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ABSTRACT

Bratlien, Andrew Lee, M.S., Department of Civil Engineering, College of

Engineering and Architecture, North Dakota State University, May 201 1. Evaluating the
Effects of Rail Preemption Strategies on Highway Safety and Operations. Major Professor:
Dr. Amiy Varma.

Previous research related to signal preemption near highway-rail grade crossings
has emphasized safety considerations, which are paramount due to the severity of potential
train-vehicle collisions. The purpose of this research was to quantify the safety and
efficiency implications of several common preemption strategies using the conditions in a
small urban context. The research evaluates several important characteristics of rail
preemption, including track clearance time, advance preempt time, and dwell cycle
strategy, particularly with regard to surface street operational efficiency, that current traffic
engineering practice do not adequately address. The context and preemption strategies were
modeled using simulation software VISSIM. The results identified two separate and
potentially serious safety issues related to the interaction of advance preempt time, track
clearance time, and existence of four-quadrant gates at railroad crossing. In addition, the
research also highlighted the negative effect of excessive track clearance time and dwell

cycle on adjacent surface street operations.
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CHAPTER 1. INTRODUCTION

1.1. Background

Highway-rail grade crossings create a special type of highway intersection in which
at least two very different modes of transportation must share right-of-way. The contrasting
physical and operational characteristics of vehicles and trains create a high risk of serious
injury or death resulting from any collision. This inherent safety risk is compounded when
signalized highway intersections exist in close proximity to crossings, a situation shown in
Figure 1.1. Normal vehicle queues can create potentially dangerous situations during train
events, when queued vehicles can become trapped on the tracks. This risk creates a need
for preemption of normal traffic signal operations during train crossings.

Traffic signal preemption is defined by the National Electrical Manufacturers
Assocation (NEMA) (2003) as the interruption of normal signal operation to provide
modified timings under special circumstances. The primary goal of rail preemption is to
improve safety by clearing vehicle queues from the crossing in the event of an approaching
train (Venglar, et al., 2000). Effective rail preemption should also seek to facilitate the
continued operational efficiency of affected surface streets before, during, and immediately
after a train event.

Historical crash data evidences the safety challenges of highway-rail grade
crossings. Throughout much of the 20" Century, crossing accidents grew with the
expansion of highway and rail traffic (FRA 2010b). The Institute of Transportation
Engineers (ITE) took the first significant step toward establishing industry-wide

preemption standards with 1979’s Preemption of Traffic Signals At or Near Railroad



Grade Crossings with Active Warning Devices: A Recommended Practice. Around the

same time, crossing accidents began to decline.
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Figure 1.1. Highway-rail grade crossing with nearby signalized intersection.
Source: (Korve 1999)

In October 1995, a commuter train in Fox River Grove, Illinois struck a school bus
that was stopped on a crossing while waiting at a red signal. Seven school children died
and 24 others were injured in the accident (NTSB 1996). The tragedy prompted a
reevaluation of crossing safety at the federal and state levels, leading to major updates in

preemption guidelines and a further decline in crossing accidents.



Although highway-rail crossing safety has improved considerably, with train-
vehicle collisions falling 85 percent from 1978 to 2009 (FRA 2010), there remains room
for improvement. Hundreds of motorists and pedestrians are still killed each year in
crossing accidents. Many of these accidents occur near signalized intersections

(Engelbrecht et al. 2005).

1.2. Problem Statement

This research will address the lack of information regarding the effectiveness of
current railroad preemption practice on highway safety and efficiency. The primary goal of
rail preemption is to improve safety by clearing vehicle queues from the crossing in the
event of an approaching train (Venglar 2000). Effective preemption should strike a balance
between crossing safety and intersection operations, but current literature only addresses
the safety issue. This study will also address the lack of industry-wide guidelines on the
determination of the track clearance and dwell phase stages of preemption.

Preemption is a complex process involving a large number of geometric and control
variables (ITE 2003). To gain an understanding of the uncertainties and operational
challenges relevant to rail preemption, field observation is essential. Queue length and
delay data can be collected to evaluate the severity of the disruption to traffic movement
due to preemption. Field data, however, is limited to the observation of existing conditions.
The complexity of preemption and the various factors influencing safety and operations
under a broad range of conditions can be effectively studied through the use of simulation.
A properly constructed simulation model can accurately represent the interaction between
train and vehicle movements. The examination of simulation results may provide insight
not only into which factors can influence traffic operations, but also the degree of influence

3



of those factors. These examinations can, in turn, help achieve a better balance between
ensuring safety and improving traffic operations by promoting better control strategies near
highway-rail grade crossings. This research will be the first to apply a microsimulation

model to compare the effects of preemption strategies on safety and operations.

1.3. Research Objectives

This research will use microscopic simulation to examine the effect of various rail
preemption strategies on the safety and efficiency of surface street traffic. The preemption
strategies will be evaluated based upon: (1) ability to consistently clear vehicle queues
from crossings before the arrival of a train, and (2) alleviation of delay to surface street
traffic. The primary objectives of this study are:

1. Review the current state of practice in rail preemption.

2. Evaluate current methodologies for determination of track clearance green
time in a small urban area context.

3. Develop, calibrate, validate, and apply a simulation model to understand the
implications of various configurations of advance preemption time, track
clearance interval, and dwell cycle.

4. Document conclusions and lessons learned from the model’s application.

1.4. Scope

This research focused on two intersections in a small urban central business district
(CBD), each within 200 feet of highway-rail grade crossings. Each crossing was controlled

by active warning systems with four-quadrant gate arms, and utilized advance signal



preemption. The intersections used fixed time, coordinated timing plans. The analysis was

conducted for evening peak hour conditions.

1.5. Thesis Organization

Chapter 1 is an introduction and includes background information, purpose,
research objectives, and scope of the study. Chapter 2 is a literature review, discussing the
history, terminology and characteristics of highway-rail crossing warning systems and
signal preemption, describing the state of practice in rail preemption, and examining
several proposed methodologies for the determination of track clearance green phase of
preemption. It also provides a brief introduction to microscopic simulation. Chapter 3
includes a description of the case study location, and the results of the track clearance time
methodologies. Chapter 4 details the development of the simulation model, from
experimental design through calibration and validation, and includes a description of
analysis scenarios and methods of analysis. Chapter 5 presents and discusses simulation

results, and chapter 6 presents the study’s conclusions and recommendations.






In the aftermath of the Fox River Grove accident, the US Department of
Transportation formed a Grade Crossing Safety Task Force which identified major
problems in rail preemption practice, including an absence of specific guidelines on when
and how to implement preemption (Korve 1999). In response to the Task Force’s findings,
various state and federal agencies updated and expanded their preemption guidelines.

Highway-rail grade crossing accidents have been in decline since reaching a peak of
13,557 in 1978 (FRA 2010b). The number of incidents per year has decreased in 26 out of
31 years since then. Crashes have become more dangerous, however, with an increasing
proportion of crashes resulting in fatalities. Vehicle-train collisions at crossings with active
warning equipment have remained fairly constant (Engelbrecht et al. 2005). Figure 2.2
presents an overview of crossing incidents, injuries and fatalities in the most recent six

years for which data is available.

4000

2000 B incidents

% Fatalities
& Injuries

1000 -+

Number of Incidents, Injuries, and Fatalities

2004 2005 2006 2007 2008 2008

Figure 2.2. US grade crossing crash data.
Source: (FRA 2010b)



2.2. Highway-Rail Grade Crossing Warning Systems

Grade crossings create a unique type of intersection, in which two modes of
transportation with very different physical and operational characteristics must share right-
of-way. In contrast with a four-way stop-controlled intersection, in which right-of-way is
assigned alternately to opposing traffic movements, the road user at railroad crossings must
always yield right-of-way to the train (Korve 1999). Highway-rail crossing operation is, in
that respect, similar to that of a two-way stop-controlled intersection. However, while
automobiles on an uncontrolled approach of a two-way stop intersection may have the
opportunity to slow down or swerve to avoid a crossing collision, trains do not. The
physical characteristics of a moving train that make it very difficult to stop also make it
likely that any vehicle-train collision will have severe consequences. This unique conflict
makes it critical for motorists to be made aware of active railroad crossings and the need to
yield right-of-way to approaching trains. This is achieved through the use of crossing
warning devices, which can be classified into two types: 1) passive warning devices, and

2) active warning devices (FHWA 2007).

2.2.1. Types of Warning Systems

Passive warning systems incorporate devices which remain in their “active” state
regardless of train presence, serving as a warning that a train may, at any time, be
approaching the crossing. Such devices can include pavement markings, lighting,
crossbucks, and other warning signs. Passive warning systems often utilize more than one

of these devices (e.g. crossbucks with pavement markings) to alert drivers to a crossing.



Active warning systems remain at rest in their inactive state until they detect an
approaching train. These systems may incorporate flashing signals, bells, and crossing
gates, and may also incorporate passive warning devices which prohibit certain actions,
such as stopping on the tracks, and encourage the exercise of due caution regardless of train

presence. Traffic signal preemption requires the presence of an active warning system

(Venglar 2000).

2.2.2. Train Detection and Warning Time

Train detection at active warning controlled crossings can utilize a variety of
technologies. Track circuitry, the most commonly used detection method (Korve 1999),
uses the rails as conductors to establish an electrical circuit on a length of track. When an
approaching train enters the detector, the locomotive’s axles short the track circuit, sending
a call to the crossing warning equipment. The required track detection circuit length is
determined by the maximum train speed and the minimum required warning time (Venglar
2000). The minimum warning time is designed to allow safe clearance of the track dynamic
envelope prior to a train event, and has been established by the American Railway
Engineering and Maintenance-of-Way Association (2000), Federal Highway
Administration (2003), and Federal Railroad Administration (2003) as 20 seconds.

Traditional track circuits can lead to a great deal of variability in crossing warning
time due to train acceleration and deceleration (Korve 1999). A train moving slower than
the detection circuit’s design speed will extend the effective warning time during which
warning equipment is active before train arrival. This added warning time will impart delay
to highway users and, if perceived as excessive or unnecessary, may cause frustrated

motorists to maneuver around crossing gates. More sophisticated constant warning time

9



(CWT) systems are designed to reduce warning time variability by calculating train speed
when it crosses the detection circuit. The calculated speed is used to estimate the train’s
arrival at the crossing, reducing warning time error. Even using CWT systems, however,
warning time will vary due to acceleration or deceleration of a train after the train speed
has been calculated (Korve 1999). If, for example, a train accelerates toward the crossing
after its speed has been measured by a CWT system, it will arrive at the crossing before the

minimum warning time has been provided (Venglar 2000).

