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I. INTRODUCTION AND BACKGROUND

Highway-railroad crossings pose a unique set of safety challenges that require regulatory
agencies and railroads to work together to alleviate safety and operational issues. Highway-
railroad at grade crossings may be controlled by various traffic control devices including signs,
pavement markings, flashing red light signals, gates and other directional separators. The criteria
for installation of most of these devices are standardized. Crossing gates and other active
devices are used where the potential for vehicle-train crashes is elevated due to the increased
frequency of trains and vehicular traffic, as well as sight constraints and roadway configuration
issues. Additional safety challenges arise at highway-railroad grade crossings in close proximity
to signalized traffic intersections.

Shortly after the tragic collision of a commuter train with a school bus in Fox River
Grove, a suburb of Chicago, Illinois, that resulted in seven deaths on October 25, 1995, former
U.S. Secretary of Transportation Federico Penia asked Michael Huerta, the Associate Deputy
U.S. Secretary of Transportation to lead a task force to investigate the issues related to highway-
railroad grade crossing safety. The objective of this task force was to review the decision
making process for designing, constructing, maintaining, and operating highway-railroad grade
crossings (1). This report looked at the highway-railroad grade crossing-related issues and
provided a comprehensive report to then Secretary of Transportation Rodney E. Slater in June of
1997.

The report (1) included a statement that “It has been a long-standing and desirable
engineering practice to preempt highway intersection traffic signals in close proximity to
highway-railroad grade crossings that have active warning devices. The purpose of the
preemption is to allow sufficient time for any motor vehicle inadvertently stopped on a highway-
railroad grade crossing to proceed off the track prior to the arrival of a train.” (1) As a response
to this report, all states actively pursued interconnection of traffic signals located in close
proximity to highway-railroad crossings. They also started reviewing at grade crossings that
were known to have a crash history and/or anecdotal evidence of numerous traffic control device
violations.

Traffic crashes at highway-railroad grade-crossings account for a significant loss of
property and life in Michigan. A review of available federal and state statistics (FRA car-train

crash reports and State Police UD-10 files) reveals a current five-year average of approximately
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50 crashes per year. These car-train crashes resulted in an average of 5 fatalities (10%) and
19 (38%) injuries per year. In comparison, the severity of train-involved crashes at highway-
railroad grade crossings is significantly higher when compared to crash severity generally
encountered at roadway intersections. Crashes at all highway/roadway intersections experienced
0.27% of fatalities and 24.3% of injuries. These statistics clearly demonstrate that car-train crash
events are significantly more likely to result in fatalities and injuries than other highway
intersection crashes.

One of the most challenging traffic control issues associated with highway-railroad grade
crossings involves the close proximity of signalized intersections. Safety concerns occur when a
train arrives and traffic from the signalized intersection has queued back onto the tracks.
Similarly, traffic flow issues arise when traffic queued for a train arrival spills back onto the
intersection. To alleviate both safety and operational issues associated with signalized
intersections that are in close proximity to a highway-railroad grade crossing, it is necessary to
coordinate or “interconnect” railroad signals with traffic signals at nearby intersections. This
coordination is often performed using a special signal “preemption” strategy which transfers the
traffic signal from the normal operational mode to a special control mode upon detection of an
arriving train (2).

The need for preemption arises due to the differences in the right-of-way assignment
principles between roadway and railroad signals (i.e., approaching trains ALWAYS have the
right-of-way, while roadway signals alternately assign right-of-way based on time or actuation).
Due to these differences, adjacent roadway traffic signals MUST be preempted by an arriving
train, to give it priority over all other movements. The objective of a preempt is to take control
of the nearby traffic signal to provide for the safe passage of a train, no matter what the status of
the normal traffic signal operation at the time the preemption occurs (3). Successful traffic
signal preemption provides two functions: 1) initially clears the tracks of any queued vehicles
and 2) does not allow any movements that would intersect the tracks, as traffic may spill back
into the intersection.

Issues associated with railroad-traffic signal preemption were brought to the national
forefront in the aftermath of the previously referenced 1995 fatal train-bus crash in Illinois (4).
This collision occurred because the rear of the bus protruded onto the tracks while stopped for a

traffic signal on the adjacent roadway. The crash resulted in seven fatalities. Shortly after the
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collision, state and federal transportation and railroad agencies began thorough investigations of
their own policies and/or procedures to determine ways to minimize the occurrence of a similar
situation within their jurisdiction. A national taskforce (assembled as a result of the collision)
found two widespread issues associated with the interconnections between the railroad crossing
and nearby traffic signals (2):

e No specific guidelines existed as to when to provide interconnection of highway-
railroad grade crossings with nearby traffic signals at intersections, relative to the
vehicle storage space between the intersection and the railroad crossing.

e Lack of effective communication between the multiple parties that are responsible for

highway-railroad grade crossings.

The current MUTCD provides guidance as to when signal preemption should be provided
(5). Section 8C.09 states that preemption should be provided if the intersection is located within
200 feet of a highway-railroad at grade crossing, although intersections farther than 200 feet may
be considered for preemption (5). Research has suggested that the need for preemption should
be based on a detailed queuing analysis at each individual location, rather than a pre-specified
distance (6). A nationwide survey found that many states desired additional guidance as to when
to provide preemption, as it was often deemed necessary well beyond the 200 foot rule (4).
Factors that were suggested for consideration when determining the need for preemption
included traffic volumes, number of lanes, traffic signal timing, saturation flow rates, vehicular
arrival characteristics and vehicle type. The MUTCD in Section 4D.27.08 disallows the
shortening and/or omission of the yellow and all-red intervals when a preemption call is placed,
but does allow for the shortening or omission of pedestrian “walk” and flashing “don’t walk”
intervals (7).

Methods for inputting preemption routines depend on the traffic signal controller. Most
modern traffic signal controllers allow for several default and user-programmable preemption
routines including those for railroad crossings (4).

Federal law requires that a minimum of 20 seconds of warning time to roadway users
must be provided by the railroad crossing signal prior to a train arriving at the crossing (8). The
use of preemption at an intersection may require detecting the train much sooner than 20 seconds

to adequately clear vehicles off the tracks. The train detection system must extend far enough
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along the tracks, to detect the fastest allowable train, to provide 20 seconds of warning time (or
more, if preemption is needed). Calculation of the maximum amount of preemption time needed
for the traffic signals depends on several factors, such as the time needed for right-of-way
transfer time, queue clearance time, and additional separation time between the queue clearance
and train arrival.

In order for preemption to work effectively, a high level of motorist compliance is
necessary both at the crossing and nearby intersection. Violations, such as crossing the tracks
when the railroad signals are flashing or driving around gates, will increase the risk of crash
occurrence regardless of the signal preemption strategies. In addition, violations at nearby
signalized intersections that include red-light-running or jaywalking by pedestrians will also
have a negative impact on the ability to effectively clear the tracks of any queued vehicles.

The literature has suggested that the greatest challenges associated with safe and efficient
preemption timing are connected with 1) terminating the current phase when preemption is
called, particularly if a pedestrian clearance phase is required, and 2) determining adequate track
clearance time. While allowable by the MUTCD, it is not desirable to prematurely terminate the
pedestrian clearance phase. However in some instances terminating the pedestrian clearance
phase may be necessary to assure adequate track clearance time. Strategies have been suggested
to help alleviate issues associated with prematurely terminating pedestrian clearance intervals
due to train preemption, and include special train-activated signing for pedestrians (4), and
auxiliary detection systems strictly for pedestrian clearance protection (9-11). Various strategies
have been offered for determination of the track clearance green interval, some of which are
based on real-time presence data for the queue storage area (12). The most important
considerations for timing of the track-clearance green interval are start-up delay and
repositioning time (13), which are largely dependent on vehicle type/length. For example,
queues that include only short passenger vehicles cause the longest start-up delays, whereas the
same queue distance composed of heavy trucks only will have the longest repositioning time.
Strategies for providing the optimal preemption timing plan to minimize the impacts on a dense
network of signals have also been utilized (14).

Pre-track signals (or pre-signals) are often used in Michigan and other states as a means
by which to ensure that the tracks remain clear. Pre-signals are positioned prior to the railroad

grade crossing and the intersection for traffic heading towards the intersection. Pre-signals are
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coordinated with the intersection traffic signals in a similar manner to the paired signals at a
divided roadway intersection, in that the pre-signal changes to red several seconds prior to the
signal at the intersection (i.e., the downstream signal), thereby allowing all vehicles ample time
to clear the tracks. Pre-signals provide the advantage of keeping the tracks clear during every

cycle regardless of whether a train is arriving or not.

Problem Statement

The coordination of highway-railroad grade crossing signals with nearby traffic signals is an
important issue within Michigan and nationwide. Proper coordination of railroad grade crossing
signals with nearby traffic signals will allow vehicles to clear the tracks prior to train arrival,
greatly reducing the risk of a vehicle becoming trapped on the tracks. Approximately
200 highway-railroad grade crossings with active warning devices that are interconnected with
nearby roadway traffic signals exist in Michigan.

However, further benefits may be realized with improvements to systems and
coordination efforts. A review of the UD-10 forms for the crashes that occurred at signal-
controlled railroad crossings in Michigan between 2004 and 2009, revealed one track-queuing-
related crash which occurred in Rockwood, Michigan in 2008. Although records show only one
queue-related crash at a highway-railroad crossing interconnected with an adjacent signalized
intersection, anecdotal evidence from field workers suggests a number of close calls have
occurred in the past. As all public crossings are within MDOT’s regulatory jurisdiction, this is
an important issue for MDOT to address. Traffic signal interconnections at grade crossings often
require an assessment of traffic queuing characteristics, traffic arrival patterns and intersection

characteristics.

Research Objectives

The purpose of this research was to compile and review existing interconnection and preemption
literature and practices to determine solutions to provide safe and efficient interconnection
timings between nearby traffic signals and highway-railroad grade-crossing signals. It was
desired to develop a series of templates that may be applied to any highway-railroad intersection
configuration, with accompanying software to provide guidance for identifying possible

candidate preemption locations. The research objectives were as follows:
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Identify all possible interconnected intersection and highway-railroad grade crossing
configurations.

Identify existing templates for developing preemption timing at interconnected
highway-railroad grade crossings.

Develop and/or compile criteria for addressing possible scenarios at an interconnected
crossing requiring preemption.

Develop a guidance document for use as an interconnect/preemption reference tool
for highway and railroad engineers with companion software to assist in determining

if a location is a candidate for preemption.
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Il. SUMMARY OF STATE-OF-THE-ART AND PRACTICE
Federal Preemption Guidance

At the time of the Fox River Grove crash and subsequent task force investigation, the Federal
Manual on Uniform Traffic Control Devices (MUTCD) (1988 version) provided only limited

guidance on the use of preemption, stating the following in Section 8C-6:

“When highway intersection traffic control signals are within 200 feet of a grade
crossing, control of the traffic flow should be designed to provide the vehicle operators using the
crossing a measure of safety at least equal to that which existing prior to the installation of such

signals.”

The 1988 MUTCD also provided guidance against the use of preemption for railroad

crossings beyond 200 feet, stating later on in Section 8C-6:

“Except under unusual circumstances, preemption should be limited to the highway

intersection traffic signals within 200 feet of the grade crossing.”

The 2000 “Millennium” Edition of the MUTCD was the first MUTCD revision to occur
after the comprehensive report produced by the task force. The 2000 MUTCD included newly
revised language providing additional direction regarding railroad preemption, most
significantly, the consideration for providing coordination between railroad and traffic signals at
crossings located beyond 200 feet from the intersection. The specific language regarding

railroad preemption exists in Section 8D.07 and is provided as follows:

“When a highway-rail grade crossing is equipped with a flashing-light signal system and
is located within 60 m (200 ft) of an intersection or mid-block location controlled by a traffic
control signal, the traffic control signal should be provided with preemption in accordance with
Section 4D.13.

Coordination with the flashing-light signal system should be considered for traffic

control signals located farther than 60 m (200 ft) from the highway-rail grade crossing. Factors
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to be considered should include traffic volumes, vehicle mix, vehicle and train approach speeds,

frequency of trains, and queue lengths.”

The preemption guidance that exists in the current (2009) MUTCD remains unchanged
from the 2000 MUTCD language.

