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About the STRIDE Workforce Development Summit

U.S. Department of Transportation sponsored the first Workforce Development Summit
through the Southeastern Transportation Research, Innovation, Development & Education
Center (STRIDE) consortium housed in the University of Florida Transportation Institute
(UFTI). The UFTI Technology Transfer (T2) Center, The Citadel, and Tennessee Technical
University collaborated to plan, coordinate and deliver valuable sessions on traffic signal-
related topics to form the first Workforce Development Summit. The goal of the Workforce
Development Summit is to assist transportation agencies to address congestion. Prior to the
summit, the STRIDE research teams identified the critical need for a robust workforce,
knowledge transfer of retirees to incoming professionals, and technology-related education
and training opportunities critical to an efficient and safe transportation network with
multimodal infrastructure components. Summit sessions were held to develop the necessary
skills in technology in the transportation field related to updated traffic signal systems,

equipment, resources, and approaches.

UFTI-T2 hosted a pilot eight-day summit for working professionals as well as college
students and those interested in transitioning to a career in transportation. Summit sessions
were delivered through live instructor-led webinars held in May of 2023. Nine sessions
included topics of transportation engineering fundamentals, traffic signal basics, equity
fundamentals, uniform devices, traffic signal asset management, signal safety, capacity
analysis, and signal timing. Recorded sessions are available for viewing at the UFTI-T2

center website: www.techtransfer.ce.ufl.edu.

University of Florida Transportation Institute ® Technology Transfer Center (T2)
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Course Outline with Session Objectives

Session 1 - Traffic Engineering Fundamentals 2 hours
The Traffic Engineering Fundamentals course introduces the STRIDE Workforce
Development Summit and familiarizes participants with basic traffic engineering vocabulary,

concepts, and principles.

The course learning objectives include learning the fundamentals of the following topics:

e Characteristics of transportation systems
o Traffic descriptors, safety, and control devices
o Traffic data collections and visualizations

Session 2 - MUTCD Traffic Signals 3 hours
The Manual on Uniform Traffic Control Devices Traffic Signals course introduces key
principles of the uniform manual for practical application to intersections along public roads.
Differences in past versions and the 2009 11th Edition Manual on Uniform Traffic Control
Devices (MUTCD) are discussed. In addition, the proposed changes in the 12th edition of the
MUTCD are also previewed by an active member of the National Committee on Uniform
Traffic Control Devices (NCUTCD) which is responsible for formulating rules and
recommendations to be incorporated into the MUTCD.

The course learning objectives include gaining knowledge of the following topics:

o Explain the history and purpose of the MUTCD

e Discuss 9 parts of the MUTCD

o Describe the differences between National and State of Florida standards
e Practical application of MUTCD concepts

e Discuss proposed changes to the MUTCD

Session 3 - Traffic Signal Systems Asset Management 3 hours

The Traffic Signal Systems Asset Management course provides the fundamentals to develop
and maintain a transportation asset management (TAM) program. Attendees will be presented
with available tools to identify infrastructure assets like pavement, sidewalks, signs, drainage
structures, guardrails, and green spaces.

The course learning objectives include reference of details on the following:

e Industry practices in transportation asset management programs

e Processes to ensure quality assurance and control in data collected and maintained
o Data necessary for a robust TAM program to be used for decision making

e Asset lifecycle through design to replacement

e Resources to develop goals, policies, and asset inventory

University of Florida Transportation Institute ® Technology Transfer Center (T2)
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Course Outline with Session Objectives

Session 4 - Highway Safety Analysis of Traffic Signals and Their Timing 3 hours
The Highway Safety Analysis of Traffic Signals and their Timing course familiarizes
participants with the Predictive Methods of the Highway Safety Manual and its application.

The course learning objectives include learning opportunities on the following topics:

o Fundamental concepts of safety and the importance of safety assessments
e Overview of Highway Safety Manual (HSM)
e HSM predictive methods and crash modification factors

Session 5 - Basic Traffic Signal Timing 2 hours
The Basic Traffic Signals Timing course is designed for those with an interest in a

transportation career from a technician to an engineer. The course introduces topics in traffic
signal fundamentals, timing, safety for signals, and efficiency methods to avoid congestion.

The course learning objectives include participants learning about the following topics:

e Describe how a traffic signal works

e Define key traffic signal timing terms

o Design safety intervals for traffic signals for motoring traffic and pedestrians
o Design efficiency intervals for traffic signal cycles

Session 6 - Intro to Transportation Equity 2 hours

The Intro to Transportation Equity course is designed for engineers, planners, policymakers,
and professionals whose work intersects transportation policies and practices. Strategic
equitable transportation planning will aid practitioners and decision-makers to mitigate
potential adverse impacts of transportation projects on communities.

This course learning objectives provide participants with an insightful perspective on the
following concepts:

o Types of equity and their implications

o Strategies to mitigate potential adverse impacts of transportation projects
o Effective and inclusive community outreach program

o Equitable Accessibility through Al in Transportation

e (ase studies of successful initiatives and notable practices

University of Florida Transportation Institute ® Technology Transfer Center (T2)
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Course Outline with Session Objectives

Session 7 - Traffic Signal Basics 14 hours

The Traffic Signal Basics course familiarizes participants with the configuration and
operation of traffic signals. This course was designed for new signal technicians, engineers,
and other municipal employees interested in an introduction to traffic signals.

The course learning objectives include the following topics:

e The purpose of traffic signals

o Traffic signal field infrastructure

o Basics of signal operations

o Controller programming

e Intersection performance monitoring
o Safety considerations

e Arterial performance monitoring

Session 8 - Highway Capacity Analysis with Signalized Intersections 3 hours

The Highway Capacity Analysis with Signalized Intersections introductory session includes
lectures, software demonstrations, and application examples on the HCM 7th Edition
procedures. Step-by-step instructions of methodologies, followed by application examples,
are presented for different HCM chapters.

This course learning objects provides knowledge of the following learning outcomes:

e Understand the scope of HCM analyses for signalized intersections and urban streets
e Understand analysis inputs and interpret results
e Use the basics of Highway Capacity Software to perform HCM analysis

Session 9 - Advanced Traffic Signal Timing 2 hours

The Advanced Traffic Signal Timing course provides attendees with a brief review of Traffic
Signal Timing Basics, common occurrences of congestion, design parameters for individual
signals and complete networks, and techniques to manage congestion caused by traffic signal
timing.

This course learning objectives provide participants with the opportunity to learn about the
following topics:

o Identify the four causes of congestion

o Design traffic signal timing values for a congested intersection

o Design traffic signal timing values for a network of congested intersections

o Identify methods for managing queues in a network of congested intersections

University of Florida Transportation Institute ® Technology Transfer Center (T2)
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Introduction

The University of Florida Transportation Institute's Technology Transfer (T2) Center, The
Citadel, and Tennessee Technical University have collaborated to provide informative
sessions on traffic signal-related topics during the Workforce Development Summit. These
summit sessions started on May 9, 2023, and concluded on May 22, 2023. The Workforce
Development Summit, sponsored by the U.S. Department of Transportation (DOT), features
free webinars that include live instructor-led presentations.

These courses encompass various subjects within the realm of traffic engineering and signals.
They are designed to equip administrators, professionals, and individuals seeking an
introduction to advanced traffic engineering concepts with the necessary skills and
knowledge. Participants can enhance their understanding of traffic engineering principles
through interactive online sessions led by experienced instructors.

The Workforce Development Summit organized by STRIDE Center, aims to foster
professional growth and promote the exchange of expertise in the field of traffic signal
management. Attendees can take advantage of these valuable webinars to expand their
knowledge base and stay up-to-date with the latest advancements in traffic engineering
practices.

Webinar Organization

The 9-session webinar series was presented by approved instructors using curriculum
materials including provided readings, demonstrations, and various visual aids such as
computer-generated slides, flip charts, handouts, and similar tools.

This summit was divided into distinct sessions as shown in the Agenda section. The sessions
were held over the span of multiple days from May 9, 2023, to May 22, 2023.

Class Size and Organization
In order to achieve the learning objectives for this course, the target maximum course size is
100 participants per unassisted instructor.

Target Audience

Session 1 Traffic Engineering Fundamentals: This course is designed for engineers,
technicians, graduate, or undergraduate students, and generally any individual interested in
the fundamentals of traffic engineering.

Session 2 MUTCD Traffic Signals: This workshop is designed for traffic engineers, road
designers, construction inspectors, engineering consultants, construction engineers, traffic
designers, maintenance supervisors, public works directors, elected officials, and those who
reference the MUTCD.

Session 3 Traffic Signal Systems Asset Management: This introductory training is
designed for those building a career within public agencies including elected officials, new
engineers, transportation professionals, technicians, and those with a responsibility to
maintain public assets within transportation networks.

University of Florida Transportation Institute ® Technology Transfer Center (T2)
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Session 4 Highway Safety Analysis Traffic Signals and their Timing: The course is
intended for those interested in transportation and civil engineering, technicians, and students
with limited exposure to highway safety.

Session 5 Basic Traffic Signal Timing: The intended audience for this session includes: new
hires in traffic signal operations, longer-term hires that want a refresher on basic traffic signal
operations, administrators, managers, or anyone else who wants a basic grasp of how signal
timing works, and engineering students and recent grads who are interested in a
transportation career.

Session 6 Intro to Transportation Equity: This course is designed for engineers, planners,
policymakers, and professionals whose work intersects transportation policies and practices.

Session 7 Traffic Signal Basics: This course is designed for engineers, technicians, or
students interested in transportation and traffic signal operations with limited or no previous
experience in traffic signal fundamentals.

Session 8 Highway Capacity Analysis with Signalized Intersections: This course is
designed for engineering and planning professionals who wish to gain a deeper understanding
of HCM methods and their applications.

Session 9 Advanced Traffic Signal Timing: The intended audience for this session
includes: those who completed the Basic Signal Timing workshop and want exposure to
advanced timing, especially related to operations in congested conditions, current signal
technicians interested in advanced signal timing concepts, especially those related to
operations in congested conditions, and administrators, managers, or anyone else who are
looking for an introduction to advanced signal timing concepts, especially those related to
operations in congested conditions.

Course Goals and Objectives

The overall goal of the summit is to deliver valuable sessions on traffic signal-related topics
such as data analysis, signal interpretation, and traffic technology utilization during the
Workforce Development Summit. Course objectives can be found in each session objective
under the Course Outlines section.

Lesson Plans

The lesson plans are designed to involve the participants interactively in the learning process.
The detailed, interactive lesson plans for the course sessions are presented in individual
sessions. Attainment of each course objective is evaluated through discussion periods at the
end of each session.

University of Florida Transportation Institute ® Technology Transfer Center (T2)
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Agenda

Session | Course Name Date Start Duration
No Time
(EST)
Session 1 | Traffic Engineering Fundamentals | May 9, 2023 | 9:00 AM | 2 hours
Session 2 | MUTCD Traffic Signals May 11, 2023 | 9:00AM | 3 hours
Session 3 | Traffic Signal Systems Asset May 12,2023 | 9:00AM | 3 hours
Management
Session 4 | Highway Safety Analysis Traffic May 12,2023 | 1:00PM | 3 hours
Signals and their Timing
Session 5 | Basic Traffic Signal Timing May 15,2023 | 9:00AM | 2 hours
Session 6 | Intro to Transportation Equity May 15,2023 | 1:00PM | 3 hours
Session 7 | Traffic Signal Basics May 16 & 9:00AM | 12 hours
May 17, 2023
Session 8 | Highway Capacity Analysis with May-19, 2023 | 9:00AM | 3 hours
their Signalized Intersections
Session 9 | Advanced Traffic Signal Timing May 22,2023 | 9:00AM | 2 hours

University of Florida Transportation Institute ® Technology Transfer Center (T2)
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Training Slides
Traffic Engineering Fundamentals

University of Florida Transportation Institute ® Technology Transfer Center (T2)
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m‘ Herbert Wertheim
College of Engineering

UNIVERSITY of FLORIDA

Traffic Engineering Fundamentals

Dr. Dimitra Michalaka
Associate Professor

Civil, Environmental, and Construction Engineering

The Citadel
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Traffic Engineering Fundamentals - Overview

Basic traffic engineering vocabulary, concepts, and principles on:
| Characteristics of transportation systems,
II. Traffic descriptors,

Il Traffic data collection,
IV. Traffic control devices,
V. Traffic safety,

VI. Complete streets, and
VII. Intelligent Transportation Systems (ITS).

This course is designed for engineers, technicians, graduate or undergraduate students and generally
any individual interested in the fundamentals of transportation engineering

“Major source of material: Transportation Engineering FE2+ by Ruey Long Cheu, Ph.D., P.E., F.ASCE,

SM.IEEE, M.ITE, The University of Texas at El Paso, 2022

STRIDE

Se

on Reseurch,

J Education Canter

w Herbert Wertheim College of Engineering

Definitions

#1. “Transportation is the movement of people and goods”
= Vehicles carry people and goods. It is much easier to count them than to count people and boxes in them.

#2. “Transportation is a derived demand”
= Transportation is a necessary evil. It wastes time and money.

= Atrip is made or a box is shipped because the subject needs to be at the destination at a certain time.
= Aperson travels from Ato B because the benefit of his/her presence at B out-weights the travel cost (and time).

Tansprtaion Enginsring P2 by sy Lo Ch, P P

STRIDE

d Education Cantes
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UF Herbert Wertheim College of Engineering T —

Definitions

#3. “A transportation system has four interacting components: the users, the vehicles, the
infrastructures, and the policies.”
= Users: drivers, passengers, shippers, receivers, service providers

= Vehicles: cars, buses, trucks, trains, bicycles, aircraft, vessels, etc.
= Infrastructures: highways, airports, ports, bus stops, depots, etc.
= Policies: design standards, traffic rules, etc.

#4. “Transportation engineering is the application of scientific principles and data-driven
approaches in the planning, design, construction, operations, maintenance, and management of

transportation systems and their infrastructures.”
= Goals: safe, efficient, sustainable

n Research, gt oo e by Ry Long o, 71D P
! N ST

STRIDE |

Education Center

UF Herbert Wertheim College of Engineering OO0 G0 RO 0 o 56D 0 AT

I. Characteristics of Transportation Systems

Transportation Engineering interesting discipline because:
= Multidiscipline:

=Human factors:

= Political factors:

= Media:

= Customer service:

STRIDE

search,
 Education Canter
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I. Characteristics of Transportation Systems

=Networks:

=Dynamic:

= Geographical spread.
=Open to numerous users, stakeholders:

STRIDE

University of Florida Transportation Institute ® Technology Transfer Center (T2)
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I. Characteristics of Transportation Systems

=Openness and accessibility:

=Extent and ubiquity:

=Emphasis on efficiency and competitiveness:

=Diversity of owners, operators, users, and overseers:

=Entwinement in society and the global economy:

National Acad of Sciences, and Medicine. 2002. Making the Nation Safer: The Role of Science and Technology in
Countering Terrorism. Washington, DC: The National Academies Press. https:/doi.org/10.17226/10415.

STRIDE
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Transportation Modes

Person-highway/surface/land Person-others Freight
Private Public
Car (drive alone) Bus (regular bus transit) Air Truck
Car (carpool, get a ride) Bus rapid transit Commuter rail Freight train
Motorcycle Light rail transit Intercity rail Air
Bicycle Mass rapid transit Ferry Ship
‘Walking Tram

Taxi

Ridesharing

Carsharing

Bike sharing

B

STRIDE

11
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Stakeholders

Service providers End users
Federal departments, agencies Bus companies Travelers

State departments, agencies Mass transit companies Shippers, recipients
Regional agencies Taxi companies
County, city, and local agencies  Ridesharing companies

Parcel/express delivery companies
Trucking companies

Airlines

Train companies

Shipping lines

TLaw enforcement agencies Vehicle manufacturers, dealers Special interest groups
Parts suppliers Professional organizations
Fuel companies

Traffic control equipment manufacturers
Consulting engineers, planners
Educators

Researchers

Insurance providers

STRIDE

12
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Il. Traffic Descriptors

o O

o

O_v

STRIDE

13

im College of Engineering G THE NEW ENGINEER TO TRANSFORM THE FUTURE

Il.a) Driver’s Perception of Traffic

= Imagine you are driving a vehicle. How do = Your speed:

you_judge your own driving and the = Speed
vehlcles around you? = Distance between you and the car ahead:

= Distance Headway/Spacing/Gap
= Time (seconds) the car ahead has passed:
= Headway/Time Headway

= These above are microscopic (individual
vehicle level) descriptors.

STRIDE

14
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Il.a) Microscopic Traffic Descriptors I
ai(®)
20 N
<L
o"re o e o e
xi-1(t) xi(t) Xiv1(t)
i T T
Vehicle length A - ft, m
xi(t) ° ft, m
Speed 5i{t) - ft/s, mph, m/s, km/h
Spacing/Gap 9:t) Xig1 () = xi(E) ft, m
Xir1 (8] — Xi(t)
hi(t, A
Headway ) BRG] s
wch,
STRIDE Education Certes

15
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11.b) Macroscopic Descriptors

= Big picture of traffic stream.

= Condition of traffic.

speedu—»
speedu

= Quantify with macroscopic descriptors: -
density k —a

flowgq — =

density k—=

STRIDE
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Volume, V

= Vehicles that pass by a certain point of the road over a time interval < volume, V.

= Typical count time interval is 15 minutes.

= Standard unit of V is vehicles per hour (veh/h) or vehicles per hour per lane (veh/h/In).

= Volume may be counted for both directions combined, or all lanes in one direction. Read the data
description carefully.

= Final number is usually rounded to the nearest integer value.

STRIDE

17
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Volume, V - Examples

= Example 1: What is the Volume (veh/hr) equal to if you counted 160 vehicles in 15 minutes?

= Example 2: What is the Volume (veh/hr) if you counted 135 vehicles in 15 minutes in one

direction of a street that has 2 lanes?

STRIDE

18
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Volume, V

= Sometimes the numbers of cars and trucks are counted separately.

= If the total number of vehicles (cars+trucks) is of interest, V is expressed in veh/h or veh/h/In.

= If trucks are converted to cars equivalent, V is expressed in passenger cars per hour (pc/h) or
passenger cars per hour per lane (pc/h/In).

