States and a brief
description of their maintenance pro-
grams as of 1984 are contained 1in
Appendix B.

3. Local Agency Funding

There are a number of cities and
eounties that have established rail-
road-highway grade cressing improve-
ment funds. Some of these programs
provide funding for partial reim-
bursement of railroad maintenance
costs at crossings, and some have
been established to meet the matching
requirements of State and Federal
programs. Local agencies are often
sources of funding for low-cost im-
provements such as removing vegeta-
tion and providing illumination. In

addition, loecal agencies are respon-
sible for maintaining the roadway
approaches and the traffic control

devices off the railroad right-of-way
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on highways under thelr maintenance

Jurdisdiction.

4. Railroad Funding

Except in certain instances,
railroads cannot be required to con-
tribute to the costs of most improve-
ment projects that are financed with
Federal funds. However, railroads
often volunteer to participate if
they receive some benefit from the

project. For example, if a project
ineludes the closure of one or more
crossings, the railroad may benefit

from reduced maintenance cost. Rail-
alsc may assist 1n low-cost
improvements such as changes in rail-
road operations, track improvements,
right-of'-way clearance, and others.

The maintenance costs dincurred
by railroads are increased signifi-
cantly with the installation of addi-
tional active traffic control de-
vices. These costs are discussed in
Chapter VII.

B. Agreements

An agreement between the rail-
road and the agency responsible for
the highway should be executed for a
crossing improvement project. For
Federal - aid highway projects, the
Federal-aid Highway Program Manual
(FHPM), 6-6-2-1, specifies that the
following be included in the written
agreement between the State and the
railroad.

o The regulatory provisions of the
FHPM 6-6-2-1 and 1-4-3 incorpor-
ated by reference

¢ A detailed statement of the work
to be performed by each party
o Method of payment (elther actual

cost or lump sum)




o TFor projects that are mnot for the
elimination of hazards of rail-
road-highway crossings, the extent
to which the railroad is obligated
to move or adjust its facilities
at 1ts own expense

o The railroad's share of the prej-
ect cost

o An itenmized estimate of the cost
of the work to be performed by the
railreoad

o Method to be used for performing
the work, either by railrcad

forces or by contract
o Maintenance responsibility

o Form, duration, and amounts of any
needed insurance

o Appropriate reference to or iden-
tification of plans and specifica-
tions

o Statements defining the conditions
under which the rallrocad  will
provide or require protective ser-
vices during performance of the
work, the type of protective ser-
vices and the method of reimburse-
ment to the railroad

o Provisions regarding inspection of
any recovered materials

Master  agreements belwesn a
State and a railroad may be wused to
facilitate the progress of projects.
A master agreement 1s intended to
circumvent the necessity of process-
ing and executing a separate agree-
ment for each individual crossing
project. The master agreement seis
forth the purpose of an agency to
engage in the construction or recon-

+ At nf o |
struction of scme part or parts of

its Thighway system +that calls for
installation and adjustment of +traf-
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fie econirol devices at crossings.
The master agreement reguires a rail-
road to prepare detailed plans and
specifications for the work to be
performed and establishes responsi-
bility for the procurement of mate-
rials for improvements. It contains
other provisions pertaining <o the
general requirements contained in
contractural agreements. Change or-

ders 1in a specified format are then
issued for individual projects.

For Federal-aild projects, a sim-
plified preecesdure is provided in the
FHPM 6-6-2-1. Eligible preliminary
engineering costs include those in-
curred in selecting crossings to be
improved, determining the type of im-
provement for ezch crossing, estimat-
ing costs, and preparing the required
agreement. The agreement must contain
the identification of each crossing
location, a description of the im-
provements, an estimate of cosis by
erossing loccation, and
gchedule for the completion of work.
Following programming, authcrization,
and approval of the agreement, FHWA
may authorize constructicn, including
the acquisition of materials, with
the condition that work not be under-
taken wuntil the agreement is found
sgtisfactory by FHWA and the {inal
plans, specifications, and estimates
are approved. Only malterial actually
incorporated into the project will be
eligible for Federal parftiecipation.

an Aot dmat Al
<ll Toullllaoeld

C. Accounting

To be eligible for reimburse-
ment, the costs incurred in work
performned for railrcad-highway grade
crogsing safety improvemenis must be
in sccordance with strict accounting

practices and procedures. In that
Federal-aid funds are the

LAl G o WY ERRES S LSl 425

primary revenue source for crossing
safety improvements, accounting prin-

hichwav
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cipies adopted by the Federal Highway
Administration (FEWA) have become the
guide for most State and all Federal
crossing programs. There are several
reasons for the similarity between
State and Federal accounting proce-
dures. First, as mentioned pre-
viously, Federal-aid highway funds
represent a major portion of total
‘State expenditures for crossing
improvements. Second, a large part
of the State funds expended are in
the form of matching funds. Third,
since States reach agreement with
railrcad and local communities for
The implementztion of crossing proj-
ects, under both Federal and State
funded programs, the accounting pro-
cedure for the two programs reguire
compatibility.

The policies and procedures of
the FHEWA on reimbursement to the
States for railroazd - highway grade
crossing work are contained in the
Federal-Aid Highway Program Manual
(FHPM), 1-4-3, for Federal-azid high-
way projects. To be eligible for
reimbursement, the costs mnmust be:
1) for work that is included in an
approved program; 2) incurred subse-
quent to the date of authorizaiion by
FHWA; 3) incurred in accordance with
FHPM 6-6-2; and, 4) properly attrib-
utable to the project.

The following is a brief de-~
geription of railroad-highway grade

crecesing improvement costs that are -
generally considered eligible for
reimbursement.

o Labor costs: salaries and wages,
ircluding fringe benefits and em-
ployee expenses. Labor costs in-
clude labor associated with pre-
liminary engineering, constructiocn
engineering, right-of-way, and
force account construction. Fees
paid to engineers, architects and

others for services are also reim-
bursable.

o Material and supply costs: The
actual costs of materials and sup-
plies including testing, inspec-
tion and handling

o ELEquipment costs: The actual ex-
penses 1ncurred in the operation
of equipment. Costs incurred in
equipment  leasing and accrued
equipment rental charges at estab-
iished rates are alsc eligible for
reimbursement.

o Transportation costs: The cost of

employee transportation and the
transportation cost for the move-
ment of material, supplies and

equipment

o Protective services costs: Ex-
penses incurred 1in the provision
of safety tc railrcad and highway
operations during the construetion
process

An agreement oproviding for a
lump sum payment in lieu of a later
determination of actual costs may be
used for the installation or improve-
ment of crossing traffic  contrel
devices and/or crossing surfaces,
regardless of costs. If the lump sum
method of payment is used, periodic
reviews and analyses of the rail-
road's methods and cost data used to
develop lump sum estimates should be
made.

Progress billings of incurred
costs may be made according %o the
executed agreement between the State
and the railroad. Costs for mnate-
rials stockpiled at the project site
or specifically purchaged and deliv-
ered to the company for use on the
project may also be reimbursed fol-
lowing approval of the agreement.



A major problem experienced 1in
the accounting process is the timeli-
ness of final billing. The railroad
should provide cne final and complete
billing of all incurred costs, or of
an agreed lump sum, at the earliest
possible date. The final biiling
should include certification that the
work is complete, acceptable, and in
accordance with the terms of the
agreement.
of the

Salvage value exlsting

traffic control devieces is a concern
at crossings to be closed or up-
graded, If the equipment 1is rela-

tively new and in good condition, it
is desirable %o reuse the equipment
at another crossing. However, if the
squipment K, is older, the cost to
remove and refurbish it may be such
that this is inefficient.

D. Design and Construction

The design of railroad-highway
grace crossing I1mprovement projects
are usgually completed by State or
railroad engineering forces, or by an
engineering consultant gcelected by
the State or railroad with the same
agency administering the contract.
The designation of the designer is to
be mutually agreed Lo by both the
State and the railroad.

The railroad signal department
usually prepares the design for the
active traffic contrecl system includ-
ing the train detection circuits. In
addition, the railroad signal depart-
ment usually prepares az detailed cost
estimate of the work.

Adequate provision for needed
easements, rights-of-way, and tempo-
rary crossings for consiruction pur-
poses, or other property interests
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should be included in +the project
design and covered in the agreement.

For Federal - aid highway procj-
ects, 1t is expected that materials
and supplies, if available, will be
from railrcad company
stock, except they wmay be cbtained
from other sources near the project
gite whenr available at less cost. If
the necessary materials and supplies
are not available from company stoclk,
they may be purchased either wunder
cempetitive bids or existing contin-
uing contracts, under which the low-
est available prices are developed.
Minor quantities and proprietesry pro-
ducts are excluded from +these re-
guirements, The company should not
be required to change its existing
gtandards for materials used in per-
manent changes to its facilities.

Somez States allow railroads to
stockplls crossing signal materials
go that projects may be completed as
rapidly as possible. Provided the
design of the crossing sigrals is
based on the mosi appropriate eguip-
ment for the individual project,; this
practice 1s acceptable.

Scheduling of crossing projects

gshould be accomplished to maximize
the efficiency of railroad, Siate;
local, and contractor work Fforces.

This requires coordination and cocp-
eration between all parties. In
addition, construction at crossings
should be scheduled to minimize the
effects on the +traveling public.
Notice of planned construction activ-
ities should be sent to local news-
papere, zand TV and radio statiocns one
to three months in advance. Final
notices should be given one week and
one day in advance of commencement of
construction work. Efforts should be
made to avoid construction during
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peak hours of highway and train traf-
fic.

When scheduling construction
activities, consideration should be

given to acecomplishing work at cross-
Ings in the same geographical area at
the same time. TIn this manner, trav-
el time of construction crews and
transportation costs of materials are
minimized. This is one advantage of
the systems approach because all
crosgsings in a  specified rail corri-
dor, community, or area are improved
at the same time.

For Federal-aid highway projects
construction may be accomplished by:

0 railroad force account;

o contracting with the lowest quali-
fied bidder based on appropriate
solicitations;

o . existing continuing contracts at
reascnable costs; or,

o contract without competitive bid-

ding, for minor work, at reason-

able costs.

Reimbursement with Federal-aid
highway funds will not be made for
any increased costs due to changes in
plans for the convenience of the
contractor, nor for changes that have
not been approved by the State and

A At and b anm b
the Federsal AQNINISCracion

(FHWA).
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Contractors may  be subject to
liability with respect to bodily
injury to or death of persons and
injury to or destruction of property,
that may be suffered by persons other
than their own employees as a result
of their operations in connection
with consiruction of highway projects
located wholly or partly within rail-
road right-of-way and financed in

Implementation of Projects

whole or in part with Federal funds.
Under the Federal-Aid Highway Program

Manual (FHPM), 6~-6-2-2, protection to
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cover such liability of contractors
is to be furnished under regular
contractora' public 1liability and
property insurance policies, issued
in the names of the contractors.
Such policies should be written to

furnish protection to contractors
respecting their operations in per-

forming work covered by their con-
tract.

If a contractor sublets a part
of the work on any project to a sub-
contractor, the contractor should re-
qulre insurance protection in his own
behalf under the contractor's publie
liability and property damage insur-
ance policies. This should cover any
1iability imposed on him by law for
damages because of bodily injury %o
or death of persons, and injury to or
destruction of proper result
of work undertaken by such subcon-
tractors. In addition, the contractor
should provide for and on behalf of
any such subcontractors, protection
to cover like 1liability imposed upon
the latter as a result of their oper-
ations by means of separate and indi-
vidual contractor's public liability
and property damage policies. Alter-
natively, each subcontractor may pro-
vide satisfactory dInsurance on his
own behalf %o cover his individual
operations.

oy aa oo
vy aoc d

The contractor should furnish to
the State highway department evidence
that the required insurance coverages
have been provided. The contractor
should alsce furnish a copy of this
evidence to the railroad com-~
pany(les). The 1nsurance specified
should be kept in force until all
work regulred to be performed has
been satisfacterily completed and
accepted in accordance with the con-
tract.




In connection with crossing
projects, railrocad protective liabii-
ity insurance should be purchased on

behaif of the railroad by the con-
tractor. Rallroad proitective insur-
ance should be in conformance with
appropriate State laws.

Railroad protective  insurance
coverage should be limited to liabil-
ities and damages suffered by the
railroad on account of occurrences
arising out of the work of the con-
tractor on or about the railroad
right-of-way, regardless of the rail-
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The maximum amount of coverage
for which premiums are to be reim-
bursed from Federal funds with re-~
spect to bodily injury, death, and
property damage normally is limited
to a combined amount of $2 million
per occurrence with an a of
$6 million applying separately to
each annual period. In cases involv-
ing real and demonstrable danger of
appreciably higher risks, higher decl-

lar amounts of coverage for which
premiums will be reimbursable from
Federal funds will be allowed. These

larger amcunts will depend on circum-
stances and will be written for the
individual project in accordance with
standard underwriting practices upon
approval of the FHWA Division Admin-
istrator.

In determining whether a larger
dollar amount of coverage is neces-
sary for a particular project, con-
sideration should be given to the
gize of the project, +the amount and
type of railrocad traffic passing
through the project area, the volume
of highway traffic in the project

area, and the accldent experience of
the contractor involved in the proj-
ect.
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E. Traffic Control During COConstruc-
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Traffic control for railroad-
highway grade crossing construction
is very similar to traffic control
for highway construction. The major
difference 1is that the work area is
in joint use right-of-way and the
possibility of confliect exists be-
tween rail and highway traffic as
well as 1in construction operatiocns.
Construction areas can present to the
motorist unexpected or unusual situa-
tions as far as traffic operations

nVa AAviAaTrnon] ]
are concerned. Because of this

cial care should be taken in applying
traffic control technigues 1in these
areas.

fal g T Yoy
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Both raiircad and highway per-
sonnel are well-trained in the safety
and control of their respective iraf-
fic sgtreams. However, construction
practices, agency policy, labor work
rules, and State and Federal regula-
tiong all contribute to the complex-

ity of crossing work =zone traffic
control. When highway construction
and maintenance activities at the

intersection take place on the tracks
or within 15 feet of an active run-
ning rail, railrocad personnel should
be present. Rzilroad mainienance and
construction of crossing signals or
surfaces will often require some
measure of contrel of highway traf-
fie.

An open communication channel
between rallroad and highway person-
nel is essentisl to the coordination
of crossing construction and mainte-
nance. For example, tThe railrocad
engineering department should notify
all highway agencies several weeks in
advance of track resurfacing or
crogsing reconstruction  operations
thet require crossings to be closed
to highway traffic. The exact sched-
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ule of the track work aectivity should
be confirmed by the rallroad engi-
neering department a few days before
the actual work takes place. Proper
coordination will ensure mninimal
crossing closure time and will reduce
cost of work zone traffic control
activities. Highway personnel should
inform prailroad engineering depart-

ments of any work scheduled within
the railrcad right-of-way weeks

before the work begins. The schedule
should be reconfirmed with the rail-
road a few days before the crews are
to be on the site.

If the econstruction or mainte-
nance aectivity requires the entire
crossing to be removed, the crogsing
should be closed and traffie should
be detoured over an alternate route
or temporary bypass. Crossings on
high volume rural and urban highways
should not be closed during week days

Traffic

e ke ]

or peak hours control

Huux\- ARV LAL 12w fGP
the construction or maintenance of

crossings should be the same as that
used for highway construction and
maintenance and should comply with
the applicable requirements of the
Manual on Uniform Traffic Control

Devices (MUTCD).

Traffic safety in
zones should be an integral and high
priority element of every project
from planning through design and con-
struction. Similarly, maintenance
work should be planned and conducted
with the safety of motorists, pedes-
trians, workers, and train crews in
mind at all times. The basic safety
principles governing the design of
eressings should also govern the de-
sign of construction and maintenance
sites. The goal should be to route
traffic through such areas with geo-
metrics and traffic control
comparable, as nearly as possible, to
those for normal crossing situations.

devices
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A traffic control plan, in de-
tail appropriate to the complexity of
the work project, should be prepared
and understood by all responsible
parties before the site is occupied.
A traffic control plan is required to
be included in the plans, specifica-
tions and estimates for all Federal-
aid projects ag indicated in the Fed-
eral Highway Program Manual (FHPM).
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Usually the highway agency develops
the traffilc contrel plans, Any
changes in the traffic control plan
should be approved by an individual
trained in safe traffic control prac-

tices.

The method for  accomplishing
traffic control is to be worked out
between the rallroad and the State or
local highway agency. There is a wide
latitude as to which party does the
work. Many States require that the
agency responsible for the highway on
which the crossing iz located also be
responsible for the preparation and
impilementation of the traffic control
plan. This may be the State agency
or a local county, city, or town.
Some States require the railroad or
contractor to implement the traffic
control plan. It is emphasized that

the individuals who prepare or imple-
ment the traffie in

areas be trained in the requirements
of the MUICD. Relmbursement for traf-
fic control costs for a Federal-aid
project includes payment for force
account costs and reimbursement for
contractor services.