2.2.3. Interconnection to Traffic Signals

When an active warning controlled crossing is located near a signalized
intersection, crossing warning devices must be interconnected with the traffic signal
controller via an underground circuit, allowing the two systems to function as one. Upon
receiving a train call, the signal controller enters preemption operation to clear vehicles
from the tracks while the track warning equipment prevents additional vehicles from
moving toward the intersection.

The Manual on Uniform Traffic Control Devices (MUTCD) (FHWA 2007)
recommends interconnection at signalized intersections within 200 feet of active warning
controlled rail crossings. This guideline was established in the 1961 MUTCD, but it is
unclear how the 200-foot distance was derived (Marshall and Berg 1997). ITE (2003)
cautions against a fixed distance guideline, recommending that the need for preemption be
determined by the 95™ percentile queue length as determined through a detailed queuing

analysis. A 1999 NEMA survey of transportation agencies echoed this recommendation.
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2.3. Traffic Signal Preemption

Traffic signal preemption is defined by NEMA (2003) as the interruption of normal
signal operation to provide modified timings under special circumstances. Rail preemption
is designed to improve safety at grade crossings by clearing vehicles from the crossing
before the arrival of a train (Korve 1999). This goal requires the execution of several events
involving the crossing warning system and the traffic signal controller. The exact sequence
and timing of these events is dependent on numerous variables at both ends, making
preemption a highly complex process. This section will introduce the basics of rail

preemption by describing the necessary stages and types of preemption.

2.3.1. Preemption Sequence

Safety and efficiency during preemption depends on the sequence and timing of
five specific stages. Each stage is critical to the safe clearance of the crossing approach and
the efficient movement of other approaches before, during, and after a train crossing. The
required signal phases are described in NCHRP Report 271 (Korve 1999):

1.) Entry into preemption,

2.) Termination of the interval in operation (transfer of right-of-way),
3.) Clear track intervals (including clear track green),

4.) Preemption dwell intervals, and

5.) Return to normal operations.

The sequence begins when a call from a track detector to an interconnected signal
controller activates the controller’s preemption mode. Signal phases which oppose the

crossing movements are terminated after the completion of their minimum green and
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standard clearance intervals. Preservation of minimum green time during the transfer of
right-of-way prevents the driver confusion that could result from early green termination.
ITE’s Recommended Practice (2003) allows any pedestrian phases which would delay the
transfer of right-of-way to be truncated or omitted. The right-of-way transfer time can vary
depending on the time in signal cycle at which a call is placed.

Once right-of-way has been transferred to the track crossing approach, the track
clearance interval begins. This phase facilitates the clearance of crossing approach queues
before the arrival of a train, and uses a fixed interval. An adequate track clearance interval
is critical to ensuring crossing safety, while an excessively long interval can leave unused
green time and impart additional delay to opposing approaches.

Upon completion of the track clearance interval, the signal controller enters the
preempt dwell phase, which serves movements that were interrupted by track clearance.
These movements are typically served for the duration of the train event (FHWA 2007). If
signal control technology allows, the preempt dwell stage can also cycle through phases
which do not directly oppose the crossing (Korve 1999).

Once the train leaves the crossing, the signal controller begins its return to normal
operation. ITE (2003) recommends returning service to the track crossing movements,
which often experience the worst delay due to preemption. If an opposing approach has
developed vehicle queues that disrupt an adjacent intersection, it may be preferable to first
return a green interval to that phase. Recovery strategies should be designed to meet each

crossing’s unique characteristics (Marshall and Berg 1997).
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2.3.2 Preemption Types

Signal response to rail preemption calls can be classified as one of two types:
simultaneous or advance. Simultaneous preemption occurs when a preemption call is sent
to the crossing’s active warning system and the traffic signal controller at the same time.
This causes the crossing warning equipment to activate at the same time the signal enters
preemption. Simultaneous preemption can be provided where the railroad’s warning time,
typically the federally-mandated 20 second minimum, provides adequate time for the
traffic signal to clear the track before a train’s arrival (Korve 1999). Figure 2.3 presents an
example timeline of rail equipment and traftic signal operation during simultaneous
preemption,

If the required maximum, or “worst case,” preempt time is greater than the warning
time provided by the railroad, advance preemption should be provided (Korve 1999).
During advance preemption, the traffic signal controller receives a preempt call some time
before the activation of the crossing warning equipment. This allows the controller
additional time to execute the transfer of right-of-way and track clearance interval. The
advance preemption time is defined by Kenon (2004) as the difference between the time
the signal controller and the railroad warning equipment each receive a train notification. A
typical advance preemption timeline is illustrated in Figure 2.4. It should be noted that

“preemption time” from Figure 2.4 is referred to in this study as “advance preemption

time.”
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2.4. Advance Preempt Trap

Variations in advance preemption time (APT) and right-of-way transfer time can
lead to a situation known as the advance preempt trap (Engelbrecht et al. 2005). This
occurs when crossing gates and flashers activate after the end of the track clearance
interval, allowing vehicles to proceed to the intersection and potentially stop on the tracks.
Upon activation of crossing warning equipment, the clearance phase has already been used,
leaving vehicles have no opportunity to escape. This creates the effective equivalent of no
preemption for track crossing movements. The advance preempt trap has two causes: high
APT — which can result from train deceleration — and low right-of-way transfer time —
which can occur if the traffic signal is already in the track crossing phase when preemption

is activated (i.e. zero right-of-way transfer time). Figure 2.5 illustrates the problem.

Preempt Lights Start Train Arrives

To Controller To Flash At Crossing
Warning| ;P’}gg‘:::,ﬁgr‘{?ﬁﬁfe _ Railroad Warning Time
Light Preempt Trap
4 s Gates
Gate W iiI*geall Descending
Track Signal Yellow
Queue

48 42 36 30 24 18 12 6 (3

! I | | | | | ]

Time to train arrival (seconds)

Figure 2.5. Advance preempt trap.
Source: (Engelbrecht et al. 2005)
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Several solutions have been proposed to remedy the advance preempt trap. The most
basic method (Engelbrecht et al. 2002) involves a simple extension of track clearance green
to match the longest observed or expected advance preemption time. This would reduce the
probability of a trap, but could result in very long clearance intervals, imparting
unacceptable delay to the intersection’s other movements. An actuated track clearance
interval with a “gate-down” confirmation at the tracks, proposed by Yohe and Urbanik
(2007) would eliminate the problem, but current signal controller technology does not
support dynamic track clearance green time. Changes to controller specifications would be
required. Another proposed solution by Engelbrecht (2002) would use a “not-to-exceed”
timer in the track circuitry to limit maximum APT. This would address the railroad side of
the advance preempt trap problem but it would not address the variability in right-of-way
transfer time. Another option is the use of two preempts during rail events. The first, a low
priority preempt, would dwell in the track-crossing phase after transfer of right-of-way. A
higher priority preempt would be activated when gates begin closing, essentially acting as a
simultaneous preempt. This would effectively extend the track clearance interval, but

would also require advances in signal controller technology.

2.5. Track Clearance Time

The track clearance interval is critical to preventing vehicle-train collisions. If the
track clearance interval is too short, the crossing may not be cleared before a train’s arrival.
If the interval is too long, however, opposing movements will experience unnecessary
delay. Excessive delay can, in turn, lead to unsafe driver behavior (Engelbrecht et al.
2005). Until recently, despite the importance of track clearance green, there existed little

information guiding the determination of track clearance green (Long 2002).
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2.5.1. Greenshields Method

Many state transportation agencies (Venglar 2000) have traditionally used a
modified version of Greenshields’ discharge headway model (McShane and Roess 1990) to
determine queue clearance time, The model is simple in its application but makes several
assumptions which may not be appropriate for all contexts. It is designed to clear the entire
crossing approach, which may lead to overly conservative track clearance intervals for long
storage distances. The Greenshields minimum track clearance green time can be defined as
the sum of the time required for the vehicle ahead of the critical vehicle to move (¢;), and
the time required for the critical vehicle to move to a position clear of the tracks (z;)
(Mn/DOT, crossing inspection form, 2002). The first subinterval can be expressed as:

1;=37+21n (2.1
where # is the number of vehicles queued ahead of the vehicle that is to be cleared
from the tracks. The values 3.7 and 2.1 are used for startup delay and saturation headway,
respectively (McShane and Roess 1990).
The time necessary for a stopped vehicle to move clear of the tracks once the
vehicles ahead of it have begun to move (1;) can be defined as:
1,=[2(L+ D)/a)"? (2.2)
where: L = length of design vehicle (ft),
D = minimum track clearance distance (ft),
a = design vehicle acceleration rate (ft/sec?).

The track clearance interval as defined by the sum of these subintervals assumes the

critical vehicle will move clear of the crossing at the moment a train arrives. Because of the

likely severity of any train-vehicle collision and the extreme discomfort that a driver may
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experience if trapped on the tracks until the moment before a train arrives, a safety buffer

or “separation time” of 4 to 8 seconds is often provided (Engelbrecht et al. 2005).

2.5.2. Marshall and Berg Method

In a 1997 study published in the ITE Journal, Marshall and Berg presented a
method for determining track clearance time based on shockwave theory and Highway
Capacity Manual saturation flow calculations. Clearance time in the Marshall and Berg
method is defined as the time needed for a queued vehicle on the tracks to move to a safe
position away from the tracks, and, similar to the Greenshields-based model, can be
defined as the sum of two subintervals: the time required for the vehicle ahead to begin to
move out of the way (¢/), and the time required for the vehicle in question to move to a safe
position (£;). The first subinterval can be expressed as:

t1=(L *Fk)/(2.94s) 2.3
where: L= critical length of queue, measured from the intersection stop bar to the
point where a vehicle needing to be cleared may be stopped (ft),
k; = jam density (vpm),
s= saturation flow rate (vph).

The second subinterval, time required for a stopped vehicle to move clear of the
crossing (f;), considers design vehicle length and acceleration and crossing geometry. It can
be expressed as:

=02 L+2D+ W)/ a]" (2.4)
where: L = length of design vehicle (ft),
D = clearance distance on either side of tracks (ft),

W = distance between the outermost rails (ft).
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a = design vehicle acceleration rate (ft/sec?). Recommended values are

shown in Table 2.1.

Table 2.1. Suggested design vehicle acceleration rates.