Identifying Locations for Preemption

Although the MUTCD provides relatively clear guidance on the use of preemption for signalized
intersections within 200 feet of a roadway-highway grade crossings with signals, a nationwide
survey found that many states desired additional guidance as to when to provide preemption,
when they were beyond the 200 foot rule (4). Research has suggested that the need for
preemption should be based on a detailed queuing analysis at each individual location, rather
than a pre-specified distance, such as 200 feet (6). Researchers have recommended that the need
for railroad preemption control should be determined based on the 95™ percentile queue length
determined either by using simulation or other analytical methods, as suggested by the MUTCD
(15, 16). Prior research (6, 17-19) has suggested that the queue lengths from a traffic signal are
primarily dependent on the 1) approach lane volumes, 2) cycle length, 3) effective green time, 4)

turning movement type, 5) left turn signalization, and 6) arrival patterns.

Train Detection Systems and Interconnection Basics

Activation of the railroad warning devices is based on detection of an oncoming train most
commonly generated using track circuitry. Two primary track circuitry based warning systems
are utilized: (1) fixed distance and (2) constant warning time. An example of train detection

using track-circuitry is shown in Figure 1.
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Direct Current (DC) Track Circuit
(Current from battery passes through rails to energize a relay)

- Insulated Joints* Tnsulated Joints®_

Rail
..... Rail
) —=— Resistor
Current F]ow_/"fi,__
Relay (R)
(Energized) i
=
Direct Current (DC) Track Circuit
(Locomotive or car axle shunts (or shorts) the circuit, de-energizing the relay)
_ Insulated Joints* Insulated Joints®_
Rail
Rail
Locomotive .
or Car Axle = Resistor
Current F10w_,-/r".____ |

Relay (R} I Battery (B)

(De-energized) —kli

Figure 1. Detection of Train Arrival Using Track-Circuitry (4)

Fixed Distance System

In a fixed distance system, trains are detected upon reaching a specific location along the tracks.
The limits of the track circuit are placed and established by the use of insulated joints in the rail
that isolate the particular section of rail. Because a minimum warning time is required for all
train arrivals, the track circuit must extend to a distance that enables the fastest approaching train
to be detected. The distance from the crossing location that the detection circuitry must extend,
is given by the following equation:

de =1 x MWT

where: df= approach circuit distance for the fastest train operating on the
track
r¢ = fastest allowable train speed for the track in question

MWT = minimum warning time provided to crossing users
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Placement of detection circuitry according to the previous equation will conservatively
trigger railroad warning devices when the train reaches the insulated joints in the rail. As these
joints were located based on the fastest possible approaching train, the primary drawback to
fixed distance detection is that excessive warning time is provided for slow moving trains. The
actual amount of warning time provided by fixed distance detection systems can be determined
based on the following equation:

ta=d, /Ta
where: t, = warning time provided to motorists (sec)
d, = approach circuit distance (ft)

r, = speed of approaching train (ft/sec)

Therefore, if the circuitry was designed to provide 20 seconds of warning time for a
maximum train approach speed of 40 mph, a train approaching at 10 mph will provide

80 seconds of warning time to motorists prior to arrival of the train at the crossing.

Constant Warning Time System

Constant warning time systems also utilize the track circuitry, but reduce excessive warning
times caused by a slow moving train by predicting the train arrival time based on position and
speed calculations. The grade-crossing warning devices are only activated when the train is
located at the preselected minimum warning time away from the crossing. A late-1990’s
nationwide survey found that constant warning time arrival detection was one of the most

common types of track circuits used (4).

Advanced Detection Technology

To help improve the reliability of train detection systems, advanced train detection technology is
being developed and utilized in Michigan and elsewhere. These systems which do not utilize the
standard track circuitry, are often based on GPS tracking from within the train itself, and have
been developed to provide enhanced reliability of train arrival time prediction on high-speed rail
corridors and improved cost-effectiveness with respect to installation and maintenance (4, 10,
11).

Preemption Phasing
Methods for inputting preemption routines depend on the traffic signal controller. Most modern

traffic signal controllers allow for several default and user-programmable preemption routines
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including those for railroad crossings (4). For the traffic signal controller to call a train
preemption mode, data on the train arrival must be received from the interconnection circuit that
runs from the railroad equipment to the appropriate interface (i.e., plug in location) on the traffic
signal controller. Issues may arise with determining the appropriate interface location on the
traffic signal controller as they are oftentimes labeled inconsistently or not at all (4). All modern
traffic signal controller units provide the same basic train preemption sequence, which is
depicted for a simple two-phase traffic signal and adjacent railroad crossing template as shown in
Figure 2 (20). The basic preemption sequence includes (4):

e Entry into preemption mode,

e Termination of the current interval in operation,
e Initiation of “clear track” intervals,

¢ Initiation of preemption hold interval, and

e Return to normal operations.

J/f t } CLEAR TRACK INTERVALS
1~ \

P

L CTC  ciear
NORMAL CHANGE FROM TRACK
SEQUENCE NORMAL SEQUENCE CHANGE EXIT
OF o INTERVAL TO
OPERATION CLEAR TRACK to NORMAL
INTERVALS PREEMPTION OPERATION
HOLD
Y cTc NTERVALS
P
=t
i =g CLEAR TRACK
L ; — GREEN
i 82806 (CTG)

Figure 2. Example Basic Template for Signal Preemption Sequence (20)

Termination of Current Phase (Right-of-Way Transfer)

Ending the current phase consists of providing minimum green time, yellow change time and red
clearance time. The minimum green time for the phase depends on agency practice, but may be
omitted entirely. The MUTCD in Section 4D.27.08 does not allow the shortening and/or
omission of the yellow and all-red intervals when a preemption call is placed. It does, however,
allow for the shortening or omission of pedestrian “walk” and flashing “don’t walk™ intervals

(7). Literature has suggested that the greatest challenges associated with safe and efficient
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preemption timing are related to 1) terminating the current phase when preemption is called,
particularly if a pedestrian clearance phase is required, and 2) determining adequate track
clearance time. Agencies commonly truncate or omit the pedestrian walk time (21). It is not
desirable to terminate the pedestrian clearance phase, thus trapping pedestrians in the
intersection. Premature termination of pedestrian clearance should only be used where it is
required for track clearance as discussed earlier (page 4) in the report. A Texas study (21)
suggested that standard preemption resulted in truncation of the pedestrian clearance phase for
40 percent of railroad preemption calls. Strategies have been suggested to help alleviate the
issues associated with prematurely terminating pedestrian clearance intervals due to train
preemption, and include special train-activated signing for pedestrians (4) and auxiliary detection
systems strictly for pedestrian clearance protection (9-11). Improved transition preemption
strategies eliminate pedestrian clearance phase truncation if warning times of at least 90 seconds
are utilized (21).

Track Clearance Green Time
Various strategies have been used for the determination of track clearance green interval and
some are based on real-time presence data for the queue storage area (12). Considerations for
timing of the track-clearance green interval are, start-up delay and repositioning time (13), which
are largely dependent on vehicle type/length. For example, queues that include only short
passenger vehicles cause the longest start-up delay, whereas the same queue distance composed
of heavy trucks will have the longest repositioning time. Strategies have also been developed for
providing the optimal preemption timing plan to minimize impacts on a dense network of signals
(14).

Railroad crossings which use preemption may experience “Preempt Trap”. This is when
the track clearance phase ends before the gates and warning devices are activated (22). The
Texas Transportation Institute recommended that the track clearance green duration should be

equal to the expected preemption time plus 15 seconds (22).

Minimum Warning Time
Federal law requires that a minimum of 20 seconds of warning time to roadway users must

be provided by railroad crossing signals prior to a train arriving at the crossing (8). The use of
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preemption at an intersection may require detecting the train sooner than 20 seconds prior to
arrival, in order to adequately clear vehicles off the tracks. The train detection system must
extend far enough along the tracks to detect the fastest allowable train in order to provide
20 seconds of warning time (more, if preemption is needed). Calculation of the maximum
amount of preemption time needed for the traffic signals depends on the time needed to transfer
right-of-way, queue clearance time, and additional separation time between the queue clearance
and train arrival. Marshall and Berg (15) recommended that the minimum warning time at a
location with preemption should be based on the amount of time necessary to terminate the
current phase, plus time necessary to clear any vehicle that may be stopped on the track, with an
additional safety interval of 4 to 8 seconds. A recommended minimum green time of 10 to
12 seconds for right-of-way transfer is proposed while the time necessary to clear the tracks

should be based on predicted queue length and types of vehicles in the queue. The preemption

timeline and railroad crossing timeline are detailed in a generalized schematic in Figure 3 (2).
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Pre-Signals

Pre-signals are often used in Michigan and other states to ensure that the tracks remain clear of
queued vehicles. Section 8C.09 of the federal MUTCD suggests that a pre-signal should be
considered in advance of any highway-railroad grade crossing located within 50 feet (or within
75 feet at locations where multi-unit vehicles regularly use the roadway) of a signalized
intersection (5). Pre-signals are positioned prior to the railroad crossing and intersection for
traffic heading towards the intersection. They are coordinated with the intersection traffic
signals in a similar manner to the paired signals at divided roadway intersections, in that the pre-
signal changes to red, several seconds prior to the signal at the intersection (i.e., the downstream
signal), thus allowing vehicles time to clear the tracks. Pre-signals provide the advantage of
keeping the tracks clear during every cycle regardless of whether a train is arriving or not. An

example of a pre-signal schematic is shown in Figure 4 (2).
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Figure 4. Example of a Pre-Track Traffic Signal Installation (2)
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Current State-of-the-Practice
The policies and practices of state transportation agencies, published guidelines, state MUTCDs,
and other available documents/manuals providing information on traffic signal preemption near
highway-railroad grade crossings and intersections in close proximity were reviewed. Templates
utilized by various states for railroad preemption signal timing are provided in Appendix A. The
review focused on the following:
1. Signal Preemption Criteria
Pre-signal Criteria
Vehicular and Pedestrian Clearance Intervals

2
3
4. Queue Length Determination
5. Queue Clearance Time

6

Guidelines for Preemption Mode

Signal Preemption Criteria

A review of state DOT practices found that a variety of procedures exist to determine locations
where railroad preemption should be applied. Most base their decision on the distance between
the traffic signal and the railroad crossing — generally 200 feet per the MUTCD. However, some

states consider other factors for signal preemption, such as queue length.

Consideration of Intersection Proximity

The MUTCD (5) considers intersection proximity as a critical factor for the interconnection of
signals at a highway-railroad grade crossing intersections. It states that the interconnection of
signals at the highway-railroad grade crossing occur if it is within 200 feet of a signalized
intersection or midblock location. A review of the MUTCD supplements the available online
data that found at least 22 states follow the 200 feet recommendation. For the others, preemption
guidance is provided for intersections located at distances greater than 200 feet from the railroad
grade crossing. Florida (23) suggests preempting the signals at intersections if a railroad grade
crossing with active railroad warning devices is located 200 feet to 500 feet upstream. South
Carolina provides similar guidance (24), recommending that the preemption be provided for

intersections up to 500 feet away from the tracks.
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Consideration of Other Factors

In instances where intersections are located more than 200 feet from the railroad crossing,
MUTCD (5) provides several factors to be considered for signal preemption. These factors
include traffic volumes, vehicle mix, queue lengths, vehicle and train approach speeds and
frequency of trains. At least 18 states follow the guidance of the federal MUTCD when
determining if interconnection is needed for signalized intersections located beyond 200 feet
from the crossing. Some states provide additional guidance for locations beyond 200 feet,
including more factors to be considered.