Tanapcaton Engnnting FE2 b Ry Long e, P10 PE.

STRIDE
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Volume, V — Examples (Contd.)

= Example 3: Calculate the volume in pc/h/In if in one direction of a highway if you counted 224

cars and 35 trucks in 15 minutes. Assume 1 truck is equivalent to 2.5 cars.

= The conversion factor 2.5 is called passenger car equivalency factor for truck (Er).

= Remember

These are
approximate
values

STRIDE

20
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Speed, S

= Most drivers relate to and use speed to determine traffic conditions.

= Speed here means average speed.
= Standard unit: mph or mi/h.
= 2 ways of measuring average speed:

=
A

-9

i Research,

STRIDE

< Education Carte it
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Speed, S

Space-mean speed, S

Time-mean speed = Ave. speed of N vehicles over same distance

L.

ol s
=S = 2EL L L 1y
v "Ss =§Cimy = §Ois1Sie
=S;,i=1..,N, are measured at the same
spot.

= Can be estimated from harmonic mean of S;.

= If S; is constant over a distance L, then S; = |
=Sy = 1o T
[%, and S, = Ss (see Ss &) T U/ng

"Sr=Ss.

=S¢ =SsonlyifS; =S; =S, forall i.

STRIDE
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Speed, S — Example

S, = O'I-V=] Si .
t
N
1 .
Ss = Top, T
N 5
STRIDE

23
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Density, D

=In physics, density is mass per unit volume.

=In traffic, density D is no. of vehicle units per unit length of a
road.

= Standard unit: pc/mi/ln, veh/mi/In.

*Maximum D = jam density D;.
=Max D is limited by the length of vehicle:

=Density is hard to measure, e.g., satellite photo.

STRIDE

24
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Il.c) Steady State Condition

If we assume that V, D, S remaine constant during the measurement interval<» steady state
condition.

*V=Dx§

Since V and S are easier to measure than D =» knowing V and S, D = ]%can be solved.

= Steady state = all vehicles are the same, behave the same.
= Steady state 1-lane traffic, all cars no truck:

STRIDE
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1l.d) Microscopic-Macroscopic Relationships

1

=Volume V=" headway h="3V =
T N h

“Density D =% gapg=La>»p="L
L N g

=|n steady state condition, microscopic speed s1(t) = s2(t) = - = sy(t) = s,

then macroscopic speed S = s.

STRIDE | =2
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lll. Traffic data collections and visualizations

=Volume =Vehicle detection systems
=Travel time

STRIDE | :

27
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Herbert Wertheim College of Engineering

11

Vehicle Types o

Pusensr s

= FHWA classifies vehicles into 13 classes.
= Most automated counting devices are able to count in
these 13 classes.

= For practical purpose, we usually count vehicles in 2 or
3 classes:

iass 10
. s
s

cinee 11

= The difference between light trucks and heavy trucks
are 2 versus >2 axles.

o Research,
d Education Center

STRIDE |
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Average Annual Daily Traffic (AADT)

= AADT is used to classify
road types.

= FHWA has 4 major road

SCDOT Historic AADT Data

function classifications:
interstates, arterials,

collectors, and local roads.
=AADT'’s unit is veh/day

search,
 Education Canter

STRIDE | =
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Design Hourly Volume, K, and D factors

= DHV (veh/hr) is the 30" highest hourly volume of the target/design year.

= K factor is the proportion of AADT on a roadway segment or link during the Design Hour, i.e. the hour

in which the 30th highest hourly traffic flow of the year takes place.
= The K factor is given by, DHV = K * AADT

= D is the proportion of DHV occurring in the heavier direction, and is called the Directional Split.

=D=05
= The Directional Design Hourly Volume, denoted by DDHV, is given by, DDHV =D * DHV

STRIDE

30
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K and D Factor Ranges
Facility Type K Factor D Factor
Rural 0.15-0.25 0.65 - 0.80
Suburban 0.12-0.15 0.55 - 0.65
Urban 0.07 - 0.12 0.50 - 0.60
STRIDE

31
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Intersection Turning Counts

= Important inputs in the design of signal timing plan.

=Each approach can have up to 4 turning movements: U-turn, left turn, through,

right turn.

=Count all possible movements at all the approaches.

=Record the counts at 15-minute intervals.

=May or may not distinguish vehicle types.

=Two-way pedestrian count at the sidewalk parallel and next to the through
movement are also recorded as the fifth movement of the approach.

STRIDE | =2
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Intersection Turning Counts

33
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Peak Hour Factor (PHF)

= Many transportation engineering design problems use 15-minute volume as input.

= One hour has four 15-minute intervals. The highest 15-minute volume is used in the design.

= That is, the system is designed for the highest 15-minute demand within the peak hour.

= PHF converts one hour volume into 15-minute design volume.

«pHF =V
4xV1s

= I is the hourly volume (veh/h).

= V45 is the highest 15-minute count (veh/15-minute).

by Run Long s, 710

STRIDE

34

w Herbert Wertheim College of Engineering POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

Peak Hour Factor (PHF) — Example

= Calculate the PHF given the following data:

Traffic Counts on Urban Arteri

Solution Time Volume (veh)
. 4:30-4:45 pm 600
4:45-5:00 pm 500
: 5:00-5:15 pm 600
. 5:15-5:30 pm 700
5:30-5:45 pm 650
5:45-6:00 pm 600
=0.25 < PHF < 1. 6:00-6:15 pm 500

STRIDE | ©
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Table 2. Quiitie Comparson o Tranl T Data ColectonTecniqes
Travel Time et | bt | e | e | Semine e
sondee | i | i | weroens [ | e | v
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STR I DE https://www.fhwa.dot.gov/ohim/tvtw/natmec/00020.pdf
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Vehicle Detection Systems

Dimensions

Lans ks

'[‘ 5 — T [pup—

2

Df
e
I 3

f
3
P ——— T
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IV. Traffic Control Devices

Manual on Uniform

. Traffic Control Devices

2009 Edition

= Basic requirements for effectiveness:

. EXPRESS

LANE
ENTRANCE

MUTCD

*On November 15, 2021, President Biden signed into law the Infrastructure Investment and Jobs
Actwhich directs USDOT to update the MUTCD by no later than May 15, 2023, and at least every
4 years thereafter. FHWAis working to issue the 11th Edition of the MUTCD within the statutory
timeframe and, thereafter, regular updated editions to keep pace with innovation and current

\guage, to promote the safety, inclusion, and

in
mobilty of all oad users.

STRIDE | ftenpvent

https://mutcd.fhwa.dot.gov/index.htm
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IV. Traffic Control Devices
Manual on Uniform
Traffic Control Devices

MUTCD

2009 Edition
=Design "

= Placement

= Operation

i EXPRESS
= Maintenance K LANE

= Uniformity

= Request

Let's take a look :

https://mutcd.fhwa.dot.gov/pdfs/2009r1r2r3/pdf_index.htm
STRIDE | fotetwent

https://mutcd.fhwa.dot.gov/index.htm

i Research,
 Education Canter
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Fipur 420, ot o  Closd St (1A20)

Tyl Applcson 20

-sc.gov/387/Typical-Traffic-Control-Plans
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V. Traffic Safety

= Vision Zero

=Highway Safety Improvement Program
=Highway crash reports and databases

= Crash risk indicators
=Crash countermeasures
=Traffic calming

= Important; 2 CRASH

DO NOT USE THE WORD ACCIDENT. INSTEAD USE CRASH.

STRIDE
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Vision Zero

VISION43:IsNETWORK [R5

TRADITIONAL APPROACH VISION ZERO

Traffic deaths are INEVITABLE Traffic deaths are PREVENTABLE

PERFECT human behaviour Integrate HUMAN FAILING in approach

Prevent COLLISIONS Prevent FATAL AND SEVERE CRASHES

INDIVIDUAL responsibility SYSTEMS approach

Saving lives is EXPENSIVE Saving lives is NOT EXPENSIVE

Research,
Education Center

STRIDE | ==
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Zero Deaths and Safe System

THE

SAFE

SYSTEM

Zero is our goal. A Safe System

is how we get there,
hitps: Mhighweys.cit gows akty/zero-deaths

STRIDE | oosnloiiislal cone
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0 A 5

L
Death Injury | Humans Are
is Unacceptable Make Mistakes Vulnerable
While no crashes are desirable, the  People will inevitably make mistakes  People have limits for tolerating crash
Safe System approach prioritzes that can lead to crashes, but the forces before death and serious injury
crashes that result in death and ransportation system can be designed _occurs; therefore, it is critical to
Serious injuries, since no one should and operated to accommodate human  design and operate a transportation
experience either when using the mistakes and injury tolerances and  system that is human-centric and
wransportation system. avoid death and serious ijuries. accommodates human vulnerabilties

¢ 006 <

Responsibility Safety is Redundancy
is Shared Proactive is Crucial
Al stakeholders (iransportation Proactive tools should be used to Reducing risks requires that all
System users and managers, identfy and mitigate latentrisksin  parts of the transportation system
vehicle manufacturers, etc.) must the transportation system, rather are strengthened, so that if one.
ensure that crashes don't lead o than waiting for crashes to oceur part fails, the other parts stil
fatal or serious injuries. and reacting afterwards protect people.
dot dot 022-
cuthesstern Trampoetation Resewrch,
STRIDE | o Devinmem o Edvenion Carser  OBEEINA Brochure_V/9_508_200717.pdf
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The Five Elements of a Safe System

As defined by FHWA and i alignment with international non-governmental organizations, figure 4
illustrates the five elements of a Safe System

ahvad (=P

Safe road users Safe vehicles Safe speeds

Y/ i N p S

Safe roads Post-crash care
htp: dot. dot. 022-
Southesstern Transportation Research,
STRIDE | roror o tiin cone 08/fwesa2018.pdt

45

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook

w Herbert Wertheim College of Engineering BOWERING THE NIW ENGINEER TO TRAWSFORM THE FUTURE

Highway Safety Improvement Program (HSIP)

= National effort authorized by the past and present Transportation Bills.

= FHWA provides annual HSIP funding and training resources

= Each state DOT has its own HSIP to distribute funds to projects within its state.

= As part of the mechanism to distribute the HSIP funds, the FHWA has established a Safety

Performance Management program.

n Research, Tsoraten Emeg e By Gl 0.
Bl Caana S S EER e e o o T 4 P, 03

STRIDE
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Highway Safety Improvement Program (HSIP)

= This program requires all the state DOTs to report the following five crash risk indicators to FHWA

every year:

Number of fatalities per year in the past five years.
Fatalities RVMT in the past five years.

Number of serious injuries per year in the past five years.
Serious injuries RVMT in the past five years.

o~ w N

Number of non-motorized fatalities and serious injuries per year in the past five years.

= To request financial support for a safety improvement project, a local agency, city, county, or state
DOT must submit a project proposal that includes safety/crash analysis, along with the five crash
risk indicators.

search,
 Education Canter

STRIDE
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Integrating the Safe System Approach with the Highway Safety

Improvement Program

= http: i dot. if dot. 2: 18.pdf

STRIDE
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Active Safety and Passive Safety

Active safety - Focuses on prevention.

= Driver education (defensive driving course).  * Design code and practice.

= Law enforcement. * Road safety audit.

Passive safety - Focuses on after the crash.

= Annual safety inspection. .

= Adjustable headlight, antilock brakes. = Legal action.
= Collision warning -

= Speed limiter. = Seat belts.

= Tire pressure monitoring. = Airbags.

= CAV. -

= Traffic calming.

o Reseach, S
d Education Center
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Average Economic Cost by Injury Severity or Crash, 2021

Death (K) $1,778,000
Disabling (A) $155,000
Evident (B) $40,000
Possible (C) $24,000
No injury observed (0) $6,700
Property damage only (cost per vehicle) $5,700

seurch,
 Education Canter

STRIDE
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Crash Reports and Databases

= HSIS (Highway Safety Information Systems):

= FARS (Fatality Analysis Reporting System) by NHTSA:

= GES (General Estimates System):

STRIDE
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Crash Risk Indicators

=Usually expressed as “rate”, i.e., no. of occurrences of certain type of
events per year per denominator or base (population, exposure}.

=Event type:

STRIDE

on Reseurch, Tsoraten Emeg e By Gl 0.
4 Education Cantes S S EER e e o o T 4 P, 03
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Crash Risk Indicators

= Population-based rates, examples:

N | N (/A | z-c I
Avrea population No. of fatal crashes per year per

No. of injury crashes per year per
100,000 population

No. of PDO crashes per year per

100,000 population 100,000 population
No. of registered vehicles No. of fatal crashes per year per

No. of injury crashes per year per
10,000 registered vehicles

No. of PDO crashes per year per
10,000 registered vehicles

10,000 registered vehicles
No. of licensed drivers

No. of fatal crashes per year per  No. of injury crashes per year per  No. of PDO crashes per year per
10,000 licensed drivers 10,000 licensed drivers 10,000 licensed drivers

Highway mileage No. of fatal crashes per year per  No. of injury crashes per year per  No. of PDO crashes per year per
10,000 highway-miles 10,000 highway-mil 10,000 highway-mil

tern Transpo

STRIDE | -

on Research,
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Crash Risk Indicators

= Exposure-based rates, examples:

Vehicle-Miles Traveled, No. of fatalities per year per No. of motorcycle crashes per year  No. of DWI related crashes per year
VMT

million VMT per 100,000 population per 100,000 VMT3
Vehicle-Hours Traveled  No. of fatalities per year per  No. of motorcycle crashes per year
million VHT

No. of Wi related crashes per year
per 10,000 registered vehicles

per 10,000 registered vehicles
Volume No. of fatalities per year per  No. of motorcycle year  No.of DWI related crashes per year
100,000 vehicles per 10, per 10, driy

tern Transpo

on Research,

i it ke berieten
30d Education Cantes & A iad

STRIDE | =
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20

Crash Risk Indicators - Example

Example:
In one year in a city: ->Calculate the # of crashes per year per 10,000

# of fatal crashes = 60 registered veh:

# of injury crashes = 298
# of PDO crashes = 499 S24% —157 crashes/yr/10000 reg. veh.
# of fatalities = 74

City’s population = 230,100 =>Calculate the # of fatalities per year per 10,000
# of registered vehicles = 54,560 licensed drivers:
# of licensed drivers = 67,660

% =10.9 fatalities/yr/10,000 licensed drivers.

i Research, Transpraton Engnarig ez by

d Educatian Center TR,

STRIDE |
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Crash Risk Indicators

Crash rate at intersections

Crash rate per million entering vehicles:
RMEV =
v 106

W)
= A = number of crashes total or by type at
the study location in a year.

=V = ADT x no.of days in study period.
= ADT = Average Daily Traffic entering the

Crash rate for roadway segments

No. of crashes total or by type at the study
location during the period:

A
RMVM = YMT —
D106

= VMT = vehicle miles traveled during the
period = ADT X no. of days in the study
period x length of road.

= ADT = Average Daily Traffic on the road

intersection. segment.

search,
 Education Canter
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Crash Risk Indicators — Crash Rates — Examples

= Example 1: Calculate the crash rate if there were 46 crashes observed in two years. The
ADT for the minor approach was 3000 and the major approach was 6000. Note - volumes
include both directions.

= Example 2: Calculate the crash rate if there were 40 crashes on a 17.5 mile segment in one

year. The ADT was 5,000.

STRIDE
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Safety Countermeasures

‘ i‘ Z""""‘m e ET—
ederal Highway
"Adminisrruﬁon

ook fWA  progams  Resowces  Nevaroom

LT ———

Proven Safety Countermeasures

Speed Management

https://higt dot. 1-safety-counten Ire
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Traffic Calming

= Primary purpose of traffic calming is to support the livability and vitality of residential and

commercial areas through improvements in non-motorist safety, mobility, and comfort.

= These objectives are typically achieved by reducing vehicle speeds or volumes on a
single street or a street network.

= Traffic calming measures consist of horizontal, vertical, lane narrowing, roadside, and
other features that use self-enforcing physical or psycho-perception means to produce

desired effects.

i et

Research,

STRIDE | &
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Herbert Wertheim College of Engineering

Traffic Calming

= A traffic calming measure needs to be integrated with the pedestrian network and system.

= A sidewalk is comprised of four distinct zones: frontage zone, pedestrian (or walking) zone,
furniture zone, and curb (or edge) zone.

Fomiture Pedestian
Zone Zone Zone

Frontage
Zone

STRIDE | fovetrats oo I I o—

 Education Canter
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Traffic Calming Measures

Selected traffic calming measures

Lateral shift Corner Extension
Chicane Choker
Realigned intersection Median Barrier and Forced Turn Island
Roundabout Median Island
Speed Hump On-Street Parking
Speed Cushion Diagonal Diverter
Raise crosswalk Full Closure
Raised Intersection Half Closure
T -

a U L
ducation Center e Universty o Texas | B

STRIDE ol
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VI. Complete Streets
Complete Streets are streets for everyone!!!

Designed and operated to enable safe access for all

users:
« pedestrians,
* bicyclists,

+ motorists and
« transit riders
of all ages and abilities.

STRIDE | ftenpvent

ducaion Conter
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fe, and f for all u
op and operate equi
tinations for all people who

* hitps:/ihighways.dot.govicomplete-streets

STRIDE | fotetwent
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VIl Intelligent Transportation Systems (ITS)

=USDOT ITS JPO:

ITS improves transportation safety and mobility and enhances American productivity by
integrating advanced communication technologies into vehicles and infrastructure.

= First generation:

= Second generation:

= Third generation

STRIDE | i

64
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1st Generation ITS Systems

= Advanced Traffic Management Systems (ATMS).

= Advanced Traveler Information Systems (ATIS).
= Advanced Vehicle Control Systems (AVCS).

= Advanced Public Transportation Systems (APTS).
= Commercial Vehicle Operations (CVO).

= |solated, independent systems.
= To demonstrate what technologies are capable of.

ipS:1/WWi.0DeNACCeSS0VenMent org/Smart-Glies-new-power-
dynamics-intelligent-transport-systems/112128/

STRIDE
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Development in Past -20 to -10 Years (2001-2010) — 2nd Gen
=Smartphone:

= Social media:

=> IT companies moved into transportation business.

= Carsharing.
=Bike sharing.

=Hybrid vehicles.
=Managed lanes.
= Value pricing.