Lyl

contrnl work

Traffic movement should be in-
hibited as 1little as practicable.
Traffic control in work sites should
be designed on the assumptfion that
motorists will only reduce @ their
speeds if they clearly perceive a

a
need to do so. Reduced speed

should be avoided as much as practi-
cable. Guidelines for determining

T o
ZoNing




speed limits in detour
and median crossovers

transitions,
re az follows.

e

Detours and crossovers should be
designed for speeds equal to the
existing speed limit 1f at all
possible. Speed reductions should
not be more than 10 mph below the
speed of the entering highway.

O

Where a speed reduction greater
than 10 mph 1is unavoidable, the
transition to the lower 1l1imit
should be made in steps not
more than 10 mph.

of

speed reductions are
necesgsary, police or flaggers may
be used in addition to advance
signing. The conditions requiring
the reduced speed should be alle-
viated ag soon as possible.

Where severe

Frequent and abrupt changes in
geometries, such as lane narrowing,
dropped lanes, or main highway tran-
sitions, that require rapid maneuvers
should be avoided. Provisions should
be made for the safe operation of
work vehicles, particularly on high
speed, high volume highways. Con-
struction time should be minimized to
reduce exposure to potential hazards.

Motorists should be guided in a
c¢lear and positive manner while ap-
proaching and traversing construction
and maintenance work areas. Adequate
warning, delineation, and channeliza-~
tion by means of proper pavement
mariking, signing, and use of other
devices that are effective under var-
ying conditions of light and weather
should pPCVided assure the
motorist of positive guidance in
advance of and through the work area.

oo EN
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Inappropriate markings should be
removed to eliminate any misleading
cues to drivers under all conditions
of light and weather. On short term

Chapter VI

193

Implementation of Projects

maintenance

termined that
hazardous than leaving the
markings in place. If so, special
attention must be paild to provide
addltional guidance by other traffic
contrcl measures. Flagging proce-
dures can provide positive guidance
to the motorist traversing the work
area and should be employed when
required to control traffic or when
all other methods of traffic control

projects,

auch
such

it may be de-

removal is more

existing

are 1inadequate +to warn and direct
drivers.
Each perzon whose actions affeot

maintenance and construction
safety, from the upper-level manage-
ment personnel through construction
and maintenance field personnel,
should recelve t{raining appropriate
to the job decisions each individual

is required to nmake. Only those
individuals who are qualified by
means of adequate training In safe

traffic control practices and have a
basic understanding of the principles
established by applicable standards
and regulations, including those of
the MUTCD, should supervise the se-
lection, placement, and maintenance
of traffic contrel devices in main-

tenance and construction areas.

levels of
inspection of

To insure acceptable
operations, routine
traffic contrel elements should be
performed., This inspection sghould
verify that all traffic control ele-
ments of the project are in conform-
ity with the traffic control plan and

are effective in providing safe con-
ditions for motorists, pedestrians,
and workers.

The maintenance of roadside

safety requires constant attention

during the 1life of the construction
zone because of the potential in-
crease in hazards. To accommodate

run-off-the-rcad incidents, disabled
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vehicles, or other emergency situa-
T1nnq- it is desirable to hrnv1dp an

unencumbered readside recovery area
that is =zs wide as practical. Chan-
nelization of traffic should be
accomplished by the use of pavement
markings and signing, flexible posts,
barricades, and other lightweight de-
vieces that will yield when hit by an
errant vehicle. Whenever practical,
construction equipment, materials,
and debris shculd be stored in such a
manner as not +to be vulnerable to
run-off-the-road vehicle impact.

fa with hi r'f'hwnv +rQ'F"F"'F‘Ar-
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of train traffic through constructlon
areas must provide for the safety of
the labor forces and for safe train
operations. Idezlly, construction and
maintenance at a railroad - highway
grade crossing would occur under con-
ditions of no highway or train traf-
fic. However, this is rarely practi-
cal.

To minimize the impact on train
operations careful planning is re-
quired. The railroad should be noti-
fied well in advance of plamned con-
struction or maintenance activities.
Thus, necessary work can be coordi-
nated and proper plans can be made
for the operation of train traffic.

Rail traffic 1is not as easlly
detoured as highway traffic. Highway
users may be directed over an adja-
cent crossing which may not be more
than one mile away. Or, a temporary

cressing surface may be Inexpensively

constructed adjacent +to the work
site.

Detours for rail traffic may
greatly dncrease the costs of rail

operations due to the inecrease trawvel
time and distance. Temporary track-
age (shoo-fly) may be expensive to
construct. At muitiple track cross-
ings, work may sometimes be planned

Implementation of Projects

194

to close only one track to +train
trafffic at a2 time and p"r'nv-lr:lo for the

Ll 4 (=4 Luiita LUV auT Lud uLic

continuation of all train traffic

over the remaining track. At other
times, the heavy cost of temporary
railroad signaling and interlocking

may preclude this solution.

Train crews are notified of con-
struction or maintenance activities
through  train orders or railroad
signal systems. Appropriate instruc-
tions for operating through the area
are provided by the dispatcher. A
railroad employee ig established on

t+he Aanrnatviists Tt s a a Plapgman +~
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advise of approaching traing so that
the laber forces may move off the
track while +the train passes through
the area.

When planning construction or
maintenance work at railroad-highway
grade crossings, proper coordination
with the railroad is  esgsential.
Through the developmeni of a work
plan 1o meet the needs of rail and
highway traffic, safety of highway
users, highway and railroad work
crews, and train crews can best be
provided.

1. Traffic Controcl Zones

When traffic is affected by con-
struction, maintenance, utility, or
similar operations, iIraffic control
is needed to safely guide and protect
highway users and workers in a traf-
fic control zone. The +traffic con-
trol zone is the distance between the
first advance warning sign and +the
point beyond the work area where

[ R .« I = DL L - i . I o A ] 3
Lrailric 15 no longer arrecued.

Most traffic control zones can
be divided into the following parts:
advance warning  area, transition
area, buffer space, work area, and
termination area. These are shown in
Figure 97.



I TERMINATTON AREA

-- lets traffic resume
I normal driving

WORK AREA

I

BUFFER SPACE

-— provides separation
between traffic & workers
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TRANSITION AREA

[] -- moves traffic out
I'. of its normal path
]
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1 ADVANCE WARNING AREA
i -- tells traffic what
- to expect ahead
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Figure 97. Areas in a Traffile
Control Zone

Source: HRef. U4

The advance warning area should
be long enough to gilve motorists ade-
quate time to respond to the changed
conditions. The length 18 at least
1500 feet in prural areas but may be a
minimum of one block in urban areas.

If a lane or shoulder is closed,
a transition area is needed to chan-
nelize traffic from the normal high-
way lanes to the  path required to
move traffic around the work area.
The transition area contains the
tapers that are used to close lanes.
A taper 1s a series of channelizing
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devices and pavement markings placed
an angle to move traffic out of
its normal path. The length of taper
iz determined by the speed of traffie
and the width of the lane to be
closed. The fcrmulae for determining
the length of a taper are:

oan
Il

Posted speed 40 mph or less:

Posted speed 45 mph or more:

L = WS
where:
L = taper length
W = width of lane or offset
S = posted speed or off peak 85

percentile speed

The recommended number and spac-
for var-
ious speeds and widths of closing are
given in Table U5,

A two-way traffic taper is used
in advance of a work area that occu-
ples part of a two-way road in such a
way that the remainder of the road is
used alternately by traffic in either
direction. A short taper is used to
cause traffic to slow down by giving
the appearance of restricted align-

meant
ment.

flamoarg
Cne or mere flaggers

2 Y-TL]
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ally employed to assign the right-of-
way. Two-way traffic tapers should
be 50 to 100 feet long, with channel-
izing devices spaced a maximum of 10
to 20 feet.

FgaT=1
aL o

The buffer space is the open or
unoccupied space between the transi-
tion and work areas and provides a
margin of safety for both traffic and
workers. Channelizing devices should
be placed along the edge of the buf-
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Table 45,

Taper Length (L)

Speed Lane Width (feet)
Limit 10 11 12
20 70 75 80
25 105 115 125
30 150 165 180
35 205 225 245
40 270 295 320
45 450 495 540
50 500 550 600
55 550 605 660
Source: Ref. 4

fer space at a spacing in feet of two
times the posted speed limit.

The work area is that portion of
the highway that contains the work
activity and is closed to traffic and
set aside for exclusive use by work-
ers, eguipment, and construction ma-
terials. The work area is usually
delineated by channelizing devices or
shielded by barriers to exclude traf-
Tic and pedestrians.

The termination area provides a
short distance for traffic to clear
the work area and to return to the
normal traffic lanes. A downstream
taper may be placed in the termina-
tion area to shift traffic back to
its normal path.

2. Traffic Control Deviges

Signs. Regulatory and warning
Signs are used in construction work
areas. Regulatory signs impose legal
restrictions and may not be used
without permission from the authority
having jurisdiction over the highway.
Warning signs are used to give notice
of condlitions that are potentially
hazardous to traffic. Typical warn-
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Number of Spacing of

Channelizing Devices Along
evices for Taper Taper (feet)

5 20

6 25

7 30

8 35

9 Lo

13 45

13 50

13 55

in construction work
in Figure 98.

ing signs used
areas are shown

The high conspicuity of fluores-
cent orange colors provides an addi-
tional margin of safety by producing
a high visual impact in hazardous
areas. Therefore, where the color
orange 1s specified for use in traf-
fic control for construction and
maintenance operations, it is accep-
table to wutilize materials having
fluorescent red-orange or yellow-
orange colors.

may be attached to posts
or portable supports that are light-
welght, ylelding, or breakaway. The
minimum height requirements for signs
attached to posts are shown in Figure
98. Signs on portable supports are
required by the MUTCD to be at least
one foot above the highway.

Signs

Pavement markings. Pavement
markings and delineators outiine the
vehicular path, and thus guide the
motorist through the construction
area. Pavement markings include lane
stripes, edge stripes, centerline
stripes, pavement arrows, and word
messages. Markings are made of paint
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Figure 98, Typical Signé for
Traffic Control in Work Zones
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(with bead reflectorization), raised
reflectorized markers, preformed
adhesive ~ backed reflectorized tape,
cocld preformed reflectorized plas-
ties, hot reflecterized plasties,
epoxles, and other materials placed
by heating and spraying.

The standard markings planned
for the road should be 1in place be-
fore opening a new faciliiy to traf-
fic, Also, 1if revised lane patterns
are planned for the work zone, tempo-
rary markings should be placed before
the traffic is changed. Where this

1s not feasible, such as during the
process of making a traffic shift or
carrying traffic through surfacing

operations, temporary delineation may
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be accomplished with lines of traffic
cones, other channelizing devices, or
strips of adhesive - backed reflec-
torized tape.

When pavement placed during the
day 1s to be opened to traffic at
night and permanent striping cannot
be placed before the end of work, a
temporary stripe should be applied to
provide an indication to the driver
of the location of the lane or cen-

terlline. Standard marking patterns
are most desirable for this use. On
rock-screened seal coats, striping
should be applied following removal
of excess screenings.

For relatively long-term use or
when the surface 318 to be covered
later with another Ilayer, reflec-

torized traffic paint, or preformed
adhesive-backed tape, with or without
raised pavement warkers should be
congsidered. For relati vely short-ternm
use, and when frequent shifts are to
be made, adhesive - backed reflec-
torized tape is useful. Ralsed pave-

ment markers may be used to form the

pavement markings or may be used to
supplement marked stripes. High
speeds and volumes of traffic may

Justify ralsed markers for even com-
paratively short periods. They are
particularly valuable at pecints of
curvature and iransition.

Pavement arrows are useful in
'fd'?r\a‘ ‘I'wn'F"F"im when the -l-naum'lari way

11 Wi

does not. coincide with the configura-
tion of the exposed surface area,
such as when the color of the transi-
tion pavement is different from the
existing pavement. Pavement arrows
are especlally wuseful on a two-way,
undivided roadway to remind the driv-
er of opposing traffic. "Two-Way
Traffic" signs should be used in con-
junction with the arrows for the
application. The arrows should be
completely remcved once the two-way
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traffic
needed.

condition is no longer

Whenever traffic is shifted from
its normal path, whether a lane is
cloged, lanes are narrowed, or traf-
fic is shifted ontc another roadway
or a detour, conflicting pavement
markings should be removed. Excep-
tions to this may be made for short-
term operations, such as a work zone
under flaggers' control or moving or
mobile operations. Use of raised
pavement markings or removable mark-
ings may be economical since they are
usually easier t0 remove when no
longer needed.

Delineators. Delineators are
reflective units with =a
dimension of approximately
" dinches. The reflector units can be
seen up to 1,000 feet under normal
conditions when reflecting the high
beams of motor vehiecle headlights.
The delineator should be installed
about four feet above the roadway on
lightweight posts.

three

Delineators sheould not be used
alone as channelizing devices in work
zones but may be used to supplement
these channelizing devices in outlin-
ing the correct vehicle path.
are not to be used as a warning de-
vice. To be effective, several delin-
eators need $o be seen at the same
time. The color of the delineator
should be the same as the pavement

marking that it supplements.

They

Channelizing Devices. Channel-
izing devices consist of cones, tubu-
lar markers, vertical panels, drums,
barricades, and barriers. Cones are
lightweight devices that may  be
stacked for storage, are easy to

‘l’ﬂ ace namove are a minor
s Lt L ] [ R o

and

Inmpedance to traffic flow.
at least 18 inches high.

and minor

They are
Cones that
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are 28 inches high should be used on
high speed roadways, on all facili-
ties during hours of darkness, or
whenever more conspicuous guldance is
needed. Cones are reflectorized for
use at night with a2 six inch wide
reflectorized band placed no more
than three inches from the top or

with a lighting device.

Tubular markers are alsc light-
welght, easy to install, and are a
minor impedence to traffic flow. They
must be set in weighted bases or fas-
tened to the pavement. They should be
at least 18 inches high with taller
devices preferred for better visibil-~
ity. Markers should be reflectorized
for use at night with two reflec-
torized bands, three inches in width,
placed no more than two inches from
the top and no more than six inches
between the bands.

Vertical panels are 8 %o 12
inches in width and a minimum of 24
inches in height. They are advanta-
geous in narrow areas where barri-
cades and drums would be too wide.
They are mounted on lightweight posts
driven into the ground or placed on
lightweight portable supports. The
orange and white stripes on vertical
nanals tha
panels the
that traffic is to pass. They should
be reflectorized as barricades and
installed such that the top is a min-
imum of 36 inches above the highway.

dnumn Toward
Qo Loward
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Drums are highly visible and
appear to be formidable objects thus
commanding the respect of motorists,
They should be marked with horizontal

orange and white stripes that are
reflectorized, four to eight inches
wide. The drum must have at least

two sets of orange and white stripes

but can also have nonreflectorized

spaces up to two inches wide between

the stripes.



Barricades should be constructed
110h+un{ah+
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classified as Types I, II, and III.
Types I and II are used for either
channelizing or marking hazards.
Type III barricades are used for road
closures. The barricade rails have
alternating orange and white reflec-
torized stripes that slope down
toward the side traffic is to pass.
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Barriers provide a
itation through which a
not normally pass.

physical lim-
vehicle would
They are used to

keep traffic from entering a work
area or from hitting an  exposed

cbject or excavatlon. They provide
protection for workers and construc-
tion and separate two-way traffic.
They are usually made of concirete or
metal and are designed to contain and
redirect an errant vehicle. Exposed
ends of barriers should have crash
cushlons to protect traffic or flared
ends provided by extending the bar-
rier beyond the clear roadside recov-
ery area., Two types of crash cush-
ions wused in work =zones are sand-
filled plastic barriers and the port-

ashla W inimanAd Dot
LA

AR I-BLV Y ital L
Terminal®,

Energy Absorbing

High level warning devices are
tall, portable stands with flags and/
or flashing lights. Three flags, 16
inch square or larger, are mounted at
least elght feet above the highway.

Lighting Devices. Three types
of warning 1lights may be used in
construction areas. Flashing lights
are appropriate for use on a channel-
izing device to warn of an isclated

hazard at night or call attention to
warning signs at night. High inten-

sity lights are appreopriate to use on
advance warning lights day and night.
Steady-burn 1lights are appropriate
for use on a series of channelizing
devices or on barriers that either
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199

Implementation of Projects

form the taper to close a lane or
shoulder, #gep a section of 1lane
or shoulder closed; and are alsoc ap-
propriate on the channelizing devices
alongside the work area at aight.

or

Work vehicles in or near the
traffic areas are hazards and should
be equipped with flashing lights such
as emergency  flashers, flashing
lights, strobes, or rotating beacons.
High intensity 1lights are effective
both day and nlght. The laws of the
agency having Jjurisdiction over the
street or highway should be checked
concerning requirements for flashing
vehicle lights. These lights should
be used in addition to other channel-
izing and warning devices. However,
in some emergency situations, where
the work will be in progress for a
short time, these lights may be the
only warning device.