Tennessee (25) recommends providing signal preemption if queues routinely back up
over the crossing during a portion of the day. Georgia (26) suggests giving additional
consideration to duration of trains, frequency of vehicular queues, the complexity of existing
signal system/phasing and whether opportunities exist to serve certain movements effectively
during the period when trains are using the crossing. The New York MUTCD (27) states that
when a signalized intersection is within 20 to 200 feet of a railroad crossing, factors that should
be considered for interconnecting the signals include the geometric relationship between the
crossing and intersection, crossing type (mainline/siding), vehicular volumes and speeds at the
intersection and crossing, crash history, queue length, vehicle mix and other factors. The current
Texas MUTCD recommends preemption for intersections within 200 feet of a railroad crossing.
However, a report prepared by researchers at the Texas Transportation Institute (28) claimed the
following: “A draft of the upcoming new release of the MUTCD suggests the queuing study
should be performed when highway-rail intersections are located within 1000 feet of a signalized
intersection.” The South Carolina DOT (24) in its Traffic Signal Design Guidelines (Chapter 6)
addresses railroad preemption design. The factors and issues they described for consideration for
interconnection of signals other than intersection proximity include:

1. Regular queuing during normal peak traffic times within track clearance distance
2. Signal timing adjustments do not resolve regularity of queuing
3. Presence of active railroad warning devices
4

Trains at the crossing have speeds higher than 20mph.

The Washington State DOT (29) signal design manual recommends considering/evaluating those

railroad crossings for signal preemption that are within 500 feet of a signalized intersection.
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Their guidelines provide several factors be considered for interconnection of such as
1) intersection proximity 200 feet or less (distance measured from the stop bar to far gate),
2) 95% maximum queue length (determined through queuing study or traffic simulation)

reaching the tracks from stop bar, or 3) queue lengths affecting the upstream traffic signal.

Criteria for Pre-Signals

The MUTCD (5) suggests the use of pre-signals to control traffic approaching the crossing if it is
located within 50 feet of a signalized intersection. In instances that a highway is regularly used
by multi-unit vehicles, a distance of 75 feet should be considered. The pre-signals should be
sequenced such that the area between the track and intersection is remained clear. The
supplements developed by 16 states follow the same criteria for pre-signals consideration as
provided in the MUTCD.

The Washington State DOT design manual (29) recommends pre-signals when the
distance from the stop bar to the nearest rail is less than 88 feet (accommodating the longest
design vehicle of 75 feet permitted by state statute and extra clearing storage). If there are no
gates at the railroad crossing this distance should be considered up to 120 feet. The South
Carolina DOT Traffic Signal Design Guidelines (24) recommend providing pre-signals, if no
gates are present and the geometric design of the intersection allows vehicles to store within the
clear storage distance (between the intersection and the at-grade crossing). If advanced
preemption is provided, consideration is provided to the pre-signals to control traffic since the
warning devices will not be activated until after the preemption clear sequence has started. If
timed overlap is used, pre-signals are needed regardless of whether gates are present or not. If
advanced preemption (not simultaneous preemption) is provided, the use of pre-signals is
sufficient to control traffic since warning devices will not be activated until after the preemption

clear sequence has begun.

Vehicular and Pedestrian Clearance Intervals

The MUTCD (7) guideline supplement of many states, including Michigan (30), has provided
strategies for clearance intervals and pedestrian clearance intervals during the transition into

preemption mode. They are:
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e “The yellow change interval and red clearance interval shall not be shortened or
omitted.”

e “The shortening or omission of any pedestrian walk interval and/or pedestrian
change interval shall be permitted.”

e “The return to the previous steady green signal indication shall be permitted
following a steady yellow signal indication in the same signal face, omitting the red

clearance interval, if any.”

Guidelines for during preemption control and during the transition out of preemption control are
as follows.
e “The shortening or omission of any yellow change interval and of any red clearance
interval shall not be permitted.”
e “A signal indication sequence from a steady yellow signal indication to a steady

green signal indication shall not be permitted.”

Shortening the pedestrian interval involves immediately terminating the WALK interval
and implementing the abbreviated or no flashing DON’T WALK interval. A survey of state’s
practices conducted as a part of NCHRP Synthesis 271 (4) indicated that the Illinois DOT
installs a sign to warn the pedestrians about this shortened time (shown in Figure 5) at such

locations. This is an uncommon practice elsewhere.

CAUTION

WALK TIME
SHORTENED
WHEN TRAIN
APPROACHES

./
Figure 5. Warning Sign for Abbreviated Walk Time (Used by IDOT)

The Oregon Department of Transportation does not allow pedestrian clearance intervals
to be truncated or terminated. Consequently, ODOT’s Traffic Signal Guidelines (31) require that

the advance detection or warning system on the highway-railroad grade crossing be able to
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provide complete pedestrian clearance interval. Their guidelines also allow “flashing yellow”
indication when proper pedestrian clearance cannot be assured with green clearance. They
suggest displaying a “PROCEED ON FLASHING YELLOW?” sign during the flashing yellow

track clearance phase.

Queue Length Determination
The Federal Highway Administration’s Railroad Highway Grade Crossing Handbook (32)
provides procedures to determine queue length. It gives the following formulas for queue length
determination.
L =2qr (1+p) 25; v/c<0.9
L=2qr (1+ax) (1+p) 25; 0.9< v/c >0.9
Where:
L= length of queue (ft)
g=vehicle flow rate (veh/lane/sec)
r=effective red time (red +yellow)

p=proportion of heavy vehicles in traffic flow (as a decimal)

25 represents the effective length of a passenger car, in feet

2 is an adjustment factor to account for random arrivals.

If the v/c ratio exceeds 1.0, or the intersection is over saturated, it is recommended to use
the Highway Capacity Manual analysis or traffic simulation models (e.g., SimTraffic) to
determine the 95" percentile queue length. Another alternative is direct observation at the
location and then determining the 95" percentile queue length for a number of signal cycles

during the peak hour.

Queue Clearance Time (Track Clearance Time)
There are a few states which provide recommendation regarding the queue clearance time (track
clearance time) for the railroad preemption. The Texas Transportation Institute (TTI) “Guide for

Traffic Signal Preemption near Railroad Grade Crossing” (28) used two empirical models
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developed by Long, et al. in Florida (33) to determine time that is required by the design vehicle
to start moving (start-up time) and the time required to accelerate and travel the clearance
distance.

The Minnesota Department of Transportation (MnDOT) provides guidelines in its “Guide
for Determining Time Requirements for Traffic Signal Preemption at Highway-Rail Grade
Crossings™ (34) to determine the time requirement for the track clearance green phase. The
procedure they provide includes the time required for the design vehicle to start moving, as well
as the time necessary for the vehicle to accelerate and travel the clearance distance. The time
required for the vehicle to start moving is equal to 2 seconds, plus the queue start up distance,
divided by the speed of the clearing shockwave of 20 feet per second. The acceleration and travel

time varies based on type of vehicle and grade of the terrain.

Guidelines for Preemption Mode

Two states, Texas and Minnesota, have preemption design guidelines for all components of
preemption, including right-of-way transfer time, clearance time (yellow and all red interval),
and pedestrian clearance interval. MnDOT’s guidelines (34) for right-of-way transfer time
calculation includes the preempt verification and response time and the worst-case conflicting
vehicle time. The transition from normal operation to preemption mode requires a few seconds
depending on the type of controller, and the type and length of track circuits used. Ending the
current phase consists of providing minimum green time, yellow change time and red clearance
time. The guide did not recommend an amount for the minimum green time, and instead refers
to local policies. In case of the presence of a pedestrian phase, a comparison should be made
between the pedestrian clearance time (Flashing Don’t Walk) and the sum of the minimum green
time and yellow change time. The higher time value from the comparison governs the time
necessary to end the current phase. Standard MnDOT practice is omitting the walk time and
maintaining the required pedestrian clearance time. The Texas guidelines (28) define right of
way transfer time as the maximum amount of time needed for the worst case condition, prior to
display of the clear track green interval. It recommends considering the minimum green time
and clearance times with the pedestrian clearance times during the right-of-way transfer from the

normal to preemption operation.
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I11. PROPOSED PREEMPTION DESIGN GUIDELINE

Preemption is defined by the MUTCD as “the transfer of normal operation of a traffic control
signal to a special control mode of operation”. It also states that the traffic signal preemption
mode should be provided when a railroad crossing is within 200 feet of a signalized intersection,
which would mean that the traffic signal controller and the highway-railroad grade crossing
warning control shall be interconnected. In addition, pre-signals should be considered when a
railroad crossing is located within 50 feet of an intersection, or 75 feet where multi-unit vehicles
regularly use the road.

Preemption should be considered for signalized intersection approaches where it is
predicted that a 95™ percentile queue will spill back onto the crossing. In order to estimate 95th
percentile queue lengths and provide guidance on preemption need in the vicinity of a crossing, a
detailed queue study/analysis should be conducted. The queue analysis requires data for the
critical approach(es) including traffic volumes, number of lanes, turn lane designation, signal
phasing and timing, percentage of heavy vehicles, pedestrian traffic, and others. If the predicted
95th percentile queue reaches the railroad tracks and preemption is desired, the traffic signal
must be interconnected to the active warning/flashing light system to allow implementation of
safe clearance for traffic before arrival of a train.

The proposed guideline developed as a part of this research project provides steps
necessary to determine each of the preemption signal phasing components needed to attain a safe
and efficient operation. The proposed guideline is based on a combination of Michigan practice,

practices of other states, and published research.

Entry into Preemption Mode

Generally, the traffic signal controller receives a signal from the railroad detection system that a
train is approaching the crossing. The signal for entering into preemption mode is generated

when the electric circuit is shunted or de-energized.

Right-of-Way Transfer Time
Right-of-way transfer time (RTT) is defined in the USDOT Railroad-Highway Grade Crossing

handbook as “The maximum amount of time needed for the worst-case condition, prior to
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display of the track clearance green interval. This includes any railroad or highway traffic
signal control equipment time to react to a preemption call and any traffic control signal green,
pedestrian walk and clearance, yellow change, and red clearance intervals for conflicting
traffic” (32).

A preemption call can be initiated during any traffic signal phase. However, a transition
phase is required to transfer the right-of-way from the normal operation mode to the approach
where the railroad crossing is located. The phasing transition is a function of the minimum green
intervals and the clearance intervals (yellow interval and red clearance interval). If an
intersection has high pedestrian movement, the pedestrian clearance interval should also be

considered when calculating the right-of-way transfer time.

Minimum Green Time

Most traffic signal controllers have the capability to be programmed to provide minimum green
time when a preemption call is initiated. Drivers queued at traffic signals expect to have enough
green time to cross the intersection. Suddenly aborting the green interval (i.e., after few seconds)
on a preemption call could confuse drivers and result in rear end crashes. Therefore it is
necessary to have a minimum green time to avoid traffic disturbance and assurance of the queue
being cleared before the active phase is interrupted. Previous research studies recommend
adopting minimum green intervals (pertaining to the normal operation mode) for the right-of-
way transfer. It was noted from a review of some existing pre-signal timing charts that the value
of 5 seconds was used more often than the others like 7 and 10 seconds.

The Michigan Signal Optimization Guidelines (6™ Edition) (35) defines three types of
minimum green time for traffic signals depending on the functional classification of highways

and type of control for left turning movements, as presented below:

“Minimum green (minimum initial) intervals should be determined for each signal phase
for the purposes of calculating a minimum split, as well as for any actuated or semi-

actuated signals. Minimum green intervals should be applied as follows:
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e 10.0 seconds should be used for all major streets thru movements, including:
» State trunk lines
» Major arterial roadways

e 7.0 seconds should be used for the following:

» Minor cross-street movements (i.e., subdivision entrances, driveways, secondary
roadways)

> All left-turn phasing with the exception of actuated permitted-protected left-turn
phasing (At locations with low turning volumes, the minimum green for left turn
phases may be reduced to 5.0 seconds with approval of the MDOT project
manager).

e 5.0 seconds should be used for actuated permitted-protected left-turn phasing. A
minimum vehicle recall will always be set for actuated permitted-protected left-turn
phasing where a flashing red is used. Locations with a 5 section (doghouse) or the
flashing yellow left-turn operation do not require the minimum vehicle recall for

permitted-protected left-turn phasing.”

The main function of the preemption mode is to clear a vehicle trapped on the tracks. So, right-
of-way transfer time should be reduced as much as possible and accordingly, it is recommended

to use 5 seconds as the minimum green time.