STRIDE
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New Development in Past 10 Years (2011-2020) — 34 Gen

=4G LTE.
=Increased market share of smartphones.

=Private companies (Google, Verizon, etc.) have more data than DOT.
=loT.
=Smart cities (smart mobility).

=UAVs.
=Tesla.

=Uber, Lyft.
=Vehicle automation.

STRIDE @
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USDOT Connected Vehicle Testbeds

e TEster vt ey i = Testbed facilities paid for by USDOT.
users can test new hardware and . )

oraTEforthe dvancementor =Partnerships with state DOTs, MPOs,
connected vehicle technology. cities.

=Opened for industry to test products.
=Concept of living lab — testing in real-

live environment.
=Each site has a unique focus.

STRIDE | =2
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ITS - Future
=5G applications in CAVs. =TS for public health.
= Mobility services: =TS for equitable transportation.

=TS for climate resilience.

= Automated vehicles:

=New power source:

= New definition:

STRIDE |©
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The Future of Transportation

Sustainable transportation:
“Meeting, and sometimes re-defining, the mobility needs of the present without compromising the
ability of future generations to meet their needs." ITS America

Resilience:
Resilience of a transportation system is defined as the ability for a transportation system’s

operation to withstand and rapidly recover from a disruptive event.

Livability:

"using the quality, location, and type of transportation facilities and services available to help
achieve broader community goals, such as increasing travel choices, improving economic
competitiveness, and enhancing unique community characteristics.” — FHWA.

STRIDE
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The Future of Transportation

Transportation Equity

Automated Vehicles

Cybersecurity

Others?

/ "
https://bernardmarr.com/the-future-trends-in-mobility-and-
transportation/

STRIDE
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Course Schedule

May 9 Traffic Engineering Fundamentals Kickoff Summit
May 11 MUTCD Traffic Signals Overview

May 12 Traffic Signal Systems Asset Management

May 12 Highway Safety Analysis Traffic Signals and their Timing
May 15 Basic Traffic Signal Timing

May 15 Transportation Equity Fundamentals

May 16-17  Traffic Signal Basics

May 19 Highway Capacity Analysis with Signalized Intersections
May 22 Advanced Traffic Signal Timing
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THANK YOU!

QUESTIONS?

Dr. Dimitra Michalaka, P.E.

STRIDE
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MUTCD Traffic Signals Overview
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Manual on Uniform Traffic Control Devices -

Traffic Signal Systems Overview

ic Guide to Understanding the MUTCD and Traffic Signals

STRIDE
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College of Engineering

UNIVERSITY of FLORIDA

W evelopment
Summit

Course Schedule

Trafc Signal
il
May T6-17

STRIDE
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College of Engineering

UNIVERSITY of FLORIDA

TLedu.

Course Schedule

May 9 Traffic Engineering Fundamentals Kickoff Summit
May 11 MUTCD Traffic Signals Overview
May 12 Traffic Signal Systems Asset Management

May 12 Highway Safety Analysis Traffic Signals and their Timing
May 15 Basic Traffic Signal Timing

May 15 Transportation Equity Fundamentals

May 16-17  Traffic Signal Basics

May 19 Highway Capacity Analysis with Signalized Intersections
May22  Advanced Traffic Signal Timing

STRIDE
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Transportation Tec
Transfer (

Manual on Uniform Traffic Control Devices -

Traffic Signal Systems Overview — Module 1

ABasic Guide to Understanding the MUTCD and Traffic Signals

STRIDE

STRIDE Partners

I Tennessee

o Teer
e o ‘ “
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The STRIDE Cente; 2016 USDOT Region 4 (Southeaseikmiwesity TransportationuCenter (UTC).
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Applying the MUTCD to Traffic Control Signals

=Manual on Uniform Traffic Control Manual on Uniform
Devices (MUTCD) Control Devices
=Contains  all  national  design,

application and placement standards
for traffic control devices and
pavement markings

=Provides a uniform language for all
road users

EXPRESS
LANE

ENTI T

STRIDE =
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=“The purpose of traffic control
devices is to promote highway
safety and efficiency by providing
for the orderly movement of all road
users on streets and highways
throughout the Nation.”

STRIDE

=Toll roads and roads within Manual on Uniform

shopping centers, airports T ic Control Devices
sports arenas, theme parks, and
similar business or recreation
facilities that are privately
owned, but the public is allowed
to travel without access
restrictions. e |

(=] e |
EXPRESS

W LANE
ENTRANCE

{
t
|
d

STRIDE
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Applying the MUTCD to Traffic Control Signals

=Parking areas and their
driving aisles are not subject
to the specific requirements
of the MUTCD

STRIDE =
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=Standard (“shall’) AT AN o
» ; : c
- A mandatory condition,

compliance required
=Guidance (“should”)

- An advisory condition,
compliance recommended
=Option (“may”)

- A permissive condition or
practice, permitted 1% S

ENTRANCE

STRIDE =
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Applying the MUTCD to Trafflc Control Signals

M on Uniform
*Section 2B.10 STOP Sign or |kt S L
YIELD Sign Placement ditlo
Standard:

01 The STOP or Yield sign shall

be installed on the near side of :
the intersection on the right- =

hand side of the approach to (=] e |
which it applies. EXPRESS
W, LANE

{
t
|
d

ENTRANCE

STRIDE
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Guidance: ! i L
A sign is mounted back-to-back with a Leatlis Control Deyices
STOP or YIELD sign should stay within 2008 Editiar

the edges of the STOP or YIELD sign.
If necessary, the size of the STOP or
YIELD sign should be increased so that
any other sign installed back-to-back
with a STOP or YIELD sign remains
within the edges of the STOP or YIELD
sign.

STRIDE =
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Option

Where drivers proceeding straight ahead must yield to traffic approaching from the
opposite direction, such as at a one-lane bridge, a Oncoming Traffic (R1-2aP) plaque may
be mounted below the Yield Sign

\/

STRIDE =
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States were given the option of fully P al o Jniform
adopting the MUTCD or writing their fic Control Devi
own version of the MUTCD in

substantial ~ conformance — with  the
national MUTCD.

Additionally, states were given the
option of adopting the national

MUTCD for use along with a State
supplement.

STRIDE =
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Manual on Uni
Part 1 — General Traffic Contro

Part 2 - Signs

- 2A - General

gns, Barricades, and Gates

- 2B - Regulatory

-2C - Warning §

- 2D - Guide Signs — Conventional Roads

s and Object Markers

- 2E - Guide Signs — Freeways and Expressways

STRIDE =
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Part 2 - Signs a o ol Devices
- 2F - Toll Road Signs

- 2G-2H - Prefer
Signs and General Information Signs

itial and Managed Lane

-2N - General Service Signs, Specific

rvice S Tourist-Oriented

Directional

Changeable Message

gns, Recreational and Cultural In

rest

Area Signs and Emergency
Management Signing.

STRIDE =
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heim Colles ng

n Uniform

Part 5 — Traffic Control Devices for Low-
Volume Roads

Part 6 — Temporary Traffic Control

Part 7 — Traffic Control for School Areas

Part 8 — Traffic Control for Railroad and

Light Rail Transit Grade Crossings
Part 9 — Traffic Control for Bicycle

Facilities

STRIDE | =
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To be effective, traffic control
devices must meet five basic
requirements:

1. Fulfill a need;
2. Command attention;

3. Convey a clear, simple
meaning;

4. Command respect;
5. Give adequate reaction

time
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Manual on Uniform Traffic Control Devices -

Traffic Signal Systems Overview — Module 2

ABasic Guide to Understanding the MUTCD and Traffic Signals

STRIDE

. Manual on Uniform
=Part 4 of the MUTCD contains T el Oantrs LI avicos
the approved language for

applying traffic control signals for
usage in an intersection or mid-
block crossing

EXPRESS
LANE

ENTRANCE

STRIDE

Herbert Wertheim Colleg:

Applying the MUTCD to Traffic Control Signals

=“The features of traffic control Manual on Uniform
signals of interest to road users Control Devices
are the location, design, and

meaning of the signal
indications”.

=“Uniformity in the design
features that affect the traffic to
be controlled, as set forth in =

this Manual, is especially e
important for reasonably safe ERTRETE

W LANE
TRANCE

l..
I
|
g

and efficient traffic operations”.
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Applying the MUTCD to Traffic Control Signals

Section 4A

=General - Definitions

Section 4B
=Traffic Control Signals — General

Selection of traffic control signals
should be based on studies of
roadway, traffic  and other

conditions

STRIDE =
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Applying the MUTCD to Trafflc Control Signals
Section 4B

=Traffic Control Signals — General
Selection of traffic control signals
should be based on studies of

roadway, traffic  and other
conditions

=A careful analysis of traffic
operations, pedestrian and bicyclist
needs, and other factors at a large

number  of signalized and
unsignalized locations, coupled
with ~ engineering judgment have
led to traffic control signal warrants

S—.
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Applying the MUTCD to Traffic Control Signals
Section 4B

=Sometimes, a traffic control
signal may need to be
eliminated

=How do we go about removing

a traffic control signal?

*When should we consider
removing a traffic control
signal?

STRIDE =
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Applying the MUTCD to Traffic Control Signals

Section 4B
=If the engineering study
indicates that the traffic
control signal is no longer
justified, removal may be
accomplished using the
following steps:
=Determine the appropriate
traffic control to be used
after removal of the signal.
=Remove any sight-distance
restrictions as necessary.

STRIDE =
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Applying the MUTCD to Trafflc Control Signals

Section 4B

= Inform the public of the removal
study, for example by installing an
informational swgn or signs) with
the legend TRAFFIC SIGNAL
UNDER STUDY FOR REMOVAL at
the signalized location in a position
where it is visible to all road users.

= Flash or cover the signal heads for
a minimum of 90 days, and install
the appropriate stop control or
other traffic control devices.

STRIDE =
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Applying the MUTCD to Traffic Control Signals

Section 4B

=Remove the signal if the
engineering data collected
during the removal study period
confirms that the signal is no
longer needed.

=Instead of total removal of the
traffic control signal, the poles
and cables may remain in place
after removal of the signal heads
for continued analysis.

STRIDE =
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Applying the MUTCD to Traffic Control Signals

Section 4B
= Advantages?

They increase the traffic-handiing capacity of the
intersection if:

* Proper physical layouts and control
measures are used, and

* The signal operational parameters
are reviewed and updated (if
needed) on a regular basis (as
engineering judgment determines
that significant traffic flow and/or land
use changes have occurred) to
maximize the ability of the traffic
control signal to satisfy current traffic
demands

STRIDE =
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Applying the MUTCD to Trafflc Control Signals

Section 4B

= Advantages?

=They reduce the frequency and
severity of certain types of crashes,
especially right-angle collisions.

= They are coordinated to provide for
continuous or nearly continuous
movement of traffic at a definite speed
along a given route under favorable
conditions

=They are used to interrupt heavy traffic
at intervals to permit other traffic,
vehicular or pedestrian, to cross.

STRIDE =
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Applying the MUTCD to Traffic Control Signals

Section 4B

=Traffic Control Signals
have disadvantages
that can impede the
orderly movement of
traffic. These signals
are not a panacea of
safety.

STRIDE =
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Applying the MUTCD to Traffic Control Signals
Section 4B

=Traffic control signals,
even when justified by

traffic and roadway
conditions, can be ill-

designed, ineffectively
placed, improperly

operated, or poorly
maintained.

STRIDE =
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Applying the MUTCD to Trafflc Control Signals

Section 4B
=Improper or unjustified traffic

control signals can result in one or
more of the following
disadvantages:

=Excessive delay;

=Excessive disobedience of the
signal indications;

=Increased use of less adequate
routes as road users attempt to
avoid the traffic control signals; and

= Significant increases in the
frequency of collisions (especially
rear-end collisions).

STRIDE =
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Applying the MUTCD to Traffic Control Signals
Section 4B

=Increased use of less
adequate routes as

road users attempt to
avoid the traffic control
signals; and

=Significant increases in
the frequency of

collisions (especially
rear-end collisions).
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Applying the MUTCD to Traffic Control Signals
Section 4B

=Are there alternatives to

signals being placed in
the roadway?

=Yes, there are
alternatives.

STRIDE =
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Applying the MUTCD to Trafflc Control Signals
Section 4B

= [nstalling signs along the major
street to warn road users
approaching the intersection;

=Relocating the stop line(s) and
making other changes to improve

the sight distance at the
intersection

= Installing measures designed to
reduce speeds on the approaches;

STRIDE =
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Applying the MUTCD to Traffic Control Signals
Section 4B

= Installing a flashing beacon at the
intersection to supplement STOP
sign control;

= Installing flashing beacons on
warning signs in advance of a
STOP sign controlled intersection

on major- and/or minor-street
approaches;

= Adding one or more lanes on a
minor-street approach to reduce
the number of vehicles per lane on

the approach;

STRIDE =
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Applying the MUTCD to Traffic Control Signals
Section 4B
=Revising the geometrics at the

intersection to channelize vehicular
movements and reduce the time
required for a vehicle to complete a

movement, which could also assist
pedestrians;

= Installing roadway lighting if a
disproportionate number of crashes
occur at night;

STRIDE =
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Applying the MUTCD to Trafflc Control Signals
Section 4B
=Restricting one or more

turning movements, perhaps
on a time-of-day basis, if

alternate routes are available;

=|f the warrant is satisfied,

installing multiway STOP sign
control;

STRIDE =
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Applying the MUTCD to Traffic Control Signals
Section 4B

=|nstalling a roundabout
intersection; and

=Employing other alternatives,
depending on conditions at the

intersection

STRIDE | =
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Applying the MUTCD to Traffic Control Signals

Section 4C

=Traffic Control Signals Need
Studies

Warrant 1, Eight-Hour
Vehicular Volume.

Warrant 2, Four-Hour

Vehicular Volume.

STRIDE | =i
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Applying the MUTCD to Trafflc Control Signals
Section 4C

=Traffic Control Signals — Need
Studies

Warrant 3, Peak Hour.

Warrant 4, Pedestrian

Volume.

Warrant 5, School
Crossing.

STRIDE =
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Applying the MUTCD to Traffic Control Signals

Section 4C

=Traffic Control Signals — Need
Studies

Warrant 6, Coordinated Signal

System.

Warrant 7, Crash Experience.

Warrant 8, Roadway Network.
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UNIVERSITY of FLORIDA

Transportation Technology
Transfer (T2) Center

Manual on Uniform Traffic Control Devices -

Traffic Signal Systems Overview — Module 3

ABasic Guide to Understanding the MUTCD and Traffic Signals

STRIDE

heim College of Engineering

Applying the MUTCD to Trafflc Control Signals
Section 4D

= Traffic Control Signals — Features

=When a traffic control signal is not
in operation, such as before it is

placed in service, during seasonal
shutdowns, or when it is not
desirable to operate the traffic

control signal, the signal faces
shall be covered, turned, or taken
down to clearly indicate that the

traffic control ~signal is not in
operation.

STRIDE | =
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Applying the MUTCD to Traffic Control Signals

Section 4D
= Traffic Control Signals — Features

= STOP signs shall not be used in
conjunction with any traffic control

signal operation, except in either of the
following cases:

= If the signal indication for an approach
is a flashing red at all times; or

= If a minor street or driveway is located

within or adjacent to the area
controlled by the traffic control signal,
but does not require separate traffic
signal control because an extremely

low potential for conflict exists.

STRIDE =
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Applying the MUTCD to Traffic Control Signals
Section 4D

=Traffic Control Signals -
Features

=Responsibility for

Operation and
Maintenance

=Provisions for Pedestrians

STRIDE =
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Applying the MUTCD to Trafflc Control Signals
=Section 4E

=Pedestrian Control Features

=Pedestrian signal heads provide

special types of traffic signal
indications exclusively intended for
controlling pedestrian traffic

=These signal indications consist of
the illuminated symbols of a

WALKING PERSON  (symbolizing
WALK) and an UPRAISED HAND
(symbolizing DONT WALK).

STRIDE =
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Applying the MUTCD to Traffic Control Signals

Section 4F

=Traffic Control Signals and
Hybrid Beacons for Emergency-

Vehicle Access

Section 4G

=Traffic Control Signals for One-
Lane, Two Way Facilities

STRIDE =
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Applying the MUTCD to Traffic Control Signals

Section 4F
=Traffic Control Signals and
Hybrid Beacons for

Emergency-Vehicle Access

=An emergency-vehicle traffic
control signal is a special traffic
control signal that assigns the

right-of-way to an authorized
emergency vehicle.

STRIDE =
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Applying the MUTCD to Trafflc Control Signals
Section 4G

=Traffic Control Signals for One-
Lane, Two Way Roads

= A traffic control signal at a narrow
bridge, tunnel, or roadway section
is a special signal that assigns the

right-of-way for vehicles passing
over a bridge or through a tunnel
or roadway section that is not of

sufficient width for two opposing
vehicles to pass reasonably
safely.

STRIDE =
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Applying the MUTCD to Traffic Control Signals
Section 4H

= Traffic Control Signals for Freeway
Entrance Ramps

= Ramp control signals are traffic control
signals that control the flow of traffic
entering the freeway facility.

= Freeway entrance ramp control signals
are sometimes used if controlling traffic
entering the freeway could reduce the
total expected delay to traffic in the

freeway corridor, including freeway
ramps and local streets, and if at least
one of the following conditions is

present:

STRIDE =
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Applying the MUTCD to Traffic Control Signals

Section 4H

= Traffic Control Signals for Freeway
Entrance Ramps

A.Congestion recurs on the freeway

because traffic demand is in excess of the
capacity, or congestion recurs or a high
frequency of crashes exist at the freeway
entrance because of inadequate ramp

merging area. A good indicator of recurring
freeway congestion is freeway operating
speeds less than 80 km/h (50 mph
occurring regularly for at least a half-hour

period. Freeway operating speeds less
than 50 km/h (30 mph) for a half-hour
period or more would indicate severe
congestion.

STRIDE | oo o s cone
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Applying the MUTCD to Trafflc Control Signals
Section 4H

= Traffic Control Signals for Freeway
Entrance Ramps

= Controlling traffic entering a freeway
assists in meeting local transportation

system management objectives
identified for freeway traffic flow, such as
the following

A.Maintenance of a specific freeway

level of service

B. Priority treatments with higher
levels of service for mass transit

and carpools.