Design Vehicle Acceleration Rate (ft/sec’)
Passenger car (P) 4.4

Single-unit truck (SU) 2.5

Multi-unit truck (MU) 1.6

Source: (Marshall and Berg 1997)

2.5.3. Long Method

In 2003, Long proposed a 12-step method to clear the n' queued vehicle from a
railroad crossing. Long’s method requires relatively simple input, using roadway geometry
and design vehicle characteristics, with adjustments for special circumstances. Track
clearance time is defined as the time necessary for a queued vehicle to (1) begin moving
after a traffic signal turns green and (2) once moving, to find a position clear of the tracks.
The exact methodology is contained in Appendix A. Due to the difficulty and inefficiency
of designing for a “worst case” queue clearance scenario, the method was calibrated to

achieve a 99.9% confidence interval.

2.5.4. Engelbrecht Method

The most recent method for determination of track clearance time was established
in a 2003 study by Engelbrecht. Engelbrecht’s method provides guidelines for vehicle and
pedestrian green time truncation and track clearance green time, and has been adopted by

the Texas and Minnesota departments of transportation (Mn/DOT 2006).
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This method was the first to identify and address the problem of the advance
preempt trap, by defining track clearance time as the greater of two intervals: (1) time
required to prevent the track clearance phase from terminating before crossing gate closure,
and (2) time required to clear the desired portion of the clear storage distance (CSD). To
avoid unnecessarily long track clearance intervals, the entire CSD need not be cleared

when it exceeds 150 feet. This methodology is contained in Appendix B.

2.6. Summary

This study’s literature review highlighted the safety implications and complexity of
railroad preemption. While guidelines for preemption have improved since the Fox River
Grove incident in 1995, the issues of advance preempt trap and determination of track
clearance time are not adequately addressed in current practice. Previous studies have
discussed the safety implications of track clearance and advance preemption, but none have
evaluated the tradeoff between crossing safety and intersection efficiency. Nor has any

research conducted a direct comparison of preemption strategies. This study will address

these issues.
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CHAPTER 3. CASE STUDY DESCRIPTION

3.1. Rationale for Selecting Study Sites

The study focused on two intersections along Fargo, North Dakota’s downtown
Main Avenue corridor. The Fargo-Moorhead metropolitan area includes 17 rail crossing-
interconnected signal controllers, eight of which are located in the metro’s downtown train
horn quiet zone. The intersections of 4™ Street and 6" Street along Main Avenue are the
only two preempt-equipped intersections which are coordinated and use advance
preemption. The case study location will provide unique insight into the impact of

preemption in an urban context.

3.2. Study Site Geometry and Signal Control

Main Avenue is an east-west principal arterial spanning the Fargo-Moorhead metro.
Its downtown corridor runs parallel to the KO subdivision, which serves the BNSF Railway
Company, and includes eight preemption-equipped intersections. The study area includes
the intersections of Main Avenue with 4™ Street and 6™ Street, both in Fargo. Figure 3.1

displays the study site locations.

3.2.1. Main Avenue and 4th Street

Fourth Street is a north-south four-lane minor arterial. Its intersection with the east-
west Main Avenue is 104 clear feet south of the KO subdivision. At the intersection, 4™
Street includes two through lanes in each direction. The southbound approach has one
southbound left turn lane while the northbound includes both left and right turn lanes. Main

Avenue carries two through lanes and a left turn lane in each direction.
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Figufe 3.1 .“Casedstudy location.

Signal operation at Main Avenue and 4™ St is pretimed, with cycle 90 seconds, and
coordinated with the adjacent 6" Street intersection. During evening peak hour, the signal
uses a three-phase cycle, with a protected left turn on the eastbound approach. “No right
turn on red” signs are in place on the southbound and westbound approaches. The signal
controller’s preemption dwell sequence allows eastbound and westbound non-crossing
movements to alternate with northbound/southbound through and northbound protected left
turn phases. It is unusual during preemption to serve a movement that directly opposes a
nearby crossing (e.g. northbound through), but 4" Street’s north approach does include a
driveway which would otherwise be isolated during a train event. Figure 3.2 illustrates the

intersection’s lane groupings and signal phasing.

3.2.2. Main Avenue and 6th Street

Sixth Street is a north-south two-lane minor arterial serving Fargo’s downtown

shopping and business district. Its north approach to Main Avenue includes a southbound
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exclusive right turn lane, and both approaches carry a single through lane. Main Avenue at
6™ Street is a four-lane principal arterial serving 16,200 vehicles per day, with a left turn
lane in each direction. The intersection is located two blocks west of Main Ave and 4"
Street. Clear storage distance from the southbound stop line to the KO crossing is 96 feet. It
should be noted that, north of Main Avenue, Sixth Street is known by the City of Fargo as

Broadway. This study will refer to the entire link as 6™ Street.

Lane Groups Signal Phases
G - Basic Timing:
1.) EB + EBL
Main Ave 2.) EB+WB
3) NB+SB

Preemption Dwell:
Main Ave 1-) EB + WB
2.) NBL + SBL

I 1) NB s

Figure 3.2. Lane groups and signal phases at Main Avenue and 4" Street.

The intersection’s signal controller is pretimed and coordinated with 4™ Street.
During evening peak hour, it uses a three-phase timing plan similar to the adjacent
intersection, providing a protected left turn for eastbound movements. During crossing
events, the signal controller dwells on eastbound/westbound through movements. Figure

3.3 shows lane groupings and signal phasing at Main Avenue and 6" Street.

24



3.3. Railroad Operations and Warning Equipment

The Fargo-Moorhead area initially grew as a rail hub and much of its early
development was built around its rail activity (City of Moorhead 2010). As a result, the
downtown metro is intersected by two active railroads, the KO and Prosper subdivisions,

which have a major impact on local street traffic.

Lane Groups Signal Phases

G J L Basic Timing:
1.) EB + EBL

Main Ave 2.) EB+WB
3.) NB + SB

A .

Aempeol

——j»' ' y Preemption Dwell:
+
Main Ave EB+WB
& !
%o

Figure 3.3. Lane groups and signal phases at Main Avenue and 6 Street/Broadway.

A railroad quiet zone, as defined by the Federal Railroad Administration (FRA
2010a), is “a section of a rail line...that contains one or more consecutive public highway-
rail grade crossings at which locomotive horns are not routinely sounded because
acceptable safety improvements have been installed.” In 2003, the FRA approved quiet
zones encompassing 20 crossings in the Fargo-Moorhead area, including the two study
crossings included in this research (see also Shorten 2005).

Numerous safety measures were implemented as a result of the quiet zone

designation, including four-quadrant gates. Four-quadrant gates block highway approaches
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and departures on both sides of the railroad crossing, preventing motorists from bypassing
lowered gate arms (Korve 1999). Each crossing also uses warming bells and flashing
beacons to warn drivers of approaching trains, and pavement markings to delineate the
crossing, Advance preemption is provided at both study crossings.

The KO subdivision runs just north of and parallel to Main Avenue. It serves 67
trains per day at a speed limit of 35 mph (USDOT, crossing inventory report, 2009), with

45 percent of the movements occurring between 10:00 pm and 7:00 am (Shorten 2005).

3.4. Track Clearance Intervals

The track clearance time calculation methods described in chapter 2 were applied to
both intersections and compared to current conditions. Results are shown in Table 3.1, with
existing values used by the City of Fargo in bold. Current track clearance intervals at both
intersections were obtained from the City of Fargo and were 22 seconds each, matching the
CSD clearance interval from thé Engelbrecht methodology. Engelbrecht’s preempt trap
prevention interval was much longer, at 47 and 49 seconds for 4™ Street and 6™ Street,
respectively. The Marshall and Berg procedure required more complex data which was not
available, and the method was not applied. The Greenshields and Long methods yielded

midrange clearance intervals of 30 and 31 seconds, respectively, for both intersections.

Table 3.1. Track clearance green time results.

Track Clearance Time

Int ti Engelbrecht
frersection Greenshields Long

To avoid preempt trap | To clear CSD

Main Ave & 4th St 30 31 47 22

Main Ave & 6th St 30 31 49 22
Note: values used by City of Fargo in bold
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3.5. Summary

This chapter described geometric, control, and crossing warning features of the two
study intersections in the Fargo, North Dakota central business district. The intersections of
Main Avenue with 4" Street and 6" Strect were selected for their ability to represent
several features of interest in rail preemption, including advance preemption, dwell cycle,
and coordinated operation, in an area with high train and street traffic demand. A
comparison of several track clearance interval methodologies revealed both intersections to
be using Engelbrecht’s CSD clearance interval. Three other methods resulted in longer
track clearance intervals, the most conservative of which was Engelbrecht’s worst-case

“advance preempt trap” prevention interval.
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- CHAPTER 4. MODEL DEVELOPMENT METHODOLOGY

Microsimulation is a very time- and labor-intensive analysis tool, requiring a great
deal of input data and calibration to yield meaningful results. This chapter will detail the
study’s methodology for model development, describing the selected simulation software,
data collection, model construction, calibration and validation. The methodological
framework, shown in Figure 4.1, was adapted from a recommended practice in FHWA’s
Traffic Analysis Toolbox Volume III: Guidelines for Applying Traffic Microsimulation

Software (2004).

4.1. Microscopic Simulation

An analysis of railroad preemption strategies requires a model which can reflect the
complexity of preemption. The microscopic simulation software VISSIM, developed by
PTV, was selected for this research because of its ability to model driver behavior and
advanced signal control strategies under various levels of train and highway traffic, and its
position as one of the most widely used microscopic simulation programs (Ahmed 2005).

This research used version 5.30.

4.1.1. Network Structure

VISSIM networks are built on a link-connector structure. Network geometry
typically begins by importing and scaling an image of the study area, then tracing the
appropriate thoroughfares with links and connectors. Several network attributes, including
number of lanes, lane width, and driver behavior type, are embedded in the links. Once the
network geometry has been constructed, other necessary network attributes — speed

decisions, vehicle inputs, stop lines, vehicle detectors, and conflict areas — are added. Other
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parameters, including vehicle weight, power, and desired speed, are defined by vehicle type

and assigned to individual vehicles entering the network based on a distribution.