Pedestrian Clearance Time

The MUTCD in Section 4D.27 (7) states that “The shortening or omission of any pedestrian
walk interval and/or pedestrian change interval shall be permitted” during the transition into
preemption mode. The ITE recommended practice for Preemption of Traffic Signals Near
Railroad Crossings (36) indicates concern about the feasibility of reducing or eliminating the
pedestrian clearance because vehicles in the front tend to yield for pedestrians which prevent
vehicles behind from clearing the tracks. Therefore, it is recommended to maintain the
pedestrian clearance interval (during transition into preemption) particularly for the locations

where there is high pedestrian activity, such as at urban intersections.
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Advance preemption is a better option than the simultaneous preemption when a
pedestrian clearance interval is required. The traffic signal controller receives the advance
preemption call and initiates the termination of the normal operation active phase, while the
warning devices at the railroad crossing are not active. This leads to having most of the warning
time diverted for clearing the tracks and also facilitates meeting the Michigan Railroad Code of
1993 (37) which requires the arrival of the train between 20 to 60 seconds from the activation of

the railroad warning devices.

Based on the Michigan Signal Optimization Guidelines (6™ Edition) (35), the “Flash
Don’t Walk” (FDW) interval should be calculated as follows:

Distance from curb to curb (feet)
FDW* =

3.5 (feet per second)**

* Round FDW up to next whole number
** Assumed walking speed

The review of the signal timing plans for the 42 interconnected state trunkline
intersections found that the pedestrian clearance interval calculated for those intersections ranges
from 13 to 29 seconds. The MUTCD in Section 8C.04 (5) allows the gate arm to start its
downward motion after 3 seconds from activation of flashing light signals, but it shall reach the
horizontal position at least 5 seconds before the arrival of the train. There is the possibility that
the gate being half way to the horizontal position before the track clearance phase starts, can
create a situation where the vehicle is partially or fully under the gate arm. This justifies the

selection of the advance preemption mode when the pedestrian clearance interval is required.

Yellow Clearance Interval

The MUTCD in Section 4D.27 (7) states that “The yellow change interval, and any red
clearance interval that follows, shall not be shortened or omitted.” The initiation of the
preemption mode can take place during any phase in the normal operation mode. Therefore, the
yellow clearance interval during the transition to preemption mode should account for the worst-
case scenario which can be met by selecting the maximum yellow clearance interval pertaining

to all the approaches.
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Michigan Signal Optimization Guidelines (6" Edition) (35) present the method for

calculation of the yellow clearance interval as shown below:

“Calculation of yellow clearance intervals (after both through and left-turn phases) shall

adhere to the following methodology:

e The range of the yellow interval shall be 3.5 to 5.0 seconds. Calculated intervals less
than 3.5 seconds shall be increased to 3.5 seconds.

e Yellow intervals shall be rounded to the nearest 1/10th of a second.

e The following formula shall be used to calculate the yellow interval:

t+ v
2a + 64.4g

Where: Y = yellow change interval (seconds)
t = Perception-reaction time (second)
V = Approach speed (feet/second)
a = Deceleration rate (feet/sec2)

g = grade of approach, in percent divided by 100 (downhill is negative)

e Use the following predetermined values in the above formula when calculating the
yellow interval:
t = 1.0 second,

a = 10 feet/sec?

V = speed limit; for driveways/malls, freeway ramps and crossovers use 25 mph™

Red Clearance Interval

Similar to the yellow clearance interval, it is recommended selecting the maximum red clearance
interval pertaining to all approaches during the transition into preemption mode. Michigan
Signal Optimization Guidelines (6th Edition) (35) presents the method for the calculation of the

red clearance interval as shown below:
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“Calculation of all-red clearance intervals (after both through and left-turn phases) shall

adhere to the following methodology:

e The all-red interval cannot be less than 1 second or greater than 2.5 seconds. In
certain circumstances, such as at a SPUI intersection, 2.5 seconds of all-red time may
not be enough time for a vehicle to clear the intersection and additional all-red time
must be provided to ensure safe operations. Exceeding the all-red clearance interval
maximum requires the approval of the MDOT project manager.

e The following formula shall be used to calculate the all-red clearance interval:

WHL

AR
|4

Where:
w = Width of intersection, measured from the near-side stop bar to the far edge of the
conflicting extended travel lane along the actual vehicle path of a through vehicle (feet).
The measurement should include any right-turn lanes as conflicting lanes of traffic. At
“T” intersections, “w’” is measured from the near-side stop bar to the opposing curb in
the path a through vehicle would travel. Figure 6 illustrates how “w’” is measured for
both a standard 4-leg intersection and a “T”” intersection. The intersection width should
be rounded up to the nearest 5-foot increment.

L = Length of vehicle (feet)

V = Approach speed (feet/second)

e Use the following predetermined values in the above formula when calculating the
all-red interval:
L = 20 feet

V = speed limit; for driveways/malls, freeway ramps and crossovers use 25 mph”’
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Standard 4-Leg Intersection T-Intersection

Figure 6. Measuring Intersection Width

Clear Track Intervals

Both EPIC/EF-140 and EPAC controllers, utilized in Michigan, have four intervals included in
the track clearance phase. Those intervals are: the track green time, the track pedestrian

clearance, the yellow clearance interval and the red clearance interval.

The track pedestrian clearance is generally not used because it is expected in most cases that the
track green time is the dominant factor. Only one of the 42 reviewed signal timing plans had a
track pedestrian clearance. This may be due to the track green time for that intersection being

higher than the pedestrian clearance interval.

Track green time (or queue clearance time) is defined in the USDOT Railroad-Highway Grade
Crossing handbook (32) as “The time required for the design vehicle of maximum length stopped
just inside the minimum track clearance distance to start up, move through, and clear the entire
minimum track clearance distance. If pre-signals are present, this time shall be long enough to
allow the vehicle to move through the intersection or to clear the tracks if there is sufficient clear
storage distance. If a four-quadrant gate system is present, this time shall be long enough to
permit the exit gate arm to lower after the design vehicle is clear of the minimum track clearance

distance.” The track clearance phase includes the following four intervals:
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Minimum track clearance green time
Track pedestrian clearance interval

Yellow clearance interval

o=

All red clearance interval

Minimum Track Clearance Green Time

The minimum track clearance green time is determined based on time necessary for a vehicle
stopped on the tracks to safely enter the intersection. It is equal to the sum of (1) the start-up
delay for a vehicle positioned on the tracks and (2) the subsequent travel time for the vehicle to

enter the intersection, which is determined as follows:

1. Start-up delay time. This is equal to the time for the vehicle positioned on the tracks

to start moving after the start of the green indication. It is influenced by both the type
and number of vehicles in the queue.

2. Travel time for the vehicle to enter the intersection. This is a function of the

clearance distance, approach grade, and vehicle type after the initial start-up delay.

This procedure is based on the methodology described in references (33) and (38). Tables 1, 2
and 3 present the total track clearance green time required to clear a standing queue of length ‘L’,
which represents the distance from the near edge of the intersection across the tracks to the far
side gate or flashers. Vehicle lengths of 25 feet and 61 feet are assumed for each passenger
vehicle and WB-50 (50 feet total wheelbase) tractor trailer truck, respectively, are utilized to
determine the start-up delay and travel time to enter the intersection. Table 1 specifically
presents the track clearance time considering only passenger cars in the queue. Tables 2 and 3
calculate the queue clearance time considering passenger cars with one and two WB-50 trucks
positioned at the end of the queue. Flat grades are assumed for both. Yellow and all-red
clearance intervals must also be utilized, per MDOT standard clearance interval calculation

procedures.
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Table 1. Track Clearance Green Time for a Clearance Distance ‘L’ (Passenger Cars Only)

NUMBROE | rae | ENTER | TOTALTRACK ey
CARS IN D?;EQECA]? Ll DELAY TIME (S) RLIELE S TECLEEO Y GREEN LT
. (FT) AFTER INITIAL TIME ROUNDED
QUEUE START UP DELAY (S) TIME (5) VALUES (S)
1 25 2.2 3.0 5.2 10.0
2 50 3.4 4.3 7.7 10.0
3 75 4.6 53 9.9 10.0
4 100 5.7 6.3 12.0 12.0
5 125 6.9 7.1 14.0 14.0
6 150 8.1 7.9 16.0 16.0
7 175 9.3 8.5 17.8 18.0
8 200 10.5 9.3 19.8 20.0
9 225 11.7 10.0 21.7 22.0
10 250 12.8 10.6 23 4 24 .0
11 275 14.0 11.4 254 26.0
12 300 15.2 11.8 27.0 27.0
13 325 16.4 12.4 28.8 29.0
14 350 17.6 13.0 30.6 31.0
15 375 18.8 13.6 32.4 33.0
16 400 20.0 14.1 34 .1 35.0

*Each car is assumed as 25 feet, which includes nominal buffer spacing.

Table 2. Track Clearance Green Time for a Clearance Distance ‘L’ (Passenger Cars + One Truck)

TRAVEL TIME TO TOTAL TRACK

NUMBER AND TYPE L= START UP ENTER TRACK CLEARANCE

OF VEHICLES IN CLEARANCE DELAY TIME (S) INTERSECTION CLEARANCE GREEN TIME

QUEUE* DISTANCE (FT) AFTER INITIAL GREEN ROUNDED

START UP DELAY (8) TIME (S) VALUES (S)
1 truck 61 4.0 10.5 14.5 15.0
1 car + 1 truck 86 5.2 12.5 17.7 18.0
2 cars + 1 truck 111 6.4 14.3 20.7 21.0
3 cars + 1 truck 136 7.5 15.9 23.4 24.0
4 cars + 1 truck 161 8.7 17.3 26.0 26.0
5 cars + 1 truck 186 9.9 18.7 28.6 29.0
6 cars + 1 truck 211 11.1 20.0 31.1 32.0
7 cars + 1 truck 236 12.3 21.3 33.6 34.0
8 cars + 1 truck 261 13.5 22.5 36.0 36.0
9 cars + 1 truck 286 14.6 23.6 38.2 39.0
10 cars + 1 truck 311 15.8 24.7 40.5 41.0
11 cars + 1 truck 336 17.0 25.7 42.7 43.0
12 cars + 1 truck 361 18.2 26.7 449 45.0
13 cars + 1 truck 386 19.4 27.7 47.1 48.0
14 cars + 1 truck 411 20.6 28.7 49.3 50.0

*Each car is assumed as 25 feet, while each truck is assumed as 61 feet, representing a WB-50 tractor trailer. The vehicle

lengths also include nominal buffer spacing. The truck is assumed to be positioned at the end of the queue.
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Table 3. Track Clearance Green Time for a Clearance Distance ‘L’ (Passenger Cars + Two Trucks)

NUMBER AND TYPE L = CLEARANCE START UP TRAV]?;’:E? Ere T(C)ITIQZLR]:T\IACCEK CLEEIQEECE

OF VEHICLES IN DISTANCE (FT) DELAY TIME INTERSECTION GREEN GREEN
QUEUE (S) AFTER INITIAL TIME (5) TIME ROUNDED

START UP DELAY (8) VALUES (S)
2 trucks 122 7.0 16.0 23.0 23.0
1 car + 2 trucks 147 8.2 17.6 25.8 26.0
2 cars + 2 trucks 172 9.4 19.0 28 .4 29.0
3 cars + 2 trucks 197 10.6 20.3 30.9 31.0
4 cars + 2 trucks 222 11.8 21.6 33.4 34.0
5 cars + 2 trucks 247 13.0 22.8 35.8 36.0
6 cars + 2 trucks 272 14.2 24.0 38.2 39.0
7 cars + 2 trucks 297 15.4 25.1 40.5 41.0
8 cars + 2 trucks 322 16.6 26.2 42.8 43.0
9 cars + 2 trucks 347 17.8 27.2 45.0 45.0
10 cars + 2 trucks 372 19.0 28.2 47.2 48.0
11 cars + 2 trucks 397 20.2 29.2 49 .4 50.0

*Each car is assumed as 25 feet, while each truck is assumed as 61 feet, representing a WB-50 tractor trailer. The vehicle

lengths also include nominal buffer spacing. The truck is assumed to be positioned at the end of the queue.

Queue clearance time is a function of many factors such as the queue length, type of vehicle,

driver behavior, the acceleration of vehicles, and weather conditions. It is divided into two parts:

1) time required for the vehicle to start moving and 2) travel time of the vehicle to cross the

intersection.