C.Redistribution of freeway access
demand to other on-ramps

STRIDE | B
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Applying the MUTCD to Traffic Control Signals
Section 4H

=Traffic Control Signals for
Freeway Entrance Ramps

=Predictable, sporadic
congestion occurs on isolated

sections of freeway because of
short-period peak traffic loads
from special events or from

severe peak loads of
recreational traffic.

STRIDE | B
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Applying the MUTCD to Traffic Control Signals

Section 4l

=Traffic Control for Moveable
Bridges

STRIDE | =
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Applying the MUTCD to Trafflc Control Signals

Section 41
= Traffic Control for Moveable Bridges

= Traffic control at movable bridges shall
include both signals and gates, except
in the following cases:

A.Neither is required if other traffic
control devices or measures
considered appropriate are used under
either of the following conditions:

A.On low-volume roads (roads of
less than 400 vehicles average
daily traffic); or

B.At manually operated bridges if

electric power is not available.

STRIDE =
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Applying the MUTCD to Traffic Control Signals

Section 41
=Traffic  Control for Moveable

Bridges

A.Only signals are required in urban
areas if intersecting streets or

driveways make gates ineffective.
B.Only movable bridge warning
gates are required if a traffic control

signal that is controlled as part of
the bridge operations exists within
150 m (500 ft) of the movable bridge
resistance gates and no intervening

traffic entrances exist.

STRIDE | =
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Applying the MUTCD to Traffic Control Signals
Section 4J

=Land Use Control Signals

Lane-use control signals are special

overhead signals that permit or prohibit
the use of specific lanes of a street or
highway or that indicate the impending
prohibition of their use. Lane-use

control signals are distinguished by
placement of special signal faces over a
certain lane or lanes of the roadway
and by their distinctive shapes and

symbols. Supplementary signs are
sometimes used to explain their
meaning and intent.

STRIDE =
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Applying the MUTCD to Trafflc Control Signals
Section 4K

=Flashing Beacons

A Flashing Beacon is a
highway traffic signal with one
or more signal sections that

operates in a flashing mode. It
can provide traffic control
when used as an intersection

control beacon or warning in
alternative uses.

STRIDE =
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Applying the MUTCD to Traffic Control Signals
Section 4K

=Flashing Beacons

Beacons shall be flashed at
a rate of not less than 50
nor more than 60 times per

minute. The illuminated
period of each flash shall
not be less than one-half

and not more than two-
thirds of the total cycle.

STRIDE =
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Applying the MUTCD to Traffic Control Signals
Section 4L

=|In-Roadway Lights

=In-Roadway Lights are special

types of highway ftraffic signals
installed in the roadway surface
to warn road users that they are

approaching a condition on or
adjacent to the roadway that
might not be readily apparent

and might require the road users
to slow down and/or come to a
stop.

STRIDE =
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Applying the MUTCD to Trafflc Control Signals
Section 4L

=In-Roadway Lights

=This includes, but is not necessarily

limited to, situations warning of
marked school crosswalks, marked
midblock crosswalks, marked

crosswalks on uncontrolled
approaches, marked crosswalks in
advance of roundabout

intersections as described in

Sections 3B.24 and 3B.25, and
other roadway situations involving
pedestrian crossings

STRIDE =
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Applying the MUTCD to Traffic Control Signals
Section 4L

=In-Roadway Lights

=If used, In-Roadway Warning

Lights at crosswalks shall be
installed only at marked
crosswalks with applicable

warning signs. They shall not be
used at crosswalks controlled by
YIELD signs, STOP signs, or
traffic control signals.
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52

'UNIVERSITY of FLORIDA

Traffic Signal Systems Asset Management —

Module 1

ABasic Guide to Understanding the Value of Asset Management of Traffic Signals Inventory

POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

UF Herbert Wertheim
College of Engineering

'UNIVERSITY of FLORIDA

Workforce Development
Summit

Course Schedule

Engineering
Fundamentals.

ickof
Summit May 9

May 1617

UF Herbert Wertheim
College of Engineering

'UNIVERSITY of FLORIDA

3 Workforce Development Summit

Register at www.techtransfer.ce.ufl.edu.

Course Schedule

May 9 Traffic Engineering Fundamentals Kickoff Summit
May 11 MUTCD Traffic Signals Overview
May 12 Traffic Signal Systems Asset Management

May 12 Highway Safety Analysis Traffic Signals and their Timing
May 15 Basic Traffic Signal Timing

May 15 Transportation Equity Fundamentals

May 16-17  Traffic Signal Basics

May19  Highway Capacity Analysis with Signalized Intersections
May22  Advanced Traffic Signal Timing

POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE
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'UNIVERSITY of FLORIDA

Transportation Technology
Transfer (T2) Center

Traffic Signal Systems Asset Management —

Module 1

ABasic Guide to Understanding the Value of Asset Management of Traffic Signals Inventory

STRIDE THE HEW ENOINIRN o TRAKEFORN THE FUTURE

UF Herbert Wertheim College of Engineering

STRIDE Partners

NC STATE

INIVERSITY

The STRIDE Center is the 2016 USDOT Region 4 (SoutheasgEbmieiity Transportationsenter (UTC).

UF Herbert Wertheim Coll f Engineering

Applying the MUTCD to Trafflc Control Signals

=Manual on Uniform Traffic Control Manual on U
Devices (MUTCD) Traffic Con
= Contains all national design,

application and placement standards
for traffic  control devices and
pavement markings

= Provides a uniform language for all
road users

STRIDE | msilomoiiet o
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Applying the MUTCD to Traffic Control Signals

- « » Manual on Uniform
Standard (“shall”) Traffic Control Devices

- A mandatory condition,

compliance required
=Guidance (“should”)
- An advisory condition,

compliance recommended
=Option (“may”) I

- A permissive condition or () e

practice, permitted Wi

|.
I
.y ENT! kl_r_ltl:_
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States were given the option of fully M ual on Uniform
adopting the MUTCD or writing their Traffic Control Devices
own version of the MUTCD in

substantial ~ conformance  with  the
national MUTCD.

Additionally, states were given the
option  of adopting the national

MUTCD for use along with a State

supplement. EXPRESS

LANE
EWTRANCE

STRIDE | msilomoiiet o
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How Does the MUTCD Apply?

o - oo
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UF Herbert Wertheim Col

Part 1 — General

Part 2 - Signs
Part 3 - Pavement Markings

Part 4 — Highway Traffic Signals
Part 5 — Traffic Control Devices for Low-
Volume Roads

Part 6 — Temporary Traffic Control
Part 7 — Traffic Control for School Areas

Part 8 — Traffic Control for Railroad and
Light Rail Transit Grade Crossings
Part 9 — Traffic Control for Bicycle

Facilities

STRIDE | msilomoiiet o
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Applying the MUTCD to Trafflc Control Signals

=Part 4 of the MUTCD contains b e SO LI
ontrol Devices
the approved language for

applying traffic control signals for
usage in an intersection or mid-
block crossing.

tion Research,
# and Education Conter
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Applying the MUTCD to Trafflc Control Signals

=“The features of traffic control ok )
signals of interest to road users Iraific Control Devices
are the location, design, and

Manual on Uniform

meaning of the  signal
indications”.

=“Uniformity in the design
features that affect the traffic to
be controlled, as set forth in

this Manual, is especially
important for reasonably safe
and efficient traffic operations”.

STRIDE | msilomoiiet o
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UF Herbert Wertheim College of Engineering TO TRANSFORM THE FUTURE

= Whether you are new to asset 1 3
management, a seasoned practitioner | |
or an executive, this course will help to '

further your understanding of asset | / ‘\ ‘ | ! ‘J | Y
ement techniques and advance ! !

sset management practices at your ‘ k
agency.

STRIDE | msilomoiiet o
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UF Herbert Wertheim College of Engineering TO TRANSFORM THE FUTUI

= This introductory module
provides an overview of the
organization and identifies some

of the basic elements of /

Management. M}J name is

STRIDE

14

UF Herbert Wertheim College of Engineering TO TRANSFORM THE FUTUI

Asset Management is a way of
conducting a transportation
agency’s business to deliver

more value in its activities so
that the transportation system
performs best with the

available resources. Most
agencies have elements of

asset management principles
in their existing practice.

STRIDE | msilomoiiet o
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=This presentation can help with
formalizing Asset Management
practice,  identifying areas  for

improvement, and understanding how
to improve.

STRIDE
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UF Herbert Wertheim College of Engineering
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UNIVERSITY of FLORIDA

Transportation Technology
Transfer (T2) Center

Traffic Signal Systems Asset Management —

Module 2

ABasic Guide to Understanding the Value of Asset Management of Traffic Signals Inventory

STRIDE

heim Colles ng

= This module provides an

overview and identifi
the b:

some of

sic elements of

Management

STRIDE | =

rbert Wertheim Colles

= Asset Management is a way of

conducting a transportation agency’s
business to deliver more value in its

activities so that the transportation
system performs best with the
available resources. Most agencies

have elements of asset management

principles in their existing practice.

STRIDE
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THE NEW ENGINEER

= This guide can help with formalizing
Asset Management practice,
identifying areas for improvement, and

understanding how to improve.

ROUDTO

 SUL0ESS

STRIDE

Asset Management implementation can
be accomplished in stages.

= Tasks can be identified as short-term,

mid-term, or long-term, and the
appropriate sequence and priority of

tasks can be defined broadly in the
implementation strategy.

STRIDE

= Asset management implementation g
can be accomplished in stages.

=Work can begin in one program
area or type of investment (e.g.,
preservation or maintenance) to

demonstrate principles and
techniques and to establish the
organizational linkages and

business process interactions
needed to make the approach
work

STRIDE
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UF Herbert Wertheim College of Engine: G THE MEW EWGINEER TO TRANSFORM THE FUTURK

= Asset Management implies change,

and change in an organization can be
difficult to deal with.

=Be aware that organizational and
institutional changes in asset
management will likely present greater

challenges than changes in technical or
analytic capabilities.

= Discuss strategies that can be put in

place to bring about change more
effectively, establishing support and

confidence among managers and staff.

STRIDE | S o
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= Policy-based 2

set management
programs tend to support a long-term,

life-cycle approach to evaluating .
investment benefits and costs.

= Policy-based decisions on programs for C
different assets, modes, or types of

investments may be based on historical
funding  baselines,  formula-based

splits, or deal-making rather than on

current performance objectives or

targets.

STRIDE | B
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= Performance-based
asset management
programs support the

preservation of existing
highway assets through
the use of identified

measures and targets.

STRIDE | B
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Herbert Wertheim Col THE MEW ENGINERR TO

= They enable decisionmakers
to identify the optimum
balance between availability

and utilization for any asset
given time, based on
the real-time performance

me

res prioritized to
current business strategy.

STRIDE | =
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=The lack of effective
perforr measures for

maintenan

2, operation, and

engineering has resulted in
performance approaches
based more on budget cost

management than on asset
performance management.

STRIDE

11

» Performance-based asset management

is a process of managing
infrastructure system in order to

optimize its behavior when evaluated
against specified objectives.

STRIDE | =
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= It is risk based, in that the costs of
alternative investments are weighed
against their benefits,

=1t also has to take account of the
multiple objectives for highwa

including economic efficien

environment, and safety.

STRIDE =
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A GENERIC ASSET MANAGEMENT SYSTEM

The Generic Asset S —
Management System, which -t

serves as a framework and

guide to the asset
management process, shows
the importance of defining

Goals and Policies at the start
and  using  Performance

Monitoring as a check.

STRIDE | =
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=For example, an agency may adjust

its policies higher or lower based on
the feedback gathered by
performance monitoring that is used

to check conformance to the policy.
=When the data come back, an

agency may find that it is already
doing better than its stated policy
objectives or it may find that the

policy objectives are not realistic or
need to be placed on a longer time
track.

STRIDE =
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THE MEW ENGINERR TO

1. Whatis our mission? "

2. What are our goals and policies? ]

3. Whatis included in our inventory
of assets?

4. What is the value of our assets? -
5. What are their functions?
STRIDE | =

saarch,
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6. What services do they provide?

What was the past condition and

performance of our assets?

8. What is the current and
predicted future condition and
performance of our assets?

STRIDE =
17

12 What is the projected level
of future funding?

13 What investment options
may be identified within
and among asset
component classes?

14 What are their associated
costs and benefits?

STRIDE | =
18
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College of Engineering

15. Which option, or
combination of
options, is
“optimal™?

16. What are the
consequences of
not maintaining

STRIDE | =
19

heim College of Engineering

17 How can we communicate
the impact of the condition

and performance of our
assets on the system and

end user?

18. How can we best man:

our assets in order to
inconvenience the

motoring public when we .
repair or replace these
facilities? L4

STRIDE | =
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Questions

e

STRIDE
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UE B
College of Engineering

65

UNIVERSITY of FLORIDA

Transportation Technology
Transfer (T2) Center

Traffic Signal Systems Asset Management —

Module 3

ABasic Guide to Understanding the Value of Asset Management of Traffic Signals Inventory

STRIDE

heim College of Engineering

= There are many different

approaches to collecting asset and
related data. Often a mix of

approaches is used, including
visual inspection, semi-automated )

and automated approaches. § Y

STRIDE | =
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= The technologies for data

collection are advancing rapidly,

allowing for increased use of

semi-automated and automated
approaches for collecting more

accurate data at a lower cost
Examples of recent innovations
include:

STRIDE

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook

Herbert Wertheim College of Engin

= Improvements in machine
vision that allow extracting
some forms of asset inventory

data from video or LIDAR
=Use of unmanned aerial

vehicles (UAV, also called
drones) for allowing bridge
inspectors to obtain video of

hard-to-reach areas of a
bridge.

STRIDE =
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=|mprovements in non- x*&&

destructive evaluation (NDE)

allowing for greater use of -

techniques such as ground
penetrating radar (GPR) for

pavement and bridge decks 1 2

and instrumenting bridges to YV A\ )

monitor performance over

time ’ ]/_’/
3 4

STRIDE =

i Research,

bert Wertheim College of Engineering

= Pavement

= Bridges

= Signals

STRIDE =
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m‘ Herbert Wertheim College of Engineering

Questions ?
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UE B
College of Engineering
&

of FLORIDA

Traffic Signal Systems Asset Management —

Module 4

ABasic Guide to Understanding the Value of Asset Management of Traffic Signals Inventory

STRIDE [ Wi aw anaimten 1o Transronm Tai ruTuR

eim College of Engineering & WEw ENGINEER TO TRANSFORM THE FUTURE

=Without Performance Measures,

1
there is no definitive way of
determining the success or failure | n
of a specific goal.

STRIDE

eim College of Engineering L L T —

=Improving Employee Injury Rate

=Improving Client Injury Rate
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=Improving Sight Distance on

Roadways

=Lowering Incidents at High Crash
Areas

STRIDE =
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= Advantages of Implementing a

Successful TAM Program

TSN v
A:G\\:?% \dJ
e S8 \Ad

SN

f Engineering

=Engage Stakeholders and Identify

Priorities
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=How to Collect and Analyze
Inventory Data

STRIDE | =

eim College of Engineering w anoImEER 1O TRANSFORM TH .

= Assess Condition of Existing
Infrastructure

STRIDE

eim College of Engineering

=Preserve Valuable Assets using Low-

cost Improvement Techniques
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=installation of back plates on traffic

signals to improve visibility at some
locations:

=adding left turn phases to existing
signals

=installing traffic signals,

STRIDE =

10
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=removing  signals from late

night/early morning programmed
flashing operation,

=installing strobe lights in signals to

make the public more aware of
signals that are present in areas
where background lighting is

present,
=providing longer all-red intervals in

the signal timing where such things
as bridge decks interfere with
signals

STRIDE =
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=placing signal heads to provide a

better view of red signals in limited
sight-distance-to-signal faces,

STRIDE | =2z
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m‘ Herbert Wertheim College of Engineering

Questions ?

STRIDE =it
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Training Slides
Highway Safety Analysis of Traffic Signals and Their Timing
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UNIVERSITY of FLORIDA

Transportation ology

Transfer (T2) Cen

Highway Safety Analysis -

Traffic Signals and their Timing

Shraddha Sagar

ity of Florida

STRIDE POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

U-F Herbert Wertheim
‘ollege of Engincering

UNIVERSITY of FLORIDA

Workforce Development

Summit

Course Schedule

o
Wiy 16 Summit May 9

https://techtransfer.ce.ufl.edu/training/strid

e-workforce-development-summit/
Tratfc Signal

May 16-17

STRIDE

Herbert Wertheim
llege of Engineering

UNIVERSITY of FLORIDA

2023 Workforce Development Summit

Register at

Course Schedule

May 9 Traffic Engineering Fundamentals Kickoff Summit
May 11 MUTCD Traffic Signals Overview
May 12 Traffic Signal Systems Asset Management

May 12 Highway Safety Analysis Traffic Signals and their Timi
May 15 Basic Traffic Signal Timing
May 15 Transportation Equity Fundamentals

May 16-17  Traffic Signal Basics
May 19 Highway Capacity Analysis with Signalized Intersections
May 22 Advanced Traffic Signal Timing

STRIDE POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE
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STRIDE Partners
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Learning Objective

What is road Science of Measuring
safety? Road Safety Safety
Highway Safety Road Safety Road Safety
Manual Management Audits
Countermeasures
and Tools

STRIDE | =

STRIDE

Southeastern Transportation Research,
Innovation, Development and Education Center

What is Road Safety?
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What is Road Safety?

= Absence of risk or danger

= Minimize the frequency of crashes and the resulting deaths and injuries

= A continuum concept

STRIDE

sstern Transportation Ressarch,
ion, Development and Education Center
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Why is Safety Important?
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Sources: FARS 1975-2019 Final File, 2020 ARF: VMT ~ FHWA's Annual Highway Statistics
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Crash Causation

= Crashes are rare events = Causality is very rarely based on a single factor

Relative Proportion of Events

93%

34%

LowRik o Crash

Human Factors

57

Vehide Factors
3

4 CrashOcars

13%

poctation Research,

STRIDE | =i

v Education Center
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Crash Severity

= Maximum Abbreviated Injury Scale (MAIS)

= KABCO Scale for Injury Severity

STRIDE | Bl o

10
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Crash Types

= Crash types with greatest likelihood of fatality or serious injury:

STRIDE

11
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| s ehibAY. GaNGARY Yo, 68T

Intersection Safety Seven mjured as

===: cars crash

= Intersection safety is a growing issue d 7 ot Do ey 1
P

= Annually, 25% of traffic fatalities and 50% of

traffic injuries are attributed to intersections

= Since 2020, fatal and injury crashes of

vulnerable road user rising LS

CAR CRASHZZE

of | Ihe amaer. Vi
e e . Orcte
ey

e
Vil N

Tethnavan. Lurgan.