Flashing arrow panels are signs
with a matrix of 1lights capable of
elither flashing or sequential dis-
plays. They are effective day and
night for moving traffic out of a
lane to the left, to the right, and
may be wused for tapered Ilane ealo-
sures. These arrow panels should not
be used when no lanes are closed,
when there no interference in
traffic flow, nor when a flagger is
controliing traffic on a normal two-
lane two-way road.

is

Flagging. Flagging
used onLy when required to control
traffic or when all other methods of
traffic control are inadequate to
warn and direct drivers. The proce-
dures for flagging traffic are con-
tained in Sections 6F-2 through 6F-7
of the MUTCD. The standard signals
to be used by flaggers are illus-
trated in Figure 99. Flaggers should
be in sight of each other or have
direct communication at all times.
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Flag Paddle these figures may be adjusted to it
field conditions in accordance with
the guldelines presented in the MUTCD
and the Traffic Control Devices Hand-
book. When numerical distances are
shown for sign spacing, the distances
‘are intended for rural areas and
urban areas with a posted speed limit
of 45 mph or more. For urban areas
with a posted speed of 45 mph or
less, the sign spacing should be in
conformance with Table 46.

To Stop
Traffic

Traffic
Proceed

Signs with specific distances
shown should not be used if the
actual distance wvaries significantly
from that shown. The word message
"Ahead™ should be used in urban areas
and 1in other areas where a specific
distance ig not applicable. Standard
crossing pavement markings are not
shown in the figures for clarity and
should be utilized where appropriate.

To Alert
and Slow
Traffic

n '!

applicable requir
Figure 99. Use of Hand Signaling traffic control in work areas set
Devices by Flagger forth in the MUTCD shall apply to
construction and naintenance of

Source:s Ref. 3 erossings. Additional traffic con-
trol devices other than those shown

in the figures should be provided

A number of hand signaling when highway and traffic conditions
devices such as STOP/SLOW paddles, warrant. These devices should con-
lights, and red flags are used to  form to the regquirements of the
control traffic through work zones. MUTCD., A1l traffic control devices
The sign paddle bearing the clear that are not applicable at any speci-

messages "Stop" or "Slow" provides fic time shall be covered, removed,
motorists with more positive guldance or turned so as to not be visible to
than flags and should be the primary the motorist.

hand-signaling device. The use of
flags should be 1limited to emergency

situations and at spot locations that Table 46. Sign Spacing for
can best be contrclled by a single Urban Areas
flagger. '

Sign Spacing
3. Application Speed Limit X Y

Typical applications of traffic 30 mph or less 300 ft 200 ft
control devices in crossing work 35 mph or 40 mph 450 ft 300 £t
zones are shown In Figures 10

through 103. The dimensions shown 1 Source: Ref. 4
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Barricade Trailer or Vehicle

with Orange Flags 1+
or Flashing Lights 1T
Eﬁﬁ ] t e [} LI t 1
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Legend
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g Flagger Station
E’gnsqr ' = Type III Barricade

For X and Y dimen:slions, See Table 46

Figure.100. Crossing Work Activities, Two Lane Highway, One Lane Closed

Source: Ref. 4
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For L dimensions, See Table 45
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Figure 101, Crossing Work Activities, Multi-lane Urban Divided Highway
One Roadway Closed, Two Way Traffic

Source: Ref, 4
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Legend
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Figure 102. Crossing Work Activities, Closure of 3ide Road Crossing

Source: Ref. 4
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Figure 103. Crossing Work Activities, One Lane of Side Road Crossing Closed

Source: Ref. 4
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VII. MAINTENANCE PROGRAM

&. Maintenance Program

The railrcad - highway grade
crossing is unique fo other highway
facilities in that rallroads design,

install, operate, and maintain the
traffic control devices located at
the crossing. Even though a large

portion of the cost of design and
construction of crossings, including
traffic control devices, 1s assumed
by the public, current procedures
place maintenance responsibility with
the railroads. The public agency
having responsibility for the malnte-
nance of the roadway approaches gen-
erally terminates its maintenance
responsibility for the roadway at the
erossing surface. Traffic control
devices on the approach, in most
instances, is the full responsibility
of the public agency.

Railroad personnel maintain the

devices at the c¢rossing and thelr
olreoud 1"}"17 " a-hm:nr traffic

signals located near the cross*ng may
be preempted utilizing the same train
detection circuitry as the signals at
the crossing. Where this occurs,
coordination of railroad and highway
maintenance activities 1s essential
to gsafe and efficient +traffic opera-
tion.

Normally, railroad maintenance
of traffiec control devices 1is acconm-
plished as a part of the regular
maintenance program for signals con-
trolling train operations. Railrcad
signal maintenance personnel are sta-
tioned at specific locations along
the railroad line and are responsible
for all signal maintenance within
their assigned territories. Gener-
ally, the maintenance of crossing
devices is only a portion of the
railroad signal maintalner's daily

205

activity. Although there are cur-
rently no Federal safety regulations
specifically addressing the mainte-
nance of these devices, a few State
regulatory agencies have established
regulations for thelr mailntenance.
All rallroad companles have ingtruc-
tions for the iuspecition and mainte-
nance of the devices.

The maintenance of crossing sur-
faces is performed by another depart-
ment of the rallroad. The Mainteunance
of Way Department of the railroad
company has responsibility for all
track, roadbed and dralnage mainte-

nanoe., F 1o
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Maintananna anurnfanaa
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usually a part of the railrocad's
periodic track maintenance program.
S1ite specific maintenance is per-
formed only in emergencies or upon
special request.

The highway agency 1s usually
responsible for maintaining the highw

way arpnroaches a1l Froffin nnntral
nu‘y FP‘ VaRsliwo g Lo N Wl lh b S LI L WL

devices on the approaches, except the
erossbuck sign, illumination, and
special signing at the c¢rossing such
as the "Exempt" sign, the "Do Not
Stop On Tracks"™ sign, and the stop
sign.

An open channel of communication
between the Tlocal maintenance staff
of the highway agency and the rail-
road compahy 13 essential. Each high-
way agency maintenance foreman should
have a railroad company telephone
number available on a 24 hour basis
te report crossing deviece failure or
malfunction. In addition, the rail-
road signal maintainer should estab-
lish and malntaln contact with the
highway agency maintenance supervi-
sor(s) in the signal maintainer's
assigned territory.
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The U.3. DOT/AAR inventory num-
ber assigned to the crossing should
be used in any communication between
railroad and highway maintenance per-
sonnel. This requires that the inven-
tory number board be displayed at
geach crossing and properly main-
tained.

Highway malintenance personnel,
during the course of their normal
travel, should be encouraged to be on
the lookout for damaged or malfunc-
tioning crossing traffie control de-
vices. To ensure the proper reporting
of devices in disrepair, the rallroad
signal department should inform high-
way agency personnel as to how and
why the devices operate and what con-
stitutes failure. procedure for
reporting damaged or malfunctioning
devices should be developed. In Texas
the State highway agency has posted
signs at all crossings on the State
highway syvstem. These signs request
notification of devices in disrepair.
L toll free number along with the
erossing inventory number is included
that is mounted on the

flashing 1ight signal post.

n
n

nn the q1cﬂ
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The highway agency maintenance
program should follow normal highway
inspection and maintenance  proce-
dures. For example, both signs and
pavement markings should be inspected
during both daylight and nighttime
conditiong every three {o six months.
This inspection should include the
condition and adequacy of reflectiv-
ity of the signs and markings. Pave-
ment marking experience at a particu-
1ar 1oecale indicate an approxi-

lar locale may indicate an
mate interval between repainting op-
erations. Such a determination will
permit the programming of repainting
into the overall striping program for
the area. However, pericdic inspeec-
tion should not be eliminated in any
case as spilled 1loads, resurfacing

and other occurrences may cbliterate
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the markings. Sign deterioration i3
only one of several ~factors to be
considered in sign maintenance. Of
equal or greater importance are van-
dalism and inadvertent damage. Care—
ful of
height and mounting technlque can
reduce damage from vandalism. Damage
caused by accidents can be con-
strained through regular inspection

and repair.

ma+ahi21-
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The wmaintenance of the sight
triangle, beyond railroad right-of-
way, presents a unique problem. Ex-
cept for the portion of the sight
triangle within the roadway right-of-
way, most of the sight triangle in-
volves private property. The removal

of trees, vegetation, ‘crops, build-
ings, slgns, storage facilities, and
other obstructions to the driver's

view of an approaching train requires
access Lo the property and an agree-
ment with the property owner for the
removal of the obstruction.

Some maintenance activities at
or near crossings may require traffic
control. The procedures specified in
Chapter VI for traffic control in
congstruction areas are applicable to
maintenance activities as well.

In addition fto their usual
responsibility for the maintenance of
the crossing surface and traffic con-
trol devices at the crossing, rail-
roads also maintain sight clearance
within railrcad right-of-way. This
includes vegetation control, removal
of unused railroad builldings and
placement of rall cars.

fkak=2 =1 &
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Since these maintenance activ-
ities are a part of routine railroad
signal and maintenance-of-way activ-

L PR &
ity, site specific maintenance costs

are difficult, if not impossible, Lo
calculate. As with most Federal high-
way funding programs, maintenance




expenditures associated with cross-
ings are not relmbursable under the
program. However, 17 States and a few
local governmental agencles  have
passed leglslation authorizing con-
tribution, by the State, to the main-
tenance of crossing surfaces and/or
traffic control devices located at
the erossing. Funding for these pro-
grams is either by State legislature

TMTama Ry el

an
uy Logal ordinance.

appropriations or
Appendix B contalns information on
State malntenance programs.

Such maintenance agreements be-
tween a railroad and a State must
contaln mutually agreed to defini-~

tions of eligible devices. In some
" cases, the devices are defined as
flashing lights only or flashing
lights and gates, with specification
of the number of tracks. Or, traffic
control devices may be defined in
terms of AAR units. Rallroad signal
systems component
parts, each of which (individually or
in combinations) have been assigned
relative unit values by the Associa-
tion of American Railroads (AAR). The
relative unit values were developed
for aceocunting and record purposes
directed toward determining installa-
tion, replacement, maintenance and
operating costs on an industry-wide

s TR - SeiF nd W ar FO LY AR

uniform basis. Committees of the AAR

P P Y P

are comprised of

have established recommended prac-
tices for the applicatlon of these
units. A 1982 AAR technical report

- i L

clagsifies the following types of
crossing traffic control systems by
AAR units.

o Type I -- Standard flashing light
signals at single track, average
AAR units 13.85

o Type II -~ Standard flashing light
signals with gates at  single
track, average AAR units 23.89
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o Type III -- Cantilever
nals at single track,
units 18.23

type sig-
average AAR

o Type IV -- Cantilever type signals
with gates at single track, aver-
age AAR units 27.81

o Type V -- Standard flashing light

signals with gates at two main
“tracks, average AAR units 34.30

o Type VI -- Cantilever type signals
with gates at two main tracks,
average AAR units 36.04

o Type VII -- Special layout with
multiple gates and tracks, average
AAR units U8.25 ‘

The AAR unit method for defining
crossing maintenance provides an op-
portunity for negotiating a specific
dollar value for each unit and then

applying this value to any combina-

tion of wunits. Dollar values are
reported for AAR units in the 1982
publication. These values, 1if used,
should be adjusted for current eco-
nomic conditions.

Any method wused for the reim-
bursenent of maintenance costs should
consider the components of mainte-
nance. Maintenance c¢osts are com-
prised of equipment, material, labor,
transportation, administration, ac-
counting and training costs. Labor

¥
R & in Tare hmviml iy wrooa

CO3L3 1IVO.LVE AacurLy wage
benefits received by the railroad,
State, lcecal government, or contrac-
tor employee. Materlals assoclated
with maintenance include the spare
and replacement parts as well as the
tools needed for repair. Transporta-
tion must be provided for laborers
and materials.

and

Y
il [=3 &L
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VIII. EVALUATION OF PROJECTS AND PROGRAMS

An integral part of any rail-
road-highway grade crossing luprove-
ment program is the evaluation of
individual projects and the overall
program. The Federal - aid Highway

Program Manual (FHPM), &-2-3, specl-
fies that each State's highway Safety
1mprovemenu program should include an
evaluation of the program. This
evaluation component is to include a
determination of the effects the
improvements have in reducing acci-

dents, accident potential, and acci-

dent severity. This process should

include:

o the cost of, and the safety bene-
fits derived from, the various

means and methods used to mitigate
or eliminate hazards;

o a record of accident experience
before and after the implementa-
tion of a highway safety dimprove-
ment project; and,

o a comparison of accident numbers,

rates, and severity observed after
the dimplementation of a highway

safety improvement project with
the accident numbers, rates, and

Vil S Sasil L AlALVEl o

severity expected if the improve-
ment had not been made.

In addition, the evaluation pro-
gram is to include an annual evalua-
tion and report of the State's over-
all safety improvement program and
the State's progress 1in implementing
the individual Federal programs, such
as the Section 203 crossing program.

Evaluation is an assessment of
the value of an activity as measured

by its success or failure

ing a predetermined set of goals or
objectives. The wultimate goal of

in achiev-

following

evaluatior is to improve the agency's
abllity to make future declisions
regarding the improvement program.
These decisions can be aided by con-
ducting formal effectiveness and ad-
ministrative evaluations of ongoing
and completed improvement projects

In +the Highway Safety Evalua-
tion, Procedural Guide, two types of
evaluation are addressed: effectivea
ness evaluation and administrative
evaluation. These two types of eval-
uation will be discussed in this
chapter only in sufficient detall for
the user to be aware of the need for
it and the procedures. However, the
reader should refer to the Procedural
Guide for more details. Also, the
references provide more
nsgf‘n"l Infarmation on cmf‘ei'v pvalua-

ML WL oelin WWa R W s Lii ol

tion procedures.

o Lunenfeld, H. Evaluation of Traf-
fic Operations, Safety and Posi-
tive Guidance Projects, Washing-
ton, DC: Federal Highway Adminis-
tration, Report No. FHWA-10-80-1,
October 1980.

Tarrants, W.E. and Veigel, C.H.,
The Evaluation of Highway Traffic
Safety Programs, Washington, DC:
National Highway Traffic Safety

n ok
Administration, uep““t DOT-HS=-80-

525, February 1978.

Couneil, F. M. et al., Accident
Research Manual, Washington, DC:
Federal Highway Administration,
Report FHWA/RD-80/016, February
1980.

0

Berg, W. D., Experimental Design
for Evaluating the Safety Benefits

of Railroad Advance Warning Signs,




Chapter VIII

Washington, DC: Federal Highway
Administration, Report FHWA-RD-79-
78, April 1979.

A, Project Evaluation

Improvements to railroad-highway
grade crossings that have as their
objeetive the enhancement of safety
should be evaluated as to their ef-
fectiveness. This can be done for in-
dividual projects and should be done
for the overall improvement progranm.
An effectiveness evaluation for safe-
ty purposes is the statistical and
economic assessment of the extent to
which a project or program achieves

its ultimate safety goal of reducing

the number and/or severity of acci-
dents. It also can be expanded to
include an assessment of the inter-
mediate effects related to safety
enhancement. The latter type evalua~
tion becomes particularly relevant
for crossings because the low number
of accidents occurring at a crossing
may preclude any meaningful accident-
based evaluation of individual cross-
ings or a small number of them,

The Procedural Guide lists seven

functions that should be followed in
conducting an effectiveness evalua—
ticn.
© Develop an evaluation plan
o Collect and reduce data
0 Compare measures of effectiveness
¢ Perform statistical tests
o Perform eccnomic analyses
© Prepare evaluation documents
o Develop and update a data base

The essential elements of the
principal functions are described
below.

The evaluation plan addresses
such issues as the selection of: 1)
projects for evaluation; 2) project
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purposes; 3) evaluation objectives
and measures of effectiveness; 4) ex-
perimental plans; and, 5) data re-
quirements.

While it would be desirable to
evaluate all dimprovement projects,
manpower and fiscal capabilities do
not always permit this, Consequently
when selecting projects for evalua-
tion, the following factors should be
considered.

o Improvement types that are ques-
tionable as to their effectiveness
¢ Projects that have sufficilent data
necessary for statistical analysis
o Projects that are directly related

to accident reduction

If the number of accidents oc-
curring before the improvement 1s too
few to allow a significant reduction
of accidents to cccur, the project
may be evaluated along with other
similar projects. This is frequently
the situation with crossings since
they experience very few accidents.
If projects are aggregated for eval-
uation, 1t is essential that the:

o countermeasures for each be iden-
tical;
o types of locations be similar;
and,
0 project purposes be similar.
The experimental plan selected
should be consistent with the nature

of the project and the completeness
and availabllity of data. The most
common experimental plans for evalua-
ting safety improvement projects are:
1) before and after study with con-
trol sites, and 2) before and after
study.
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The most desirable measure of
affectiveness (MOE} for crossing
safety improvements would be the re-
duction of accident frequency or se-
verity. However, since a long period
of time may be required to amass an
adequate sample size, especially for
individual projects, evaluations can
be made based on other measures such
as:

o traffic performance - speed, stop-
ping behavior, and conflicts, or
o driver behavior - looking, com-
pliance, and awareness.
The evaluation plan describes

the types and amounts of data neces-

sary for the evaluation. Data for
the before situation could be ob-
tained from the englneering study

(see Chapter III) used to assist in
determining the crossing problem and
appropriate improvement. Additional
data, 1if not available from histori-
cal records, will have to be col-
lected before +ihe improvement is
made., If the measure of effective-
ness involves accident data, several
years of data would be required.
Traffic and driver behavior data can
be collected four to six weeks after
project implementation.