Project Scope
-Define project purpose
-ldentify study area
-Select modeling software

¥

\ 4
Data Collection
-Base map/network geometry
-Signal control
-Traffic volumes
-Queue length
-Train volumes
-Railroad equipment response times

v
Base Model Development
-Input data
Select Calibration -Error checking
Parameters v
-a & b distances
-Standstill distance .| Compare Model MOEs to Field
— Data
Select Calibration
Targets ~ Adjust Calibration
-Delay Parameters
-Stops in gueue

Acceptable
Match No

vL Yes

Simulate Alternatives

v

Analyze Resuits

h 4

Summarize and Document

Figure 4.1. Methodological framework.
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4.1.2. Traffic Input and Movement

Vehicle volumes are entered at the start of links, usually on the edges of a network.
Traffic compositions are defined by a distribution at each input point. Route choices are
modeled with one of two methods: (1) static routing decisions at each decision point, or (2)
dynamic assignment through an origin-destination matrix. This study used static routing

decisions based on intersection turning movement counts.

4.1.3. Signal Control

In the past, simulation of preemption and other advanced signal controller functions
required the use of hardware signal controllers interfaced through the simulation software,
a configuration known as hardware-in-loop simulation (HILS). HILS allows the signal
controller to respond in simulation exactly as it would in practice, but suffers from its
inability to simulate faster than real-time. This can be time-prohibitive in studies which
require dozens or hundreds of simulation runs. Recent improvements in signal control
emulation, however, have reduced the need for HILS by allowing software signal
controllers to model the response»time and advanced capabilities of their hardware
counterparts (Stevanovic et al. 2009). This study used VISSIM’s signal controller emulator,

which includes advanced rail preemption capabilities and 0.1-second resolution.

4.1.4. Driver Behavior -

Microscopic simulation is based on the movements of individual vehicles through a
network. In order to reflect the complexity of individual driver-vehicle behavior,

microsimulation typically involves a large number of input parameters. In VISSIM, these
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driver behavior parameters are divided into four categories: car following, lane changing,
lateral, and signal control.

Car following logic can be defined by two models, both based on the research of
Wiedemann — Wiedemann 74 for urban surface street traffic and Wiedemann 99 for
freeways. The Wiedemann 74 mode] uses the following equation to compute the distance d
between two vehicles:

d=ax+ bx 4.1
where ax is the average standstill distance, an input parameter defined as the
average desired distance between stopped vehicles, with a fixed variation of + 1m. The
desired safety distance bx is defined as:
bx = (BXadd + DXmure * 2) * Vv (4.2)
where bx 4 represents additive part of desired safety distance, an input parameter,
bxu 1s multiplicative part of desired safety distance, an input parameter, z is a value of
range [0,1] which is normally distributed about 0.5 with standard deviation of 0.15 (m), and
v 1s vehicle speed (m/s). '

It should be noted that car following logic has a significant impact on saturation
flow rate, which is not explicitly defined in VISSIM (Ahmed 2005).

Lane changing behavior is defined by the preferred and maximum deceleration
rates of merging and trailing vehicles, as well as headway between vehicles. Lateral driver
behavior parameters dictate the lateral movement of vehicles within their lane and the
overtaking of other vehicles within the same lane. These parameters include desired

position at free flow, recognition of vehicles in adjacent lanes, and consideration of
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approaching turns, among others. Finally, signal control parameters determine a driver’s

response to a yellow signal, based on local driving patterns (Baker 2008).

4.1.5. Evaluation

The random nature of driver behavior is reflected in VISSIM through the
assignment of a random seed to each simulation run. As such, model results can vary from
one run to the next. To address this variability and establish convergence of results, several
simulation runs are usually required. VISSIM’s multi-run feature makes this possible by
automatically conducting a user-defined number of runs. Simulation output can include
numerous methods of evaluation (MOEs), including volume, speed, queue length, and

travel time, based on study requirements.

4.2. Data Collection

Base case data was collected at Main Ave & 6™ St on Wednesday April 21, 2010
and at Main Ave & 4™ St on Wednesday, April 28, 2010, both from 4:00 to 6:00 pm.
Observations included traffic volumes in 15-minute intervals, train crossing times, and
signal phase change times. Speed limits were noted, and overall traffic composition was
taken from a 2009 USDOT crossing inspection form.

Calibration data was collected at Main Ave & 6™ Street on Monday, December 6,
2010, from 4:00 to 6:00 pm. It included queue length and delay in 15-second intervals,
volume in 5-minute intervals, and train crossing and warning equipment activation times. A
validation data set was collected at Main Avenue and 4" Street on Tuesday, December 7,
2010 from 4:00 to 6:00 pm.

Additional train and preemption data was also collected at both study crossings.

Warning equipment response times, train arrivals and departures, and signal phase changes
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were observed during 20 train crossing events during the 4:00 to 6:00 pm period. Track
clearance intervals and dwell phases matched information obtained from the City of Fargo.
Maximum advance preemption time was 35 seconds, minimum was 10 seconds, and the
average for all 20 events was 16 seconds at 6™ Street and 23 seconds at 4™ Street. Crossing
geometry — length of dynamic envelope, distance between outer rails, clear storage distance
and crossing width — was measured to 1-foot accuracy using a rolling wheel.

4.3. Network Construction

Network geometry was based on a 2005 aerial photograph, which includes no
significant differences from 2010 geometry. The study intersections are bordered on the
north by NP Avenue, on the east by 2" Street, on the south by 1* Avenue South, and on the
west by 8" Street. Figure 4.2 illustrates the simulation network, with study intersections
highlighted.

After tracing the necessary links and connectors over the imported background
image, other network elements — vehicle entry points, routing decisions, speed changes,
conflict areas, signal heads, and vehicle detectors — were defined. Train and traffic volumes
were defined at the edges of the network and turning movement counts were specified in
routing decisions at each intersection based on field data. Travel time sections, data
collection points, and queue counters were defined on the appropriate approaches. Crossing
gate arms were modeled using signal heads and were interconnected to nearby signals
using VISSIM’s VAP (Vehicle Actuated Programming) signal control module.

Signal preemption was modeled using the RBC signal controller. The unusual
preemption sequence at Main Avenue & 4™ Street — which includes modified splits and a

left-turn phase which is not served during normal operation — was not supported by the
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development process. Simulation model calibration is defined by the FHWA (Dowling et
al. 2004) as “the adjustment of model parameters to improve the model’s ability to
reproduce local driver behavior and traffic performance characteristics.” It is an iterative
process by which model parameters are adjusted and results are compared against field data
until results fall within determined target ranges (Ahmed 2005). This study used a five-step
calibration approach adapted from Park and Schneeberger (2003):

(1) Selection of measures of effectiveness (MOE),

(2) Determination of calibration targets,

(3) Field data collection,

(4) Selection of calibration parameters,

(5) Iterative adjustment of parameters until calibration targets are met.

Eastbound delay and southbound stops at Main Avenue and 6" Street were selected as
calibration MOEs for their respective relevance to efficiency and safety, and the ease with
which they can be collected in the field. Calibration targets were based on a paired
differences t test of field observations and simulation results over a one-hour period.
Network calibration in VISSIM can be a daunting task, as model performance can
be impacted to varying degrees by hundreds of parameters (Dowling et al. 2004). To make
the process manageable, a limited number of adjustable parameters were identified before
running the simulation. Fixed values were assigned to as many inputs as could be observed
or reasonably assumed. These included volume, route choice, traffic composition, lane
change distance, and desired speed and acceleration. Three critical driver behavior
parameters, additive and multiplicative parts of safety distance and average standstill

distance, were identified for their role in determining network performance. These
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parameters have been shown to have the greatest impact on capacity in Weidemann 74-
based models (PTV AG 2010).

Due to the stochastic nature of VISSIM, individual simulation runs will produce
variability in results (Tian 2002). This variability was overcome by conducting multiple
runs of each scenario. After 10 initial runs, the equation below (Baker 2008) was applied to
determine whether additional runs would be needed to achieve convergence of results.

Results indicated that four additional runs, for a total of 14, were necessary.

2
n= () 43)
where
n = required number of simulation runs,
o = sample standard deviation (based on initial 10 runs),
zy2 = threshold value for a 100(1-a) confidence interval (for a 95%

confidence interval, z,» = 1.96),
E = allowed error range, taken as 10% for a 95% confidence interval,
U = sample mean (based on initial 10 runs).
Calibration targets were achieved after two calibration iterations of 14 runs each.
Two additional iterations were tested in an effort to improve the match between simulated
and field values, but iteration 2 ultimately provided the best match while passing a visual
inspection of the model. Table 4.1 outlines each iteration’s calibration parameters.
A paired difference t-test of simulated and observed eastbound delay yielded a P

value of 0.222 for iteration 2, indicating a lack of evidence to suggest a statistical
difference in field and simulated means. Simulated hourly delay was 1.0 second greater

than observed delay. The same test, when performed on southbound stops, resulted in a P
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value of 0.0698. This exceeded the minimum P value of 0.05 required to suggest a

difference between simulation and field conditions at the 95% confidence level. Results are

displayed in Table 4.2.

Table 4.1. Calibration parameters.

Car Following Parameter Iteration 1 | Iteration 2 | Iteration3 | Iteration 4
Avg standstill distance (ft) 6.56 6.56 4.5 4.5
Additive part of safety distance 2 0.1 0.1 0.1
Multiplicative part of safety distance 3 1.1 1.1 0.5
Table 4.2. Calibration results.
EB Delay SB Stops

Time | Observed | Simulated | Difference | Observed | Simulated | Difference

17:00 3.2 8.5 -5.3 24 8 16

17:05 7.3 6.0 1.4 26 12 14

17:10 5.5 7.2 -1.8 16 10 6

17:15 4.6 9.9 -5.3 20 14 6

17:20 8.4 59 2.5 15 16 -1

17:25 4.1 7.0 -2.9 12 8 4

17:30 7.5 6.7 0.8 8 8 0

17:35 59 5.3 0.6 7 15 -8

17:40 3.6 6.7 -3.1 11 6 5

17:45 7.5 6.0 1.5 9 7 2

17:50 6.0 4.9 1.1 8 8 0

17:55 6.0 7.7 -1.7 5 3 2

Average 5.8 6.8 -1.0 134 9.6 3.8

Std.Dev 1.7 1.4 2.7 6.9 4.0 6.6

P value 0.222 0.0698

4.5. Validation

Model validation is a means of verifying the accuracy of a simulation model by

applying a calibrated model to a different data set. Validation MOEs included eastbound

delay and southbound stops in addition to turning movement volume. A paired differences
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t-test of the validation model against field data passed a 95 percent confidence level match
for delay and stops. P values for eastbound delay and southbound stops were 0.5484 and
0.9909, respectively, both far greater than the 0.05 required to establish a significant
difference between population means at the 95 percent confidence level. Approach
volumes matched within two percent of field conditions. A visual inspection of the running

model confirmed vehicles were behaving realistically. Results are shown in Table 4.3.