Start-up Time

For track clearance interval, the control vehicle is the last vehicle in the queue. The driver has to

wait for the preceding vehicles before he is able to start moving. This start up time is influenced

by the type and the number of vehicles in the queue. The Florida study (38) suggested using the

simple linear model shown below for determining the time required for the nth vehicle to start

moving:

Where

dn=1t+nx*T

d, = Start up delay for the nth vehicle in a queue (sec)

T = Excess startup time of the lead vehicle in a queue (sec)

n = Position of a specific vehicle in a queue (n=1, 2, 3,...) and

T = Uniform startup response time of each driver in a queue (sec)

(Assumption: vehicle length = 25 feet)
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T and 7 values adopted by Texas Transportation Institute in “Guide for Traffic Signal
Preemption near Railroad Grade Crossing™ are used in this study project to determine the start-
up time for passenger cars and WB 50 Trucks. The values are as follows.

Passenger car: T=1.2s,7=1.0s

Truck WB 50: T=1.0s,7=3.0s

Vehicle Travel Time

It is the time necessary for the last vehicle in the queue to accelerate from the stopped condition
and cross the intersection. The Florida study (33) develops a model to predict the travel distance

of the vehicle as a function of the travel time and the grade of the roads:

atGg _ —e—Bt
_ (atGg ( B VO)(l e Pt)
d=( : = .

d = Clearance distance in feet (includes rear bumper traveling length of the vehicle and the
clearing distance)

t = Vehicle travel time (sec) from a stopped position to the distance ‘d’.

v, = Initial speed, set to 0 for starting from rest (fps)

G = Average road surface grade over repositioning distance, set to 0 for flat grade (ft /ft)

g = Gravitational constant (32.174 fps® near sea-level)

o = Initial vehicle acceleration from rest (fps”, and

B = rate of reduction in acceleration with increasing speed (sec™)

The values for a and B derived from the traffic observations in the study conducted by Gary
Long (2000) are as follows.

Passenger car; o = 6.6, f=0.12

Truck WB 50; a = 1.2, B=0.02

Examples for Determining Track Clearance Green Time

Example 1: Figure 7 shows the queue consisting of one truck and multiple cars. Table 2
(page 29) shows that within 236 feet, it can fit one truck and seven cars assuming that one
vehicle will be stopped on the tracks and the second on the pedestrian crosswalks. From the
table, it can be concluded that the start-up time is 12.3 seconds and the travel time is

21.3 seconds, which results in a track clearance green time of 34.0 seconds.
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L= 233 ft. (Clearance distance)

Figure 7. Example 1 for Determining Track Clearance Green Time
(One Truck in the Queue)

Example 2: Figure 8 shows a queue consisting of two trucks and multiple cars. The clearance
distance is 233 feet which is not shown in Table 3 (page 30). Therefore, a higher clearance

distance of 247 feet from the table is selected. Accordingly the track clearance green time is

36.0 seconds.
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Figure 8. Example 2 for Determining Track Clearance Green Time
(Two Trucks in the Queue)

Track Pedestrian Clearance Interval

The pedestrian clearance interval is usually set to zero.

Yellow and All Red Clearance Intervals

Yellow and all red clearance intervals follow the track clearance green interval. The existing
values for clearance intervals along the track clearance direction should be used during this

phase.

Dwell Phase

Dwell/holding phase consists of only that phase/phases of the normal operation mode which can
be allowed during the period when the railroad preemption warning devices are active. During
this phase, the traffic signal indications should be such that it will prevent vehicles from entering
or turning towards the tracks. To restrict turning movements towards the tracks, changeable
message indications (shown in Figure 9) for ‘No Right/Left Turn towards the Tracks’ or left and

right turn signal heads can be used.
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Figure 9. Changeable Message Sign and Head Signals to Restrict Turning Movements

The guidelines provided below should be followed during the dwell phase:

Where railroad tracks are located at the middle of an intersection, all red should be
indicated for all directions.

Flashing yellow and flashing red should be substituted by green for the allowable
movements during the preemption mode.

A minimum green time of 10 seconds should be provided.

During this and returning to the normal operation mode, any yellow and red clearance
interval that follows should not be shortened or omitted as per MUTCD (5).

If during this phase the street parallel to tracks is operational, yellow and all red along
that direction should be used when returning back to the normal operation.

If there are multiple phases, the maximum clearance interval (yellow and all red)
among all allowable movements/phases should be used before returning back to the

normal operation.

Exit Phase

The return to normal operations starts after the railroad preemption warning devices are

deactivated. The common practice is to return the green phase to the approach crossing the

tracks, but it is recommended to give priority to approaches that are expected to have longer

queues.
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IV. PROPOSED GUIDELINES FOR DETERMINING CLEARANCE DISTANCE
The clearance distance is utilized in the calculation of the track clearance green time. It
represents the length of the critical queue that is expected to occur at any moment of the day
along the railroad crossing approach. Accordingly, the critical queue can be along the exclusive
left-turn lane, the through lane or the shared movement lanes. The clearance distance is a
function of many factors related to the geometry of the railroad crossing approach and the type of
traffic control devices. Determining the clearance distance focuses more on the safety of the
automobile traffic because train-vehicle crashes are severe. Templates were developed to cover
the different configurations of highway-railroad grade crossings on which the clearance distance
was identified by considering the worst case scenario. The main factors used in generating the
templates are:

e Presence/absence of a gate

e Existence of pre-signals

e Lane configurations

e Type of left-turn phase (permissive only, permissive — protected, protected only)

where present

e Type of railroad crossing (simple, diagonal or middle of the intersection)

Gate and Pre-Signal Present

When gates and pre-signals are present, it is expected that there will not be any queue after the
pre-signal; however, driver behavior cannot be predicted, so the worst scenario is when a driver
runs the red light of the pre-signal and stops on or near the tracks. There is also the possibility
that the preemption call is initiated while the left turning traffic is yielding to opposing traffic.
Those concerns were clarified by developing three types of the templates based on the expected
geometry of the railroad crossing approach.

e (Case lI: Two-Lane Road

e Case 2: Four-Lane Road (left turn is shared with through movement)

e (Case 3: Roads with an Exclusive Left-Turn Lane
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Case 1: Two-Lane Road

This is where the railroad crossing exists and there is one lane in each direction, which means
that the through, left and right movements are shared (no storage lane are provided for left or
right movements at the intersection) and have permissible turning movements. In this case if the
preemption is called and the first vehicle in the queue is turning left, then it has to yield to the
opposing traffic, which results in blocking the entire movement. This may not cause a safety
problem if the queue does not extend into the tracks (Figure 10) but can cause a safety concern if
the queue extends to the tracks (Figure 11). In order to avoid this, a doghouse signal (i.e., signal
head with ball and arrow) display should be installed for the approach crossing the tracks, so that

the left turning traffic will have protected movement during the track clearance phase.

m
©
g
n
| L (Clearance distance)
5 I
2L —i
+—t Street A g ;
aefenge |
' S it L
—— e - —— S
h I Iy iy ey =y |- Y 9
[ ] B L [ ]
Pre-signal EEE \ 4
T K | LEGEND :
WORST CASE SCENARIO : M= Entrance Gate
1- First vehicle in the queue is turning left.
2- Traffic along the railroad crossing approach must yield to —A_A Traffic Signal
the opposing through and right-turn movements. FEE .
3- Preemption mode is initiated at this moment. R Trank

4- Queue length does not exceed the far gate.
5- Clearance distance equals the queue length.

Figure 10. Clearance Distance on a Two-Lane Roadway When Queue is Not Extending
Beyond the Tracks (Gate and Pre-Signal Present)
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WORST CASE SCENARIO : [ Tl
1- First vehicle in the queue is turning left. E
2- Traffic along the railroad crossing approach must yield to ﬁ
the opposing through and right-turn movements. »n
3- Preemption mode is initiated at this moment.
4- Queue length exceeds the far gate.
7T
Street A A :
b 1 [ —
| >
Iy |- Dol (el (el el esmjE el % <
. ™ L ) ’
Pre-signal
= ) — |/ LEGEND :
| n L (Clearance distance) A
| LI
= Entrance Gate
RECOMMENDATIONS :
A A
1- Protected left-turn phase to clear the left-turn queue. Frafhic Slgml
2- Doghouse head signal facing the railroad crossing approach. AT Rail Track

3- Calculate clearance distance as the distance from the gate to the
edge of the pavement.

Figure 11. Clearance Distance on a Two-Lane Roadway When Queue is Extending Beyond
the Tracks (Gate and Pre-Signal Present)

In the first case, when the queue does not reach the tracks (Figure 10), the queue length should
be utilized for determining track clearance time. In the second case where the queue extends
beyond the pre-signal (Figure 11), clearance distance should be the distance between the far gate

and the edge of the road.

Case 2: Four-Lane Road (Left turn is shared with through movement)

Another configuration is where railroad tracks are crossing a four-lane road (two in each
direction), the right and left turning movements are shared with through lanes and the traffic
signal has a permissive left-turn phasing design as shown in Figure 12. The critical lane is the
shared through and left turning lane because if the first vehicle in the queue is turning left, then it
has to yield to opposing traffic which results in the formation of a queue. The queue length in
the ‘left turn shared lane’ should be utilized for determining the track clearance time. If the
queue length extends beyond the tracks, the clearance distance should be considered from the
far gate to the edge of the road (Figure 13). A doghouse or a left-turn signal head should be
installed to provide a protected phase for the left turning movement during the track clearance

phase.
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L (Clearance distance)
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Pre-signal

LEGEND :

WORST CASE SCENARIO : pf= Entrance Gate

1- First vehicle in the queue is turning left.

2- Traffic along the railroad crossing approach has to yield —A A Traffic Signal
to the opposite through and right-turn movements

3- Preemption mode is initiated at this moment. 444t Rail Track

4- Queue length does not exceed the far gate.
5- Clearance distance equals the queue length of the shared through and left lane.

Figure 12. Clearance Distance on a Four-Lane Roadway When Queue is Not Extending
Beyond the Tracks (Gate and Pre-Signal Present)

WORST CASE SCENARIO :

1- First vehicle in the queue is turning left.

2- Traffic along the railroad crossing approach must yield
to the opposing through and right-turn movements o

3- Preemption mode is initiated at this moment. §

4- Left-turn queue length exceeds the far gate. %

L (Clearance distance)

Street A

4 - - - -

P (il (emeld (s (mid el )i |
| w2 e - -

Pre-signal

LEGEND :

e Entrance Gate

~A_A  Traffic Signal

94t Rail Track

RECOMMENDATIONS :

1- Protected left-turn phase is required for this type of intersection.

2- Doghouse or left-turn head signal facing the railroad crossing approach.

3- Calculate clearance distance as the distance from the gate to the edge of
the pavement.

Figure 13. Clearance Distance on a Four-Lane Roadway When Queue is Extending
Beyond the Tracks (Gate and Pre-Signal Present)
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Case 3: Roads with Exclusive Left-Turn Lane

This is similar to the four-lane road where the critical queue is expected along the left-turning

lane. Two cases should be considered for this since the roadway geometry depends on the

magnitude of the left turning queue and available clear storage distance (measured from the stop

bar to 6 feet from the nearest track edge to the intersection):

e If the clear storage distance is more than the left turning queue length (Figure 14), then

there is no need for a protected left-turn phase during the track clearance phase.

e If the clear storage distance is less than the left turning queue length (Figure 15), then a

protected left-turn phase should be provided during the track clearance phase by

installing a left-turn signal head facing the left lane.

Street B

| L (Clearance distance)

Street A

33 3 8 3 & 333 3§32
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e

1]
Pre-signal L

WORST CASE SCENARIO :

1- Left turning traffic along the railroad crossing approach must
yield to the opposing through and right-turn movements.

2- Preemption mode is initiated at this moment.

3- Queue length does not exceed the far gate.

4- Clearance distance equals the queue length of the left lane.

H
-ttt

-

LT [ -y

EATTATK

;
|

LEGEND :
#—"‘ Entrance Gate
—A_ A Traffic Signal
BT Rail Track

Figure 14. Clearance Distance on a Roadway with an Exclusive Left-Turn Lane When
Queue is Not Extending Beyond the Tracks (Gate and Pre-Signal Present)
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WORST CASE SCENARIO :

1« Left Turning Traffic along the railroad crossing approach
must yield to the opposing through and right turn movements.