The effect of the project(s) on
the selected MOE must be determined.
Computations are made to determine
the expected value of the MOE if the

project(s) had not been Implemented
and the difference between the ex-
pected MOE and the actual observed
value of the MOE. This difference

should then be tested to determine if
it is statistically significant.

An important objective of an ef-
fectiveness evaluation is to obtain a
complete picture of how well the com-
pleted project 1is performing from a
safety standpoint. Economic analysis
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provides another perspective. From
such analysis, an assessment of cost
and accident reduction effects, in
combination, may be made. This aspect
of an evaluation 1s very lmportant as

it is possible to have a very effec-
tive project that is cost-prohibi-
tive in terms of future under

use
similar circumstances. '

There are many economic analysis
techniques. The two most commonly
used for evaluating completed highway
safety improvement projects are the
benefit/cost (B/C) and cost/effec-
tiveness (C/E) methods.

An effectiveness data base is an

accumulation of projeect evaluation
results that are directly usable as
input to future project selection.
The data base:
o contains pertinent information on
the accident reducing capabilities
of countermeasures and/or proj-
ects;

must be continually wupdated with
new effectiveness evaluation In-
formation; and,

should only contain evaluation
results from reliable and properly
conducted evaluations.

With such a data base, accident
reduction factors can be established
and refined over time. These factors
in turn can be used in determining
the most cost-effective improvements.

B. Program Evaluation

The preceding section outlined
the process for conducting evalua-
tions of one or more improvement
projects. This evaluation process can
and should be applied to the entire
crossing improvement program or com-
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ponents of it. The entire program
would consist of all those activities
including physical improvements to
the crossing, changes in railroad or
highway traffie operations, and
changes In law enforcement and in
driver education.

Throughcout the program it may be
useful for the policy maker %o iden-

tify whether certain specific program

subsets are effective. These program
subsets could inelude types of im-
provements such as:

installation of flashing lights;
relocation of crossing;
illuminations

sight distance improvements; or,
combinations of two or more types.

C 000 0O

The steps and procedures in con-
ducting the program, or subset of the
program, effectiveness evaluation are

essentially the same as for projects.

FHWA*s Procedural GCuide should be
referred to for details.

C. Administrative Evaluation

This evaluation is the assess-
ment of the scheduling, design, con-
struction, and operational review
activities undertaken during the im-
plementation of the crossing improve-
ment program. It evaluates these ac-

tivities 4n terms of actual resource
expenditures, planned versus actual
rescurce expendifures, and produc-
Livity.

In the FHWA Procedural Guide,
elght steps are recommended for
administrative evaluation as 1listed
below.,

o Select evaluation subjects

o Review project (program) details

Evaluation of Projects and Programs

o Identify administrative issues

o Obtain available data sources

0 Prepare adm*nistrative data sum-
mary table

¢ Evaluate administrative issues

o Prepare and distribute the evalua-
tion reporu

0 Develop and update data base
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IX. SPECIAL ISSUES

There are several issues that
are important to railroad - highway
grade crossing safety and operations
that either were not specifically
covered 1n previous chapters or that
warrant special consideration. These
include private crossings, short line

railroads high speed rail corridors
- L= | LA — bl.L uy\v\au & G Al ’

pedestrians, bicycles and motor-
cycles, and special vehicles.

A. Private Crossings

Private railroad-highway grade
creossings are those that are on road-
ways not open to use by the publiec
nor are they maintained by a publie
authority. According to the U.S.
DOT/AAR National Rail-Highway Cross-
ing Inventory, in 1983 there were
133,011 private crossings In the
United States. Usually, an agreement
between the land owner and the rail-
road governs the use of the private
erossing.

rvrrses o s oo £

Typlcal types of private
ings are as follows.

ero3s—~

o Farm crossings that provide access
between tracts of land 1lying on
both sides of the railroad

o Industrial plant c¢rossings that
provide access between plant
facilities on both sides of +the
railroad

0 Residential access crossings over
which the occupants and their
invitees reach private residences
from another rocad, frequently a
public road paralleling and adja-~
cent to the railroad right-of-way

crossings established
duration of a private

o Temporary
for the

construction project or other sea-
sonal activity

In some Iinstances, changes in
land use have resulted in an expan-

sion of a crossing's use to the
extent that it has beccme a public
crossing as evidenced by frequent use

of the general public. This may occur
whether or not any public agency has
accepted responsibility for mainte-

nance or control of the use of the
traveled way over +the crossing. The
railrocad and highway agency should

continually review the use of private
crossings so that mutual agreement is
obtained on its appropriate classifi-
cation. If the general public is
making use of the crossing, appro-
priate traffic control devices should
be installed for their warning and
guldance. Usually, State and Federal
funds are not availlable for use at
private crossings.

gnd Annan

The number of accidents at pri-
vate c¢rossings represent a small
portion of all crossing accidents;
however, safe design and operation at
private crossings should not be over-
loocked. Very few private crossings
have active traffic contrcl devices
and many do not have signs. Typical-
ly, they are on narrow gravel roads
often with poor roadway approaches.

In 1983, there were 599 acci-
dents, 33 fatalities, and 156 in-
jurles at private crossings. These

represent reductions, since 1979, of
37.4% din aceidents, 32.7% in fatal-
ities, and 24.3% in injuries as shown
in Table 47.

As with accidents at  publie
crossings, the majority of acc*dents
at private crossings involved automo-

biles. Table 48 gives the number of

acceidents at publie
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Table 47. Accidents at Private
Crossings, 1979 - 1983

Year Accidents Fatalities Injuries
1979 957 49 206
1980 848 45 228
1981 749 31 172
1982 590 27 129
1983 599 33 156
Source: Ref, 3

accldents and casualties by roadway

user for 1983,

At private crossings, the major-
ity of motor vehicle accidents, 345

or 61.4%, occurred during daylight,
while 185, or 32.9%Z, occurred during
darkness. The remaining 32 accidents

cccurred during either dusk or dawn.
Most of the accidents involving motor
vehicles, 244 or 43.4%Z, occurred at
crossings without signs or signals as
gshown in Table 49. Accident rates
(number of accidents at crossings

Table 49. Motor Vehicle Acecidents

at Private Crossings by

Traffic Control Device, 1983

Traffic

Control Device Accidents Percent
Automatic gates 7 TeR4
Flashing lights 26 4463
Highway signsals,

wigwags or bells 13 2.31
Special® 37 6.58
Crossbucks 162 28.83
Stop signs 52 9.25
Other signs 21 3.74
Nr ad gns or

signals 244 A3 42
Total 562 100.00

*MSpecial" are traffic control sys-
tems that are not +train activated,
such as a crossing being flagged by a
member of the train crew.

Source: Ref. 3

Table 48. Accidents at Private Crossings by Roadway User, 1983

Type of Accidents

Vehicle No. Z

Automobile 261 4357
Truck 189  31.55
Tractor-trailer 111 18.53
Busg —— —————
School bus e —_—
Motorcycle 1 0.17
Pedestrian 2 0.34
Other* 35 5.84
Total 599 100.00

Fatalities Injuries
No. __Z No. _2__
17 51.52 76 48.72
11 33.33 50 32.05
1 3.03 20 12.82
2 6.06 — e——
2 6.06 10 6.41
33 100.00 156  100.00

*10ther" usually refers to farm equipment.

Source: Ref., 3
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of traffic

1
number of ngs

with that type of traffic control
device) cannot be determined for
private crossings since no national
statistics are kept on the type of
traffic control devices at private
crossings.

with each type

Aaulam d
device divided by

ntrol
i

con
crossings

Some States and railrcads have
established minimum signing require-
ments for private crossings. Typical-
ly, these signs consist of a cross-
buck, stop sign, and/or a warning
against trespassing. California and
Oregon public utility commissioners
use a standard highway stop sign
together with a sign indicating that
the crossing is a private crossing.
A typical configuration is shown in
Figure 104.

As with public crossings, the
first consideration for dimproving
private crossings d1is closure. Adja-
cent crossings should be evaluated to
determine if they can be used Instead

———
i |0pt10na1
.Language
AN, Ny

Figure 104. Typical Private
Crossing Sign

Source: Ref. 1

215

Chapter IX  Special Issues

of the private crossing. Every effort
o close the crossing should be made.

If the private crossing 1is de-
termined to be essential to the pri-

vate landowner, then the crossing
should be marked with some type of
sign. Controversy exists over wheth-

er the marking should be identical to
public crossings so that the motorist
is presented with uniform traffie
control devices, or whether the mark-
ing should be distinet to notify the
motorist that the crossing is private
and that use without permission is
trespassing. No national guidelines
exist; however, it seems reasonable
that the crossing should be marked so
that it is identified as a private
crossing. Supplemental crossbucks or

stop signs might also be installed.

Some private crossings have suf-
fieient train and roadway traffic
volume that they require active traf-
fic control devices. Considerations
for the installation of these devices
are the same as for publiec crossings,

as discussed in Chapter IV. Federal
fundsg and often State funds. cannot

4, LdliNdid 9 L= A Sl e A ba Lo = L A b F Cvamaa’

be used for the installation of traf-
fic conirol improvements at private
erossings. The rallroad and the land-

owner usually come to an agreement
regarding the financing of the de-
vices. In some cases, 1if the land-
owner is required +to pay for the

installation of the crossing and its
traffic control devices, the land-
owner wmight reevaluate the need for
the crossing.

pATS W AW - L8

There are numerous short line
railroads and the number is growing
due to Federal deregulation. Short
line railroads are typically Class
IIT railrcads, as defined by the
Interstate Commerce Commission (ICC).
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Class III railroads

switching and terminal
all line-haul railroads that have an
annual gross revenue of less than $10
million, *n 1978 constant dollars.
Many of these short line railroads
“““““ and terminal serv-
ices for the larger Class I and II
railroad companies. Many of the short
line raillroads belong to the American

include all
companies and

Short Line Railroad Association
(ASLRA). Headquartered in Washington,
DC, the ASLRA provides liaison with

governmental agencies, serves as a
source for iInformation and assis-
tance, and provides other benefits to
short line railroads.

took
single line

Some sherf line railroads
over the operation of a
that a larger railroad abandoned for
economic reasons. Short line rail-
roads often require assistance with
regard to railroad - highway grade
crossings because of their 1imited
manpower and finanecial resources.
These small raiflroads are of ten
unable to seek ocut Federal and State

funds for fmproving crossings, yet
safpfv at their cressingq is Juq+ as

*mportant as at any other crossing.

Ownership of these smaller lines

are from a variety of investment
Sources such as, State or loecal gov-
ernments, port authorities, other

short 1ines, private entrepreneurs,
and shipper groups. Many new owners
of short lines are keenly aware of
costs of line acquisition, track and
rolling stock rehabilitation, along
with other operational expenditures.
Yet, new operators may be unaware of
the substantial expenditures

Qilbidl SACIICLLUICES

for rebullding crossing surfaces,
renewing older traffic control sys-
tems, and maintaining thenm.

Costs associated with crossings
may comprise a considerable portion
of the limited annual maintenance-of-
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railroads.

the

by the new

way budgets of short line

The of

aiis

doned plant, as acguired
owner, is usually far from best. The
track condition may be adequate,
requiring relatively little annual
expense in comparison to other plant
needs. Therefore, as annmual track
maintenance costs are reduced, cross-

e

ganang condition aban-
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ing expenditures may constitute as
much as 50% of the annual mainte-
nance~ocf-way budget over the next 10

years. This, of course, depends on
factors such as the location of the
line in relation to population cen-
fpﬁq and ﬁh+nn ities of heavy Lrpr
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traffic.

1r
uck

On short line railrcads, there
is often a lack of specialized per-
sonnel for handling the many crossing
responsibilities, such as the contin-
uing malntenance of highly complex
electronic crossing traffic control
equipment.

While
ler lines
sparse, as

Iroa

rail traffic on the smal-

generally tends to be
well as slow, these cross-
ings, comparison to the larger
railroads are not necessarily safer.
National statistiecs indieate that the
vast majority of crossing aceidents
oceur at relatively low train speeds.

3
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Adequate planning is essential
to ensure the proper formation of new
short line railroads and to improve
their survival as a necessary part of
the nation's transportation system.
When dealing with short 1line rail-
roads, State agencles should be aware
of their limited experience, skills,
and State agenciles can
assist by informing short line rail-
roads of the requirements for improv-
ing crossings on their system and
direct them to other appropriate
sources of information. State agen-
cies should ensure that the short
line railroads operating in thelir

lrnarlados

and KNOwWiLedge.




State are included 3in the lines of
communication regarding crossings.
Short 1line railroads also should be
encouraged to participate in other
crossing safety programs such as
Operation Lifesaver.

C. High Speed Rail Corridors

Special considerations must be
given to rallrcad - highway grade
crossings on high speed passenger
train routes. The potential for a
catastrophic accident, injuring many
passengers, demands special atten-
tion. Not only does this include
dedicated routes with speeds over 100
mph, but also other passenger routes
over which trains may operate at
speeds higher than freight trains.

Variation in warning time at
ecrossings equipped with active traf-
fic control devices may occur with
high speed passenger trains. Because
of the wide variation in train speeds

{passenger trains versus freight
trains), train detection ecircultry
should be designed to provide the

appropriate advance warning for all
trains.

High speed passenger trains pre-
sent additional problems at crossings
with only passive traffic control
devices. Safe sight distance along
the track from a stopped peosition
must be much greater for a faster
train. The sight distance along the
track from the highway apprcach must
also be greater unless vehicle speed
is reduced. In adaition, it is dif-
ficult to judge +the speed of an
oncoming train,

Private crossings are a major
concern for hign speed passenger
trains. These crossings usually have
only passive iraffic control devices
and often consist of narrow, unim-
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proved or gravel rocads with limited
vigibility along the railroad tracks.

Special attention should be giv-
en to crossings on high speed rail
passenger routes. Some States utilize
priority indices that include a fac-
for for train speed or potential dan-
gers to large numbers of people. In
this manner, crossings with high
speed passenger trains are 1likely to
rank higher than other crossings and
thus be selected for crossing im-
provements.

Another method for improving

crossings on high speed passenger
routes 1is to utilize the systems
approach. As discussed 1in Chapter
II1I, the systems approcach involves

the inspection and
safety and operations at crossings
within a specified system, such as
along a high speed rail corridor.

evaluation of

It 1is desirable that all cross-
ings located on high speed rail cor-
ridors either be closed, grade sepa-
rated, or equipped with automatic
gates. The train detection cireuitry
should provide constant warning time.
Where feasible, other site improve-
ments may be necessary at these
crossings. Sight distance should be
improved by clearing all unnecessary
signs, parking, and buildings from
each quadrant. Vegetation should be
periodically cut back or removed.
Improvements in the geometries of the
crossing should be made to provide
the best braking and acceleration
distances for vehicles.

Education of the publie 1is an
impoertant element for the improvement
of safety and operatlons at crossings
on high speed rail corridors. This
can be accomplished by publicity cam-
paigns and public service announce-
ments as described in the next chap-
ter. Public education might also
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alleviate some fears of high speed
trains and provide for better rail-
road-community relations. State agen~
cies and railrocads should coopera-
tively undertake this important
public education campaign.

Special signing might also be
employed at these crossings to remind
the public that it is used by high
speed trains. No national standard
exists for such signing: however, the
signing should be in conformance with
the guidelines provided in the Manual
on  Uniform Traffic Control Devices

(MUTCD).
D. Speclal Vehicles, Pedestrians,
Motoreyeles,and Bicycles

erossings
to accom-

Railroad-nighway grade
are designed and contreolled
modate the vehicles that use them.
The vast majority of these vehicles
consist of automobiles, buses, and
all types of trucks. Generally speak-
ing, improvements to the crossing
with these users 1n mind will be
adequate for any other special users
such as trucks carrying hazardous
materials, long-length trucks, school
buses, motorcycles, bicyeles, and pe-

Acatrd
aosLrians.

R ST vy

i JoN
nowever,

onans nigaoavia lhhoore

thcpc WOTL o Llave
unique characteristices and special
heeds which should be considered.
Chapter TII discussed some of these

characteristies. This chapter will

present some design and control

conslderations.

1. Trucks with Hazardous Material
Cargo

Acecidents involving trucks with

hazardous material cargo are poten-
tially the most dangerous because
they can have deleterious effects

over a wide area.
ecrossings
vehicles

Consequently, all
which are used by these
should be considered for
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these
the

improvements and, in turn,
Improvements should consider
special needs of these vehicles.

Drawing on the National Trans-

portation Safety Board's study of
train accidents invelving these vehi-
cles, and their subsequent recommen-
dations, there are several suggested
ways to address this concern.
o Trucks carrying ©bulkx hazardous
materials should use routes that
have grade separations or active
control devices. Where routes that
have crossings with only passive
control devices are near t{ermi-
nals, the crossings should be
considered for upgrading to active
control.

Insure that active warning devices
provide sufficlient warning time so
that trucks have avallable the
distance required for stopping.
Alsc, for vehicles that are
stopped at the crossing when sig-
nals are not operating, adequate
warning time should be provided
for clearance of tracks by loaded
trucks before the arrival of a
train.

o+ o
15
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1ntersect*on in close proximity to
the crossing, increase the storage
room between the tracks and the
intersecting highway. If on a di-
rect route to a ftruck termninal,
also consider giving right-of-way
to the critical movement through
control measures.