Table 4.3. Validation results.

EB Delay SB Stops
Time | Observed | Simulated | Difference | Observed | Simulated | Difference
17:00 12.9 10.5 2.5 17 18 -1
17:05 11.9 11.3 0.6 23 22 1
17:10 22.9 18.4 4.5 44 30 14
17:15 11.8 11.4 0.4 25 33 -8
17:20 12.2 11.4 0.8 13 20 -7
17:25 16.2 14.0 2.2 24 19 5

17:30 8.3 9.8 -1.5 19 18
17:35 23.6 11.7 11.9 9 17 -8
17:40 7.5 17.9 -10.4 24 17 7
17:45 13.1 10.1 3.0 19 22 -3
17:50 13.8 12.9 1.0 11 3 3
17:55 11.3 15.1 -3.8 11 15 -4
Average 13.8 12.9 0.9 134 19.9 0.0
Std.Dev 5.0 2.9 5.2 9.5 6.5 6.6

P value 0.5484 0.9909

4.6. Analysis Scenarios

This study’s analysis scenarios were designed to measure the effect of variations in

advance preemption time, track clearance, and dwell cycle. The base case scenario used

existing volumes, crossing equipment response times, and signal plans. Advance

preemption was 16 seconds at 6™ Street and 23 seconds at 4™ Street, dwell cycle was

38




implemented at 4™ Street, and track clearance green was 22 seconds at both intersections.
Table 4.4 illustrates the control settings of each analysis scenario.

Variations in advance preemption time are an unavoidable consequence of track
detection technology, resulting from train acceleration and deceleration after detection.
While these variations are beyond the control of the traffic engineer, it is important to
understand the impact they may have on traffic operations and safety. Scenarios 2-4 were
designed to measure the consequences of these variations. Scenario 2 used simultaneous
preemption, with an advance preemption time of zero at both crossings. Scenarios 3 and 4
used modified advance preempt times of 10 seconds and 35 seconds, respectively, based on
minimum and maximum field observed APT. The 35-second preemption time could lead to

the worst-case preempt trap of 13 seconds shown in Figure 4.3.

Table 4.4. Analysis scenarios.

Scenario Advance preempt time Track clearance green Dwell cycle
4th & Main | 6th & Main| 4th & Main | 6th & Main| 4th & Main | 6th & Main

1 (base) 23 16 22 22 Yes No

2 0 0 22 22 Yes No

3 10 10 22 22 Yes No

4 35 35 22 22 Yes No

S5 23 16 18 18 Yes No

6 23 16 30 30 Yes No

7 23 16 22 22 Yes Yes

8 23 16 22 22 No No

The next two alternatives focused on track clearance intervals. Scenario 5 used 18
seconds, the minimum time required by the Engelbrecht method to clear only the track
dynamic envelope at both intersections. Scenario 6 used the more conservative

Greenshields method, with a track clearance green time of 30 seconds at both intersections.
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Scenarios 7 and 8 tested the impact of a signal cycle during the preempt dwell
stage, similar to the current strategy at Main Ave & 4" Street. Cycling during preempt
dwell is a strategy of reducing delay to approaches which oppose the crossing and would
not otherwise be served during dwell, in this case the north and south approaches. Scenario
7 implemented a 90-second dwell cycle serving all four approaches at each intersection.
The dwell hold eastbound/westbound strategy currently used at 6™ Street was applied to
both intersections in the final scenario.

Preempt to ' Lights Start to Train Arrives at
Controller Flash Crossing

Warning

Light Preempt Trap

I

* Gates

; Gates Horizontal
Descending ‘

Gate

Track Signa

Figure 4.3. Advance preempt trap for 35-second APT.

4.7. Analysis of Model Results

Efficiency was measured in terms of delay using a 20-second data collection
interval and averaged over 15 simulation runs. The 20-second data collection bin was
determined to best reflect the quickly-changing nature of rail preemption events. Delay was
measured using VISSIM’s travel time section feature, which defines the parameter as the

difference in actual travel time and ideal travel time between two points in the network.
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Delay is recorded only after a vehicle has crossed the endpoint of the travel time section.
Endpoints were placed after the stop bars on the lanes of interest; as such, delay incurred
from a preemption event is recorded one to two intervals after the event.

Delay was tabulated and delineated into four stages: normal, track clearance,
preempt dwell, and recovery. “Normal” delay was calculated during the 5 minutes
immediately preceding preemption. Delay due to track clearance interval applies to
preempted movements (eastbound and westbound), and appears immediately following the
termination of the track clearance phase, when eastbound vehicles are allowed to proceed
through the intersection.

Safety was measured as the percentage of train crossing events, out of 50 simulation
runs with one event each, in which a crossing conflict occurred. Crossing conflicts were
defined by a data collection point placed at the crossing exit gate. Any train event in which
the data collector recorded vehicle queues on the track after full gate descent was recorded
as a crossing event. Crossing events are, therefore, situations which have the potential for a
train-vehicle collision. An example is shown in Figure 4.4.

4.8. Summary

This chapter summarized this study’s VISSIM model development process,
including model selection, data collection, network construction, calibration and validation,
analysis scenarios, and analysis MOEs. The model required a significant amount of data
collection to accurately reflect the complex interaction between train and traffic
movements during preemption. Data collected for this study included vehicle volume,
delay and stops; train event times and frequency; signal timing plans during normal

operation and preemption; and network geometry. Calibration involved the modification of
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CHAPTER 5. RESULTS AND DISCUSSION

This chapter summarizes and discusses the results of the eight analysis scenarios.
Results are divided into three sections, each focusing on one of the three test variables —
advance preemption time, track clearance interval, or dwell cycle.

S.1. Existing Conditions

The analysis period represented evening peak hour conditions with one train event.
Results are shown in terms of total delay, per vehicle delay, and percentage of train events
which caused crossing conflicts.

Simulated train event times are shown in Table 5.1. Each scenario used the same
simulated train, which was designed based on field data described in chapter 3. Events of
interest — start of preemption, end of track clearance green, and end of preempt — are shown

at their corresponding times by reference lines on Figures 5.1 and 5.2.

Table 5.1. Simulation train times.

Simulation Train Tines 6th Street 4th Street
Transfer of ROW 5:32:04 PM 532:16 PM
Begin track clearance 5:32:10 PM 53220 PM
Gates begin closing 53220 PM 532:39 PM
End track clearance 53232 PM 5:32:44 PM
Train arrives at crossing 53247 PM 5:33:01 PM
Tram departs crossing 5:34:46 PM| 5:35:00 PM
Gates open 5:35:01 PM 535:15 PM

At 4™ Street, Main Avenue eastbound delay reached 34 seconds per vehicle
immediately after the track clearance interval. The signal cycle during dwell resulted in a
cyclic delay pattern for the eastbound approach, reaching 24.7 seconds per vehicle during

eastbound green (when stopped vehicles are allowed to complete their travel time section).
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See Table 5.2. Operations on the west approach of the intersection saw no lasting negative
impact from preemption, with delay returning to normal one cycle after train departure.
Fourth Street’s southbound approach experienced no delay during preempt because all
southbound vehicles had been cleared by the combination of track clearance phase and
advance preemption time. A recovery delay of 71 seconds was recorded after train
departure, once vehicles that had been stuck at the crossing were allowed to complete the
travel time section. Delay returned to normal levels after two signal cycles.

Eastbound delay at 6™ Street reaches 22 seconds at the termination of the track
clearance phase before settling at 2 seconds throughout preempt dwell. This can be credited

to the signal controller’s eastbound/westbound dwell hold.
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Figure 5.1. Total delay, base case, 4™ St & Main Ave.
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Figure 5.2. Total delay, base case, 6™ St & Main Ave.

The intersection’s southbound approach, similar to 4" Street, is successfully cleared

by the track clearance interval and advance preemption. The first southbound vehicles

served after train departure experience 162.5 seconds of delay. Recovery to normal (7.6

sec/veh) takes approximately four signal cycles.

Table 5.2. Per-vehicle delay, base case.

Delay (sec/veh) | Normal | Track Clearance | Dwell | Recovery
EB @ 4th St 13.4 34.0 24.7 11.2
SB @ 4th St 18.2 0.0 0.0 71.0
EB @ 6th St 7.6 22.0 2.0 2.1
SB (@ 6th St 22.0 0.0 0.0 162.5

Simulation results indicated no safety concerns at either crossing (see Table 5.3),

with no conflicts in 50 simulated train events,
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Table 5.3. Crossing conflicts, base case.

Crossing Conflicts (%), base case
4th Street 0
6th Street 0

5.2. Advance Preempt Time

Three alternative advance preempt times were tested in addition to the base case.
They included the minimum and maximum APTs observed in the field, 10 and 35 seconds
respectively, and a hypothetical simultaneous preempt scenario with zero advance preempt
time. Variation in advance preempt time had no significant effect on eastbound delay at

Main Avenue and 6™ Street, as shown in Figure 5.3 and Table 5.4..
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Figure 5.3. Total delay, APT, EB Main Ave at 6" st.
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Southbound delay (see Figure 5.4 and Table 5.5) was similarly unaffected by

variations in APT. Track clearance and dwell state delay were both zero, while recovery

delay ranged from 162.5 sec/veh using a 10-second APT to 174.7 sec/veh under

simultaneous preemption.

Table 5.4. Per-vehicle delay, APT, EB Main Ave at 6 St.

Delay (sec/veh), EB at 6th St Normal | Track Clearance | Dwell |{Recovery
APT=0s (Simultaneous preempt) 8.1 21.3 1.4 2.0
APT=10s 8.1 21.3 1.4 1.9
APT=16s (Base case) 7.6 22.0 2.0 2.1
APT=35s 8.1 21.3 1.4 1.7
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Figure 5.4. Total delay, APT, SB Main Ave at 6™ St.

Advance preemption time had a significant impact on crossing safety, particularly

at the 6™ Street crossing. Simultaneous preemption resulted in trapped vehicles in 10
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percent of crossing events. This accident rate was reduced to 2 percent with an advance
preemption time of 10 seconds, and was eliminated entirely under base case conditions.

The accident rate (see Table 5.6) increased to 58 percent with a 35-second APT.