STRIDE

About | -Safety | Federal High:

12

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook

w Herbert Wertheim College of Engineering

78

Crash Causation - Traffic Signals

= Helps achieve effective operations
= Separates most of the conflicting movements
= Safer performance at intersections

= Reduce the number and severity of crashes

= About 1/3rd of all intersection fatalities occurring at signalized intersections

= Trade off between safety and mobility
= Large proportion involving red-light running

Traffic Fatalities Traffic Fatalities | Percent of intersection

Year Total Traffic Fatalities Involving an Involving a Signalized | fatalities occurring at
Intersection Intersection __|signalized intersections|

2015 35,484 9,664 2923 30%

2016 37,806 10,414 3,298 32%

2017 37,133 70,301 3,271 2%

2018 36,835 70,011 3,274 33%

STRIDE
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Why Safety is important in traffic operations?
Case Study

2020 LOS Npred
Segment LOS Npred 2021 2022 2023 2021 2022

STRIDE
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STRIDE
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Road Safety Management
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Nominal Safety and Substantive Safety

= Nominal safety is a term used to describe designs that

meet applicable design standards

= Substantive safety means that the real-world safety
history is favorable whether or not standards are met

Nominal

Substantive
Safety

Application

Nominally SRS
Theepseisd ubstantivel

forenancawe ‘:.;(.uaﬁ'(..): v safe streets “';“a%g}’;ay Peromance S Bants
fracsa reosencyond  Hidl ok Safe _ Sireets
e s ighays | rosearchand ghway

highwayor

rosdway

procedures

STRIDE
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Road Safety Management

= Steps:

= Site-Level Safety Management - Focusing on high-priority locations
= System-Level Safety Management - Focusing on issues affecting the broad transportation system
= Systemic vs. Systematic Safety

STRIDE
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Vision Zero

VISION

= Traffic deaths and severe injuries are preventable and focuses z ERO
attention on the shortcomings of the transportation system —

= In lowering the likelihood of crashes resulting in severe NO MORE TRAFFIC DEATHS

injuries

TARGET

FATALITIES & SERIOUS INJURIES

STRIDE
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80

SRS 5
R0 ay,
o e

Safe System Approach

= An approach to achieve Vision Zero
= Guiding paradigm to address roadway safety

= A national vision of zero roadway fatalities and identifies priority
actions in pursuit of five Safe System objectives:

. R
Sanrmyis S
- et @@ 3] A\ S
. SafeRoad  Safe safe sate Post.Crash
Users Vehicles  Speeds  Roads Care

STRIDE
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Quiz

Which of the following definitions best describe Nominal Safety?

@

=l

sSoem

STRIDE
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Quiz

Which of the following definitions best describe Nominal Safety?

A)
B)
C)  An absolute statement about the safety of a location based only on its adherence to asset of design standards

D)

etation Research,
v Education Center

STRIDE
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Measuring Safety
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Safety Data - Critical Data

= Crash data

VOLUME DATA

= Traffic volume

= Road characteristics

CRASH DATA ROAD DATA|

STRIDE
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Safety Data - Supplemental Data

= Conflict information
= Injury surveillance & EMS
= Driver history

= Vehicle registrations
= Law enforcement citations
= Naturalistic and driving simulator

= Public Opinion

STRIDE
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Crash Data

= Crash-related variable

= Contributing circumstances

= Driver Information, Vehicle information, Crash Narrative, Crash

Diagram

STRIDE

astern Transportation Research,
ion, Develsy nd Education Center
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Measuring Safety

= Crash frequency - the number of crashes occurring per year or other unit of time
= Crash rates - numbers of crashes normalized by a particular population or metric of exposure

= Crash outcomes - types of injuries, typically, fatalities and injury severity.

STRIDE
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Regression to Mean

3-year average]
s ‘beforg’ (Xa) crash averages

time period analyzed

Observed safety
effect

will vary depending on the
5 Long-term
average (m)
: AWam

°
8 Actual crash average over
5 !
g, e ooy extended period
o
effect (44
2 '\
3-year
1 average
‘after’
0 -
1993 1995 1997 1999 2001 2003 2005 2007

Year

etation Research,
v Education Center
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Safety Performance Function

A safety performance function (SPF) is an equation used to predict the average
number of crashes per year at a location as a function of exposure.

Developed for base conditions

Developed through regression modelling techniques using geometric and operational
characteristics

, performance_funtions.pdf

STRIDE

sstern Transportation Ressarch,
ion, Development and Education Center
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Highway Safety Manual

= HSM presents contemporary scientific methodologies
for estimating safety performance of highways and
streets to inform the highway transportation decision-
making process

DEFINITIVE; WIDELY RESEARCH-
STATE-OF-THE- ACCEPTED BASED
ART INFO

STRIDE @
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Quiz

Which of these manuals discourses substantive safety?

A)

B)
C)
D)

poctation Research,

STRIDE | =i

v Education Center
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Quiz

Which of these manuals discourses substantive safety?

A)
B)

C)
D)  Highway Safety Manual (HSM)

STRIDE
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Safety Performance Function - Example

Example: Use the given SPF, predict the number of multi-vehicle crashes at an urban, four-legged signalized
intersection.

The major road traffic volume is 25,000 vehicles per day and the minor road traffic volume is 10,000 vehicles
per day

NNprediced = exp(=10.99 + 1.07 In (AtttiHuepm;) + 0.23 In( Atti8Hyrrr)
Solution:

NNpredicrea = exp(—10.99 + 1.07 In(25,000) + 0.231n(10,000))

= 7.13 multi-vehicle crashes per year

STRIDE
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Empirical Bayes Method

The Empirical Bayes (EB) method consists of weighting the predicted crash frequency by the observed
crashes.

NNz = WX NN + (1.00 = W) X NN e
where:  Nypece0 = €xpected crash number for a specific period.

N,

loredictes = Predicted average crash frequency
Nopsenes = Observed average crash number of previous time.
w = weight factor related to the SPF

STRIDE
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Empirical Bayes Method

Advantages of the EB method: |
+ Accounts for the tendency for high-crash sites to
have a lower frequency of crashes in subsequent - e SPE

periods due to regression to the mean.

Incorporates the unique characteristics of the site

into the analysis and accounts for any potential
biases

Uses statistical analysis to estimate the expected
crashes at a site, which provides a more objective
and data-driven approach

STRIDE
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Empirical Bayes Method - Hands-on Example

A road segment is 1.8 mi long, has AADT of 4000, and recorded 12 crashes in the last year. The SPF for

similar roads is N = 0.0224 x AAAAAAAA crashes/milyear, w = 0.460. Calculate Expected Average Crash
Frequency

Mo = WX NNl + (1.00 = W)X NNy

= Step-1 Predict Safety on Similar Segments
N'predicted = 0.0224 X 4000056 = 2.41 crashes/milyear

Nipredicted = N'predicted X 1.8 mi = 4.34 crashes/year
= Step-2 Weight
w=1/(1 + cxN\NNNNWWWWWWWYEB

ar= overdispersion parameter for the SPF
= Step-3 Calculate Expected Average Crash frequency
Nexpected = W X 4.34 + (1 — w) x 12 = 8.48 crashes/year

s

STRIDE
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Predicted and Expected Crashes

Predicted Crashes -
= Estimates of long-term average crash frequency which is forecast to occur at a location using a
predictive model found in Part C of HSM

Expected Crashes -
= Estimates of long-term average cash frequency of a location under a given set of geometric

conditions and traffic volumes (AADT) in a given period of year using observed crash data

STRIDE
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Crash Modification Factors

= Crash modification factors (CMFs) represent the relative change in crash frequency due to a change

of one specific condition, when all other conditions and characteristics remain constant.
= CMFs are applied to estimate the crashes after implementation of a countermeasure or a treatment.

STRIDE | Bisploiiinfdd o
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Crash Modification Factors

s r—
[ s ——

CMF =

where: A - changed from existing condition and B - existing condition

Estimates of effect of element

CMF < 1.0 represent crash reduction

CMF > 1.0 represent crash increase

CRASH MODIFICATION FACTORS CLEARINGHOUSE

Research,
¢ and Edueation Canter

STRIDE
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CMF clearing house

= Comprehensive and searchable database of published CMFs
= Central, web-based repository of CMFs
= Maintained by FHWA B0

= Roles of the Clearinghouse
= Educate CMF users

F data

= Facilitate CMF research RIS SomensorT | S
= CMFs are evaluated and rated -
WHATARE 2 UPCOMING WEBHAR PO G

rspoctation Research,
topment and Education C:

STRIDE | i
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Selecting CMFs

= Primary Goal: Select a CMF that was developed under the
same (or very similar) conditions as the location for which the
countermeasure is being applied. ¢

= Characteristics to consider:

STRIDE
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Crash Modification Factors

= Use of multiple CMFs - generally multiplicative

Example:
CMF for Treatment #1 = 0.86, CMF for Treatment #2 = 0.75

CMF for Treatment #1 + #2 = 0.86 x 0.75 = 0.65

But what if the CMF for #2 was 1.16?

Combined CMF = 0.86 x 1.16 = 1.0 (is this really the same as no treatment at all?)

STRIDE

41

w Herbert Wertheim College of Engineering [ POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

Crash Reduction Factor (CRF)

Estimates of effect of element
V Same as CMF
Expressed as a percentage
CMF =0.75 -> CRF = 25% (fewer crashes)
5 CMF = 1 (CRF/100) CMF =1.25 > CRF = (-) 256% (more crashes)

Example :
Studies have found that converting a 4-legged urban intersection from stop control to signal control
will have an CMF for all fatal and injury crashes of 0.77.

This means that there will be an anticipated reduction in crashes of 23 percent if a traffic signal were
installed

STRIDE
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Innovation, Development and Education Center

Highway Safety Manual

w Herbert Wertheim College of Engineering

Highway Safety Manual

-

HIGHWAY
SAFETY.

Background SAFETY

* 2010 1 Edition (AASHTO) _&
2014 - SUPPLEMENT FOR FREEWAYS (AASHTO) v,’
- . @
HSM 27 Edition — Coming Soon

2021 - 2024 - National Cooperative Highway Research Program (NCHRP) - Project 17-71A
b, T Display.asp?ProjectiD=5043)

2024 — 20 Edition to be published by AASHTO

Leam more:

http: ages/About.aspx

STRIDE | .
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Organization

@- HSM 1¢t Edition
i
PatA || PartB
Introduction Roadway
and Safe J— oW

PartD

PartC
- Crash

Predictive

Modification
Factors

Method

STRIDE @
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Organization

| PART A lntroduction, Human Faclors, and Fundamentals

+ Chapter 1 - Introduction and Overview
+ Chapter 2 - Human Factors

+ Chapter 3 - Fundamentals

e  PART B Roadway Safety Management Process

+ Chapter 4 — Network Screening

- Chapter 5 - Diagnosis Ay
MANUAL
+ Chapter 6 - Select Countermeasures Y- 4
 Chapter 7 - Economic Appraisal
+ Chapter 8 - Prioritize Projects -

- Chapter 9 - Safety Effectiveness Evaluation

STRIDE
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Organization

S PART C Predictive Method

« Chapter 10— Rural Two-Lane, Two-Way Roads
« Chapter 11 Rural Multilane Highways

« Chapter 12— Urban and Suburban Arterials.

B PART D Crash Modification Factors 1

- Chapter 13 - Roadway Segments
HIGHWAY
« Chapter 14 — Intersections SAFETY

MANUAL
- Chapter 15  Interchanges g 4

« Chapter 16 - Special Faciliies
« Chapter 17 - Road Networks

STRIDE
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Organization

Chapter 18—Predictive Method for Freeways
Chapter 19—Predictive Method for Ramps

APPENDIX B—Specialized Procedures Common to Chapters 18 and 19

STRIDE
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Tools

PART B PART C/D

Lm IHSDM @

HSM Spreadsheet Tools
SPICE_

4

AP

VJuST

VOO et St sl LS MODIATION FCTDRS CLEARNGHOESE

STRI DE Southaastern Transportation Research,
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Crash Severity

STRIDE | st Tompmsion e,

Innoeation, Development and Education Centar
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Crash Type

Single - Vehicle [ Multiple - Vehicle

Collision with animal Collision with bicycle Head-on collision Rear-end collision

SR ad oD O

Collision with pedestrian Angle collision Other multiple vehicle collision

=Sk e R e

N
= Sioowipecolison [N ks G

STRIDE | sotssemTasssion e
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Predictive Method

| Two-Lane Base condition — Safety

, Rural Roads Performance Function 1 ighwey Sefety NMeruel

Urban/

Arterials

Suburban Crash Modification Factors
(CMFs) HIGHWAY

Freeways
Empirical Bayes (if applicable)

Rural Multiane
Highways " Calibration(Cr)
=

Moy = Mgy X @NX (UM 9
QL)
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Predicted Average Crashes

Nogmmmey = Mgy X 00y €@ QUL ) GV

el
Predicted B

crashes for

facility type Safety
Performance
Function Crash B

factors

Calibration
factor
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Safety Performance Function

» Asafety performance function (SPF) is an equation used to predict the average
number of crashes per year at a location as a function of exposure.

Developed for base conditions

For highway segments, exposure is represented by the segment length and annual
average daily traffic (AADT) associated with the study section.

« Forir ions, exposure is rep! by the AADT on the major and minor

intersecting roads as shown by the sample SPF.

IR 565 AT A

Predicled Crashes = exp[a + B * IN(AADT g0) + B2 * IN(AADTiner)]

Source: , performance funtions.pdf
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Calibration Factor

Calibration factor (C,) is calculated to consider regional differences from base conditions

« Climate + Animal population
« Driver population + Crash reporting thresholds

« Crash reporting procedures

The C, default value is assumed 1.0 but might be different when roadways experience more or fewer

crashes than SPF developing conditions.

st o @ENNANWANNEANS:
T 3t MTIRINANWSANS
STRI D Seutheastern Transpartation Research,
rnorstion, Derelopmert nd Education Centee
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Crash Prediction Model

STRIDE | Vit o
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Quiz

Which of these HSM procedures addresses Safety Performance Functions by facility type?

A) Introduction, Human Factors, and Fundamentals

B) ty Management Process
c) sthe
D) h Modification Factors

STRIDE | biiaim st e
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Quiz

Which of these HSM procedures addresses Safety Performance Functions by facility type?

A)

B)
C) Predictive Method
D)

STRIDE
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Safety Performance Functions by Facility Type

Intersections
Undivided Divided Stop Control on Minor
HSM Chapters/Facility Type Roadway Roadway Leg(s) Signalized
Segment Segment
3-Leg 4-leg 3leg | 4leg
Chapter 10 - Rural Two-Lane, Two
v - v v - v
‘Way Roads
Chapter 11 - Rural Multilane
v v v v v
Highways
Chapter 12 - Urban and Suburban
v v v v v v
Atterials

s
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Intersection Areas

Intersection Functional Area

STRIDE
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Intersection Function

Deceleration Begin Begin Perception

'E') Completed Deceleration Reaction

g

7}

2 r —

g WD o) T L
o

‘Stopping queue or storage length ‘ Maneuver distance ‘ Decision distance

Functional or impact length

Intersection Crashes

Crash Type?

Within 250 t?
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Quiz

Which of the following would generally be considered the best practice to ensure the accuracy of output from a Safety
Performance Function (SPF)?
A)

B)
C)

D)

STRIDE
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Quiz

Which of the following would generally be considered the best practice to ensure the accuracy of output from a Safety
Performance Function (SPF)?
A)

B) Calibrate the SPF with local information on crashes, traffic volumes and geometric characteristic of the roadway
)

D)

STRIDE
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HSM Methods — Two Lane Highway Intersections

w Herbert Wertheim College of Engineering

Intersections Two-lane Highways

Three Approach Stop (35T) Four Approach Stop (4ST)

Four Approach Signal (4SG)

_ e
NNogsymme= NV

s

STRIDE
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Base conditions

Intersections

Intersection skew angle: 0 degrees
No intersection left-turn lanes on

approaches without stop control

No intersection right-turn lanes on
approaches without stop control
No lighting

NNy = NNHACH I s L )

Rural Two-Lane Intersection

Base conditions

STRIDE
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SPF for Two-Lane Highways — Signalized Intersections

Four Approach Signal (4SG)

W

NN = NIV

Moessssss = NN

AADT major = 8000 veh/day
AADT minor = 1000 veh/day

NNpgsassss = NN~513+0.60xIn(8000):+020In(1000)

NN assss = 56 NNNsANS NIV

sastarn Transportation Research,

STRIDE

nd Education Center
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Crash Modification Factors - CMF

A CMF,;: Intersection Skew Angle "Tﬁ;l' CMF;;: Intersection Right-Turn Lane
o
\ CMF,;: Intersection Left-Turn Lane @ CMF,;: Intersection Lighting
ONLY

STRIDE
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Intersection Skew Angle

Wy = NNWaszan)

(g = NNUSaszans)

Ay s = LD

Note:

These CMF applies to total intersection crashes.
Ifthe skew angle differs for the two minor road legs at a four-leg stop-controlled intersection, values of
CMF1i is computed separately for each minor road leg and then averaged.

Traffic signal separates most from conflicting then the risk of to

the skew angle between the intersecting approaches is limited at a signalized intersection.

etation Research,

STRIDE

v Education Center
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Intersection Left-Turn Lane

Number of Approaches with

Intersection

Intersection Type Intersection o Left-Tum Lanes:
w y Minor road stop
= Minor o 0% 03t
Minor road stop
Four-leg Intersection control® 072 052
082 067 0.55 045
. tre

lefttum lanes

» Stop signs present on minor road approaches oniy

Note:
+ These CMFs apply to installation of left-turn lanes on any approach to a signalized but only on road
a stop-controlled intersection.