Promote a program of education and
enforcement to reduce the frequen-
cy of hazardous driving and alert

the driver of potential danger.
Operation Lifesaver programs
should be expanded %o Include a

specific program which addresses
the problems.




At crossings where there is a
8ignificant volume of trucks that are
required to stop, consideration
should be given to providing a pull-
out lane. These auxiliary lanes allow

the trucks to come to a stop and then
to eress and clear the tracks without

S Qi E S =1=14 L AR W e Wil

conflicting with other traffic.
Hence, they minimize the likelihood
of rear-end collisions or other vehi-
¢le-vehicle aceldentis. They would be

approprlate for two-lane highways or
for high-speed multilane highways.
2. Long and Heavily Laden Trucks

As discussed in Chapter II,

large trucks have particular problems
at crossings because of their length
and performance characteristics.

TAanocor Alaaranans fi4meaa
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for longer vehicles and those slow to
accelerate. Also, longer braking dis-
tances become necessary when trucks
are heavily laden, thus reducing
thelr effective braking capability.

oo
@l W

With the passage of the Surface
Transportation  Assistance Act of
1982, there will likely be both long-

er and heavier trucks. Consequently,

when congidering improvements, the

designer should be aware of, and

design for, the amount and type of

current and expected truck traffic.

Areas that should be focused

upon include:

o longer sight distances;

o placement of advance warning
signs;

o warning time for signals;

0 approach and departure grades;
and,

o storage area Dbetween tracks and

nearby highway intersection.
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3. Buses

Since buses carry many passen-
gers and have performance character-
istiecs similar to large trucks, these
vehicles also need special considera-

4 nn
LLOII .

Many of the measures suggested
for trucks with hazardous materials
apply to buses. BRailroad - highway
grade crossings should be taken into
consideration when planning school
bus routes. Potentially hazardous
erossings should be avoided if possi-
ble. Crossings along school bus
routes should be evaluated by the
appropriate highway and ratlroad per-
sonnel to identify potentially dan-

gerous crossings and the need for
I mrnvmatramant o n.-.-r yawma aklannlA o
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structed on safe crossing procedures
and be made aware of expected rail-
road operations, such as the speed
and frequency of train movements.

4. Motoreyceles and Bicycles

Although motoreycles and biey-
cles typically travel at different
speeds, these two-wheeled vehicles
can experience the same problem at
crossings. Depending on the angle and
type of crossing, a cyeclist may lose
control of the vehicle if the wheel
beccnes trapped in the flangeway. The
surface materials and the flangeway
width and depth must be evaluated.
The more the crossing deviates from
the i1deal 90-degree crossing, the
greater the potential for a cycle
wheel to be trapped in the flangeway.
If the crossing angle is less than 45

dpgnopq-

en to widening the bikeway to allow
sufficient width to cross the tracks
at a safer angle.

congideration should he qiv-

ments, there are no special controls
for these special vehlcles. However,
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if a bicycle trail crosses tracks at-
grade' the bigyclist should be warned
of this with suitable markings and
signs such as those shown in Figure

105,

V-

Figure 105. Recommended Sign and
Marking Treatment for
Bicycle Crossing

Source: Ref. 2

5. Pedestrians

The safety of pedestrians cross-
ing railroads i1is the most difficult
to control because of the relative
ease with which pedestrians can go
under or around lowered gates. Pedes-
trians typiecally seek the shortest
path and, therefore, may not always
eross the tracks at the highway or
designated pedestrian crossing.
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Nonetheless, there are
types of preventive
can be employed.

measures

Fencing. Fencing that encloses
the right-of-way may be used to re-
strict access. A six to eight foot
high chain link fencing, sometimes
topped with barbed wire, is commonly

used. Fencing 1is usually placed on
both sides of the 'r-'lc'h‘i'...nf'...unv hut
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it can be an effective deterrent to
indiscriminate crossing if placed on
only one side. The main objection to
fencing is its cost, which may be in
excess of $100,000 per mile for con-
struction. Furthermore, it does not
bar entrances at c¢rossings. Alter-
natively, a single four foot fence,
placed parallel to the track and
across a pedestrian crossing route
might be a lower-priced and somewhat
effective deterrent. Fenclng is com-

monly used between multiple tracks at

commuter staticns
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additional cost of fencing.

Modntenanne ia an
aalnlenange 1s arl

Separated Crossings. In order to
prevent vandalism of continuous fenc-
ing, pedestrian crossings might be
provided over or under the track(s)
at reasonable intervals. Pedestrian
grade separations are expensive and
should be designed to maximize pedes-
trian ugse. If a structure i1s built,
it should be accessible and pedes-
trians should be directed to it
through the use of barriers, fencing,

nr aiona
or signs.

Improved Signing. An example
whereby pedestrian and trespasser
safety near railroads can be enhanced
through inproved signing concerns
electrified rail lines, in particu-
lar, their catenaries (the overhead
wires used to carry energy to elec-
tric locomotives). The electrical
current is so great that shocks can
result without actual contact with
the wire. Warning signs along elec-




trified railroads can reduce acci-
dents. These signs should provide
both symbolic representation {such as
a lightning bolt) and the warning

legend.

Safety Education. The education
of actual and potential trespassers
can reduce the incidence of right-of-
way accidents. Individual railroads,

as well as the Association of Ameri-

can Railroads, have for many years
conducted active railroad safety pro-
grams through the schools.

Surveillance and _ Enforcement.
No form of a pedestrian safely pro-
gram can be effective without sone

level of surveillance and enforce-
mant, - At
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generally considered a misdemeanor,
and law enforcement officials are
often indisposed to prosecute. A more
effective procedure for some forms of
railroad trespassing would be o
treat it like Jaywalking, and issue a
citation with sutomatic imposition of
a fine if a hearing were waived. Suech
a procedure would impose some burden
on the trespasser who might otherwise
only be reprimanded.

prqnaqq‘!nﬂ‘ is

Because of the variety of fac-
tors that may contribute to pedes-
trian hazards, detalled studies are
necessary to determine the most ef-
fective measures to provide for pe-
destrian safety at speecific loca-

tions.
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X. SUPPORTING PROGRAMS

Programs other than engineering
support, and in fact are essential
to, railroad-highway grade crossing
safety and operations. These programs
include public education of crossing
components and driver responsipili-
ties, enforcement of the traffic laws
governing movement over crossings,
and research of the various compo-
nents of ecrossings.

A. Driver Education and Enforcement

As discussed in Chapter II,
motorists have major responsibilities
for their safe movement over crosgs-
ings. Since raillroad trains cannot
stop as quickly as motor vehleles,
drivers must take precaution toc aveold
collisions with trailns. However, many
motorists are unaware of these re-
sponsibilities and do not know the
meéaning of crossing traffie control
devices. FEducation of motorists on
safe driving actions, train opera-
tions, and crossing traffic control
devices can minimize crossing acci-
dents.

Since the early part of this
century, railroads have endeavored to
educate the public about crossings.
On their own initiative, many rail-
roads developed materlals and dis-
tributed them to the news media, law
enforcement agencies, schools, and
civie clubs. They made presentations
at schools, civic club meetings, and
other gatherings of people.

Today, these educational pro-
grams have evolved into a natlonwide
program called Operation Lifesaver.
This program is coordinated by the
National Safety Council and supported
by the U.S. Department of Transporta-
tion, Association of American Rail-

roads, American Association of State
Highway and Transportation Officialg,
American Short Line Railroad Associa-
tion, National Transportation Safety
Board, American Trucking Association,
National Tank Truck Carriers Inc.,
National School Transportation Asso-
clation, American Driver and Traffic
Safety Education Association, Nation-
al Association of Women Highway Lead-
ers Inc., Railway Progress Institute,
and other national organizations.
Forty-four States have adopted Opera-
tion Lifesaver programs.

While many railroads had educa-
tional programs, Operation Lifesaver
was formally initiated by the cooper-
ative effort of the Union Paeific
Railroad, the State of Idaho, and
many communities in Idaho in 1972.
Cooperation between the rallrcad and
public agencies was what made this
program different from previous rali-
road educational programs. Encouraged
by the results of the Idaho program,
the Unlon Pacific Railroad and the
State of Nebraska started a statewide
program. Programs were also initi-
ated in Kansas and Georgla.

In 1977, 1t became evident that
a national focal point was needed to
facilitate effective exchange of in-
formation concernlng these individual
State programs. The National Trans-
portation Safety Board recommended
that the National Safety Council, a
private, nonprofit, nongovernmental
organization, serve as an Operation
Lifesaver catalyst. In January 1978,
the National Safety Councll assumed
the responsipility to serve as the
national coordinator for the develop-
ment, I1mplementation, and evaluation
of a natlonwide Operation Lifesaver
program. The Council has worked te
develop programs in all States, has
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developed materials to be used by
State programs, and has held national
and regional workshops and symposiums
to train volunteers and disseminate
information.

A State Operation Lifesaver pro-
gram usually begins by the establish-
ment of an advisory and a coordinat-
ing committee. The advisory commit-
tee 1is made up of highly visible
individuals from government agencies,
civic organizations, and the railroad
industry who support the program by
their endorsements and by seeking the
support of other influential persons.
The support of the Governor of the
State is important and usually
achieved. It dis important that the
advisory committée has representation
from both the railroad industry as
well as State highway agencles to
demonstrate the cooperative aspects
of the progran. The coordinating
committee d1is responsible for the
development and implementation of the
Operation Lifesaver program.

Educational activities of Opera-
tion Lifesaver programs are varied.
The goal is to reach as many people
as possible through whatever medium
is available and appropriate. Typi-
cally, the Operation Lifesaver com-
mitfee and volunteers make presen-
tations at schools, civie association
meetings, and other gatherings of
pecople. They distribute materials at
fairs, in shopping centers, through

the mail, and wherever people are
gathered. They work with the media,
TV, radlo, and newspapers to broad-

cast public service announcements, %o
appear on talk shows, and to print
articles and editorials regarding
erossings. They develop the materi-
als, fllms, slide shows, and public
service announcements that are dis-
tributed.
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Many Operation Lifesaver pro-
grams work with drivers of special
vehicles, i.e. school bus drivers and
truck drivers, fo educate them on
their responsibilities and the poten-
tial danger at crossings. In some
States, associations representing
these groups are actively involved in
the program. Many Operation Lifesaver
programs work with driver {raining
courses Lo ensure that safe driving
practices at crossings are inecluded
in course material. Many State driv-
ing wmanuals have besen revised to
include or update the section on
railroad-highway grade crossings.

Wnile education may be consid-
ered the primary effort of Operation
Lifesaver programs, many address

enforcement, engineering, and evalua-
tion as well. Enforcement of traffic
laws is important to remind motorists
of safe driving practices at cross-
ings as well as to "punish" the reck-
less driver. Many State laws require
motorists to stop at crossings at
which the flashing light signals are
activated and not to proceed until it
ig safe fto do so. Many drivers, how-
ever, do not stop. Other State laws
prohibit drivers from moving around
lowered gates; however, many drivers
do so. Through the enforcement of
these traffic laws, and others, driv-
ers will understand that these laws
exist for their own safety.

In some States, 1local and/or
State police have become active in
Operation Lifesaver by making presen-
tations and by writing citations when
a motorist violates the 1law. This
support 1s essential. It is also
important to educate the police in
the matter of traffic laws and safe
driving practices at crossings. Many
instances have occurred where a
police officer unknowingly violated



the law or, when questioned, dis-
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traffic laws.
Raiiroad police are also in-

volved in Operation Lifesaver prow
grams. They assist primarily in mak-
ing presentations. While they do not
have the authority to stop and arrest
motorists at crossings, they can ar-
rest or warn trespassers, They also
can assist by notifying the State or
local police of unsafe driving prac-
tices occurring at specific cross-
ings.

Railrcads also assist by having
locomotive crews report near misses.
Train crews who observe drivers who
narrowly escape collision with the
train, can record the license plate
number o¢r a commercial vehlcle's
ownlng company or identifying number,
and provide the Operation Lifesaver
comeittee, the State or local police,
or the rallroad safety department
with this information. Action can be
taken to station police officers at
crossings where near misses most
often ocecur, to conduct an educa-
tional campaign in the community, or
to visit the company owning the
trucks whose drivers are observed to
have unsafe driving practices.

Operation Lifesaver programs
sometimes assist in the engineering
aspects of crossing safety and opera-
tions. A combined effort of conducti-

ing educational campaigns in a con~

munity, while making engineering im-
provements at crossings, has proven
to be most effective in improving
safety. The Operation Lifesaver com-
mittee c¢an assist by making the
appropriate State and railroad engil-
neers aware of crossings that may
need engineering improvements.
Anocther area of concern for

Operation Lifesaver programs is eval-
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uation to ensure that the quality of
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i3 reaching its stated goals

While Operation Lifesaver is de-
signed to improve safety at railroad-
highway grade crossings, the progranm
has many positive side effeclts.
First, the cocperatlive effort between
the State, 1local communities, and
railroads often enhances relation-
ships. Many communities have been
aggravated by rall operations that
they may perceive to be too slow, too
fast, too nolsy, or unattractive.

R e o] Ornovo 4 An woail=
4 ild Uubl..l Vycl Wil bk TR VYTL 8 o=

roads and States work with their
communities through established com-
munication channels.

T4 Fagaran

Another positive side effect of
Operation Lifesaver is that, while
the program’s message is primarily
directed toward motorists, it alsc
pertains to pedegstrians and trespass-
erg as well. 8chool children are a
major safelty concern around railroad
tracks. Many children are inguisi-
tive about the railroad and daring
enough ©o play on the tracks. Edu-
cating children, as well as adults,
about crossing safety assists them in
obtaining a respect for rallroad
operaticns in general.

Wnile Operation Lifesaver pro-
grams are usually directed toward
motorist behavior at public coross-
ings; the same bhehavior is needed and
desired at private crossings as well.
People reached through  Operation
Lifesaver may be the same people who
use private crossings.

B. BResearch and Development

The U.S. Departiment of Transpor-
tation has been active in conducting
crossing research. Specifically, the
Federal Highway Administration (FHWA)
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and the Federal Railroad Administra-
tion (FRA) are sponsors of crossing
research and development efforts.

A summary of the studies under-

way or completed during the past 10 -

years by the FHWA or by the States
through the Highway Planning and
Research (HPR) program is presented
below. Some of the research reporis
are avallable from the National Tech-
nical Information Service (NTIS), as
indicated by the listing of the order
number identified by the Iletters
"PB". To determine the availability
of these reports, contact the NTIS at
5285 Port Royal Road, Springfield, VA
22161.

Analysis of Driver Reaction to

Warning Devices at a High-Accident
Rural Grade Crossing, by .Dr. Eugene
Russell, Purdue University, Lafay-
ette, 1IN, Joint Highway Research
Project, Report JHRP-TL-16, August
1974, This Indiana KPR study in-
cluded testing and evaluation of
alternative active traffic- control
devices at a high-accident crossing.
Strobe lights on gate arms were in-
vestigated with favorable results.

Development of Techniques to
BEvaluate New and Existing Raillroad
Passive Protection Devices, by, L.N.
Dommasch, HR.L. Hollinger, and E.F.
Reilly, New Jersey Department of
Transportation, Division of Research
and Development, Trenton, NJ, Decem-
ber, 1975. This HPR study was com-
pleted in New Jersey to evaluate
existing and experimental passive
signs. Driver looking behavior was
found to be very variable and there
were very few cases observed during
field testing where drivers were
looking down the tracks for an ap-
proaching train.

Structural and Geometric Design

of Highway-Raill Grade Crossings, by

T. Newton, R.L. Lytton, and R.M.
Clson; Texas Transportation Insti-
tute, Texas A&M University, College
Station, TX, January 1976. This Texas
HPR study investigated the structural
and geometric design of crossings.
The study findings indicated that
many of the crossings studied war-
ranted more permanent type surfaces.
Although, initial costs are higher,
longer 1ife and smoother, safer rides
are often offsetting factors. Several
relatively inexpensive maintenance
functions were identified that would
extend crossing 1life and improve
rideabtlity.

Development of an Improved Rail-
Highway Grade Crossing Risk Factor,
by Donald Scheck, Ohio University,
Athens, OH, November 1981. This HPR
study updated the Armour Index factor
used by Chio to diseriminate between
high and low risk crossings. The
study was performed by Ohio Universi-
ty and concluded that the New Hamp-
shire formula would be simpler and
less costly to update and would be as
effective,

Prioritization of Rail-Highway
Grade Crossing Surfaces, by Florida
Department of Transportation, 1982.
This HPR study developed criteria to
assist the Florida DOT and railroads
in selecting and evaluating crossing
surface materials,

Railroad Grade Crossing Passive
Signing Study, J. Koziol - and P.
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Mengert, Transportation Systems Cen-
ter, Cambridge, MA, August 1978,
FHWA-RD~-T8-34, PB# 286~528/48. A
study funded by FHWA, FRA and 25
States investigated new at-crossing
and advance warning signs. The use

of the new signs resulted in an &
to 10 % increase in driver looking
behavior.