Table 5.5. Per-vehicle delay, APT, SB Main Ave at 6" St.

Delay (sec/veh), SB @ 6th St Normal | Track Clearance | Dwell [Recovery
APT=0s (Simultaneous preempt) 22.0 0.0 0.0 174.7
APT=10s 22.0 0.0 0.0 162.5
APT=16s (Base case) 22.0 0.0 0.0 162.5
APT=35s 22.0 0.0 0.0 164.0

Visual inspection of the crossing conflicts indicated two distinct problems occurring
as a result of reduced APT and extended APT, respectively. A long APT of 35 seconds
resulted in an advance preempt trap situation as discussed in chapters 2 and 4. Track
clearance time terminated before crossing gates had activated, allowing vehicles to queue
on the tracks with no opportunity to clear once gates began closing.

Crossing conflicts during shortened advance preempt times were the result of a
separate phenomenon unique to the four-quadrant gate configuration. Shorter APT
intervals of 0 and 10 seconds did not allow adequate time for the track clearance phase to
clear track queues before the exit gate closed, trapping queued vehicles in the crossing.

Eastbound delay at 4™ St (see Figure 5.4 and Table 5.7) was not impacted by APT

variations. Track clearance, dwell, and recovery delay varied by no more than 5.4 sec/veh.

Table 5.6. 6" St crossing conflicts, APT.

Crossing Conflicts (%), 6th Street
APT=0s (Simultaneous preempt) 10
APT=10s 2
APT=16s (Base case) 0
APT=35s 58
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Figure 5.5. Total delay, APT, EB Main Ave at 4 st

Table 5.7. Per-vehicle delay, APT, EB Main Ave at 4" st.

Delay (sec/veh), EB at 4th St Normal | Track Clearance | Dwell | Recovery
APT=0s (Simultaneous preempt) 12.7 33.5 25.3 9.7
APT=10s 12.7 389 23.1 9.9
APT=23s (Base case) 13.4 34.0 24.7 11.2
APT=35s 12.7 38.9 22.9 9.9

Southbound movements at 4" St did experience a notable reduction in delay with
increasing advance preemption time, as shown in Figure 5.6 and Table 5.8. The largest
tested APT, 35 seconds, resulted in a 19.8% reduction in recovery delay from simultaneous

preemption at the southbound approach, from 85.7 sec/veh to 68.7 sec/veh.
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Table 5.8. Per-vehicle delay, APT, SB Main Ave at 4™ St.

Delay (sec/veh), SB at 4th St Normal | Track Clearance | Dwell |Recovery
APT=0s (Simultaneous preempt) 18.5 0.0 0.0 85.7
APT=10s 18.5 0.0 0.0 79.8
APT=23s (Base case) 18.2 0.0 0.0 71.0
APT=35s 18.5 0.0 0.0 68.7

The crossing at 4™ Street experienced a 2 percent crossing conflict rate using a 10-

second advance preemption time, but was conflict-free in every other scenario. See Table

5.9.

Table 5.9. 4™ St crossing conflicts, APT.
Crossing Conflicts (%), 4th Street

APT=0s (Simultaneous preempt) 0
APT=10s 2
APT=23s (Base case) 0
APT=35s 0
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5.3. Track Clearance Interval

Two alternative track clearance intervals were evaluated against the base case. The
minimum |8-second clearance was the minimum calculated using the Engelbrecht method
to clear only the track dynamic envelope and not the entire clear storage distance, as
specified by the methodology. The more conservative 30 second track clearance interval
calculated using the Greenshields method was also tested.

Eastbound delay (see Figure 5.7 and Table 5.10) was impacted by changes in track
clearance, with a 6 sec/veh increase at 6 Street between the minimum and base case track
clearance interval. Similarly, the 30-second clearance interval of the Greenshields method

resulted in a 9.8 sec/veh increase in track clearance delay over the base case.
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Figure 5.7. Total delay, TC interval, EB Main Ave at 6™ St.
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Table 5.10. Per-vehicle delay, TC interval, EB Main Ave at 6™ St.

Delay (sec/veh), EB at 6th St Normal | Track Clearance | Dwell | Recovery
TC=18s (Minimum) 8.1 16.0 1.5 1.9
TC=22s (Base case/Engelbrecht) 7.6 22.0 2.0 2.1
TC=30s (Greenshields) 8.1 31.8 1.5 2.0

Southbound delay at 6™ Street (see Figure 5.8 and Table 5.11) was unaffected by
variations in clearance time, indicating complete clearance of the clear storage distance

using even the minimum track clearance time.
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Figure 5.8. Total delay, TC interval, SB Main Ave at 6" St.

Table 5.11. Per-vehicle delay, TC interval, SB Main Ave at 6 St.

Delay (sec/veh), SB at 6th St Normal | Track Clearance | Dwell |Recovery
TC=18s (Minimum) 22.0 0.0 0.0 162.5
TC=22s (Base case/Engelbrecht) 22.0 0.0 0.0 162.5
TC=30s (Greenshields) 22.0 0.0 0.0 162.5
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Safety implications are shown in Table 5.12. A shortened track clearance interval of
18 seconds had no measured negative impact on safety at 6" Street. None of the scenarios

caused crossing conflicts.

Table 5.12. 6™ St crossing conflicts, TC interval.

Crossing Conflicts (%), 6th Street
TC=18s (Minimum) 0
TC=22s (Base case/Engelbrecht) 0
TC=30s (Greenshields) 0

Fourth Street eastbound track clearance delay was only slightly affected by changes
in track clearance time, ranging from 33.7 seconds using the minimum clearance time to
34.8 seconds under the Greenshields method. See Figure 5.9 and Table 5.13. Delay during

the dwell cycle was also slightly impacted, increasing from 18.8 to 26.2 sec/veh.
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Table 5.13. Per-vehicle delay, TC interval, EB Main Ave at 4" gt

Delay (sec/veh), EB at 4th St Normal | Track Clearance | Dwell | Recove
TC=18s (Minimum) 12.7 33.7 18.8 10.0
TC=22s (Base case/Engelbrecht) 13.4 34.0 24.7 11.2
TC=30s {Greenshields) 12.7 34.8 26.2 10.3

Southbound delay at 4™ Street (see Figure 5.10 and Table 5.14), similar to 6™
Street, was unaffected by variations in clearance time, indicating complete clearance of the

clear storage distance using even the minimum track clearance time.
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Figure 5.10. Total delay, TC interval, SB Main Ave at 4™ St.

Table 5.14. Per-vehicle delay, TC interval, SB Main Ave at 4th St.

Delay (sec/veh), SB at 4th St Normal |Track Clearance| Dwell [Recovery
TC=18s (Minimum) 18.5 0.0 0.0 70.6
TC=22s (Base case/Engelbrecht) 18.2 0.0 0.0 71.0
TC=30s (Greenshields) 18.5 0.0 0.0 70.6
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A shortened 18-second track clearance interval had no measured negative impact on

safety at 4™ Street. None of the scenarios caused crossing conflicts. See Table 5.15.

Table 5.15. 4™ St crossing conflicts, TC interval.

Crossing Conflicts (%), 4th Street
TC=18s (Minimum) 0
TC=22s (Base case/Engelbrecht) 0
TC=30s (Greenshields) 0

5.4. Dwell Cycle

Base case control included dwell cycle at 4™ Street and dwell hold at 6™ Street. Dwell
cycle scenarios applied each strategy to both intersections. Therefore, while control
strategy at 4™ Street did not change from the base case to the dwell cycle scenario, results
were expected to be different due to the dwell cycle at 6™ Street.

Preempt dwell cycle is designed to serve movements that would otherwise be
neglected for the duration of a preempt event (i.e. northbound left-turn and southbound
through and left turns in this case study). By “borrowing” green time from track-parallel
approaches during the dwell stage, preempt dwell cycling is designed to strike a balance
between alleviating delay on track-conflicting approaches (i.e. north and south) and
imparting undue delay to the opposite (east and west) approaches.

Northbound left-turn delay was not measured due to low volumes observed at both
intersections during the study hour.

As expected, eastbound efficiency at both intersections was impacted by the
allocation of green time to other approaches during dwell (see Figure 5.11 and Table 5.16).
Main Ave and 6™ Street experienced 5.5 sec/veh peak during dwell cycle, compared to a

1.6 sec/veh peak during dwell hold. Recovery delay was unaffected.
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Figure 5.11. Total delay, dwell cycle, EB Main Ave at 6™ St.
Table 5.16. Per-vehicle delay, dwell cycle, EB Main Ave at 6™ St.

Delay (sec/veh), EB at 6th St Normal | Track Clearance ; Dwell [ Recovery
Base case (dwell cycle at 4th St) 7.6 22.0 2.0 2.1
Dwell cycle (both intersections) 8.1 21.3 5.5 1.8
Dwell hold (both intersections) 8.1 21.3 1.6 1.8

Southbound movements at 6™ Street experienced no delay benefit from dwell cycle,
suggesting the clear storage area (between crossing exit gate and stop bar) was adequately
cleared prior to the dwell stage and no vehicles were served by dwell cycle. See Figure
5.12 and Table 5.17. Delay was consistently zero during dwell. Crossing safety at 6™ Street
(see Table 5.18) was not impacted by the implementation of dwell cycle.

Fourth Street’s eastbound approach (shown in Figure 5.13 and Table 5.19) was

significantly impacted, with 34.0 sec/veh delay in the interval immediately following track
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clearance in the base case (using dwell cycle at 4™ St only), 26.4 sec/veh using dwell cycle

at both intersections (the increase due to platoon arrival from 6™ Street), and 3.9 seconds

using dwell hold at both intersections. Implementing a dwell hold eliminated the delay

peak during dwell, reducing delay from 24.7 sec/veh in the base case to 0.2 sec/veh.

Recovery delay was slightly affected.
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Figure 5.12. Total delay, dwell cycle, SB Main Ave at 6™ St.

Table 5.17. Per-vehicle delay, dwell cycle, SB Main Ave at 6" St.

Delay (sec/veh), SB at 6th St Normal | Track Clearance | Dwell |Recovery
Base case (dwell cycle at 4th St) 22.0 0.0 0.0 162.5
Dwell cycle (both intersections) 22.0 0.0 0.0 158.9
Dwell hold (both intersections) 22.0 0.0 0.0 166.1

Southbound movements at 4™ Street experienced no benefit from dwell cycle,

suggesting the clear storage area (between crossing exit gate and stop bar) was adequately
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cleared prior to the dwell stage and no vehicles were served by dwell cycle. See Figure

5.14 and Table 5.20. Delay was consistently zero during dwell. Table 5.21 shows no

crossing conflicts resulting from variations in dwell strategy at 4™ st

Table 5.18. 6™ St crossing conflicts, dwell cycle.

