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COURSE 104: INTRODUCTION AND OVERVIEW TO HIGHWAY GRADE CROSSINGS

Disclaimer: This course is intended to educate employees of transit agencies that have agreed to
voluntarily participate in the Signals Maintenance Consortium. It is intended only as informal
guide on the matters addressed, and should not be relied upon as legal advice. Anyone using this
document or information provided in the associated training program should rely on his or her
own independent judgment or, as appropriate, seek the advice of a competent professional in
determining the exercise of care in any given circumstances. The Signals Consortium, it’s
participating agencies and labor unions, as well as the Transportation Learning Center, make no
guaranty or warranty as to the accuracy or completeness of any information provided herein. The
Signals Consortium, its participating agencies and labor unions, as well as the Transfortation
Learning Center, disclaims liability for any injury or other damages of any nature whatsoever,
directly or indirectly, resulting from the use of or reliance on this document or ciated
training program.

NOTE: All images contained within this document were contributed by a ining
Consortium members unless otherwise noted.
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How to Use the Participant Guide

Purpose of the Course

The purpose of the Introduction and Overview to Highway Grade Crossings course is to provide
the participant with an introduction to highway grade crossings. This introduction will include
basic terminology, regulations and oversight specific to highway grade crossings, gefieral
highway grade crossing components, control circuits and warning systems.

Approach of the Book
This course begins with an outline, a statement of purpose and objecti

a list of key terms.

ing-objectives

Id be able to demonstrate
of key terms identifies

ses conclude this course to

identifies important terminology that will be introduced in this ¢
define the basic skills, knowledge, and abilities course participan

to show that they have learned the material presented in thegeourses
important terminology that is introduced in this course. Review exer¢

assist the participants in reviewing key information.
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INTRODUCTION AND OVERVIEW TO HIGHWAY GRADE
CROSSINGS

Outline

1-1  Overview

1-2 Highway Grade Crossing Regulation

1-3  Warning System Devices

1-4  Highway Grade Crossing Control Circuits
1-5 Warning System Malfunction

1-6 Traffic Signal Preemption

1-7 Summary

Purpose and Objectives

The purpose of this module is to provide the participant with 3
crossings. This introduction will include basic terminolog
highway grade crossings, general highway grade crossing ¢
warning systems.

with an accuracy of 70% or greater:

e ldentify key highway grade crossi
e Describe regulations pertainin
e Describe the principles of hig
e Identify and describe hi
e Identify and describe hig
e Describe highwa
e |dentify three types of wa

Key Terms

sing warning equipment
ay e crossing control circuits
sing warning systems

system malfunctions

Circuit controller
Constant warning time
Conventional circuit
Crossbuck

Crossing controller
Crossing gates

Gate arm adapter

Gate arm counterweight
Gate mechanism

Gear train

Gate heater element

Warning bell
Warning systems

Warning time
Wind bracket

Activatig e Directional stick e Hold Clear Device
e  Emergency signage e Island circuit
e Entrance gate e  Motion sensor
Exit gate e Motor
False activation e  Number of Tracks plaque
Flashing light unit e Overlay detection circuit
Battery Four quadrant gate e Partial activation
Cantilever Gate arm e  Traffic signal preemption
[}
[}
[}
[}
[}
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Figure 1 A Wigwag Signdlin Sou hern Oregon 2007 - Courtesy
Wikipedia.org

As road systems and their use co
systems became increasinghsimp
crossing signals in the
Railway Associatio

inuédhto grow, the need to standardize signage and warning
ant. Th 1923, the first standardization of highway grade
ccurred during the annual meeting of the American
Association of American Railroads). While highway grade

ved over the years, the basic idea of providing a train-based
effective amount of warning time and minimal inconvenience to
e same.

This intended to explore the modern grade crossing in terms of regulations, warning
devic operation, and warning system logic circuits.

As with all work on train tracks, the signal maintainer must strictly adhere to
the worker safety policies of the transportation agency.
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1-2 HIGHWAY GRADE CROSSING REGULATION

There are well over 200,000 highway grade crossings in the United States. Railroad and transit
agencies work in conjunction with local, state and federal agencies to ensure the safety of these
highway grade crossings. It is important to note that highway authorities are normally
responsible for installing and maintaining all advanced warning signals, advanced warning signs
and other supplemental signs on roads approaching a grade crossing. On the other hand, railroad
and transit agencies are responsible for installing and maintaining signage, flashing light signals,
warning bells, gate arms and gate mechanisms.