Railroad Passive Sign Experiment

esign, Dr. wflliam Berg, Unlversity
of Wisconsin, 1978. Following the
above mentioned study, FHWA funded a
study to develop an experimental plan
to evaluate the safety benefits due
to the use of a red and yellow cross-
ing advance warning sign. The study
findings indicated that very large
samples would be needed to detect a
significant reduction 1in accidents.
The costs of undertaking the field
testing to determine the accident re-
duction would, under some conditions,
equal the costs of replacing all
existing advance warning signs with
the new advanee warning signs.

Grade Crossing Resource Alloca-

tion Procedure and Institutional

Studies, Transportation Systems Cen-
ter (TSC), Cambridge, MA. & crossing
hazard index model and a resource

allocation model were developed by
TSC for uge by States and railroads

FRWAY v v Gllll Sl ALV AA

to assist them in identifying cross-
ings for improvement.

The issue of 1l1iability was ana~
lyzed by TSC to determine if the use
of innovative warning devices at
erossings increased a railroad's li-
ability in the event of a crossing
accldent. No evidence was found dur-
ing this effort to support the pre-
mise that the use of i1nnovative de-
vices would inerease a railroad's
liability. Alternative methods to

managon 1 4 —
nigliagps abilit}’ were an-

alyzed in a study performed by TSC.

Armaaadn
crossing

Identification and Evaluation of

Off-Track Train Detection Systems for

Grade Crossing Applications, E.E.
Nylund and P.C. Holtermann, Gard
Inc., FRA/ORD-80-32, PB# 80-186430,
April 1980. This study was funded by
FHWA and FRA. The objectives were to
investigate the feaslbility of off-
track train detection and to develop
and field test prototype devices. Ap-

" vices.
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proximately 25 percent of all eross-
ings have some form of active de-
The track circuit is used for
train detection in all forms of ac-
tive warning devices. Previous work
by TSC indicated that off-track train
detection may be feasible but further
work was needed. Various conecepts for
off-track ¢train detection were ana-
lyzed. The most promising concept was
field tested. The results of the lim-
ited field testing were not promising
and no follow-on work is planned din

this area.

Activated Advance Warning for
Railroad Crossings, R.J. Ruden, A.
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Berg, and J.P. McGuire, J.G.M. Asso-
ciates, Palo Alto, CA, FHWA/RD-80/
003, PB# 83-16186%, March 1980. The
objectives of this study were to
identify crossing environments where
active advance warning signals are
needed, to evaluate the effectiveness
of auch deviees, and to develop,
test, and evaluate prototype active
advance warning devices. This effort
was funded by FHWA and FRA. This
study analyzed drivers' understanding
of active advance warning signals,
studied driver behavior data and
speed profile data, analyzed costs of
providing active advance warning sig-
nals, and field tested and evaluated
various active advance warning sig-
nals. No single active advance warn-
ing signal was shown to be signifi-
cantly better than the others, but

a11 aionales tested nwnvpd effective
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in alerting drivers and preparing
them for the at-crossing signal aecti-
vation.

Rail-Highway Crossing Accident
Causation Study, K. Knoblauch, W.

Hucke, and W. Berg, Input-Output Com-
puter Services, Washington, DC, FHWA/
RD-81/083, PB# 83-158733, April 1981.
This study analyzed the human factors
causes of crossing accidents. State
accident reports were reviewed and
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crossing accident locations were vis-
ited. Based on the accidents inves-
tigated, the study findings indicate
that the main cause of accidents at
crossbuck crossings involved recogni-
ticn errors by drivers. At crossings
with flashing lights, the main cause
of accidents involved driver decision
errors.,

Constant Warning Time Concept
Development for Motorist Warning at
Grade Crossings, R.L. Monroe, D.K.
Munsell, and T.J. Rudd, Systems Tech-
nology Laboratory Inc., Arlington VA,
FRA/ORD-81/07, PB# 81-205684, May
1981, Tais study was jointly funded
by FHWA and FRA. The objectives were
to Improve crossing safety through
the effective use of constant warning

time devices, to improve the relia-
bility of =asuch devices, and to lower
their costs, The constant warning

time device provides a uniform warn-
ing time for all trains regardless of
speeds. High costs and high power
requirements currently limit the in-
creased installation of these de-
vices. Magnetic and acoustic detec-
tors were identified as the more
promising concepis to use in the con-
stant warning time devices. Limited
field testing was undertaken at Fort
Eustis, Virginia.

Railroad-Highway Crossings and
RBoute Selection for Transporting Haz-
ardous Materials, Janet A. Coleman,
Public Reads, Vol. 48, No. 2, Septem-
ber 1984. This study involved the de-
velopment of a methodology to analyze
alternative routes for transporting
hazardous materials over ratilroad-
highway grade crossings.

Current Studies

Cost Effectiveness Analysis of
Using Railroad Highway Crossing Ac-
tive Advance Warning Devices. This

study involves a field demonstration
of active advance warning devices.
The contractor will analyze and eval-

uate the alternative devices, deter-
mine the most effective active ad-
vance warning device, and develop

guidelines for its use.

Allocation Procedure.
The available crossing accident and
inventory data are being analyzed to
deftermine the feasibility of expand-
ing the number of categories of warn-
ing devices 1in the resource alloca-
tion procedure., Accident severity
prediction equations were developed
and will be added to the resource
allocation procedure.

Resource

Innovative Railroad
Crossing Active Warning
This study dinvolves the development
and testing of innovative devices at
controlled test sites. The innova-
tive concepts were identified and
ranked by representatives of FHWA,
FRA, the railroad industry, the rail-
road signal suppliers, and non-rail-
road signal suppliers. The candidate
innovative devices to be evaluated
during the controlled testing din-
cluded four-quadrant gates with and

Highway
Devices.

without skirts, standard highway
traffic signals with Dbar strobes in
the red signal heads, and existing

flashing light signals on both sides
of the roadway supplemented by canti-
levered strobes.

Alternative Ways to Improve the
Vigibility of Railrocad-Highway Cross-—

ing Signals. The objective of this
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study is to develop prototype signal
hardware components and assemblies of
alternate approaches for improving
crossing signal visibility as well as
reliabllity and uniformity of the
signal display.

Consequences
for Certain Classes

of Mandatory Stops
of Vehicles at
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Railroad-Highway Crossings.
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tigate the safety, operational, envi-
ronmental and economic consequences
of: maintaining the current Federal
regulation requiring certain classes
of vehicles to stop at all crossings;
modifying the requirement to require
stopping only at passive crossings
and at active crossings only when the
devices are activated; and, eliminat-
ing special pullout lanes at cross-
ings with active warning devices with
and without the requirement that cer-
tain classes of vehicles are required

to aton
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Effectiveness of Warning Devices

at Rail - Highway Grade Crossings.
This HPR study involves the modifica-
tion of the DOT accident prediection
formula by adding additional varia-
bles. Among the variables being in-
vestigated are train speed differ-
ence, train speed ratios, and cross-
ing angles.

The FRA is also active in spon-~
soring research pertaining to cross-
ings. It jointly sponsored many of
the research projects mentioned above
with the FHWA. Other research proj-
ects undertaken by FRA are 1listed
below.

© A Program Definition Study for

Rail-Highway Grade Crossing Im-

provement. Prepared by Alan M.
Voorhees and Assooiates, In for

FRA, Report FRA-RP-70-2, tober

1969, PB # 190401.

o
Oe

¢ The Vigibility and Audibility of

irains Approaching 11-H

Raili-Highway
Grade Crossings. Prepared by Sys-
tems Consultants, Inec., for FRA,
Report FRA-RP-T1-1, May 1971, PB #

202668.

¢o Technclogleal Innovation in Grade

Crossing Protective Systems. Pre-
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Enhancement of Train Visibility.

Prepared by TSC for FRA, Report
FRA-~-ORD&D-TU-15, September 1973,
PB # 223899.

Grade Crossing Protection In High-

Speed, High - Density, Passenger-
Service Rail Corridors. Prepared
by T3C for FRA, Report FRA-ORD&D-
TH=14, September 1973, PB #
223738.

State Grade Crossing Programs: A
Case Study. Prepared for FRA/TSC

by "CONSAD Research Corp., Report
FRA-ORD&D~T5-8, September 1974, PB
# 244175,

Field Ewvaluation of Locomotive

Conspicuilty Lights. Prepared by
TSC for FRA, Report FRA-ORD&D-75-
5%, May 1975, PB # 244532.

Guldelines for Enhancement of Visg-

Crossings.

ual Conspicuity of Trains at Grade
Prepared by T3C for

oA ATV T Y -
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1975, PB # 244Kh51,

A Communication-Link Approach to

Actuation of Grade Crossing Motor-
ist-Warning Systems. Prepared by

ISC for FRA, BReport FRA-ORD&ED-T75-

80, July 1975, PB # 2445814,

A Methodolo

£ ATl S L L

Grade Crossing Resource Allocation

Guidelines. Prepared by TSC for
FRA, Report FRA - ORD&D - T76-04,
August 1975, PB # 259005.

Locomotive to Automcbile Baseline

Crash Tests. Prepared by Ultra
Systems for FRA, Report FRA-ORD&D-
76-03, August 1975, PB # 250564,

Lightning and Its Effects on Rail-

road Signal Circuits. Prepared by
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University of Lowell, Lowell, MA,
for FRA/ISC, Report FRA-ORD&D-70-
129, December 1975, PB # 250621.

¢ Standby Power for Railroad-Highway

o o T J

Grade C Warning

Crossing
Prepared by University of Lowell,
Lowell, MA, for FRA/TSC, Report
FRA-ORD&D-76-286, September 1976,
PB # 263592.

Cvratoma
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o Improvement of the Effectiveness

of Motorist Warnings at Railroad-

Highway Grade Crossings. Prepared
by TSC for FRA, Report FRA/ORD-
77/07, February 1977, PB # 266784.

0 Potential Means at Cost Reduction

in Grade Crossing Automatic Gate

Systems. Prepared by MB Aissoc.,
et.al. for TSC/FRA, Reports FRA/
ORD 77-06.T and 77-06.II, February

1977, PB # 265724 and 265725.

0 lnnovative Concepts and Technology

for Railroad-Highway Grade Cross-

ing Motorist Warning Systems. Pre-
pared by Cinecinnati Electronics
et.al. for TSC/FRA, Reports FRA/
ORD-77/37.1 and 77/37.1I, Septem-
ber 1977, PB # 273354 and 273355.

o Potential Means of Cost Reduction

in Grade Crossing Motorist-Warning

Control Equipment. Prepared by
Storch Engineers et.al. for TSC/
FRA Reports FRA/ORD-77/45.1 and
T7/45.11, December 1977, PB #
277946 and 277947.

¢ Analysis of NPRM Strobe Lights on

Locomotives. Prepared by IOCS,
RA, Report FRA-QPPD-79-

4, May 1978, PB # 293483.

o A Study of State Programs for

Rail-Highway Grade Crossing Im-

provements. Prepared by TSC for
FRA, Report FRA-OPPD~78-7, June
1978, PB # 279774,

o Legal Effects of Use of Innovative
Equipment at Raillroad - Highway
Grade Crossings on Railroad's Ac-
cident Liability. Prepared by TSC

for FRA, Report FRA-RRS-80-01,
October 1979, PB # 80-137888.

o Rail-Highway Crossing Hazard Pre-
diction Research Results. Prepared
by TSC for FRA, Report FRA-RRS-80-
02, March 1980, PB # 80-170749.

o Operational Testing of Locomotive-
Mounted Strobe Lights. Prepared
by TSC for FRA, Report DOT-TSC-
FRA/ORD-80-U48, June 1980, PB # BO-
224348,

o Grade Crossing Accident Injury
Minimizgation Study. Prepared by
HH Aerospace Design Company, Inc.,
for FRA, Report No. FRA/QRD-80-87,
December 1980, PB # 81-155236.

o Freight Car Reflectorization. Pre-
pared by TSC for FRA, Report No.
FRA-RRS-83-1, December 1982, PB #
84-131283.

In addition to condueting re-
search, the FRA annually publishes a
document that contains statistieal
information on crossings and crossing
accidents. These data are generated
from the U.S. DOT/AAR National Rail-
Highway Crossing Inventory, of which
FRA serves as custodian, and from the
Railrcad Accident/Incident Reporting
System.

The National Cooperative Highway
Research Program (NCHRP) is adminis-

tered by the Transportation Research
Board (TRB). One NCHRP project per-
taining to railroad - highway grade
crossings is currently underway. The
study is titled "Guidelines for Eval-
uating Alternatives for Heplaclng a
Grade-Separated Rall/Highway Cross-
ing." Its objective is to provide a




comprehensive framework for use 1in
evaluating alternatives and develop-
ing recommendations regarding grade
separation reconstruction, replace-
ment, or removal. The framework is to
be applicable for determining the
best alternative for new crossings
and for changes to existing at-grade
crossings.

The TRB also assists in dissemi-
nating research results through pres-
entations made at its annual meeting
in January. The TRB committee re-
sponsible for crossings, Committee
A3A05, sponsors one or two sessions
on crossings. The committee 45 also
active in identifying areas of needed
research and in encouraging an appro-
priate agency and/or organization to
undertake the research. Two versions
of a biblicgraphy, Rallroad-Highway
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Individual railroads and cross-
ing equipment suppllers often conduct
special studies or research and
development activities. For example,
railroads often monitor the perfor-

mance of a particular crossing sur-
face or test the use of apecial
lighting devices. Suppliers often

conduct In-house research to identify
improvements of existing products and
to develop new products.

C. References

1. National Safety Council, Operation
Lifesaver Program Guide, Chicago, IL:

National Safety Council.

2. Rogers, William Charles, The Ef-
fectiveness of Operation Lifesaver in

Reducing Railroad -~ Highway Grade

Grade Creossings, Bibliography 57 and
58, are available from TRB.

The Assoclation of  American
Railroads (AAR) often conducts infor-
mal research and sometimes sponsors
research by a contractor. For exam-
ple, it participated in the funding
of the compilation of State laws.
The American Railway Engineering As-
Sociation's Committee 9 on ecrossings

is often active in informal research
by its members' employers. This com-
mittee also identifies areas of

needed research and encourages the
most appropriate agency or organiza-
tion to conduct the research.

The National Transportation
Safety Board conducts special studies
on the safety aspects of a particular
area pertaining to crossings. For
example, it conducted a study on
_trucks carrying hagardous materials
at crossings. The report title is
Railroad/Highway Grade Crossing Acci-

dents Involving Trucks Transporting

Bulk Hazardous Materials,
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Crossing Acecidents, College Station,
TX: Texas 8 & M University, December
1980.




APPENDIX A

Separate State Funding Programs for Crossing Improvements

Following is a list of States
which have established separate fund-
ing programs for railroad - highway
grade crossing improvements. This
list was developed from information
obtained in a Federal Highway Admin-
istration survey through its region
and division offices in 1984, The
content of this 1ist may change as
the 3tates enact new  legislation
pertaining to crossings.

California - $15 million per year for
grade separations

Colorado - $240,000 per year for ac-
tive traffic control devices

Florida - $800,000 per year for
crossing improvements on Amtrak
routes and $810,000 per year for
crossing surfaces

Idaho - $100,000 per year for traffic
contrel devices and crossing clo-
sures

Tilinois - $6 million per year for
traffic controel devices, crossing
closures, grade gseparations and
other types of improvements

Iowa - $900,000 per year for crossing
surfaces

Kansas -~ $5.5 million per year for
active traffiec control devices and
erossbucks

Minnesota - $600,000 per year for
traffic control devices, crossing
closures, grade gseparations, and
sight distance improvements

Missourl - $600,000 per year for ac-
tive traffic control devices

Nebraska - $360,000 per year for ac=-
tive traffic control devices and
crossing closures and $1.6 million
from the train/mile tax for grade
separations

North Dakota -~ $100,000 biennium for
the 10 % match for Federal funds
for active traffic control devices

Ohio - $1.2 million per year for ace
tive traffic control devices

Oklahoma - Funds provided from the
Railroad Revolving Fund for the 10%
matech for Federal funds

Oregen - $600,000 per year for active
traffic contrel devices, grade sep-
arations, crossing closures, and
some site improvements

Scouth Dakota - $200,000 per year for
traffie control devices, grade sep-
arations, c¢rossing closures, and
sight distance improvements

Texas - $5.5 million per year for
traffic control devices and sur-
faces, and $10.0 million per year
for grade separations

Washington - $500,000 per year to
provide the 10 % match for Federal
funds for active traffic control
devices and crossing closures

Wisconsin ~ $500,000 per year for

traffic control devices and
$100,000 per year for crossing
surfaces

Wyoming - $120,000 per year for ac-
tive traffic control devices




APPENDIX B

States Having Maintenance Funding Progranms

Seventeen States have passed
legislation that authorizes the ex-
penditure of funds for maintenance of
rallroad-highway grade crossing traf-
fie control systems and/or crossing
surfaces. Following 1is a list of

these States and a brief doqnvﬂni’fnn
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of their maintenance programs. This
information was obtained in 1984 and
is subject to change.
Alaska Contributes 100% to the
maintenance of traffic control de-
vices and surfaces.