2- Preemption mode is initiated at this moment.
3- Left Turn Queue length exceeds the far gate.

Street B

.

L (Clearance distance)

1 13

Street A

il el el ey g e

Pre-signal

-

HHH

333 3 3 3 3 3

RECOMMENDATIONS :

1- Protected left-turn phase is required for this type of intersection.
2- Doghouse or left-turn head signal facing the railroad crossing approach.

LT T 0~ =3

A A A

3- Calculate clearance distance as the distance from the gate to the edge of

LEGEND :

P’" Entrance Gate

A A Traffic Signal

the pavement.

AT Rail Track

Figure 15. Clearance Distance on a Roadway with an Exclusive Left-Turn Lane When
Queue is Extending Beyond the Tracks (Gate and Pre-Signal Present)

Gated Railroad Crossings Without Pre-Signal

If a gate is present without a pre-signal, the distance that should be considered to determine the

track clearance time is minimum of:

e (learance distance

e Maximum 95" percentile queue length (among all the lanes)

Possible worst case scenarios that can occur are as follows.

Case 1: Two-Lane Road

If it is a two by two lane intersection with a two phase signal design with no pre-signal, the two

phase signal does not cause any problems during preemption mode, if the 95™ percentile queue

length does not exceed the available clear distance from the tracks.

However, if the queue
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extends beyond the tracks, the queue may not dissipate during the track clearance interval if the
first vehicle in the queue turning left, as the turning vehicle yields to opposing traffic.

In order to ensure that the queue is cleared with one lane in each direction where the
through, left and right movements are shared (no exclusive turn lane are provided for left or right
movements at the intersection) may cause queue build-up. This may not cause a safety problem
if the queue does not extend into the tracks (Figure 16), however can cause a serious safety issue
if the queue extends to or beyond the tracks (Figure 17). In order to avoid this, a doghouse
signal head (i.e., signal head with ball and arrow) should be installed for the approach crossing
the tracks so that the left turning traffic may not block the queue behind.

When the queue does not reach the tracks (Figure 16), the queue length should be utilized
for determining track clearance time. Where the queue extends to the tracks (Figure 17),

clearance distance should be the distance from the far gate to the edge of the road.

[11]
°
e
7
[ L (Clearance distance)
1l l
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s Street A 2 ,
+F = — F .
‘ B B
e = ) T S Ty
. Dol el el e i 5 < |
-— | | [
I K | LEGEND :
WORST CASE SCENARIO : M= Entrance Gate
1- First vehicle in the queue is turning left.
2- Traffic along the railroad crossing approach must yield ~2_4 Traffic Signal
to the opposing through and right-turn movements. FEEH
3- Preemption mode is initiated at this moment. RABTIeX

4- Queue length does not exceed the far gate.
5- Clearance distance equals the queue length.

Figure 16. Clearance Distance on a Two-Lane Roadway When Queue is Not Extending
Beyond the Tracks (Gate Present with a Pre-Signal)
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WORST CASE SCENARIO :

1- First vehicle in the queue is turning left.

2- Traffic along the railroad crossing approach must yield to the
opposing through and right-turn movements.

3- Preemption mode is initiated at this moment.

4- Queue length exceeds the far gate.

| T
Street A / X

Street B

: [
n LA | LEGEND :
| u L (Clearance distance) i
| = Entrance Gate
RECOMMENDATIONS :
A A
1- Protected left turn phase to clear the left-turn queue. roii Slgned
2- Doghouse head signal facing the railroad crossing approach. T Rail Track
3- Calculate clearance distance as the distance from the gate to the

edge of the pavement.

Figure 17. Clearance Distance on a Two-Lane Roadway When Queue is Extending Beyond
the Tracks (Gate Present Without a Pre-Signal)

Case 2: Four-Lane Road

There are two scenarios for a four-lane road where the vehicles are queued within the clear
storage zone, or they encroach on the train safety envelope. Shown in Figure 18, it is necessary
to clear the 95th percentile queue during the track clearance phase in order to avoid having
vehicles stuck between the railroad crossing and the intersection during the holding phase.
Figure 19, all the vehicles queued between the far gate and the intersection have to be cleared
during the track clearance phase. A protected left-turn phase is required to ensure clearing the
vehicles turning left. A doghouse signal head should be installed facing the railroad crossing

approach.
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WORST CASE SCENARIO :

1- Preemption mode is initiated when the traffic along Street B has green light.

2- Left-turn queue can not be cleared with permissive left turn phase because
yielding to the opposing traffic is required.

3- Drivers turning left can not recognize having the priority for clearing the
track without the presence of left-turn green arrow.

Street B

| L (Clearance distance)
|
Street A

_u-ul-mlnmlu-u
|y |m (= |-

LEGEND :

RECOMMENDATIONS :

P"“ Entrance Gate
1- Protected left-turn phase is required for this type of intersection.
2- Doghouse or left-turn head signal facing the railroad crossing approach. A A
3- Queue length does not exceed the far gate. Traffic Signal
4- Clearance distance equals the maximum queue length of both lanes.
:ﬂ:ﬂ:r_tt Rail Track

Figure 18. Clearance Distance on a Four-Lane Roadway When Queue is Not Extending
Beyond the Tracks (Gate Present Without a Pre-Signal)

WORST CASE SCENARIO :

1- Preemption mode is initiated when the traffic along Street B has green light.

2- Left-turn queue can not be cleared with permissive left-turn phase because
yielding to the opposing traffic is required.

3- Drivers turning left can not recognize having the priority for clearing the
track without the presence of left turn green arrow.

Street B

1l L (Clearance distance)
- Street A
|
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LEGEND :

RECOMMENDATIONS :

= Entrance Gate
1- Protected left turn phase is required for this type of intersection.
2- Doghouse or left-turn head signal facing the railroad clearance approach. A_A  Traffic Signal
3- Queue length exceeds the far gate.
4- Calculate clearance distance as the distance from the gate to the edge of the tl:tl:m Rail Track

pavement.

Figure 19. Clearance Distance on a Four-Lane Roadway When Queue is Extending
Beyond the Tracks (Gate Present Without a Pre-Signal)
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Case 3: Roadway with an Exclusive Left-Turn Lane

The queue length may or may not extend beyond the gate as shown in Figures 20 and 21. When
the queue length is within the clear storage zone, it is necessary to clear the 95th percentile queue
pertaining to the critical lane. A protected left-turn phase is necessary when the estimated left-

turn queue exceeds the available storage space.

WORST CASE SCENARIO :

1- Preemption mode is initiated when the traffic along Street B has green light.

2- Left-turn queue can not be cleared with permissive left-turn phase because
yielding to the opposing traffic is required.

3- Drivers turning left can not recognize having the priority for clearing the
track without the presence of left-turn green arrow.

Street B

L (Clearance distance)

Street A

LEGEND :

RECOMMENDATIONS :

1- Protected left-turn phase is required for this type of intersection.

2- Doghouse or left-turn head signal facing the railroad clearance
approach.

3- Queue length does not exceed the far gate.

4- Clearance distance equals the maximum queue length of both lanes.

P—"‘ Entrance Gate

~ A A Traffic Signal

| H444E  RailTrack

Figure 20. Clearance Distance on a Roadway with an Exclusive Left-Turn Lane When
Queue is Not Extending Beyond the Tracks (Gate Present Without a Pre-Signal)
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WORST CASE SCENARIO :

1- Preemption mode is initiated when the traffic along Street B has green light.

2- Left-turn queue can not be cleared with permissive left turn phase because
yielding to the opposing traffic is required.

3- Drivers turning left can not recognize having the priority for clearing the
track without the presence of left-turn green arrow.

Street B

L (Clearance distance)

T

Street A

JA A A
LEGEND :
RECOMMENDATIONS :
1- Protected left turn phase is required for this type of intersection. P"’ Entrance Gate
2- Doghouse or left-turn head signal has to be installed facing the railroad
crossing approach. ~A A Traffic Signal
3- Queue length exceeds the far gate.
4- Calculate clearance distance as the distance from the gate to the edge of j:l:':t:tl:t Rail Track

the pavement.

Figure 21. Clearance Distance on a Roadway with an Exclusive Left-Turn Lane When
Queue is Extending Beyond the Tracks

Railroad Crossing in the Vicinity of a Boulevard

For boulevards where only through lanes are present with no left-turn lane (Figure 22), the worst
case scenario is considered to be the one when the traffic along the parallel approach to the
tracks is moving. In this case if the preemption is called, there should be no vehicle queue on the
other side. However, to assure safety, a 10-15 second track clearance time should be provided, if
a vehicle runs the red light and gets stuck on the tracks, and needs to be cleared before the train
arrives.

If there is no pre-signal, the clearance distance will be minimum of (a) 95t percentile
queue length among all the lanes (b) the distance between the far side gate and the edge of the

near side pavement.
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Figure 22. Clearance Distance When a Railroad Crossing is Located Near a
Signalized Boulevard Intersection

Diagonal Railroad Crossings

At some railroad crossing locations, the railroad tracks may cross two approaches of an
intersection which creates a critical situation regarding track clearance requirements, especially
when the distance from the crossing to both lefts of the intersection are within 200 feet
(Figure 23). Two track clearance intervals are required in order to ensure that no vehicles are
trapped on the tracks prior to the arrival of the train. Lowering the gates closest to the tracks
which control the vehicles leaving the intersection, should be delayed to clear all vehicles turning
toward the railroad crossings during the track clearance intervals. As a consequence, the
calculation of the minimum warning time is controlled by the time necessary for the last vehicle
to clear the first railroad crossing approach, to turn to the intersection toward the second railroad
crossing, and then clear it. It is expected that the minimum warning time may exceed 60 seconds
which conflicts with Michigan Law (RAILROAD CODE OF 1993 (EXCERPT) Act 354 of
1993). Solving this can be achieved by:
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~A A Traffic Signal
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Street A

RECOMMENDATIONS :

1- Pr-signals are installed to eliminate the queue between the railroad
crossings and the intersection

2- No track clearance is required for through and right turning traffic.

3- All the signal heads should indicate red light for all the approaches when
preemption mode is activated.

4- No Right Turn on Red Sign should be posted at the approaches leading to
the railroad crossing.

5- If the queue of the left-turning traffic is expected to extend up to the

railroad crossing when yielding to the opposing traffic, protected left turn

phase and track clearance time are required in this case.

Figure 23. Skewed Railroad Crossing Two Approaches Near a Signalized Intersection

Utilizing queue prevention strategies such as pre-signals or queue cutter signals in order
to ensure that there will not be any queued vehicles between the crossing and the
intersection. According to ITE recommendations (36) and after an engineering study is
completed, pre-signals can be installed at railroad crossing approaches to have a clear
storage distance less than 120 feet. When the clear storage is greater than 120 feet, the
pre-signal should be considered as “queue-cutter” signal. This has an adverse effect on
the delay during normal operation mode because during each cycle, two trail green

periods are required to clear the queue between the pre-signal and the intersection. When
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preemption mode is initiated, there is no need for track clearance phases after termination
of the current phase due to the absence of vehicles queued between the pre-signal and the
intersection. The engineer, however, may provide a minimum track clearance green of
15 seconds to clear the vehicles that may have violated the red light. If the left-turn
traffic volumes generate a queue length extending beyond the railroad crossing, when
yielding to the opposing through and right turning movements, a protected left-turn phase
and track clearance green time will be necessary.

Advance preemption time can be utilized to terminate the active phase and enter into
track clearance for one of the railroad crossings before the railroad warning devices are
turned on. After that, the warning time is used to cover the remaining track clearance of
the vehicles as well as provide a separation time before the arrival of the train. This

alternative is presented in Figure 24.

Figure 24. Advance Preemption Chart

In case the queue study for a diagonal crossing concludes that during normal operation
mode only one of the railroad crossing has a queue length exceeding the clear storage
distance (the second approach has enough clear storage distance to fit the queue without

encroaching on the tracks), track clearance green time is required for this approach only.

Railroad Crossings in the Middle of the Intersection

At some locations where the rail tracks cross in the middle of an intersection, as shown in

Figure 25, no track clearance interval is required. The traffic signal shall indicate red for all

approaches.
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Recommendat|ons!