Crossing Conflicts (%), 6th Street

Base case (dwell cycle at 4th St)

Dwell cycle (both intersections)

(o)

Dwell hold (both intersections)
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Figure 5.13. Total delay, dwell cycle, EB Main Ave at 4™ St.
Table 5.19. Per-vehicle delay, dwell cycle, EB Main Ave at 4™ St.

Delay (sec/veh), EB at 4th St Normal | Track Clearance | Dwell [ Recovery
Base case (dwell cycle at 4th St) 13.4 34.0 24.7 11.2
Dwell cycle (both intersections) 12.7 26.4 17.6 10.4
Dwell hold (both intersections) 12.7 3.9 0.2 9.9
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Figure 5.14. Total delay, dwell cycle, SB Main Ave at 4™ St.
Table 5.20. Per-vehicle delay, dwell cycle, SB Main Ave at 4™ St.
Delay (sec/veh), SB at 4th St Normal | Track Clearance | Dwell |Recovery
Base case (dwell cycle at 4th St) 18.2 0.0 0.0 71.0
Dwell cycle (both intersections) 18.5 0.0 0.0 70.6
Dwell hold (both intersections) 18.5 0.0 0.0 73.5
Table 5.21. 4™ St crossing conflicts, dwell cycle.
Crossing Conflicts (%%), 4th Street
Base case (dwell cycle at 4th St) 0
Dwell cycle (both intersections) 0
Dwell hold (both intersections) 0

5.5. Summary

This chapter presented model results with respect to efficiency and safety at both

study intersections. Advance preemption time was the only test variable which had a

measurable negative impact on safety at either intersection. An excessively long APT of 35

59




seconds caused the advance preempt trap discussed in chapter 2, with a 58 percent accident
rate. Truncated APTs of 0 and 10 seconds caused 10 and 2 percent accident rates,
respectively, as a result of a different phenomenon, known in this study as the four-
quadrant gate trap. Shortened APT forced queued vehicles to become trapped between the
descending crossing gates before the signal controller’s track clearance phase had cleared
the queue. This problem is unique to the four-quadrant gate configuration present at both
study crossings. Larger advance preemption times led to a slight reduction in southbound
delay due to vehicles which would otherwise be stopped at the crossing gates being
allowed to continue through the intersection during the track clearance interval.

Crossing safety in this study was not impacted by the shortening of the track
clearance interval. The minimum time required to clear the track dynamic envelope using
the Engelbrecht method resulted in zero crossing conflicts. Delay increased slightly with
track clearance time on both eastbound approaches, with a 9.8 sec/veh delay difference
between 30-second and 18-second track clearance intervals at 6% Street, and a more modest
1.1 sec/veh increase on eastbound Main Avenue at 4™ Street.

Dwell cycle had a negative impact on delay to track-parallel movements at both
intersections, causing delay peaks of 5.5 sec/veh and 24.7 sec/veh (base case) at 4" Street.
Delay at 4™ Street was improved when Main Ave and 6" Street also utilized a dwell cycle.
Southbound delay saw no significant improvement due to dwell cycle, and northbound left
turn volumes were too low to have a significant impact on intersection operations. Safety

was not affected by dwell cycle.
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CHAPTER 6. CONCLUSIONS & RECOMMENDATIONS

This chapter describes the conclusions to be drawn for each test variable, lessons
learned from data collection and model development, and general conclusions for railroad
preemption in a small urban area context. It also presents suggestions for further research

and recommendations for implementation of this study’s findings.

6.1. Conclusions

6.1.1. Advance Preempt Time

Variations in advance preempt time pose a potentially severe crossing safety
hazard. The results illustrated the potential danger of the advance preempt trap, with an
advance preemption time of 35 seconds producing 58 conflicts for every 100 crossings at
one of the study crossings.

Shortened advance preemption times or the use of simultaneous preemption at
crossings with four-quadrant gate configurations can cause a separate safety hazard —an
exit gate trap. This situation occurred when a crossing’s exit gates closed before the
backward recovery shockwave from the track clearance phase had reached the crossing,
trapping queued vehicles between gate arms. The exit gate trap caused a small number of
crossing conflicts compared to the advance preempt trap, but the potential severity of any
train-vehicle collisions requires great care be taken to avoid any incidents.

The small differences in delay imparted by varying APT is rendered moot by the
important safety issues presented in the advance preempt trap and four-quadrant gate trap.
An understanding of the two separate gate trap phenomenon is critical to signal preemption

design. Although some variability in advance preemption time is an inevitable product of
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current track detection technology, the signal control practitioner can mitigate the potential
safety issues by implementing longer preempt times to avoid the advance preempt trap and
requesting advance preemption from the railroad if a four-quadrant gate configuration

exists. Recommendations for implementation will be discussed further in section 6.2.

6.1.2, Dwell Cycle

Implementation of a signal cycle during the dwell stage of preemption is designed
to alleviate delay to movements that do not directly oppose the rail crossing, but which
would not otherwise be served during preempt dwell. In this study, these include
northbound left and southbound movements. This strategy can have a positive effect on
intersection operations if high demand exists on unserved movements, particularly if
queues would extend back into adjacent intersections during long train events. In this case
study, however, peak hour volumes on the northbound and southbound approaches were
not high enough to justify the use of a preempt dwell cycle. By reallocating green time
from the major east and west approaches, the strategy led to significant delays during
preempt dwell. The use of a standard eastbound/westbound dwell hold during preempt
eliminated delay peaks and allowed through movements on Main Avenue to continue
unimpeded through the network during preemption. Dwell cycle would be recommended
only if northbound left turn demand is high or if high-demand driveways existed between

the southbound stop bar and the grade crossing.

6.1.3. Track Clearance Interval

Numerous methods have been suggested for the determination of track clearance

interval. Each method is based on different assumptions for vehicle performance, driver
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attentiveness, queuing behavior, and design vehicle characteristics, and lead to different
track clearance intervals for the same setting.

Ease of applicability, though not a primary concern, should not be neglected when
comparing track clearance determination methods. The Engelbrecht and Greenshields
methods benefitted by requiring relatively little data and following a simple procedure. The
data requirements of the Marshall and Berg method make it difficult to apply without some
time and resource investment.

This study found that the Engelbrecht method achieved crossing safety with the
least negative impact on intersection operations. The 22 seconds required at both study
intersections to clear the entire clear storage distance (CSD) was adequate in preventing
crossing conflicts. A shortened track clearance interval of 18 seconds, designed using the
Engelbrecht method to clear only the track dynamic envelope, also provided adequate
safety at the study crossings while causing a slight improvement in eastbound delay. The
more conservative 30-second clearance interval derived using the Greenshields method
resulted in longer delay on both eastbound approaches.

[t can be concluded that the shortest track clearance time which adequately clears
the crossing should be implemented. Overly conservative clearance intervals lead to wasted
green time, causing unnecessary delay and the potential for driver frustration on opposing
movements. This study recommends the use of the Engelbrecht method for its ability to

clear the crossing approach without unduly impacting intersection operations.

6.1.4. Data Collection

The simulation of an urban arterial with train preemption events requires a great

deal of data. Care must be taken to collect accurate measurements of crossing events
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(activation of waming equipment, start of gate closure, train arrival, train departure, and
gate opening), preemption events (track clearance interval, dwell phase strategy, recovery
phases), and highway vehicle data (volume and delay). Each of these observations must be
observed simultaneously, requiring significant manpower. Synchronization of watches
between data collection personnel is critical, as rail preemption involves a very complex
and time-sensitive interaction between systems. Collection of calibration and validation
data requires the utmost precision, as small errors in data collection can lead to a great deal
of difficulty in model calibration and validation.

The one-hour analysis period used for this study required several two-hour data
collection efforts in order to capture the necessary scenario. Data collection should include
one contiguous hour with at [east 15 minutes of normal peak hour operation before
preemption, preemption by a unit-length train, and at least 15 minutes of recovery
operation after the end of preemption. Depending on train volumes, this can take several
collection efforts. Five-minute data collection intervals were used to reflect the brief and
changing nature of preemption, allowing a clearer picture of preemption operations than
could be obtained using a 15-minute interval.

This study’s calibration and validation methods of evaluation, stops and delay, were
selected for their respective relevance to crossing safety and intersection efficiency. These
MOESs were easily observable in the field and provided valuable insight into model
performance. Reasonable results were achieved at 6™ Street after two iterations of model
parameter adjustment. The same model was applied at 4™ Street using different vehicle and
train volumes, and was found to hold true. This illustrated the value of proper model

calibration and the need for thorough and accurate data collection.
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6.1.5. Model Development

The simulation software VISSIM was selected for its ability to reflect the
stochasticity of driver behavior and to model complex signal control and track warning
equipment operation. Simulation allows the evaluation of various signal control strategies
without changing real-world conditions, and is particularly well-suited for this study’s
network of signalized intersections in a small urban context, where interactions between
intersections can have an effect on network performance.

VISSIM’s RBC signal control emulator was well-suited for modeling the
complexities of signal preemption, with support for user-defined track clearance interval,
multiple preemption inputs, dwell phase strategies, and recovery strategies. The RBC’s
advanced capabilities allow a level of accuracy in simulation signal control which would
have until recently required the use of hardware-in-loop simulation. Analysis scenarios
were designed to isolate variables of interest — advance preemption time, track clearance
interval, and dwell phase — without changing other model parameters. The selection of
testing variables was based on those factors which are most relevant to preemption safety
and efficiency

Model calibration was based on adjustments to the driver behavior parameters
additive and multiplicative parts of safety distance and average standstill distance because
these had been shown (Ahmed 2005) to have the most significant impact on link capacity
in VISSIM. The calibration process should involve a limited number of variables, and each
iteration should be limited to the adjustment of a single variable in order to isolate and

understand its effect. Careful model calibration is particularly important for the simulation
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of rail preemption, where vehicle following and queuing behavior can have a dramatic

impact on crossing safety.

6.2. Recommendations

6.2.1. Further Research

Simulation was an effective tool for the evaluation of complex signal preemption
operations. Future research could investigate the feasibility of simulating variations in
advance preemption time and warning time using accelerating and decelerating trains. It
would also be useful to simulate and evaluate the effectiveness of an actuated track
clearance phase with gate-down confirmation to prevent the advance preempt trap. A
simulation model could also be used to investigate the potential for loop detectors to
improve crossing safety by actuating the descent of exit gates. These experiments may

require advances in signal control emulation.