California - Contributes 100% for new
street crossings requested by pub~
lic agencies and 50% for existing
crossings upgraded with either Fed-
eral or State funds.

Delaware - Contributes 100 § to the
maintenance of active traffic con-
trol devices and surfaces at new
erogssings and 50% to the mainte-
nance of active traffic control de-

vices at existing crossings. Costs
are based on an agreement.
Florida - Contributes 50 % to the

maintenance of flashing lights and
automatic gates. Costs are based on
an agreement.
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Ll
maintenance of active traffic con-
trol devices. Costs are based on
AAR signal units.
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Kentucky -~ Contributes 100 % to the
maintenance of flashing lights and
gates at specified crossings. Costs
are based on an agreement.

Louisiana - Contributes up to 50 % to
the maintenance of active traffic
control devices and surfaces at
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specified crossings. Costs are

based on an agreement.

Massachusetts -~ Contributes 100 % to

the maintenance of crossbucks and
surfaces.
Michigan - Contributes $10.00 per

month to the maintenance of f{lash-
ing lights. Contributes 50 % to the
maintenance of crossbucks.

Montana - Contributes to the repair
or replacement of damaged traffic
control devices.

North Carolina - Contributes 50 % to
the maintenance of flashing lights
and gates. Costs are based on
on an agreement.

Nevada - Contributes 50% to the main-
tenance of active traffic control
devices. No funds have been spent.

South Dakota - Contributes variable
amounts to the maintenance of sur-
faces.

Tennessee - Contributes to the main-
tenance of crossbucks.

Texas - Contributes 40% to the main-
tenance of active control devices

Ot bl..l.C S,

Virginia - Contributes 50 % to the
matntenance of active traffic con-
trol devices. Costs are based on an
agreement.

Wisconsin - Contributes 50 % to the
maintenance of active traffic con-
trol devices. Contributes 85 % to
the maintenance of surfaces. Costs
are based on AAR signal units and
agreement.



APPENDIX C

Class I and II Railrocads

Railroad companies
fied by the Interstate Commerce Com-
mission (ICC) on the basis of gross
revenue. Effective January 1, 1982,
the ICC adopted a procedure to adjust
the Class I threshold for inflation
by restating current revenues in 1978
constant dollars. A Class I ratlroad
company has an annual gross operating
revenue in excess of $50 million din
1978 dollars which equates to about
$83 million in 1983 dollars. A Class
IT railroad has an annual gross oper-
ating revenue of between $10 and $50
million in 1978 dollars. Class IIT
railrcads include all switching and
terminal companies and all railroads
with annual gross operating revenues
of less than $10 million ia 1978
dollars.

are classi-

Following is a list of
railroads as of 1984,

Class T
Several of

these <Class I Railroads have merged
thelr operations; however, they still
report as individual railroad compa~
nies.

Atchison, Topeka and Santa Fe Railway
Company

Bessemer and Lake Erie Railroad Com-

pany
Burlington Northern Railrcad Company

Chicago and North Western Transporta-
tion Company

Chicago, Milwaukee, St.
Pacific Railroad

Paul, and

Consolidated Rail Corporation (Con-

rail)

C3X Corporation
Chessie System
Baltimore and Onio Railroad
Chesapeake and Ohlo Railway
Seabcard System Railrocad

Denver and Rio Grande Western Rail-
road

Puluth,
way

Missabe and Iron Range Rall-

Elgin, Joliet and Eastern Railway
Florida East Coast Railway

Grand Trunk Corporation
Grand Trunk Western Railroad

Guilford Industries
Boston and Maine Corporation
Delaware and Hudson Railway
I1linois Central Gulf Railroad
Kansas City Southern Railway

Missouri-Kansas-Texas Raflroad

National Railroad Passenger Corpora-
tion (Amtrak)

Norfolk Southern Corporation
Norfolk and Western Railway
Southern Rallway System

Pittsburg and Lake Erie Railroad

Soc Line Railroad

Southern Pacific
pany

St. Louis Southwestern Railway
Southern Pacifiec

Transportation Com-
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Union Pacific System

R 3 -

Missouri Pacific Raillroad Company
Union Pac¢ific Rallroad Company

The following companies were
¢lassified as Class II railroads in
1984,

Bangor and Arcostook Railroad Company

Canadian Pacific Lines in Maine

Carolina and Northwestern Railway

Chicago and Illinois Midland Rallway
Company

Chicage South Shore and South Bend
Railroad

Winnipeg and Pacific Railway
Com

et

Duluth
P

?
any
Georgia Southern and Florida Rallway
Green Bay and Western Railroad

Maine Central Railroad Company

Michigan TInterstate Rallrocad, Ann
Arbor

Monogahela Railway
Northwestern Pacific Railroad

Providence and Worcester Railroad
Company

Richmond, Fredericksburg and Potomac
Railrcad Company

Spokane International Railroad
Texas and Northern Railway Company

Texas Mexlcan Railway Company
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APPENDIX D

Example of a Diagnostic Team Crossing Evaluation Report Used by Nebraska

DIAGNOSTIC TEAM oot

. - s - e m — . i i

¥ 1 [ 1] :
(] ogn [
"“ bl"h thL“n\lI“N “EF““] ‘;DI\TEOE DIAGNOSTIC REWVIELW:
. LOCATION DATA
RAFLROAD: STATE: ’

|

R,

Yz (iR i Neart

iTREET/ROAD NAME:

[NEAREST R.R, TIMETABLE STATION: CRIRTMILEPOSET ’ IBRANCH/LINE NAME | : ]

;!
;
|

DATE INITIATED |
1
AFFILIATION

1]
2,
3
3
S|
6

s —

DIAGNOSTIC TEAM

DAILY TRAIN MOVEMENT| CHECK IF LESS THAN TYPE AND NUMBER QF TRACKS
TOTAL TRAINS, ONE MOVEMENT PER DAY, S FBTHER", SPECIF Vs
: AMTRAK MOVEMENTS | ! AN o
DAY THRU PER OA OTHER ... |
Pl L e e = S p—
NIGHT THRU SFEED oF TR‘MN o Eallwo trains occupy uossmq at :he same unu.7 L
DAY SWITCH .. Can one train block the : " YES {'F eSS, EX"U’”N
- motorists' view of another
NIGHT SWITCH Typicatoe . oee. 10 eeeeemplh train at the crossing? [: NG l
TRACK TYPE ! WIDTH CONDITION
w
o !
o |
& T T Rty U )
2 ' '
[ ) — [ — e - 4 - !
L] i .
z i
2
=}
3 P U e
<

CROSSING ANGLE:

; ROADWAY SURFACE:
PERCENT ,

. TRUCKS . %
SPEED OF VEHICLE SCHOOL BUS CPERATION] PEGESTRIANS | CADWAY WIDTH: ]
TTlves U
; . J o -~ CURB & GUTTER |ROAOWAY CONDITION: °
Typica! .o, LI T m.an, |No/Day No./Dav [ives T no
™ 1€ YES, WIOTH: 1S THE | = IF YES, WIDTH: —
sHouLper | L] YES SHOULDER Clves: 1S SIDEWALK [ YES
Clwo SURFACED? [ JNno ! PRESENT?
SPECIAL CONDITIONS REQUIRED AS A RESULT OF REARBY HIGHWAY INTERSECTIONS:
DR Form 153, Apr 83 1/age 14 . 3700
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Appendix D

BARMDOT MO

LOCATION OF NEARBY 5C¢ndoULsY

AR o
YES: NO 1T TYPE OF WARNING DEVICE L ENSES
‘ v! TYPE OF WARNING DEVICE
T ; TADYANCE WAHNlNG TSCATION YES| NO QT-, PRI e
; SIGI P—
1 ToTETTST MAST MOUNTED FLASHING LIGHTS
| STOPSIGNS CANTILEVER FLASHING |7
i '8 .
| STOP AHEAD SIGNS | : LIGHTS
; EERTIR ‘ SIDE LIGHTS
PUMT. MARKINGS R -—
- | AUTOMATIC GATES
: CROSSBUCKS L |
NUMBER OF TRACKS SIGNS | WIGWAGS
T INVENTORY TAGS [ BELLS .
. INTERCONNECTED HIGHWAY TRAFFIC SIGNALS © | SiDEWALK GATE ARMS
AR ACCIDENT DATZ . -
e O i | “NOTURN"SIGNS
totar | PROPERTY DAMAGE ONLY : B
! [LLUMINATION
ACCIDENTS | BERSONAL INJURY ACCIDENTS ' S
" FATAL ACCIDENTS | |
i o — , e e o]
Number of personal injurits | Numoer of fatahties | D CROSSING FLAGCED BY TRAIN CREW?
_ OPEN SPACE [ . RESIDENTIAL COMMERCIAL | NEW DEVELOPMENTS THAT CC‘).L-J_ITD AFFECT ADT7 [Jves [ Jno
"J INDUSTRIAL T INSTITUTIONAL Ej FVES, DESERIBE:

IMPACT OF CLOSURE:

1 SKETCH:
15 THERE ADEQUATE ACCESS FROM THIS CROSSING | [ ] YES JHFTEH
TO ADIACENT CROSSINGS? CIno
L p——
[iF" VES, WHICH CROSSINGIS):
CAN ROADWAY REALIGNMENT BE ACCOMPLISHED ] YES |
TO ALLOW CONSDLIDATION OF CROSSINGS? '
IF YES, PROVIDE SKETCH. Ll

W R AL oo .
DR Form 153, Apr 83 (Fage 2}
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Appendix D

REQUIRED DESIGN SIGHT DISTANCE FOR COMBINATIONS
OF HIGHWAY AND TRAIN VEHICLE SPEEDS

HIGHWAY SPEED IN MPH
Sreen | © | 0 | 7o [ 36 | e 50 | s0 | 7o
DISTANGE ALONG RAILRGAD FROM CROSSING (“A™)
10 162 | 126 @ 984 | 84 | 3 | 107 © 118 | 129
20 323 | 282 1 Y97 | 216 . zas | 288
30 . {azi | 353 | 387
[T 38 470 | 518
<o " sa8
56 z !
B
80 "Tooa 752z 7
w0 [ 1450 1132 sea @4 1056 | 1180 |
DISTANCE ALONG HIGHWAY F ROM CROSSING ("B
20 - 65 [ 125 215 | 330 | 470 | 640 | aso

NOTE: 1 mph = 181 kph
1 foot = .304 meters

SIGHT DISTANCE LOCATION SKETCH:

STOPPED VEHICLE SIGHT DISTANCE

SIGHT DISTANCE
T
L N J|T mpn| T YPICAL HIGHWAY imeh| STOPPED SCHOOL BUS = (13.5) (TRAIN SPEED) =
”EC‘U'F‘E.F’AF?‘S“NCEi . ot i 2. [STOPPED SEMI-TRAILER = (17.5) (TRAIN SPEED) =
NORTHEAST QUADRANT

NORTHWEST QUADRANT

SIGHT OBSTRWCTION: SIGHT OBSTRUCTION:

FACTUAL DISTANCE: h T TTACTUAL DISTANCE:

ft.

AT S e ft. VAT L
SOUTHEAST GUADRANT

SOUTHWEST QUADRANT

SIGHT OBSTRUCTION: SIGHT OBSTRUCT MON:

ACTUAL tISTANCE : ACTUAL DISTANGE:

CATE e
DR Form 153, Apr B3 i'agr 3}

if ) VAN Lt

3700
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F’d’ﬁ?tj OT NOT

RECOMMENDATIONS
iF NO, EXPLAIN:
ARE IMPROVEMENTS | T Jves

TO THE CROSSING

RECOMMENDED? Dmo
IF YES, WHAT IMPROVEMENTS
YES | NO [TYPE OF IMPROVEMENT DESCRIBE
SIGHT
IMPROVEMENT
CROSSING
SURFACE

e

ROADWAY
APPROACHES

HIGHWAY
TRAFFIC
SIGNS

CROSSING
SIGNALS

CROSSING
CLOSURE

ILLUMINATION

OTHER

DR Form 153, Apr 83 (Fupe -1 3700
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" PROPOSED COST APPORTIONMENT |
PROPOSED FUNDING

FED. STATE | LOCAL

R.AR.

OTHER

AAR/DOT NG

WORK TOBE
PERFORMED BY

Appendix

SIGHT IMPROVEMENT

CROSSING SURFACE

ROADWAY APPROACHES

HIGHWAY TRAFFIC SIGNS

CROSSING SIGNALS

: CROSSING CLOSURE

ILLUMINATION

STATE REPRESENTATIVE; i TITLE:

|
}

DATE:

R.R. REPRESENTATIVE: TITLE: GATE:
t
LOCAL REPRESENTATIVE: TITLE: DATE:
FHWA REPRESENTATIVE: TITLE: DATE:
I
TITLE: DATE:
COMMENTS:

DR Form 183, Apr 83 Puge )
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Appendix E

State Agencies Having Authority to Close Crossings

According to the Compilation of

State Laws and Regulations on Matters

Affecting Rail-Highway Crossings the
following State agencies have author~
ity to close crossings.

Alaska Public Service Commission
Arkansas Commerce Commission
Arizona Corporation Commission

California Public Utilitdes
sion

Commis-

Colorado Public Utilities Commission

Connecticut Department of Transporta-
tion

Delaware Department of Transportation
Florida Department of Transportation
Idaho Publie Utilities Commission
Illinois Commerce Commission

Indiana Public Services Commission

Loulsiana Department of Transporta-
tion and Development

Maryland Department of Transportation

Massachusetts
Works

Department of Publice

Michigan Public Utilities Commission
Minnesota Publlc Service Commission

Mississippi Highway Department (only
State maintained)
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Missouri Public Service Commission
Nevada Public Service Commission
Public Utilities

New Hampshire Com-

mission

New Jersery Department of Trangporta-
tion

New Mexlco State Corporation Commis-
gion

New York Department of Transportation
North Carclina Department of Trans-
portation and North Carolina Utili-

ties Commisslion

North Dakota Public Service Commis-
sion

Oklahoma Corporation Commission
Oregon Public Utility Commissioner

Pennsylvania Public
sion

Utility Commls-
Rhode Island Department of Transpor-
tation

South Dakota Public Utilities Commis-
sion :

Tennessee Public Service Commission
Utah Department of Transportation
Verment Public Service Board

Virginia State Cofporation Commission

Washington State Utilities and Trans-
portaton Commission




West Virginia Department of Highways

Wisconsin Office of Commissioner of
' Transportation

Wyoming Public Service Commission
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APPENDIX F

Crossing Surfaces Used By States
Trial Basis or Adopted for General Use, 1984

Rubber Concrete Polyethylene Steel

Good- SAF& Red . FAB-RA Perma Steel
State year Parkco DRI Hawk Omni Strail CAST crete Other Oneida Cobra  Flank
Alabama Adopt  Adopt  Adopt Adopt
Alaska
Arizona Adopt  Adopt
Arkansas Adopt  Adopt Trial
California
Colorado
Connecticut Adopt  Adopt Trial  Adopt
Delaware Adopt  Trial Trial Trial Trial
D.C. Adept  Adopt
Florida Adopt  Adopt Trial Trial Adopt Trial
Georgia Trial Trial Trial Trial Trial
Hawaii
Tdaho Adopt  Adopt  Adopt Trial Trial
Illinois Adopt  Adopt  Adopt  Adopt Trial Trial  Adopt Trial
Indiana Adopt  Adopt  Adopt Trial Trial
Towa Trial Adopt Adopt Trial Trial
Yansas Trial Trial Trial
Kentucky Adopt  Adopt  Adopt  Adopt  Adopt  Trial Adopt Trial
Leuisiana Adopt  Adopt  Adopt  Trial Trial Trial  Trial Trial Trial
Maine Trial Trial Trial
Maryland Adopt Adopt Trial Trial
Massachusetts Adopt  Adopt Trial Adopt
Michigan Adopt  Trial Trial Trial  Trial Trial Trial Trial
Minnesota Adopt  Adopt  Adopt  Trial Trial Adopt
Mississippi Adopt  Adopt  Adopt  Trial Trial
Missouri Triat  Trial  Trial Trial
Montana Trial Trial
Nebraska Adopt  Trial  Adopt Trial Adopt
Nevada Adopt  Trial Trial Trial Trial Trial Adopt
New Hampshire Trial Trial Trial
New Jersey Trial Trial Trial
New Mexico Adopt  Trial  Trial
New York Adopt Adopt Trial Trial Trial Adopt
North Carolina Trial Trial
North Dakota
Ohio Adopt  Adopt Trial
Oklahoma Adopt Trial Trial
QOregen
Pennsylvania Adept  Adopt Trial Trial Trial Trial
Puerto Rico
Rhode Island Adopt Adopt
South Carolina
South Dakota Adopt  Adopt Adept  Adopt  Trial Trial
Tennessee
Texas Adopt  Trial  Trial Trial Adopt Trial Trial
Utah Trial Trial
Vermont Adopt  Adopt
Virginia Adopt Adopt  Adopt Trial
Washington Adopt  Adopt  Adopt Adopt
West Virginia Adept Trial Trial Trial Trial
Wisconsin Adopt  Trial  Adopt  Adopt Trial
Wyoming Trial Trial Trial

_4T7



GLOSSARY

Abandonment - The relinguishment of
interest  {public or private) in
right-of-way or activity thereon with
no intention to reclaim or use again
for highway or railroad purposes.