1) Slgn “R=-10=11a" may be used In this particular
Intersectlon to proh|blt right tuming movements
towards the tracks (where there are no gates),

2} Use 5,0 s as minlmum graen time for the rlght of
wayy transfer phase In order to start the track r“gu
clearance phase where there are no pedestrlans an

expected, RED

3} The pedestrlan walk [ntervals may be shortened Ri10=11a
or omltted In a rural Intersectlon however, It must
be used In case of urban Intersectlons,

Figure 25. Railroad Crossing Through the Middle of a Normal Signalized Intersection
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V. GUIDELINE FOR CALCULATING MINIMUM WARNING TIME

Many states use a minimum warning time of 20 seconds before the train arrives. However, the
minimum required warning time should be determined on the basis of all the pedestrian and
vehicular clearance interval requirements. The minimum required warning time should include
the following
e Minimum right-of-way transfer time =Max[(Flashing Don’t Walk Interval + All
Red), (Min Green +yellow +All Red)]
e Minimum Track Clearance Time (clearing the minimum track clearance distance)

e Additional safety interval 4-8 seconds [Marshall and Berg, (15)]

Minimum track clearance distance, as defined in MUTCD, is measured from the
gate/warning device/railroad stop line or 12 feet perpendicular to the centerline of the tracks, to
6 feet beyond the tracks measured perpendicular to the far track, either along the center or edge

line of the road to get the longer distance (Figure 26). (MUTCD Section 8A.01)

Repositioning Distance

Minimum
Track
Clearance
Clear Storage Distance Distance
=12
I I |
: : - -
1 1 =
1 1
| 1
1 ! | 5 o
| 1
- e —
T
I = 1 e € — T
-—
» = _-::—'-'{";

Figure 26. Minimum Track Clearance Distance (13)
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A few examples are as follows:

Examples

1. Right-of-Way Transfer Intervals:

» Minimum Green Time: 5.0 seconds
» Pedestrian Clearance: 17.0 seconds
> Yellow Interval: 3.6 seconds

> Red Interval: 2.5 seconds

2. Track Clearance Intervals:

» Minimum track clearance distance: 26 feet

» Considering a WB-50 truck standing/trapped on the tracks (worst case)
» Startup time for a WB-50 is 4 seconds

» Travel time for a WB-50 to clear 50 feet is 9.5 seconds

3. Safety Interval of 4 to 8 seconds is recommended. An interval of 6 seconds is adopted.

Required warning time based on pedestrian clearance interval = Ped CI + Red Interval + Startup

time +Travel Time + Safety Interval Warning time = 17.0+2.5+4.0+9.5+6.0 = 39.0 seconds

Required warning time without taking into consideration pedestrian clearance interval = Green

Time + Yellow Interval + Red Interval + Startup time +Travel Time + Safety Interval =
5.0+3.6+2.5+4.0+9.5+6.0 = 30.6 = 31.0 seconds

Therefore, use a warning time of 39 seconds.

Determination of Queue Length

Queue length can be determined by utilizing:

ITE Guidelines

Highway Capacity Manual

Traffic Simulation using Synchro SimTraffic Software
Direct Observation

Using Nomograph
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ITE Guidelines
The FHWA highway-railroad grade crossing handbook provides guidelines to determine queue

lengths. It gives the following formulas for the queue length determination.

L =2qr (1+p) 25; if v/c<0.9

Where;
L= length of queue (ft)
g=vehicle flow rate (veh/lane/sec)
r=effective red time (red +yellow) (sec)

p=proportion of heavy vehicles in traffic flow (as a decimal)

A parameter of 25 has been used in the formula to account for the effective length (i.e., actual
length + headway b/w the cars) of a passenger car. The factor of 2 is used to account for random

arrivals of traffic.

Effective time the crossing would be blocked by a train can be determined by the following
formula:

r = 35+ (L/1.45S), where L=train length (ft) & S=train speed (mph)

In cases where the v/c ratio is between 0.90 and 1.0, the following equation applies:

L=2qr (1+4x) (1+p) (25)

If the v/c ratio exceeds 1.0 or the intersection is over saturated the guide recommends using
Highway Capacity Manual analysis or traffic simulation models (e.g., SimTraffic) to determine

the 95 percentile queue lengths (queues that will not be exceeded 95% of the time).

Highway Capacity Manual Procedure
The Highway Capacity Manual gives the average back-of-queue as the basic measure to

calculate the ‘percentile’ back of queue. In order to determine the back-of-queue at signalized

intersections, the manual gives the following basic equation:

Q=Q:1tQ:
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Q= maximum distance in vehicles over which queue extends from stop line on average signal
cycle (veh),

Q= first-term queued vehicles (veh), and

Q2= second-term queued vehicles (veh)

The first term, Q, is the average back of queue, determined first by assuming a uniform arrival
pattern and then adjusting for the effects of progression for a given lane group. The first term is

calculated using the following equation:

ViCY(y_g
0= pr L

................... (Highway Capacity Manual 2000)

Where
Q= first-term queued vehicles (veh),
PF,= adjustment factor for effects of progression,
VL = lane group flow rate per lane (veh/hr.)
C = cycle length (s)
g = effective green time (s), and

X = ratio of flow rate to capacity (V. /Cy ratio)

Q) represents the number of vehicles that arrive during the red phases and during the green phase
until the queue has dissipated. The adjustment factor for the effects of progression is calculated
by the following equation:

(-"29)(1-5)

T LD ()

.................. (Highway Capacity Manual 2000)

Where,
PF,= adjustment factor for effects of progression
Vi, = lane group flow rate per lane (veh/h)
S = lane group saturation flow rate per lane (veh/h)
g= effective green time (s)
C = cycle length (s), and
R, = platoon ratio [P(C/g)]
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The second term, Q,, is an incremental term associated with randomness of flow and overflow
queues that may result because of temporary failures, which can occur even when demand is
below capacity. This value can be an approximate cycle overflow queue when there is no initial
queue at the start of the analysis period. Initial queue at the start of the analysis period is also
accounted for in the second term, Q. The equation shown below is used to compute the second

term of the average back of queue.

8kpX; , 16kpQpL
L BB (39)

0, = 0.25C, T [(X, — 1) + \/(XL —1)2 4

The second-term adjustment factor related to early arrivals is calculated using the following

equation:
K =0.121(S, 3:?)07 ........ (pretimed signals)
Kz =0.1011 (S, ﬁ)% ......... (actuated signals)
Where

Kg = second-term adjustment factor related to early arrivals,
S = lane group saturation flow rate per lane (veh/h)
g = effective green time (s), and

|= upstream filtering factor for platoon arrivals

Traffic Simulation Procedure

The 95th percentile queue can be determined through traffic simulation using software such as
SimTraffic. The inputs are the traffic volumes for the movements, the intersection geometry and
the traffic signal timing and phasing. The software assumes by default that the percentage of
heavy vehicles is 2.0 %. If this value is not correct, it can be revised. For the high volume

roadways, the peak hour volume was assumed as 10% of the AADT.
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Direct Observation

A more reliable and realistic approach is observing the queue lengths at the location during
critical hours. Video cameras can be installed at the approaches of the intersection to record the

traffic flow. The data can be extracted to determine the 95™ percentile queue length.

Using Nomograph
The nomograph presented in the ITE Journal (40) can be utilized to estimate the 95" percentile

queue for isolated intersections, assuming a random arrival of vehicles (Figure 27).
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Figure 27. Cycle Capacity Probability Design Curves (40)
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VI. ASSESSMENT OF EXISTING SIGNALIZED INTERSECTIONS WITH
RAILROAD PREEMPTION

There are currently 178 railroad-roadway grade crossings that are interconnected with a nearby

traffic signal in Michigan. Summarized site information for the 178 interconnected signalized

intersections/railroad crossings are in Appendix B. An engineering study should be performed

for the interconnected traffic signals to assess preemption signal timing plans based on the

guidelines provided in this report. The engineering study should include the following steps:

e Existing condition data for the critical approach should be collected from various

sources. The data consists of:

Critical approach ADT,

Traffic signal timing permit,

Number of lanes on critical approach,

Distance from the signalized intersection to 6-ft prior to the tracks on the
critical approach (clear storage distance),

Distance from the signalized intersection to the far gate on the critical
approach,

Whether a pre-signal exists, and

Whether pedestrian facilities exist at the signalized intersection

e The right-of-way transfer time should be calculated based on the following:

Minimum green time
Whether or not pedestrian clearance is required

Yellow and all-red clearance interval timings

e The estimated length of queue for use in the track clearance green calculation

should include the determination of:

The 95" percentile queue length and vehicle composition (cars vs. trucks)
When the 95" percentile queue exceeded the clear storage distance, the design
queue length was considered as equal to the distance from the intersection to
the far gate.

If the 95™ percentile queue is less than the clear storage distance, then the

queue length is equal to the 95™ percentile queue length.
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e The track clearance green time should be determined based on the following:
- Design queue length to be cleared
- Acceleration characteristics of vehicles within the queue
- Yellow and all-red clearance interval timings
e The dwell phase and return phase lengths should be calculated for the following:
- Allowable movements for dwell phase
-  Minimum dwell green
- Return yellow and all-red clearance interval timings
- Return phase
e The minimum warning time for the railroad crossing should be determined based on
the greater of:
- 20 second minimum allowable warning time or
- Summation of the right-of-way transfer phase and the portion of the time
necessary to clear the train envelope
e Additional improvements may be used as appropriate that include
- Installation of illuminated “No Turn Across Tracks” signs
- Installation of new traffic signals for certain left and right turn approaches

- Adjustments/additions to turn phases

Preemption Design Templates

A set of templates were developed to assist with designing the preemption operation mode for
interconnected signalized intersections. Seven templates were developed, each of which
represented common geometric and railroad crossing configuration. These templates are in
Appendix C. They include the following intersection/railroad crossing configurations:

e Template 1: Railroad crossing through the middle of a normal signalized intersection

e Template 2: Railroad crossing through the middle of a skewed signalized intersection

e Template 3: Railroad crossing near a signalized boulevard intersection

e Template 4: Skewed railroad crossing two approaches near a signalized intersection

e Template 5: Railroad crossing on a two-lane roadway near a signalized intersection

e Template 6: Railroad crossing near a signalized intersection with an exclusive left-

turn lane on the critical approach

e Template 7: Railroad crossing on a four-lane roadway near a signalized intersection
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VII. USING THE RAILROAD PREEMPTION ASSESSMENT TOOL

Introduction
The Wayne State University — Transportation Research Group as a part of this project has
developed a “Railroad Preemption Assessment Tool” to help evaluate the need for preemption at
a signalized intersection that is near railroad tracks. The program utilizes a series of site-specific
data to determine:

1) the 95" percentile queue for the traffic signal located in the close proximity of a

railroad crossing,
2) whether or not a preemption is needed,

and, 3) the minimum track clearance green time if preemption is needed.

The software can be accessed through the web link https://docs.wayne.edu/5012e76769d85/

It provides a brief instruction on how to run the “Railroad Preemption Assessment Tool”, and

includes opening the file, properly filling in the forms, viewing and interpreting the results.

Running the Program
1. When the document is initially opened, the user will immediately be prompted to “Enable
Content” by Excel. Select “Enable,” allowing the file to run the program properly.

a. Note: If the user does not enable the content, the program cannot be run and the
user will have to close the file and re-launch it to enable the content when the
document opens.

2. The program will automatically appear (pop up) when the user enables the content.
3. If the user closes the program at any point in time and would like to reopen it, this can be
achieved by selecting the appropriate button in the excel document and it will re-launch

the program.

Entering Inputs
All input fields must be filled in for the program to yield results. Missing data will result in an
error message when the “Click to view results” button is pressed. The input fields are described

as follows.
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Average Daily Traffic (ADT): The actual/estimated ADT for the roadway should be entered.
This value may represent either one directional or two directional traffic. If a peak hour traffic
volume is available for the critical approach direction, simply multiply the value by a factor of
10 to estimate the ADT in the critical direction. Please note: depending on the signal timing,
excessively large traffic volumes may cause the physical capacity of the traffic signal to be
exceeded, resulting in unreliable estimation of the 95™ percentile queue length. Although the
estimated 95™ percentile queue is provided to the user, a cautionary note is displayed under such

circumstances.