6.2.2. Implementation

The four-quadrant gate trap can pose a serious problem during short advance
preemption times and is not adequately addressed in current practice. NCHRP Synthesis
271 (Korve 1999) recommends loop detectors at the tracks to delay exit gate closure. This
would solve the problem, but there is no evidence of its current use. An alternative solution
would be to impose a longer delay between the descent of entry and exit gates. Without
actuation, though, this method could allow drivers to navigate around the entry gates before
exit gate descent, defeating the purpose of the four-quadrant gate configuration. This study

recommends the implementation of loop detectors to prevent the four-quadrant gate trap.
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The advance preempt trap presents another safety hazard which is not addressed in
current practice. This study illustrated the potential for serious safety issues at the case
study location using a 12-second preempt trap. A dynamic or actuated track clearance
interval with a gate-down confirmation would guarantee sufficient track clearance without
wasting green time when not needed. This would require changes to signal controller
specifications, which do not currently support actuation of the track clearance phase. Both
types of preempt trap could be addressed with loop detectors at the tracks to delay exit gate
descent, and a dynamic track clearance interval with gate-down confirmation.

The determination of track clearance interval has been well documented, but there
is currently no widespread acceptance of a single method to calculate this critical
component of preemption. This study found that, in the case study location and barring
advance preempt complications, the Engelbrecht method provides sutficient clearance time
to ensure crossing safety without wasting green time and imparting unnecessary delay to
other movements. This method is currently in use by at least two state departments of
transportation (Engelbrecht 2005; Mn/DOT 2006) and this study recommends its
widespread application. Other methods are either too conservative or too difficult to apply.

Due to the delay caused to track-parallel movements by cycling signal phases
during preempt dwell, this study recommends the use of a dwell cycle only when high
demand is expected on track-opposing movements.

Rail crossing accidents have declined over the past several years, but there remains
room for improvements 1n safety guidelines and practice. Crossing safety is of the utmost
importance at rail crossings, but previous research had not addressed the need to balance

this concern with intersection operations, particularly in urban areas. Current preemption
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guidelines provide little or no specific recommendations on the determination of track
clearance green or dwell phasing strategy; nor do they address the safety hazards posed by
advance preemption and four-quadrant crossing gate systems. While no specific
preemption strategy can be applied to every situation, the findings of this and other
research studies can guide practitioners in the implementation of safe and effective railroad

preemption.
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APPENDIX A. LONG CLEARANCE TIME PROCEDURE

(1) Determine whether the signalized intersection is within 200 ft of the railroad crossing,
as specified in the 2001 MUTCD §8D.07, or whether expected maximum queues are likely
to extend back as far as the track such that traffic signal preemption for queue clearance 1s
needed.

(2) Identify the appropriate design vehicle in compliance with MUTCD §8A.01(4).

(3) Obtain the design length and acceleration category of the design vehicle by consulting
Table 1.

(4) Determine the minimum track clearance distance in compliance with MUTCD
§8A.01(8).

(5) Determine the clear storage distance in compliance with MUTCD §8A.01(3).

(6) Add the minimum track clearance distance and the clear storage distance to get the
critical queue length.

(7) Enter Figure 2 with the critical queue length and get the expected progressive startup
delay.

(8) Add any needed special adjustments for non-ideal factors such as conflicting left-turn
stragglers that deter the startup of lead vehicles, intersection turning-vehicles inhibited by
sharp corner radii or obtuse turning angles or pedestrians, drivers distracted by surrounding
activities, inattentive drivers, interferences by vehicles either turning in or out of adjacent
driveways, or other factors.

(9) Add the design vehicle length and the minimum track clearance distance to get the
repositioning distance.

(10) Enter Figure 3 with the repositioning distance, the design vehicle type and acceleration

category (and grade if the design vehicle is a combination truck) and get the expected
maximum repositioning time.

(11) Add the expected maximum startup delay and expected maximum repositioning time
to get the expected safe track-clearance time.

(12) Add the train-detection equipment-delay time, pedestrian minimum truncation time,
yellow change interval time, train separation time and other necessary time adjustments to
the expected safe track-clearance time to get the expected safe minimum-preemption time
(beyond the scope of this paper.)
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Expected maximum startup delay (sec)
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APPENDIX B. ENGELBRECHT CLEARANCE TIME

PROCEDURE
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SECTION 2: QUEUE CLEARANGE TIME CALCULATION
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Altarstivaly, (he maximurr pres mption tma {4ne 20) may be Cecrassed afier pedorming 80 e0dinearng study 19 vastigas the
possibiity of redicing the vaiuas on #nes 1, 5,8, 7, 8, 11, 12, 13 and 14,

35, Additional waming time required trom railread {saconds}: subtratiine 34 from line 29,
mund up to nearsst full second, enter 0 if Issa than 0 ...

Remarks:

Faga 2
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SECTION 5: TRACK CLEARANCE GREEN TIME CALCULATION {OPTIONAL!
Preempt Trap Chack

36, Advance presmption time (APT) provided {seconds): . .. . ... 36. -me 33y iam fined8 s 20T

37. Muttipier for maximum APT due totrain handiing.. .. ... .. 3T, See :wrurions oramsis

3B. RaximumAPT {seconds) mullipty line 35 and 37 . e . 3B 5.3 Remarks

39. Minimum duration for the track clasrance gresn imerva: {secondsi. . . .. 38 is8.2 For zero advance preempton Lime
40. Gates down affar start of presmption [seconds): add inss 38 and 33 ... &0, i5.2

41. Preampt verffication and responsa time (sacondsy ine 3. .. ... ... 41 c.3 Remarks

42. Best—cass conficting vehiie or pedastrian time {saconds): usualy J. . 42

43, Minimum right-of-way transfar time {secands): ads nes 41and42. ...

44, Winimum track ciearance graan time (seconds): subtract ling 43 from lina 4. .

Ciearing of Clear Storage Distance

45. Time reguired for design vehicia to stant moving (58sand3s). iing 22 .

46. Cesignvahicis ciearance distanca (CVCD, feet). ine 23. . 4B, < Remarke

47. Ponionof CSC 1o cisar during track ciearance phase (feat) 47. CSC- in Figurs 3 in Instructions.

48. Cesign vehizie raozation disiance (DVRD. festh add linas 46 and 47 48
49, Time required for design vahicia 10 accaierate through CVRD {seconds). ... 48, [__—_I AmadiomFgie 27 mrum I

50. Yime to ciear portion of claar storage distance [secondsh add lines 45and 49 . .

51. Track clearance green interval {seconds); maximum of lines 44 and 50, round up to naarest full second ..... 51, EE

SECTION 6: VEHICLE-GATE INTERACTION CHECK {DFTIONAL:

§2. Right-af-way transfer time (s8con3sr (m8 17 . .. o o B2 2.
53, “ime required for design vehizie to start moving {saconds). kne 22 . . . . .. ... 53 ¢.L
54, Time reguired for design ve hice 10 accererate through DVL jon tne 20, saconds) ... . 54, 2wad 197 T200 3 n Tamany
55. Tima raquired far dasign vehicie 1o clear descending gate [seconds) add lines 52 though B4 sS.

Remarks
5§6. Curstion of fiashing ights bafora jate descant stan {sacondsy: get fromrairoad . . 56. l

Remarks

§7. Fuligate Jescert tims {seconds): get fromranroad . ... ... ... ... ST
$8. Proportion of non-intaracion gate descant tme . ... .. . . . 58. 22 fom Eigura § o muzom
59. Non-interaciion Jate descent time [sezandsy mutiply wes 5TandB88 . . . . . ... 80, c.¢

€0, Time availabie for design vahicle to claar Jescending gate {secondsy add lines 55 and 59. ... 60.

61. Advance preempticn time {APT) required to avoid design vehicle-gate interaction (secends):
subtract line 60 from line 55, round up to nearest full second, enter 0 if less than 0

Pags 3
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KO Rail Line

APPENDIX C. ADDITIONAL DATA

4th Street

s A

322 —»

148y

15 490 42

JI\

75 892 51
v
3
=
o
>
L
c
L]
3
48 €41 15

me J)

ss A

58 —b

152 ‘

A

126 948 25
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 iotes [Pan Ave B 4th st "] Freduency 10 -
SG Number i1 2 i3 i4!l85 151718
Min Gieen ; : 12 12 1 21 12
Max1 T 5 ¥ 9 | % | 15| 3%
Yelow Lo 3 127 3 7 3 ¢ 3 |32 ;
RedClagrance .. 25 22 1 24 2 22 i
Walk ) 7 7 7 7 ‘

7 SatUp rrlrir T ERr, - rr rrrr r'r
MaRecd . 4" B C PP /P FC P rir ¢ r r - © 4§
Dual Entry r v rimiriFlrie o rirororo|
R - NiackClearwce? | - i o R

Preempt Humber 1 ; 2 Preempt Number | 1 | 2
Ttack Clearance 1 1 22 »  Track Clesrance 2 0
TCIVehSGe 1 8 | TCoVehSGs
TC1 Ped SGs ; TC2 Ped SGs
TC1 OviSGs | TC20vSGs

Preempt Number ford 2

Gs b EtVenSGe - e

Dwell Ped §Gs JIE
Dwell Ov1 SGs Mol e

B 7 |8
B> MinGreen , 12 12 5 | 12 1z
Max 1 . 61 19 8 48 19
Yellow o 32 3 1 3 |32 3 )
Red Clearance 2 25 1 23 25 )
wak o 7 5 7 5
Stat Up S T I~ r i r ~ r r:r r O .r r ricir
Max Racal TP TR FIC Fir rF ririririr
L puateny re riFiriFrFir rrroririrr
‘ f g S Ty e g b R o -
: Preempt Number 1 1.2 Preempt Number 1 2
Track Clearance 1 22 Track Clearance 2 0 0
TCIVenSGs | 8@ TC2Veh5Gs
TC1 Ped 5Gs 1 TC2PedSGs.
TC1 0vISGs !{ b TC20vi5Gs
3 Preempt Humber 1 2 Preempt Number 1 2
Dwell Yeh 56t 26 | 26 Exit Veh SGs A 48
DwelPedSGs | P EwtPedSBs
»  Dwel0vSGs ER T
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