The CMFs for installation of left-turn lanes on multiple an are equal to the CMF for the jon of a
left-turn lane on one approach raised to a power equal to the number of approaches with left-tum lanes.

There s no indication of any safety effect of providing a left-tun lane on an approach controlled by a stop sign, so the presence of a left-tur lane
on a stop-controlled approach is not considered in applying Table

Absence of left turn lane CMF = 1.00

STRIDE | Bl o
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Intersection Left-Turn Lane — Hands-on Example

Four-leg signalized intersection located on a rural two-lane roadway.

One approach left turn lane

Number of Approaches with Left-

Intersection Type Turn Lanes®

Intersection Traffic
Control

One  Two Three Four
Three-leg Intersection Minor road stop 056 031
controle
Minor road stop
Four-leg Intersection controlb Q72 052
Traffic signal 082 | 067 055 o045
i t——
+St0p sgns present on inor 0ad approaches on.
MMy = 0.82

tion Research,
v Education Center

STRIDE | s
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Intersection Right-Turn Lane

Intersection | Number of Approachss with
Intersection Type o on o1 Right-Turn Lanest
One  Two  Three Four

Minor road
stop control®

Three-leg Intersection 086 074

Minor road stop.
Four-leg Intersection control

086 074
096 092 088 085

number

" Stop signs present on minor road approaches only.

These CMFs apply to installation of right-turn lanes on any approach (o a signalized intersection, but only on uncontrolled major road
‘approaches to a stop-controlled intersection.

The CMFs for installation of right-turn lanes on multiple approaches to an intersection are equal to the corresponding CMF for installation of a
right-turn lane on one approach raised o a power equal to the number of approaches with right-tun lanes.

There is no indication of any safety effect for providing a right-tum lane on an approach controlled by  stop sign, so the presence of a right-tum
lane on a stop-controlled approach is not considered in applying Table.

Absence of right tum lane CMF = 1.00

STRIDE | miiiblimei nest e

72

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook

UF Herbert Wertheim College of Engineering POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

98

Intersection Right-Turn Lane - Hands-on example

Three-leg stop-controlled intersection located on a rural two-lane roadway.

One approach Right-turn lane

Intersection Ty oction)
AREELENID Traffic Control
Three-leg Intersection Minor road stop
control®
Minorroadstop g5 074
Four-leg Intersection control
Traffic signal 09 | 092 088 085
B led N
sight-turn lanes
» minor road
MM = 0.96

STRIDE
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Lighting

0y = 1.0 = 0.38 X Wy

Pni: proportion of total crashes for unlighted intersections that occur at night

Intersection Type Poi
3sT 0.260
4sT 0244
46 0286
Note:

This CMF applies to total intersection crashes

STRIDE
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Hands on Example (1/2)

What is the predicted average crash frequency of the signalized intersection for a particular year?

=4 legs

= 1 right-turn lane on one approach = AADT of major road = 10,000 veh/day

= 90-degree intersection angle = AADT of minor road = 2,000 veh/day

= No lighting present = 1 left-turn lane on each of two approaches

Step 1: Apply the appropriate safety performance function (SPF) for the site’s facility type and traffic control
features

NNgsassss = NN

— NN-513+0,60xIn(10,000)+0.20 In(2000)

= 6.796 NNWNsANsHIBIGANAN

STRIDE

75

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook

erbert Wertheim College of Engineering

99

Hands on Example (2/2)

Step 2 : Applying CMFs
= Intersection Skew Angle (CMF1i ) = 1.00
= Intersection Left-Turn Lanes (CMF2i ) = 0.67, from Table 10-13

= Intersection Right-Turn Lanes (CMF3i ) = 0.96, from Table 10-14
= Lighting (CMF4i ) = 1.00
The combined CMF = 0.67 x 0.96 = 0.64

Step 3 : Calculation of Predicted Average Crash Frequency (assume Cr = 1.3)

Noratitet = Nopr X (CMFy, @ QEMF,) X Cr
= 6796 x 0.64 x 13

STRIDE

76

STRIDE

Southeastern Transportation Research,
Innovation, Development and Education Center

HSM Methods — Multi-lane Highway Intersections
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Intersections Multilane Highways CPM

“Three Approach Stop (3ST) Four Approach Stop (4ST)

Four Approach Signal (4SG)

AR,

NNogsrrmme= NIV!

STRIDE
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 Intersection skew angle:

0 degrees

¢ No intersection left-turn lanes
except on stop-controlled
approaches

* No intersection right-turn lanes
except on stop-controlled Rural Multlane Intersection
approaches Base conditions

* No lighting

STRI D Southasstern Transportation Research,
Ionoeation, Develapment and Education Center

100

79

of Engineering POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

Hands-on Example

Four Approach Signal (4SG)

AR,

—'s

NN
I’Wmmm.«= NN

NN = NN-7-182+0.722xIn(9000)+0.337 In(2500)

NNsassss = 7.603 NNNesANs NTRIVGANAN

poctation Research,
ment and Education Center

STRIDE | &
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Hands-on Example

- Fatal and Injury (Fl)

Four Approach Signal (4SG)

—
JUIA—

Mvunm = NN-6393+0.638xIn(9000)+0.232 In(2500)
Mpsassss = 3.425 FI NNWNesANs SERIIANAN
STRI DE Southesstern Transportation Research,
Innovation, Development and Education Center
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Intersections
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Urban Intersections CPM

“Three Approach Stop (35T) Four Approach Stop (4ST)

Three Approach Signal (35G) Four Approach Signal (4SG)

AR,
NN, 2

Vs rrome =

STRIDE

83

w Herbert Wertheim College of Engineering POWERING THE NEW ENGINEER TO TRANSFOR|

SPF Models - Intersections

LV A— (U VA A— A—

NNprroms= NNy X (O X WLy X -+ )

X (MW
.q = Total average crash frequency

Predicted average crash frequency of an individual roadway intersection.

= Predicted average crash frequency of vehicle-pedestrian collisions.

N,,= Predicted average crash frequency of vehicle-bicycle collisions.

NNaesmre= Nowano+ Now

Neueso = prediicted average number of multiple-vehicle collisions for base conditions

Miue = predicted average number of single-vehicle collisions for base conditions

on Resaarch,

d Education Center

STRIDE | sescqmos
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SPF Models - Intersections

NNmmo= €xp(cc + @I (A, ) + WD A )

Moo = expected number of multiple vehicle intersection-related crashes/ year base

Al = AADT for the major road (vpd)
AtiHHm= AADT for the minor road (vpd)

M= regression coefficients

STRIDE
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Coefficients used in Equation 12-21
Intersection

Intercept AADT,,, AADT,;y
(a) (b) (©

Total Crashes

STRIDE
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SPF Models

NN = exp(cc + @In (Al ) + D A )

Nouw = expected number of single vehicle intersection-related crashes/ year base

Al = AADT for the major road (veh/day)
A= AADT for the minor road (veh/day)

@ @M= regression coefficients

STRIDE
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Coefficients used in Equation 1224
Intersection

Intercept AADT s AADT i
@ ® ©

Total Crashes.

STRIDE
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SPF Models
Vehicle-Pedestrian Crashes at Signalized Intersections

M= NNiawprre X Qi X Q0L X (L
NNz = €xp(@+ N ) + I In <%> + Mn (ZANYRHP) + IV M)

NN =

WWERIP= sum of daily pedestrian volumes across all intersection legs

Mhtummer = Maximum number of lanes to be crossed by a pedestrian

STRIDE
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Model Coefficients

Intersection
Planeax

Intercept AADT AADT 1 AADT o PedVol
(a) (@) @ ()

®)

660 005

040

TR Estimate of PedVol (pedestrians/day)
Pedestrian Activity

3SG Intersections 4SG Intersections.
High 1,700 3,200
Medium-high 750 1,500
Medium 400 700
dium-low 120 240
Low 20 50

STRIDE
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SPF Models
Vehicle-Bicycle Collisions

NNormgy= NNay oo X Srogrn

Symem = bicycle crash adjustment factor

Bicycle Adjustment Factors for Intersections

Bicycle Crash Adjustment Factor

Intersection Type

3sT 0016

0011

0018

0015

STRIDE
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Urban Intersection CMF

Autos, Peds and Bikes

-

0 Left-Tum Phases ‘n Lighting

Red Light Running Cameras

<r> Right-Turn Lanes

s

STRIDE
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Left Turns CMF
Turn Lane ) ) Number of approaches with left-turn lanes
CMF Intersection Intersection
" Traffic Control L Three Four
approsch  approaches  approaches  approaches
Threedeg Minor-road STOP control 067 045 -
intersection Traffic signal 093 0.86 0.80
Minor-oad STOP contol 0% 088
intersection [ PRISNITN] 0.90 081 073 066
Turn Phases
um Phases Type of left-turn signal phasing [
CMF,
Use CMFy = 100 oral
T T unsignalzed nersectons. f sovera
aparonches (o sgralzed
Inersocton have otum phasing
Protected/permissive or permissive/protected 099 the values of CMF for each
approach oo mullid ogether.
Protected 094

93
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Right Turns CMF
Number of approaches with right-turn lanes
TumLanes itersection [ Four
3 Traffic Control Twe Three approac
approach approaches approaches hes.
Three-leg Minor-road STOP control 086 074
intersection
Traffic signal 0.96 0.92
Minor-road STOP control 0.86 074
intersection
Traffic signal 0.96 092 088 085
OnRTOR MLy, (0.98) et Ny = NUMber of signalized intersection approaches
CMF, _ for which right turn on red is prohibited

94
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Lighting CMF

(M= 1~ BN

Proportion of crashes that occur at night
Intersection Type.
[

0238

0229

0235

STRIDE
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Red - Light Cameras CMFg;

Red-Light Cameras (RLC) Enforcement

A= 1~ Ny (1~ 0.74) — Njex (1 — 1.18)

Nymnping X Norogis + NNprammosgonny X NNoramsginen)

M=

(NNaretis + NNartisiy+ N )

_ NVyamagrin) X NNonnmetisy + NNpanragnsn X NNomnmeginn

N\

(NNaretis + NNarummtiy + N )

CMF4 = crash modification factor for installation of red-light cameras at signalized intersections;

Pry = proportion of crashes that are multiple-vehicle, right-angle collisions;
Pr = proportion of crashes that are multiple-vehicle, rear-end collisions;
P

(FI) = Itiple-vehicle fatal-and-injury crashes by right-angle collisions;

P,

STRIDE

(PDO) = proportion of multiple-vehicle property-d: Iy crashes by right-angle collisions;
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Vehicle-Pedestrian Collisions at Signalized Intersections — CMFs

These CMFs apply to total vehicle-pedestrian collisions

Bus Stops

i 1f) Schools

m Alcohol Sales Establishments

STRIDE | =

106

97

im College of Engineering POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

Vehicle-Pedestrian Collisions at Signalized Intersections — CMFs

Bus Stop - CMFy, Number of Bus Stops within 1,000 ft of the Intersection CMFy,

0 100
1or2 278
3 0r more 445
School- CMF,, Presence of Schools within 1,000 ft of the Intersection CMF,
No school present 100
School present 135

s

STRIDE
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Vehicle-Pedestrian Collisions at Signalized Intersections — CMFs

Alcohol Sales Number of Alcohol Sales Establishments @R

Establishments within 1,000 ft of the Intersection »

CMFs, o o0
18 112
9 or more 156

STRIDE
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General Limitations

on Resewreh,
rd Education Center

STRIDE oo
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HSM 2nd edition — Coming Soon

= Methods for incorporating bike & pedestrian considerations in safety management

= New Bike & pedestrian predictive models in Part C

= Includes systemic methods for pedestrian and bicycle application

= Methods for calibrating safety performance functions with state/regional data

= New Predictive Models (Additional Intersections (NCHRP 17-78) and Roundabouts (NCHRP
17-70), New Arterial models (NCHRP 17-58))

= New Available Research Summary

* Restructured Part D

sM2 IUpdate 20220606b.df

STRIDE @
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Road Safety Management Process
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Data-Driven Safety Management Processes

- Network Screening
1. Identifying safety problems Chapter 4
+ Network Screening Safety Effectiveness Evaluation Diagnosis
+ Diagnosis Chapter 9 Chapter’s
2. Developing potential safety strategies -

. i Priortize Projects Select Countermeasures
Countermeasure selection s e
+ Economic Appraisal

Economic Appraisal
3. Selecting and implementing strategies Qg

+ Project Prioritization
« Safety effectiveness evaluation

Research,
nd Education Center

STRIDE
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Data-Driven Safety Management Processes

Network Screening
« Process of selecting high priority sites for improvement

L=

search,
v Education Center

STRIDE
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Data-Driven Safety Management Processes

Diagnosis
+ Assess safety issues at “hotspot” locations
« 3-step process

« Pattern assessment and contributing factors + Methods for data analysis

Research,

STRIDE

v Education Center
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Data-Driven Safety Management Processes

Responsibilities

Diagnosis - Road Safety Audits RSA Team
= Formal safety performance examination of a road or intersection Design Team/Project Owner

= Road safety audits can be used in any phase of project development ~
o
Anapeana Fodinzsto

7

Identify

Objective: Projects

= What elements of the road may present a safety concern: to what
extent, to which road users, and under what circumstances?

= What opportunities exist to eliminate or mitigate identified safety
concerns?

Findings

.
perform
3 Field
Conduct  Reviews
Startup.
Meeting

2
Select RSA
Team

Road Safety Audit (dot.gov)
s

beastern Transpor reh,

STRIDE

on Research,
ion, Development and Education Center
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Data-Driven Safety Management Processes

Select Countermeasures

Countermeasure resources and tools

Bicycle Safety Guide and Countermeasure Selection System (BIKESAFE www pedbikesafe orglbikesafe)
Countermeasures That Work: A Highway Safety Countermeasure Guide for State Highway Safety Offices
Crash Modification Factors Clearinghouse (www.cmfclearinghouse.org)

FHWA Proven C (safety.fhwa.dot.

Highway Safety Manual (www.highwaysafetymanual org)

National Cooperative Highway Research Program (NC port 500 Series Iquid
Pedestrian Safety Guide and Countermeasure Selection System (PEDSAFE, www.pedbikesafe org/pedsafe)

on e

STRIDE | i
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Data-Driven Safety Management Processes
Select C s - Summary of crash types and possible signal modifications to benefit safety
Collision with Another Vehicle Single-Vehicl llision
Sideswipe | Sideswipe | Collision C"V‘::z‘f" Collision Run Off
Change Angle | Head-On |Rear-End| Same Opposite with with Overturned
Parking Road
Direction | Direction | Bicycle » Pedestrian
Vehicle
Provide left-turn signal phasing X x x x x
Optimize clearance intervals X X
Restrict or eliminate turning
maneuvers (including right tums on | x X x x x x
reds)
Employ signal X X X
e
ergene x| x x x x x x x
Tmprove traffic control of pedestrians.
and bicycles
ove unwarranted signal X X x
Provide/improve left-turn lane
Providefimprove right turn lane
STRI DE Southeastern Transportation Research,
Innovatsan, Development and Education Center

108

University of Florida Transportation Institute ® Technology Transfer Center (T2)




STRIDE Workforce Development Summit — Session Workbook 110

UF Herbert Wertheim College of Engineering POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

Data-Driven Safety Management Processes

Select C - Low-Cost Safety for Signalized Intersections
0 Backplates with retroflective borders
O Leading pedestrian interval

O Yellow change intervals

= Intersections with a high frequency of crashes - traffic signal, signing, and pavement marking

countermeasures

= Unlit or poorly lit intersections with high frequency and proportion of crashes occurring during hours of
darkness — Lighting

= High-speed intersection approaches with a high frequency and proportion of wet pavement crashes - High-
friction surfaces

= High-speed approaches to intersections with a high frequency of severe crashes involving speed - Speed
reduction

STRIDE
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Data-Driven Safety Management Processes

Economic Appraisals

Step 1: Estimate benefits

Step 2: Estimate costs
Step 3: Determine cost effectiveness

Benefit/cost ratio

STRIDE
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Data-Driven Safety Management Processes

Economic Appraisals — Tools

* Florida Department of Transportation in State Safety Office Bulletin 10-01 -
Benefit/Cost Analysis, Roadside Safety Analysis Program, and Discount
(Interest) Rate

= Crash costs and the interest rate - https://www.fdot.gov/docs/default-
source/roadway/Bulletin/RDB10-09.pdf

= Crash modification factors - FHWA Crash Modification Factor Clearinghouse

(http://www.cmfclearinghouse.org/)

= Countermeasure costs -
https://www.fdot. i uments/historical

itemaveragecosts

STRIDE
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Data-Driven Safety Management Processes

Prioritize Projects

= Maximize safety benefits subject to budget constraints

= Ranking by economic effectiveness

= Total costs
= Total benefits
= Start with lowest cost projects -

ch,
nd Education Center

STRIDE
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Data-Driven Safety Management Processes

Safety Effectiveness Evaluation

= Monitoring implementation

= Helps us determine whether the countermeasure if effective or need

modification

= Before/After analysis
= Regression-to-the mean

= Empirical Bayes

search,
v Education Center

STRIDE
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Quiz

Which tool is used to estimate the benefits associated with a particular safety countermeasure?
A)
B)

C)
D)

Research,
v Education Center

STRIDE
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Quiz

Which tool is used to estimate the benefits associated with a particular safety countermeasure?

A)

B)  Crash modification factor
C)
D)

STRIDE

115

POWERING THE HEW ENGINEER TO TRANSFORM THE FUTURE
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Tools

v v
v

v

Application
HSM HSM
WD Predictive | Predictive Rural Urban Ramps and | Intersection
Analysis | An Roadways | Roadway | Freeways | Evaluations
(SPF-based) | (CMF-
v v
v v v

v

v Y
v v v 7 i
v v v v

Traffic Safety and Analysis Procedures Manual (txdot.gov)

STRIDE
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Highway Safety Software

STRIDE
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References

fhwa.dot
fhwa.dot. 13027.pdf

htm

fhwa.dot. pdf

dot b 3
its.dot JSDOT Safety Webinar.pdf
fhwadot 1008, pof

dot. dot. pdf
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UNIVERSITY of FLORIDA

Questions?