Commercial Motor Vehicle (CMV) Percentage: From the drop down list, the approximate
truck percentage along a particular roadway needs to be selected. The CMV percentage must be
rounded to the nearest integer, as necessary. Choose “2” for truck percentages that are less than
2%:; choose “15” for truck percentages that are greater than 15%. It is assumed that there will be

no situation where the percent CMV will be less than 2% or greater than 15%.

One- or Two-Directional Volume: This is for one or two directions of traffic entered. It is set
to “two-directional volume” by default. One directional volume will typically only be used for
one-way streets, major median divided roadways, or instances where the ADT is estimated based

on the peak hourly volume for the critical approach or short count at the critical approach.

Number of Traffic Lanes Approaching the Intersection:  The number of lanes in the
direction that first cross the railroad tracks must be selected, and then when it arrives at the
intersection (also referred to as the “critical direction”). DO NOT include turn lanes unless any
of the following conditions exist for the critical approach: 1) No through lanes are present (e.g., a
T-intersection), 2) Multiple turn lanes exist for a particular turning movement (e.g., dual left-turn
lanes, dual right-turn lanes), or 3) Turning volumes are approximately equal to or exceed the

through volumes.

Existing Signal Cycle Length: The user should select the total cycle length of the intersection
that is being considered — between 60 and 120 seconds. If the cycle length is not available from
the drop-down list, round to the nearest value in the list. The user is advised not to use the tool if

the signal cycle length greatly exceeds 120 seconds (uncommon in Michigan).

Page 59



Existing Green Time: The user should enter the actual green time for the critical approach in
seconds. This value must range between 5 seconds and the cycle length minus 10 seconds.

Values outside of this range will result in an error message.

Distance from the Intersection to 6 feet prior to the Railroad Tracks: The user must enter
the distance (estimated) in feet from the intersection stop line to 6 feet prior to the tracks for
critical approach. This represents the maximum available queue storage distance for traffic

waiting on the critical approach at the signalized intersection.

Viewing Results

When the view button is clicked, if any field is empty or has not been properly filled in, an error
message will appear and identify the fields that need to be corrected. Once the inputs are all
acceptable, clicking the button will provide the following information:

1. Estimation of the 95" percentile queue length from the intersection to the tracks on the
critical approach. It is important to note that queue estimation during oversaturated
(entered/estimated traffic volume is greater than capacity) conditions is unreliable. The
95™ percentile queue is estimated based on the procedure described in the following
subsection.

2. Calculation of the additional distance from the end of the estimated 95™ percentile queue
to the tracks. If the 95™ percentile queue extends past the tracks, the program will state
that there is no additional space and will provide the distance beyond the tracks that the
queue is predicted to extend.

3. Whether preemption is necessary and why. Preemption is deemed necessary under either
of the following: 1) if the distance from the intersection to 6 feet prior to the tracks on the
critical approach is less than 200 feet or 2) the estimated 95™ percentile queue exceeds
the available storage distance, measured from the intersection to 6 feet prior to the tracks.

4. Estimation of the minimum green time required to clear the queue from the tracks to the
intersection (for locations where preemption is deemed necessary, up to approximately
80 seconds of track clearance green). This is determined based on the procedures
included in the guidelines presented in this report. A separate analysis should be
performed for determining track clearance time for cases where greater than 80 seconds
of track clearance green is necessary, which occurs for cases where the queue extends to

tracks that are at least 800 feet upstream of the intersection.
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95" percentile Queue Calculation

This procedure follows the procedure utilized in Synchro Version 7, as described in the Synchro
7 User Guide (41).

Step 1: Estimate the peak hour lane volume on the critical approach.
_ ADT
Verit = -1 (m)
Where:
Verit = estimated peak hour lane volume on the critical approach (vehicles per hour
per lane)
ADT = Average Daily Traffic [User Input]
Nair = Number of traffic directions (1 or 2) [User Input]

Nianes = Number of traffic lanes approaching the intersection [User Input]

Step 2: Calculate the 95™ percentile lane volume on the critical approach.

Verit * C/3600
Verit * C/3600

Veritos = Verit | 1+ 1-64<

Where:
Veritgs = estimated 95t percentile peak hour lane volume on the critical approach
(vehicles per hour per lane)

C = cycle length (seconds) [User Input]

Step 3: Determine if the 95" percentile approach volume represents oversaturated traffic
conditions.

Assume oversaturated traffic conditions if
Veritos = (%) 1800, where g = green time on the critical approach (sec)
Assume undersaturated traffic conditions if

Veritos < (%) 1800, where g = green time on the critical approach (sec)

Step 4: Calculate the length of the 95™ percentile queue on the critical approach.

For undersaturated traffic conditions:

_ Veritos 1 :
Qgs—m(c—g—3) 1+W_1 *25*LengthAd].
Veritos
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Where:

Qus = estimated 95" percentile peak hour queue length on the critical approach

(ft)
C = cycle length (seconds) [User Input]

25 = assumed vehicle storage length in queue (ft)

Length Adj. = Vehicle length adjustment factor to account for trucks (see Table 4)

For oversaturated traffic conditions:

Q -2 Veritos * C _ 1800 = g2
95 3600 C * 3600

Table 4. Vehicle Length Adjustment Factors Based on Truck Percentages

> * 25 * Length Ad,j.

% TRUCKS AVERﬁ\ICEEI\I?G\{rEHHICLE LENGTE:CD‘EJCL)J;TMENT
2 25.65 1.026
3 25.975 1.039
4 26.3 1.052
5 26.625 1.065
6 26.95 1.078
7 27.275 1.091
8 27.6 1.104
9 27.925 1.117
10 28.25 1.13
11 28.575 1.143
12 28.9 1.156
13 29.225 1.169
14 29.55 1.182
15 29.875 1.195

Assumptions: Standard veh. space = 25 ft

Single unit truck space = 40 ft

Semi trailer truck space = 75 ft
50/50 split between single units and semis
Avg. length is weighted average considering all units

On-line version of the preemption assessment tool is available at

https://docs.wayne.edu/5012e76769d85/
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VIIl. CONCLUSION AND RECOMMENDATIONS

The study of “Timing Issues for Traffic Signal Interconnected with Highway-Railroad Grade

Crossings” revealed that there are several phasing and timing related issues that are critical to

safety and operations at interconnected traffic signals located in close proximity to railroad

crossings. These issues need to be resolved in order to minimize the risk of future crashes and

address operational inefficiencies. Crashes involving automobiles and trains are rare events.

However, such crashes are generally severe and often have far reaching impact in the community

at large. This research study included:

e A review of the state-of-the-art and state-of-the-practice related to timing issues for
traffic signals interconnected with highway-railroad grade crossings.

e Development of a series of templates for interconnected signal timing and phasing
design as appropriate for specific site characteristics.

e Development of “The Railroad Preemption Assessment Tool”, which can be used by
practitioners to help evaluate the need for preemption at a signalized intersection that

1s near railroad tracks.

The outcome of this research satisfied the study objectives included in the proposal. A brief

summary of the conclusions are as follows:

1.

The traffic signal timing and phasing design of signalized intersections located near a
railroad crossing is critical to minimizing potential train-motor vehicle crashes.

Most states follow the 200 feet rule for available clear storage distance as provided in the
MUTCD for identifying candidate intersections for preemption.

There are a few states, as identified earlier in the report, that consider queue build-up
characteristics at signalized intersections that encroach onto the railroad track in spite of
being located beyond the 200 feet envelope.

There are some templates available that provide guidance as to the design of traffic signal
timing and phasing of interconnected intersections located in close proximity to railroad
crossings.

Several templates for design consideration of interconnected traffic signal timing and

phasing have been developed as a part of this project. These templates will provide
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guidance for the design and evaluation of interconnected traffic signals located near
railroad crossings.

6. Queue formation and dissipation characteristics have been investigated as to how they
influence signal timing design, as well as in assessing the need for interconnection and
preemption. A software tool has been developed to facilitate future design and decision
of determining preemption needs.

7. The templates have been prepared for the most conservative scenarios to minimize the

chances of queue encroachment onto the railroad tracks.

This report and the accompanying templates and software tool should facilitate future decision-
making involving the selection of candidates for signal preemption, the design of traffic signal
phasing and timing, and the selection of other traffic control sign and signal infrastructure based

on the roadway geometry and existing traffic control characteristics.
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IX. IMPLEMENTATION STRATEGY

The study findings, software tool and templates developed as a part of the project titled, “Timing

Issues for Traffic Signal Interconnected with Highway-Railroad Grade Crossings” are available

for use and implementation immediately. Safety and operational improvements may be realized

as consideration for design modifications are evaluated and implemented in the field.

Implementation initiatives should be consistent with available resources, as noted above,

and phased in over time. Utilization of the study recommendations can be done gradually and

these recommendations have been designed to:

Minimize safety risk

Improve operational efficiency

Simplify the design and decision-making processes for users.

Improve motorists’ compliance which traffic control at and near railroad crossing

locations

The following provides a summary of implementation strategies for the results of this project:

1.

Conduct short workshops/presentations with various groups within MDOT. This will
assist in facilitating internal buy-in by the MDOT constituent personnel.

Provide such training to county personnel, city/township officials and other
professionals regarding the availability of the software tool and templates. The
number of intersections in close proximity to railroad crossings that are owned by
other agencies is probably three to four times the number owned by MDOT. While
enforcement authority for all such locations lies with the state, changes in traffic
signals in close proximity to railroad crossings may require the local road agency
administration’s and technical personnel’s approval.

Prepare targeted awareness campaign materials and a short training program for local
agencies in Michigan.

The optional proposed timing and phasing recommendations, as well as sign and
signal infrastructure modification should be considered for implementation to

enhance future safety and efficiency.
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FIGURE 11 Two-phase traffic signal near a highway-rail grade crossing (from (5)).

Figure A-1. ITE Recommended Practice, Preemption of Traffic Signal near or at Highway
Railroad Grade Crossing with Active Warning Devices
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Figure A-2. Missouri (Phasing and Timing the Signal- Engineering Policy Guide)
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Figure A-3. Minnesota DOT (Guide for Determining the Time Requirements for Traffic
Signal Preemption at Highway-Rail Grade Crossings)
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Figure A-4. Tennessee DOT Traffic Design Manual
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Z-D abed

Normal Operation:

The normal operation for this particular intersection may have any possible phasing
design (e.g. permissive, protected/permissive, protected or split phasing etc.). A sample of
phasing design during the Normal Operation is presented below.

A,&’ ‘A‘* \»
<! SO T T

Phase 1 Phase 2 (Optional) Phase 3 Phase 4 (Optional)

Preemption Design of Traffic Signal:

The preemption operation for such configuration {shown in the figure) consists of the
following four steps irrespective of the normal operation phasing design.

i) Step 1, Right of Way Transfer:

Right of Way transfer function is initiated when the presence of an approaching train is
detected.

Min Right of Way Transfer Time (RTT)= Max {(Flashing Don't Walk Interval+All Red), (Min
Green (5.0 s) +Yellow+All Red)}

Flashing Don't Walk time is calculated as per MUTCD.
ii) Step 2, Track Clearance:

When the tracks cross in the middle of the intersection, no track clearance is required.
The traffic signal has to indicate red for all the approaches. All movements are
prohibited where RR crossing gates are present.

iii) Step 3, Holding Phase:

Holding phase consists of only those phases of the normal operation mode which can
be allowed during the period when the railroad preemption warning devices are active.
All Red should be indicated for all approaches in this particular case.

iv) Step 4, Return to Normal Operation:

Back to Normal Operation starts after the railroad preemption warning devices are
deactivated. The priority should be given to the approaches where major traffic is
located.

v) Recommendations:

1) Sign "R-10-11a" may be used in this particular intersection to prohibit right NO

turning movements towards the tracks (where there are no gates). TURN
ON

2) Use 5.0 s as minimum green time for the right of way transfer phase in order RED

to start the track clearance phase where there are no pedestrians expected. R10-11a

3) The pedestrian walk intervals may be shortened or omitted in a rural intersection
however, it must be used in case of urban intersections.
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