Several federal organizations and associations set the standards by which high de
crossings are established and maintained by rail agencies. Under the U.S. Depar

Transportation, two of the ten agencies who primarily govern highway or; de crossmgs
Federal Railroad Administration (FRA) and the Federal Highway Ad
Railroad agencies must follow the FRA guidelines. Transit agencies ar ed to follow
FRA guidelines, however many follow them as a matter of practi
Crossing Signal System Safety is covered in The Code of Fedets T|tIe 49 Part 234.
Two publications issued by the FHWA related to highway
Highway Grade Crossing Handbook and the earlier mentio

e the

While these federal agencies provide
grade crossings for both railroad a
organization for these guideline

ways, refer to your specific transit

Lastly, AREMA, or Am ay Engineering and Maintenance-of-Way Association,
i nce standards. AREMA is not a governing agency, but
opted the AREMA standards as industry standard. The AREMA

uction for the maintenance of highway grade crossings and

most transit agenC|e
manual section
associated equi

Always refer to your transit organization for specific guidelines and
regulations.
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.

Fiure 4 Highway Grade Crossing Sign Indication
Number and Phone Number for Emergencies — ME

Sometimes when needed, a highway grade crossing
grade crossing design and/or state traffic laws.
such as a “Stop” or “Yield” as seen in Figu
at a highway grade crossing.

include optional signs depending on the
t Stop on Tracks” sign or traffic signs
es of optional signs sometimes found

Figure 5 Passive highway grade crossig with a crossbuck mounted on an
mast and with optional yield sign, Courtesy Oregon.gov
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EXIT GATE

EXIT GATE

ENTRANCE GATE

Raised

Figure 16 Four Quadrant Gate System with Both Entrance Gates Lowered and Exit Gates
Lowered Creating a Sealed Corridor
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Some agencies use vehicle detection loops (inductive) in the highway grade crossing. If vehicle
detection loops are used, then detection loops will restrict the lowering of the exit gates once all
vehicles have cleared the crossing.

Regardless of detection loops, train detection circuits beyond the crossing will detect that the
train has cleared the crossing and allow the gates to rise to their normal vertical position so the
highway grade crossing can be accessed by motorists and pedestrians once again.

The Gate Mechanism
As stated earlier, crossing gates are comprised of gate arms which are lowered to pr

seen in Figure 17, is responsible for lowering and raising the gate arm.

A gate mechanism has a DC motor, a gear train to transfer power from
buffer to prevent the gate from slamming into the housing at its end of
snubbing circuit to slow the gate down during descent/ascent befarggit.hi

or top, an
echanical brake
eighted so that the gate

COUNTERWEIGHT

Figure 17 Gate Mechanism at a Highway Grade Crossing  Figure 18 Gate Arm Counterweight

When the gate is to be brought down, the brake is de-energized and the motor is powered down
from a vertical 90° to about 45°. At 45°, the motor power is cut and the moving mass will coast
to the horizontal position or 0°. At all times when the brake is de-energized and there is
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/

HOLD CLEAR
MECHANISM

i CIRCUIT
s =~ CONTROLLER
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BRAKE MECHANISM e
ON HOLD CLEAR ¢

Figure 20 Safetran S60 Gate

VOICR . e

anismyCirca Approximately 2005

vind guard, is incorporated to limit the lateral movement of the
e event of high winds when the crossing is clear. The bracket or
arm or shear pin from breaking and from hanging up in branches or
ind brackets are attached to the mast and are typically used with longer gate

Sometimes a wind bragket, o
gate arm’s uprj SitIC
guard will h
overhea

arms.

AdjunctWarning Devices and Equipment

Other devices that can sometimes be part of a highway grade crossing system include data
recording devices, active “No Left” or “No Right” turn signals, advanced warning signs, and
pavement markings. Data recording devices record the crossing signal events at the highway
grade crossing and can be useful in the event of an accident. Active “No Left” or “No Right”
turn signals, as seen in Figure 21, warn motorists not to make turns and are intended to keep
vehicles from turning into an activated crossing. A “Second Train” approaching signal can be
used at a highway crossing next to a railroad station, to provide a specific warning that a second
train is coming.
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“hlest East3
1 i 1 1 1
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Directional Stick Circuit

Given the earlier mentioned crossi
explore an example sequence of @p
train.

Relay Receive Wires
Track Relay
R East Stick Relay
R West Stick Relay
X Crossing Relay
ZR Flasher Relay

Figure 25 is a highway grade crossing electrical diagram showing a track with a train nearing but
has not entered the crossing and is not quite to the first approach circuit indicated by 1TB on the
track layout. The track relays (1TR, 2TR, 3TR) are up, and the directional stick relays (west
stick relay or WSR and east stick relay or ESR) are down.
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1-7 SUMMARY

Highway grade crossings are a critical part of signaling in rail operations. Because highway
grade crossings involve not only rail operations but also highway and/or pedestrian crossings,
other regulatory agencies are involved in this area of signaling. Warning system devices are
provided at highway grade crossings to alert motorist and pedestrians of oncoming train. Some
of these devices are passive meaning they are fixed and not train activated. Other warning
system devices are active with their operation dependent on signals from train detection circuits.
A warning system malfunction occurs in the event the highway grade crossing circulfts are not
activated as intended. In some cases, highway grade crossings exist in close proxim
highway traffic-controlled intersections in which case traffic signal preemptio

\%
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