Shraddha Sagar, Ph.D.
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UF Herbert Wertheim
College of Engineering

'UNIVERSITY of FLORIDA

Basic Traffic Signal Timing

Dr. Steven M. Click, PE
sclick@tntech.edu

Get course resources via QR Code or at

https://tinyurl.com/228knzkw

STRIDE A —

UF [feben Westhein
College of Engineering

UNIVERSITY of FLORIDA-

Warning: We may not cover all slides.

STRIDE

UF [feben Westhein
College of Engineering

UNIVERSITY of FLORIDA-

Traffic Signal Fundamentals

‘
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Learning Outcomes

= At the end of Traffic Signal Fundamentals, you will be able to:
=Define a traffic signal from a Timing Engineer’s point of view

=|dentify compatible and incompatible phases
=Explain phase numbering and a ring-and-barrier diagram

=Describe how basic detection and passage time work

STRIDE

1:46 PM

erbert Wertheim College of Engineering

NCHRP Report 812 — Signal Timing Manual — Second Edition

=Free to download

=Referenced throughout
=Called STM2 when referencing NCH“‘BWE
=More info than presentation

Signal Timing Manual

Secand Eeiton

STRIDE

t and Education Center
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What is a traffic signal?

STRIDE
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What is a Traffic Signal?

=To Users: Indications that control an intersection
=To Maintenance: Electronics that control an intersection
=To Signal Timing Engineers: Collection of timers that control an intersection

STRIDE
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‘ﬂ-) TIMING PLAN [ PHASE DATA
PHASE......1...2...3...4...5...6..
o = MIN GRN s s 5
£ . 9 BE MGRN [ ]
s =] csueRw 0 o o
2 g g =Calculated Parameters are oLY GRN 0 o o
= 2o entered into the controller i - -
5 ‘5 ¢ Outdated estimate: e -
8 S ¥ >7000 data entry fields P o g
3 c .
LE o ; = Typically use an extremely L - s
5 £ L small subset VH EXTZ 0.0 .0 0.0 0.
] £ [} o MAX 1 as as as as
2 = E =Most features are ubiquitous, X 2 s a5 35 a5 33
= == N 3 MEX 3 as a5 a5 as
£ = : but name and implementation ~ omax o o o o
. DYM STP o o o
£ g ©  are different S 5.4 B B8 6.0
I
»n g = Get and keep a controller ﬁ'; ﬁ,,"; SE : 23 S 2
- RED RVT 0.0 0 0.00.0
° 5 manua‘ ACT B4 [} o o [}
= Q SEC/ACT 0.0 00.00.0
= MAX INT o o o ]
8 TIME Ba 0 o 0o o
CAR3 WT [ 0 o [
sterome 0.0 00.00.0
TmREDUC  © o o o
MW Gar 0.0 0 0.00.0
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Phase Numbering

=Numbering wasn’t chosen by traffic engineers
=Chosen by NEMA — the National Electronics Manufacturing Association
=Even phases typically through movements with associated pedestrian phases
=2 & 6 typically major street
=4 & 8 typically minor street
=Qdd phases typically left turn movements
=1 & 5 typically major street
=3 & 7 typically minor street

STRIDE | i

 Education Canter 1:46 PM
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=Phase numbers are
shown in dark blue boxes

MAJOR STREET

Phase Numbering
STM2 Page 5-3

UF Herbert Wertheim College of Engineering

generally associated with (and

will time concurrently with]
the adjacent vehicle phase (as
| iilustrated by the dashed lines).

‘ Note: The pedestrian phase is

STRIDE

10
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Phase Sequence

Phase sequence « Identifying which phases can show together
is based on... » Grouping those phases for efficient service

Phasesua;i?‘grouped + Ring = a list of incompatible phases
RINGS and B?ARRIERS « Barrier = point for changing streets

Common modern

application « 8-phase, dual ring controller

t and Education Center

STRIDE
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Ring and Barrier Diagram — STM2 Page 5-4

MAJOR STREET MINOR STREET

EXl 2 43 4
< A “_’ i
> H o
Y Il =
65 46 &7 %8

£

RIN'GZ
\
—>
S
e

BARRIER BARRIER!

&  =Phase Number == =P = Permitted Movement

— - Protected Movement {~——> = Pedestrian Movement

STRIDE

1:46 PM
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Compatible and Incompatible Phases — STM2 Page 5-4

=Compatible Phases MAIOR STREET MINOR STREET |
=In different rings b1 2 63 4 i
b £, i
AND . -2 i\ T(g l A (e J
=In the same barrier . ==
&5 6 07 8
. o —p
*Incompatible Phases  ..¢ k TI,WI f— .--.“ 5
. L g H
=|n the same ring i - — ]
OR BARRIER BARRIER
*In different barriers & = Phase Number ===pp = Permitted Movement

— = Protected Movement €——> = Pedestrian Movement

STRIDE
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Compatible and Incompatible Phases (cont.) - STM2 Page 5-4
=What phases are | MAIOR STREET MINOR STREET
compatible with... Y $2 63 4 |
. o ' > i
Phase 47 .2 1\ 'l‘ ;l A A J
=Phase 5? g v« -
b5 $6 7 $8
o > =
A I e e |-
Y —>
BARRIER BARRIER
&  =Phase Number ===p> = Permitted Movement
=P = Protected Movement €~ = Pedestrian Movement
STRIDE | -
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About Vehicle Detectors — STM2 Page 4-4

=Two Different Types
= Stop bar detectors

MINOR STREET

Setback Detection Zone

Bike Detection Zone

for low-speed and
expected stop
=Setback detectors

for high-speed

1
MAIOR STREET

Stop Bar Detection Zone

STRIDE

n Canter
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Vehicle actuation on

conflicting phase begins PERIOD WHEN PHASE MAY GAP OUT
maximum green timer (RESTRICTED aY GREEN TIMERS)

o .
E ] - |
= - VEHICLE ACTUATIONS
fl:. e ol o 979 o
2 = c Detector Occupancy @ c ® verce Actaton
N~ ©
2 [N MINIMUM GREEN
& DO s GREEN TIMERS i i
HE 52 o [T T —
o Possage timer ' T
o n X 2 esets with I I i 1l
E 5 g cachveice W Greentimer
2 o Sa Possage timer — 13— I
£ 5 egis counting
2 c > a3 detector s g8 i
= S o= noccupied Sl2 | eotheseno
5 < = sassace T El8 | before
r- c '_ (SECONDS) R meumem
5 [72] 3lg | greenand
) o g[E | phose
= = 3 [ | termin

"6' ° |”_+ (gaps out).

s = e e

[

(=] VEHICLE siGnAL

DispLAY

STRIDE
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Learning Outcomes

=Having completed Traffic Signal Fundamentals, you should be able to:
=Define a traffic signal from a Timing Engineer’s point of view

=Explain phase numbering and a ring-and-barrier diagram
=|dentify compatible and incompatible phases

=Describe how detection and passage time works

STRIDE
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College of Engineering

UNIVERSITY of FLORIDA-

Check for questions, then start

Traffic Signal Timing for Safety

STRIDE &= B
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Learning Outcomes

= After Traffic Signal Timing for Safety, you will be able to:
=List key safety intervals

=Calculate key safety intervals

STRIDE

1:46 PM
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Safety at Signalized Intersections

=Built in from the ground up
= Always part of the safety discussion

Resesrch,
and Education Center

STRIDE | -
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=Minimum Green (safety interval)
=The minimum length of time that a phase must be green

=Maximum Green (efficiency interval)
= The maximum length of time that a phase can be green in the

presence of a conflicting call
=Yellow Change (safety interval)

=Warning that the green has ended and red will begin
=Red Clearance / Red Clear (safety interval)
=Time after yellow before the beginning of conflicting traffic

VEHICLE SIGNAL
DISPLAY

Definitions for Vehicle Intervals
Adapted from STM2 Page 6-9

(%]
-
=
=)
m

N
[
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Detector Type Affects Minimum Green

= Stop bar detection will detect queues naturally
=Only need to account for drivers’ expectations

=Setback detectors will have undetected queuing
=Option 1: Design minimum green for queue clearance
=Option 2: Variable minimum green

1:46 PM

STRIDE
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Minimum Green for Stop Bar Detection — STM2 Page 6-6

=Only need to account for drivers’ expectations

=STM2 Recommendations:
R Minimum Green
Phase Type Facility Type (Seconds)
Major Arterial (> 40 mph) 10 to 15
Major Arterial (< 40 mph) 7to 15
Through Minor Arterial 4to 10
Collector, Local, or Driveway 2to 10
Left Turn Any 2to 5
STRIDE
23
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Setback Detectors Option 1: Design for Queue Clearance
STM2 Page 6-6

* G, = minimum green duration for queue

clearance (seconds)
« n=number of vehicles between stop bar and

nearest setback detector in one lane

« d= distance between the stop bar and the
downstream edge of the nearest setback

detector (feet)
« L, = length of vehicle + gap, typically 25 ft

STRIDE
24
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Setback Detectors Option 1: Design for Queue Clearance
Sample Problem — STM2 Pages 4-4, 6-6

d
n=— &

Lv Setback Detection Zone rhated ¢ = Bike Detection Zone
G,=3+2n

mes f MAIOR swml
]
I Stop Bar Detection Zone

STRIDE !
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VEHICLE ACTUATIONS | @ @ ® 00 e 00 o o

@ Vehicle Actuation

<

MAXIMI
VARIABLE INITIAL
(SECONDS)

TIME ADDED

PER ACTUATION § Maximum
value should
jreconse) Minimdm accommodate

— value should queue clearance.
satisfy driver
expectancy.

MINIMUM GREEN
(SECONDS)

== variable Initial

VEHICLE SIGNAL
DISPL

Setback Detectors Option 2:
Variable Min Green — STM2 Page 6-7

UF Herbert Wertheim College of Engineering

[ signal Indication

TIME

Herbert Wertheim College of Engineering

Setback Detectors Option 2:
Suggested Variable Minimum Green Parameters — STM2 Page 6-7

= Table values are based on single lane approaches
=What changes for multilane approaches?

Distance Between fofi q
Minimum Maximum

Stop Bar and . ... . Seconds Added
Green Variable Initial ol
Nearest Setback (Seconds) (Seconds) per Actuation
Detector (Feet)
275 10 25 2.0
350 10 31 2.0
425 10 37 2.0
500 10 43 2.0

1 Seconds added per actuation assumes approximately 2-second headways.

STRIDE
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Check for questions

STRIDE L S ——
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Yellow Change and Red Clear

=Much research on this topic
= Still not settled

=ITE “Guidelines” document available
= Guidelines for Determining Traffic Signal

Change and Clearance Intervals
= Typically established once

=Regional continuity important

STRIDE .
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Yellow Change and Red Clear (cont.)

Manual on Uniform
Traffic Control Devices

*MUTCD 4D.26 limitations: Edition
=3 <Yellow <6

=Red Clearance < 6 (with exceptions)

EXPRESS

L

LANE
ENTRANCE

STRIDE .
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Yellow Change Equation — STM2 Page 6-3

v
YellowCh =t+—m—
ellowChange + Za+2Gg

=t = perception-reaction time (ITE suggests 1.0 sec)
=v = approach speed (ft/sec)

=q = deceleration rate (ITE suggests 10 ft/sec?)
=G = acceleration due to gravity (constant 32.2 ft/sec?)

=g = grade (ft/ft)

STRIDE @
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Yellow Change Sample Problem Inputs

=t = perception-reaction time (ITE suggests) 1.0 sec
=V = Posted Speed or 85% Speed (field value) 45 mph

=v = approach speed (must convert from mph to ft/sec)
=a = deceleration rate (ITE suggests) 10 ft/sec?

=G = acceleration due to gravity (constant) 32.2 ft/sec?
=g = grade (field value) -5% = -0.05 ft/ft

=How do we convert from mph to ft/sec?

STRIDE
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Yellow Change Sample Problem Results

=Convert speed from mph to ft/sec

i 5280
_ 5280 ft/mi — —
FPS = MPH (—3600 Sec/hr) 45 (—3600) 66

=Calculate Yellow Change

v 66
=1+ -
*2a+ 269 2(10) + 2(32.2)(—0.05)

Yellow Change =t 4.93

=Do we really use 4.93?

STRIDE
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Red Clear Equation

w+l
RedClear = >

=y = approach speed (ft/sec)
=w = width of intersection (ft)

=] = length of vehicle (ITE suggests 20 ft.)

STRIDE @
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Red Clear Sample Problem Inputs

=V = Posted Speed / 85% Speed (field value) 45 mph
=v = approach speed (must convert to ft/sec)

=w = width of intersection (field value) 48 ft
=] = length of vehicle (ITE suggested) 20 ft

STRIDE
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Red Clear Sample Problem Results

=Convert speed from MPH to FPS

i 5280
_ 5280 ft/mi — —
FPS = MPH (—3600 Sec/hr) 45 (—3600) 66

=Calculate Red Clear

wl _ 48+20

Red Clear === =1.03

66

=Do we really use 1.03?

STRIDE
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Check for questions

STRIDE N —
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Purpose of Pedestrian Intervals — STM2 Page 6-17

=Purpose of Walk interval?
=Purpose of Flashing Don’t Walk interval?

=Purpose of Steady Don’t Walk?

PEDESTRIAN : [
INTERVALS WALK FLASHING DON’T WALK | ¢

CALCULATED PEDESTRIAI
CLEARANCE TIME |

STRIDE | Eosrulmreitd e
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Designing Pedestrian Intervals

=Minimum Walk (safety interval)
=Min Walk may be affected by STM2 Recommendation for

Combined Walk + PCT
=Walk / Maximum Walk (efficiency interval)

=Ped Clear (safety interval)
=Steady Don’'t Walk (efficiency interval)
=Not designed - based on timing of other phases

STRIDE | it rteen st st G -
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Choose Minimum Walk — STM2 Page 6-18

=MUTCD prefers at least 7 seconds, allows as low as 4
=STM2 provides recommendations (below)

=Remember the purpose of Walk Interval

\ 3.0 FEET/SEC ) WALK + PEDESTRIAN CLEARANCE /\.

PESH -
1 BUTTOI
T ! U [ 1

Pedestrian must be able to walk at
3 feet per second between push
button and opposite curb during
walk plus pedestrian clearance.

Conditions Walk Interval
(Seconds)
High-pedestrian-volume area (e.g., school, CBD, or sports and 101015
event venue)
Typical pedestrian volume and longer cycle length 7to 10
Typical pedestrian volume and shorter cycle length 7
Negligible pedestrian volume and otherwise long cycle length 4
o MUTCD Requirement
£ 'g for Ped Clear
$ © x Pedestrian must be able If no push button is present,
& P to walk at 3.5 feet per second 6 feet from the edge of
2 4 (] between curb and opposite curb curb or pavement is used
w g = during pedestrian clearance. for the calculations.
o
I = S Il
= i E
il : | Iy
£ 23
Hl © ¢S csigiole N rocandnmme
t - S
2 Q
z [ £
t o
HE - £
N < S
5 0
T
[
x

STRIDE | .
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MUTCD Required Ped Clear Equation — STM2 Page 6-18

pCT = 2

Vp

= PCT = pedestrian clearance time (seconds)
=D, = pedestrian crossing distance (feet)

=v, = pedestrian walking speed (MUTCD requires 3.5 ft/sec or slower)

STRIDE | .

42

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook 129

erbert Wertheim College of Engineering

MUTCD Required Ped Clear Sample Problem

= Crossing Distance (field value) = 36 ft
=Pedestrian Crossing Speed (MUTCD value) = 3.5 ft/sec

=Distance from pushbutton to crossing (field value) = 12 ft

=Design Minimum Walk and PCT
= Min Walk = 7 preferred, 4 allowed, STM2 recommendations, Choose 4
« per=_50

7i—=10.2 souse 11 sec
35/ f(oe — —_—

S

STRIDE
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Checking Recommended Min Walk — STM2 Page 6-19

=Check Walk+PCT combined condition
Initial Min Walk + PCT =4+11= _ 15 sec

Recommended Min Walk + PCT = 2788t _

o ft -
37 sec

16

= Recommended Min Walk

= (Recommended Walk + PCT) — (Initial Min Walk + PCT)= 16 - 15 =1 sec
= Thus, increase Min Walkby 1sec=4+1= 5 sec

= If (Recommended Walk +PCT) — (Min Walk + PCT) < 1, no change to Min Walk

STRIDE
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Learning Outcomes

Having completed Traffic Signal Timing for Safety, you should be able to
= List key safety intervals

=Calculate key safety intervals

STRIDE
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Check for questions, then start

Traffic Signal Timing for Efficiency

STRIDE N —
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Learning Outcomes

= After Traffic Signal Timing for Efficiency, you will be able to...
=Determine intersection cycle length for an uncongested intersection

=Calculate phase splits for an uncongested intersection
=Use a time-space diagram

=Calculate resonant cycle lengths for uncongested systems of intersections

STRIDE | Eosrulmreitd e
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Timing for Efficiency

=Values based on traffic characteristics
=\olume

=Queue Length
= Geometry

=Those change frequently, so timing should too!
= Different by time of day
= Different by day of week

= Different by time of year
= Different year-to-year

STRIDE | it rteen st st G -
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Uncongested Intersections

=How do we recognize an uncongested intersection?
=What do drivers expect at uncongested intersections?