Accident Rate 1) The
accidents, fatalities, or injuries
divided by a measure of vehicle ac-
tivity to provide a means of compar-
ing accident trends through time. 2)
The number of accidenits per crossing
per year.

number of

Allotment - An action by administra-
tive authority making funds available
for obligations and expenditurss for
specified purposes and for certain
periods.

Anchors - Rail fastening devices used
to resist the longitudinal movement
of rail wunder traffic and to main-
tzin proper expansion allowance at
joint gaps for temperature changes.

Apportionment An  administrative
assignment of funds based on a pre-
scribed formula by a governmental
unit to another governmental unit for
specific purpeses and for certain
periods.

Appropriation - An act of a legisla-
tive body which makes funds available

for expenditures with specifiec limi-
tations as to amount, purpose, and
period.

At-Grade Intersection (Crossing) - An
intersection (crossing) where road-
ways (and railroads) join or cross at
the same level.

on a track
in align-

Ballast - Material placed
roadbed to hold the track
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ment and elevation; 1% consists of
hard particles that are stable, easi-
ly tamped, permeable and resistant to
plant growth.

Benefit-Cost Ratio The economic
value of the reduction in fatalitles,
injuries, and property damage divided
by the cost of the accident reducing
measure.

Branch Line A secondary line of
railroad usually handling light vol-
umes of itraffic.

Cab - The space in a lccomotive unit
or "MU" car containing the operating
contrels and providing shelter and
seats for the engine crew.

Catenary System -~ A system that con-
sists of overhead supporting cables
and a conductor (trolley wire) that
supplies electricity to power roiling
stock through contact with a panto-
graph or trolley current-collecting
device (trolley pole).

Centralized Traffic Control (CTC) - A

traffic contrel system whereby train
movements are directed through the
remote operation of switches and

gignals from a central conirol point.

Comparative Negligence - A legal doc~
trine applicable in negligence suits,
according to which the negligence of
the plaintiff as well as that of the
defendant is +taken into  account.
Damages are based upon the outcome of
a compariscon of the two and are thus
proportioned.

Consist - 1) The makeup or composi-
tion (number and specific identity)
of a train of vehicles. 2} Contents.



Glossary

Construction - The actual physical
accomplishment of building, improv-
ing, or changing a rallroad-highway
grade crossing or other finite facil-
ity.

Contract - The written agreement be-
tween the contracting agency and the
contractor setting forth the obliga-
tions of the parties thereunder
the performance of the prescribed
work. The contract includes the invi-
tation for bids, proposal, contract
form and contract bond, specifica-
tions, supplemental specifications,
special provisions, general and de-
tailed plans, and notice to proceed.
The contract also includes any change
orders and agreements that are re-
gquired to complete +the construction
of the work in an acceptable manner,
including authorized extensions
thereof, all of which constitute ome
instrument.

Contractor - The individual, partner-
ship, firm corporation, or any ac-
ceptable combination thereof, or
jeint venture, contracting with an
agency for performance of prescribed
work.

Corridor - A strip of land between

two termini within which traffic,
topography, environment and other
characteristics are evaluated for

transportation purposes.

Cross Section - A vertical gection of
the ground and facilities thereon at
right angies to the center line.

Crossing Angle - The angle of 90 de~
grees or less at which a railroad and
a highway interseci.

Crosstie - The wooden or concrete
support wupon which track rails rest
and which holds them tc gauge and
transfers their load througk  the
ballast to the subgrade.

for
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Culvert Any structure under the
roadway with a clear opening of twen-

ty feet or less measured along the
center of the roadway.

Diagnostic Team - A group of knowl-
edgeable representatives of the par-

ties of interest in a railroad-high-
way crossing or a group of crossings.

Do-Nothing Alternative - An alterns-

tive which refers to the existing
state of the system.
Easement - A right to use or control

the property of another for dJesig-
nated purposes.

Drainage Fagsement - An easement for
directing the flow of water.,

Planting Fasement - An easement for
reshaping roadside areas and estab-
lishing, maintaining, and control-
ling plant growth thereon.

An easement
or improving the

Sight Line Eagement
for maintaining
sight distance.

Slope Easement An eagement for

cuts or fills.

Economic Analysis - Determination of
the cost-effectiveness of a project
by comparing the benefits derived and
the costs incurred in a project.

Cost/Benefit Analysis - A form of
economic evaluation in which input

ig measured in terms of dollar
costs and output is measured in
terms of economic benefit of a

project as compared to the incurred
cost of the project.

Cost/Effectiveness Analysis - A
comparigon study between the cost
of an improvement (initial plus
maintenance) and the benefits it
provides. The latter may be de-




rived from accidents reduced, trav-
el time reduced, or increaged vol-
ume of usapge, and translated into
equivalent dollars saved.

Encroachment - Unauthorized use of
highway or railroad right-of-way or
eagsements as for signs, fences,
buildings, etc.

FEquipment Rental Rate - Equipment
usage charges usually established on
a time or mileage use basis,  includ-
ing direct costs, indirect costs and
depreciation.

Expenditures - A term applicable to
accrual accounting, meaning total
charges incurred, including expenses,
provigion for retirement of debt, and
capital outlays. The making of a pay-
ment is a disbursement.

Exposure Index - A methcd of meas-
uring the conflict of highway traffic
with train traffic at railroad-high-

way grade crossings for the purpose
of .developing accident rates. The
exposure index 1is the preduct of

annual train miles and vehicle miles
divided by 10 to the 18th power for
convenience.

Force Account Work - Prescribed work
paid for on the basis of actual costs
and appropriate additives.

Functional Classifiecation - Division
of a transportation network into
classes, or systems, according to the
nature of the service they are to
provide.

Grade - The rate of ascent or descent
of a roadway, expressed as a percent;
the change in roadway elevation per
unit of horizontal length.

Grade Separation - A crossing of two
highways, or a highway and a rail-
road, at different levels.
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Guardrails - Traffic barriers used to
shield harardous areas from errant
vehicles.

Highway, Street, or Road - 4 general
term denoting a pubiic way for pur-
poses cof vehicular travel, including
the entire area within the right-of-
WaY

Lading - Freight or cargo making up a
shipment.

Lane - A strip of roadway used for
single line of vehicles.

a

Auxiliary Lane - The portion of the
roadway adjoelning the through trav-
eled way fer parking, speed change,
turning, storage for turning, weav-
ing, truck climbing or for other
purposes supplementary to through
traffic movement.

Pullout Lane

An auxiliary lane
provided for vremoval from  the
through traffic lane those vehi-
cles required to stop at all rail-
road~highway grade crossings.

Speed-Change Lane An auxiliary
lane, including ltapered areas, pri-
marily for the acceleration or de-
celeration of vehicles entering or
leaving the through traveled way.

Traffic Lane - The portion of the
traveled way for the movement of a
single line of wvehicles.

Line Haul - The movement of freight
cver the tracks of a railrcad from
one town or city to another town or
city.

Local Freight Train - A train with an

assigned crew that works between
predesignated points. These trains
handle the switching outside the

jurisdiction of a yard switcher.



Glossary

Locomotive -~ A self-propelled unit of
on-track equipment designed for mov-
ing other rail freight and passenger
eguipment on rail tracks.

Main Line - The principle line or
lines of a railway.
Main Track - A +track extending

through yards and between stations,
upon which %rains are operated by
timetable or train order or both, or
the use of which is governed by block
signals or by centralized traffic
control,

Materials - Any substances specified
for wuse in the construction of a
project and its appurtenances.
Measure of Effectiveness (MOE) A
measurable unit or set of units as-~
signed to each evaluation objective.
The data collected in the units of
the MCE will aliow for a determina-
tion of the degree of achievement for
that objective.

Pavement Markings - Markings set into
the of, Upor,
attached <o the pavement for
purpose of regulating, warning,

guiding traffic.

ﬂﬂﬂﬂﬂﬂﬂ or
the
or

e |
applicu

Pavement Structure - The combination
of subbase, base course, and surface
course placed on a subgrade to sup-
port the traffic load and distribute
it to the roadbed.

Base Course - The layer or layers
of specified or selected material
of designed thickness placed on a
subbase or subgrade to support a
surface course.

Surface Course - One or more layers
of a pavement structure designed to
accommodate the traffic load, the
top layer of which resists skid-
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ding, traffic abrasion, and the
disintegrating effects of climate.
The top Jlayer sometimes called

"Wearing Course",

Subbase - The layer or layers of
specified or selected material of
designed thickness placed on a
subgrade to support a bage course.

Subgrade - The top surface of a
roadbed upon which the pavement

structure and shoulders including
curbs are constructed.

5 T TAPR TR -
intiff 10 O

a f - The person w eging an
action at law; the complaining party
in an action.

Plans - The contract drawings which
show the location, character, and
dimensions of the prescribed work,
inecluding layouts, profiles, cross

sectiong and other details.

Precedent - An adjudged case or judi-
cial decision that furnishes a rule

or model for deciding a subsequent
case that presents the same or simi-
lar legal problens.,

Preliminary Engineering - The work
necessary  to produce construciion
plans, specifications, and estimates
to the degree of completeness re-
quired for undertaking coanstruction
thereunder, including locating, sur-

veying, designing, and related work.

Rail Joint - A fastening designed to
unite abutting ends of rail.

Railroad Line Miles The aggregate
length of road of linehaul railroads.
It excludes yard tracks, sidings, and
parallel lines. Jointly-used track
is counted only once.

Railroad Track Miles - Total miles of
railroad +track including muliiple




main tracks, yard tracks and 81d1ngs

owned by both line- haul and sw

and terminal companies.

O -

LRI F
LCNLY

;_l

Railroad-Highway Grade Crossing - The
general area where a highway and a
railroad cross at the same level,
within which are included the raii-
road, roadway, and roadside facili-
ties for +traffic traversing  that

Pedestrian Crossing A railroad-
highway grade crossing that is used
by pedestrians but not by wvehicles.

Private Crossing ~ A railroad-high-
way grade crossing that is on a

rrivately owned roadway utilized
only by the owner's licensees and
invitees.

Public Crossing - & railroad-high-
way grade crossing that is on a

maadiratsy A Fhe d1ird adiatdan
roauweoy wiuel uiifd juliolitulUll

nf
VL ?
and mzintained by, a public author-
ity and open to the traveling pub-
lie.

Right-of-Way - A general term denot-
ing land, property, or interest
therein, usually in a strip, acguired

for or devoted to transportation
purposes.

Roadway - The porticen of a highway,
including shoulders, for vehicular
use. A divided highway has two or
more roadways.

Salvage Value - Estimated residual
worth of program or project compo-
nents at the end of their expected

service lives.

Service
years,
program
£ o

Life - The period of {time, in
in which the components of a
or project can be sxpected to
actively affect accident experience.
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Shoulder - The portion of the rcadway
contiguous with the traveled way pri-
marily for accommodation of gtopped

vehicles for emergency use, and for
lateral support of base and surface
COUrSes.

Sidewalk -~ That portion of the road-
way primarily counstructed for the use
of pedestrians.

Sovereign Immunity - The immunity of
a government from being sued in its
own courhts exceph with its consent,
or other exception.

Statute of Limiftations - A statute
that imposes time limits upon the
right to sue in certain cases.
Stopping Sight Distance - The length

of highway required tc safely stop a
vehicle iraveling at a given speed.

T ~ e o
11l fave

~F
L
rise in cross section of the finlshed
surface of a roadway on a curve,
measured from the lowest or inside

edge to the highest or ocutside edgs.

Tie Plate - A flanged plate between a
rail and a crosstie that distributes
the rail lcad over & larger arsa and
helips hold track gauge.

Timetable - 1) The authority for the
movement of regulsr trains subject tc
the rules; it contains classified
schedules with Spec1a_L instructiions
relating to the movement of trains
and engines. 2) A listing of the
times at which vehicles are due at

gpecified time points (ccllogquial).

Tort - Any private or
act or omission,

breach of contract.
also be crimes

civil wrong by
but not including
Some torts may.

lﬂ



Glossary

Track 1} An assembly of rails,
ties, and fastenings over which cars,
locomotives and trains are moved. 2)
the width of a wheeled vehicle from
wheel to wheel and usually from the
outside of the rims.

Double or Multiple Two or more
main tracks over which trains may
travel in both directions.

Single - 1) The main track on a
roadbed having one main track upon
which +trains are operated 1in both
directions. 2) In multiple itrack
territery, the process of running
all trains, regardless of direction
on one track while the other
track(s) is (are) temporarily out
of service.

Track Gauge The distance between
the inside face of the heads of the
two rails of a track measured perpen~
dicular to the center line. (Standard
guage in U.S. is 4'-8.5".)

Traffic Gontrol Device - A sign, sig-
nal, marking or other device placed
on or adjacent to a street or highway
by authority of a public bedy or
official having jurisdiction to regu-
late, warn, or gulde traffic.

Active Traffic Control Device
Those traffic control devices acti-
vated by the approach or presence
of a train, such as flashing light
signals, automatic gates and simi-
lar devices, as well as manually
operated devices and crossing
watchmen, all of which display teo
motorists positive warning of the
approach or presence of a train.

Passive Traffic Control Device -
Those types of traffic control
devices, Iincluding signs, markings

and other devices, located at or in
advance of grade crossings to indi-
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cate the presence of a crossing but
which do not change aspect upon the
approach or presence of a train.

Traffic Control Signal - Any device
whether manually, electrically, or
mechanically operated by  which
traffic 1is alternately directed to
stop or permitted to proceed.

Traffic Markings - All lines, pat-
terns, words, colors, or other
devices, except signs, set intc the
surface of, applied upon, or at-
tached to the pavement or curbing
or to the objects within or adja-
cent %o the roadway, officially
placed for the purpose of regula-
ting, warning, or guiding traffic.

Traffic Operation Plan - 4 program of
action degigned to improve the utili-
zation of a highway, a street, or
highway and street network, through
the application of the principles of
traffic engineering.

Traffie Sign - A device mounted on a
fixed or portable support whereby a
specific message is conveyed by means
of words or symbols, officially
erected for the. purpose of regula-
ting, warning, or guiding traffic.
Traffic Signal - A  power-operated
traffic control device by which traf-
fie is regulated, warned, or altern-
ately directed to take specific ac-
tions.

Cycle Time - The time
one complete sequence
indications.

required for
of signal

Detectors - Mechanical or electron-
ic devices that sense and signal
the presence or passage of wvehicu-

lar or railroad traffic at one or
more points din the roadway or
track.




Phage - Those right-of-way and
clearance intervals in a cycle ase-
signed to any 1ndependent move-
ment(s) of vehicular traffic. '

"Train - 1) One or more locomotive

units with or without connecited cars.
2) Two or more vehicles physically
connected and operated as a unit.

Through -~ A freight train operating
between major classifications yards
and serving non-local traffic.

Unit - A freight train moving great
tonnage of single bulk products
between two points coupled with a
system of efficient, rapid loading
and unlcading facilities.

Train Orders - Authorization to move
a2 trair as given by a train dispatch-
er either in writing or verbally.

Traveled Way - The portion of the
roadway for the movement of vehicles,
exclusive of shoulders.

Vehiele - A means of carrying or
transporiing something.

Bicycle ~ A vehicle having two tan-
dem wheels, propelled solely by
human power, upon which any perscn
or persons may ride.

Bus - A self-propelled rubber-tired
vehicle designed to accommodate 15
or more passengers and to operate
on streets and roads.

Design Vehicle —~ 4 gelected motor
vehicle, the weight, dimensions and
operating characteristics of which
are used in highway design.

Motoreycle -~ A two-wheeled motor-
ized vehicle having one or two
saddles and sometimes a sidecar
with a third supperting wheel.

Glossary

Passenger Car - A motor wvehicle,
except motoreycles, designed for
carrying 10 passengers or less and
ugsed for the transpertation of
persons.

Semi-trailer -~ A wvehicle with or
without motive power, designed for
carrying persons or property and
for being drawn by a motor vehicle
and so constructed that some part
of its weight and that of its load
rests upon or 1s carried by another
vehicle.

Special Vehicle - A vehicle whose
driver 1s required by law to stop
in advance of all railroad-highway
grade crossings. Typically, spe-
cial wvehicles include: vehicles
transporting passengers for hire;
trucks carrying hazardous mate-
rials; and schcol buses.

Truck Tractor - A motor vehicle
degigned for drawing other vehicles
but not for a load other than a
part of the weilght of the vehicle
and load drawn.

Volume - The number of vehicles pass-
ing a given point during a specified
period of time.

Average Daily Traffic — The average
24-hour volume, being the total
volume during a stated period di-
vided by the number of days in that
period. Unless otherwise stated,
the period is a year. The term is
commonly abbreviated as ADT.

Degign Volume - A volume determined
for use in design, representing
traffic expected to use the high-
way. Unless otherwise stated, it
is an hourly volume.

Warrants -~ The minimum  conditions
which would justify the establishment
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of a particular traffic control regu-
lation or device, usually including
such items as traffic volumes, geo-
metrics, traffic  characteristics,
accident experience, etc.

Yard -~ A system of tracks within
defined limits that is provided for
making up trains, storing cars, and
cther purposes.
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