STRIDE
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Determining Uncongested Intersection Cycle Length and Splits
via Critical Lane Analysis ian

=Downloadable Worksheet and Sample Problem

https [Itinyurl.com/228knzkw

50
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Determining Uncongested Intersection Cycle Length and Spllts
via Critical Lane Analysis

= Critical Lane Analysis
=Works using volumes

= Approximates minimum delay timing
=Only for uncongested intersections

=Split = G + Y + R for a phase
=Thus Green = Split-Y -R

STRIDE |
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Determine Per Lane Flow Rates —
All Movements Have Exclusive Lanes

g g %
Movement Volume 300 500 700
Peak Hour Factor|  0.95 0.95 0.95
l l l* k # of Lanes 1 2 2
Ph2 Ph 5
Movement Flow Rate 316 526 737
Phase Flow Rate 316 526 737
Per Lane Flow Rate 316 263 369

STRIDE
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Determine Per Lane Flow Rates —

One or More Movements Have Shared Lanes
450 325 225 Movement Volume
0.95 0.95 0.95 Peak Hour Factor

‘1 1‘ 2 2 0 # of Lanes

Ph1 Ph6
474 342 L, 237 Movement Flow Rate
474 V79 & Phase Flow Rate
237 290 Per Lane Flow Rate
D il iid

STRIDE
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Combine Per Lane Flow Rates and Calculate Critical Volume
Per Lane Flow Rates Critical Volume
Maximum of + Maximum of = 1130
Phase 1 Phase 2 Phase 3 . Phase 4
237 316 247 224
Ph 1+2 = 553 Ph3+4 = 471
AND AND
Phase 5 Phase 6 Phase 7 Phase 8
+ +
369 290 118 147
Ph 5+6 = 659 Ph 7+8 = 265
STRIDE
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Look Up Cycle Length
STM2 Page 5-26 Critical Volume Cycle Length
and thus
1130 110
Effective Maximum
Number Lost Time Green Time Number Number
Cycle Length of Cycles Per Cycle Per Cycle of Vehicles of Vehicles
( ds) Per Hour (Seconds) (Seconds) Per Cycle Per Hour
60 60 20 40 16 933
70 51 20 50 19 1000
80 45 20 60 23 1050
90 40 20 70 27 1089
100 36 20 80 31 1120
110 33 20 90 35 1145 1130
120 30 20 100 33 1167
STRIDE
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Calculate Portion by Barrier

Portion by Barrier

Max of Ph 1+2 | Max of Ph 3+4

and Ph 5+6 and Ph 7+8
divided by divided by

Critical Volume |Critical Volume

0.583 0.417
659 / 1130 471 /1130

STRIDE
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Calculate Portion by Phase

Portion by Phase

Ph1/Ph1+2 | Ph2/Ph1+2 | Ph3/Ph3+4 | Ph4/Ph3+4
0.429 0.571 0.524 0.476
Ph5/Ph5+6 | Ph6/Ph5+6 | Ph7/Ph7+8 | Ph8/Ph7+8
0.560 0.440 0.445 0.555
369 / 659 290/ 659 118 / 265 147 / 265

STRIDE
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Calculate Phase Splits
Phase Splits
Cycle Length x Portion by Barrier x Portion by Phase
Ph 1 Ph 2 Ph 3 Ph 4
28 37 24 22
Ph 5 Ph 6 Ph 7 Ph 8
36 28 20 25
110 x 0.583 x 0.56 110 x 0.417 x 0.555
STRIDE @ i Gt
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Remember...

=Phase Split = Phase Green + Yellow Change + Red Clear
=Phase Green = Phase Split - Yellow Change - Red Clear

STRIDE
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Check for questions
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Uncongested Systems

=How do we recognize an uncongested system of intersection?
=What do drivers expect in an uncongested system of intersections?

STRIDE
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Time-Space Diagrams

=What are they?
= Graphical depiction of

vehicle movement
over time

=How do they help us?

=Allow us to visualize
network performance

=Be aware...
=No standard for which

Space (aka Distance)

axis is which

STRIDE

Time
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Understanding Traffic Signals and
Vehicle Trajectories on Time-Space Diagrams — STM2 Page 7-7

# | Vehicle Condition
Traffic Signals

DISTANCE

3 Queued Vehicles
Depart on Green

Vehicle Travels 2 Signals
without Stopping

Vehicle Slows Early to

g Avoid Stopping

4 | Side Street Vehicle Entry

5 | Midblock Vehicle Entry ek 50 w0070 B 0070 TIvE 5E0)

63 STRIDE
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=Bandwidth
=Measured in

DISTANCE

seconds

=Vehicles entering
in the band should

not have to stop
(theoretically)

Toecioe] w000 s/ Nfwn \_ w0

STM2 Page 7-20

Locatciock| o fooro 50 10070

Understanding Time-Space
Diagrams Showing Bandwidth

MASTER i
ek 0 0 100/0 50 100/0 TIME (sE

UF Herbert Wertheim College of Engineering

Nox
COORDINATED REAL-TIME | | |
uases cLock

I T T

12:00:00 AM 12:01:40 AM 12:03:20 AM

STRIDE !
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o =Offset Reference

f Offset reference point is beginning
oo
™~ Point GHAses of first coordinated phase yellow.

= Indicate what
point in the cycle
an offset is

DISTANCE

measured to
=Offsets

=Measured in
seconds

= Indicate the
difference in
schedule between

intersections

Understanding Offsets and Offset

Reference Points — STM2 Page

UF Herbert Wertheim College of Engineering

STRIDE | Eosrulmreitd e
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Resonant Cycle Lengths

=Use geometry to determine cycle lengths
=Use when intersection spacings are similar

STRIDE | -
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Resonant Cycle Length:
Simultaneous

=Travel to next intersection each cycle
=All offsets =0

=Bandwidth ~ shortest coordinated green

STRIDE
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Resonant Cycle Length:
Single Alternate — STM2 page 7-20

« Travel two intersections
each cycle

+ Bandwidth ~ shortest
coordinated green
« Offsets alternate: 0, C/2, 0,

C/2,0...

STRIDE | i

120/0 120/0_TIME (SEQ)

68

+ Travel four intersections each |

cycle wl
+ Bandwidth =~ % shortest
coordinated green

Offsets alternate:
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=Travel six intersections each

cycle
+ Bandwidth ~ 1/; shortest

coordinated green
= Offsets alternate:
0,0,0,

C/2,Cl2, CI2,
0, ...

Resonant Cycle Length

Triple Alternate — STM2 Page 7-22

UF Herbert Wertheim College of Engineering
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Calculating Cycle Length Options

Resonant Cycle Cycle Length Offset Pattern
Type (sec) (sec)
Simultaneous C = (div) All 0
Single Alternate C=2(dN) 0,C/2,0...
Double Alternate C =4 (div) 0,0,C/2,C/2,0...
Triple Alternate C =6 (div) 0,0,0,C/2, C/2,C/20...

=d = average intersection spacing in feet
=v = speed in ft/sec

STRIDE
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Calculating Cycle Length Options (cont.)

Gomte | Buezse [ spesa [ spesa | v Lonat
(mile) (ft) (sec)
Simultaneous 0.25 25
Single Alternate 0.25 25
Double Alternate 0.25 25
Triple Alternate 0.25 25

STRIDE
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Choosing a Cycle Length

Average Average Cycle Length
Spacing Spacing Speed | Speed Options
(mph) | (ft/sec)
(mile) (ft) (sec)
Simultaneous 0.25 1320 25 36.7 C=div=36

Single Alternate 0.25 1320 25 36.7 C=2div=T72
Double Alternate 0.25 1320 25 36.7 C =4d/iv=144
Triple Alternate 0.25 1320 25 36.7 C =6d/v =216

STRIDE
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Learning Outcomes

=Having completed Traffic Signal Timing for Efficiency, you should be able to...
=Determine intersection cycle length for an uncongested intersection

= Calculate phase splits for an uncongested intersection
=Use a time-space diagram

= Calculate resonant cycle lengths for systems of intersections

STRIDE
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UF et werim Thank you for

College of Engineering

UNIVERSITY of FLORIDA P a rt i ci p ati n g !
Basic Traffic Signal Timing

Dr. Steven M. Click, PE

Feel free to contact me!

sclick@tntech.edu

Get course resources via QR Code or at

http inyurl.com/228knzkw
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Based on the Critical Movement Analysis method presented in the NCHRP Report 812: Signal Timing Manual, Second Edition
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Per Lane Flow Rates Critical Volume Cycle Length
and thus
Maximum of + Maximum of =
Phase 1 Phase 2 Phase 3 Phase 4
+ +
Portion by Barrier
Ph1+2 = Ph3+4 = Max of Ph 1+2 | Max of Ph 3+4
AND AND and Ph 5+6 and Ph 7+8
Phase 5 Phase 6 Phase 7 Phase 8 divided by divided by
* * Critical Volume | Critical Volume
Ph 5+6 = Ph 748 =
Phase Splits
Portion by Phase Cycle Length x Portion by Barrier x Portion by Phase
Ph1/Ph1+2 Ph2/Ph 1+2 Ph3/Ph3+4 | Ph4/Ph3+4 Ph1 Ph 2 Ph3 Ph 4
Ph5/Ph5+6 Ph 6/ Ph5+6 Ph7/Ph748 | Ph8/Ph7+8 Ph 5 Ph 6 Ph7 Ph 8
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Intro to Transportation Equity
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Transportation
Equity

Fundamentals

Dr. Mehri M. Mohebbi
UF Transportation Institute (UFTI)
Transportation Equity Program Director

Copyright 2023, University of Florida. All rights reserved. i .edu

Types of Equity

Copyright 2023, University of Florida. All rights reserved. mmohebbi@ufl.edu

Health Equity:

“Supports the development of
i efficient, , and

safe alternatives to car travel, and
especially to driving solo + Enable
everyone to walk more, travel by
bicycle, and use public

transportation more” (Policy Link)

Social Determinants of Health

rce: The geography of carfree households in the U ates by Chris Winters (202
Copyright 2023, University of Florida, All rights reserved, i pm

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook

Herbert Wertheim College of Engineering
ansportation Institute

143

Potential Impacts

mmohebbi@ufl.edu

Figure 2.C o
Health
Equity
s s —
G i o ks Ol
Notes: BEV = battry lectric veice; HEV = hybrid lectric vhice ICE = nternalcombustion engine; FCEV =
ey =
Inputs (sich 5 aerage number of pessangers, the clecricky ix and the rato of peraiona K per acie ko)
aeined vy oval - rner i tothe Cove-19
o o g, racices and the
s madalied Thoiying Ik data sccordngl.
SEnatRY rosus ars preseed e folowin sectons of i report.
JECDYITF 2021 - Central estimates of e cycle greenhouse gas emissions of urban ransport modes per pk
Copyright 2023, i ity of Florida, All rights reserved, iQ@ufledy
Categorization
of People
\
e * Investigating
Tzf,‘l';f";::‘a!] Public Perception
Categorization about communities
metho%s and'|ake who were historically
fraie overburdened with
Elire “s'xe health & social
EPREE inequities
e Th f Equity Mea ’
mmohebbi@ufl.edu
—
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HEALTH IMPACT (PHYSICAL ACTIVITY, MENTAL HEALTH, SOCIAL CAPITAL, ACCESS TO

HEALTH CARE, POLLUTION, CLIMATE CHANGE, INJURY, FOOD ACCESS, ETC.)

HEALTH IN COMMUNITIES WITH
BETTER TRANSPORTATION OPTIONS

Walkable, bikable, transit-oriented communities are

associated with healthier populations that have:

ERI SR

MORE LOWER LOWER RATES LESS AIR IMPROVED
PHYSICAL BODY OF TRAFFIC POLLUTION  MOBILITY FOR
ACTIVITY WEIGHT INJURIES NON-DRIVERS'

Photo Credit: RW) Healthier Lives Infographic

mmohebbi@ufl.edu

/

Walkability
Local Accessibility

Chronic

z Markers

£

S| [Pedestrian Network Blood Pressure Health Care

2 Sidewalks Lipids Utilization

L | Costs

3

@

Transit/Road
Regional Accessibility
rent (2019)
mmohebbi@ufl.edu

A century of discriminatory policies,
practices, and investment
Lack of diversity among transportation/ Displacement, poor air
land use/transit/decision-malers Auto-centric and quality, and inequities in
Limited understanding of and consideration ety chrilie R,
for Latino experiences and needs greg: P

socioeconomic outcomes
Lack of coordinated decision-making

across various sectors

it dtita it 44 &

POTENTIAL IMPACTS
SOCIAL IMPACTS

(SOCIAL DETACHMENT (ACCESSIBILITY), ENVIRONMENTAL JUSTICE (HEALTH), VOTING

DISPARITIES (SOCIAL EXCLUSION), SOCIAL SAFETY, WELLBEING (QUALITY OF LIFE))

IMPACT MECHANISMS:
DIRECT (RELOCATION, BARRIERS, INTEGRATIVE FEATURES)

Photo Credit: Salud America - On Streets of Injustice

Copyright 2023, University of Florida. All rights reserved.
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SOCIAL IMPACTS

IMPACT MECHANISMS:
INDIRECT (TRAFFIC, NOISE, DUST, DEBRIS, UNSAFETY, PARKING SHORTAGE, OPENING TO NEW AREAS)

Copyright 2023, University of Florida. All rights reserved.

@E&;\\‘c]$ ﬂIT:ﬁ S “-_!_l

“\V EE

mNS\T ST NEED ELEVATO
vl(,y IFED  SHELTERS @mmml
P e ACCESSIBILITY ¥
% I
L |

s, COMFORT X

N I2=aZeZa Il

SOCIAL IMPACTS

IMPACT MECHANISMS: CUMULATIVE

Copyright 2023, University of Florida. All rights reserved.

11

Strategies to
Combat Inequities

mmohebbi@ufl.edu
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Develop transportation policies/plans that support health equity + environmental quality

* Economic Vitality * Access * Social Cohesion * Potential Harms (traffic injury, pollution, etc.)

POLICIES & PROCEDURES —

% 5

- T %
‘U%% STANDARDS \;Q LAW m CONSTRAINT @ SOLUTION
PLAN

REGULATIONS | GUIDELINE | CONDUCT
1 1 1 ]

mmohebbi@ufl.edu

13

Transportation Institute

UNIVERSITY of FLORIDA

RS Routes: 2,3,7,11,711 are already serving the Microtransit zones.

439 Street

Copyright 2023, University of Florida. Al rights reserved.

STRATEGIES TO
COMBAT INEQUITIES

B. Prioritize investments in
distressed regions

- Building Infrastructure that
Supports Investments
(Transportation investments and

Jousing Matters

service improvements favor low-
income economically-distressed
areas)

- Bolstering existing economic
centers/hubs (which partially
contribute to support Social Il
Cohesion and Economic Vitality in
the Whole Region)
- Support for Areas with |
Pronounced Health Disparities \,\‘
. 58

mmohebbi@ufl.edu

15
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Emphasize accessibility instead of mobility

Planning for
Mobilty
(More Road
Building)

Higher Level of ) )
Congestion Making Dring
i
(Less Mobility)

Increasing Amount

Copyright 2023, University of Florida. All rights reserved.

| Transportation Institute
| UNIVERSITY of FLORIDA

f{ Acknowledge Figure It Out
g Communities’ Together
F| Role in the
Process

\_| Interactions

« Engage Authentically + Imagine
* Defer to Communt

« Strive for Veracity Boerise

+ Build Trust

* Feel

« Be Accountable

Empover
+ Plan with Colective Impact

Copyright 2023, University of Florida. Al rights reserved.

Understanding
Social Context

mmohebbi@ufl.edu
18
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| UNIVERSITY of FLORIDA

1. General:

When & How to Invite Communities to the Table

Collaborating Integrating Considering

Most

non-
organizations transportation

and sectors related data contextual

needs

Improving data Engaging
% stakeholders

Frequent <————————  Frequent

Least

|

Copyright 2023, University of Florida. All rights reserved.

Herbert Wertheim College of Engineering
‘Transportation Institute

2. Engagement Phase (Early Planning on):
Introduction of Capacity-building &
Equitable Community Outreach Processes

Agency Agencyand Community
engages community and
community partner irects.
in dialogue together agency

Increasing Impact on Decision-making and Implementation

Informing > Consulting > Involving > Collaborating > Empowering

Zero Network webinar “Meaningful Community Engagement to Advance Vision Zero" + King County Engagement Guide

‘mmohebbi@ufl.edu

20

Herbert Wertheim College of Engineering
Transportation Institute

3. Effective Communication:

Equitable Community Outreach Processes

Informing > Consulting > Involving > Collaborating > Empowering

EXAMPLE:
City of Seattle Department of Neighborhoods
People’s y of Ct i it

mmohebbi@ufl.edu

21
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4. Broad Perspective (Workforce):
Equity in Workforce: Healing through Diversifying & Supporting

Diverse Workforce > Understanding Communities

EXAMPLE:
Non-Profit Based Workforce Reentry Programs & Public Transportation Agencies

mmohebbi@ufl.edu

22
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3 Ps of ETWD

(Equitable Transportation Workforce Development)

Promote Employees’ Engagement in
Diversity Planning

A, Prioritize Investment in Areas
m Lacking Diversity

|
%l Provide Non-Monetary Incentives / Benefits

mmohebbi@ufl.edu

23

Meaningful

Engagement
in

Different
Environments

mmohebbi@ufl.edu

24
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Al
&

Community
Engagement

* Alternative Data Sources

* Voice & Text-based Interfaces
* Offline Engagement Methods
* Personalized Communication

mmohebbi@ufl.edu

25

Al
&

Age-Friendly

Engagement r ',_‘4
=
- —
* Gamification and Interactive Visualizati -
* Voice & Visual Recognition - -
* Educational Resources and Outreach -I

* Personalized Communication
* Community Engagement and Social CBhnectivi

o

mmohebbi@ufl.edu
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PUBLIC
OUTREACH
TOOLS &
TECHNIQUES
COMPUTER GAMES

TO MAXIMIZE
ENGAGEMENT

mmohebbi@ufl.edu

27
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Traffic Signal Basics
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UE e
College of Engineering

UNIVERSITY of FLORIDA

Traffic Signal Basics

STRIDE T |

) i
College of Engineering

UNIVERSITY of FLORIDA

velopment

Course Schedule
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Tt
Y Tempesses NC STATE
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he STRIDE Center is the 2016 USDOT Region 4 (Southeastinaetstty TransporiationsCenter (UTC).
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Objectives of This Series
To familiarize participants with the configuration and operation of traffic
signals, including:
. The purpose of traffic signals
. Traffic signal field infrastructure
. Basics of signal operations
. Controller programming
. Intersection performance monitoring
. Safety considerations
. Arterial performance monitoring
STRIDE =

153

) i
College of En

UNIVERSITY of FLORIDA

‘Transportation Te
Transfer (T2) Cent

Traffic Signal Basics

1. Introduction to Traffic Signals

STRIDE

Presenters

Pete Yauch, PE., PTOE, RSP, IMSA John Albeck, P.E., PTOE, IMSA Il
TSM&O Program Manager Traffic Operations Program Manager
Email: pyauch@iteris.com Email: jalbeck@iteris.com

STRIDE =
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Objectives of This Session

To familiarize participants with traffic signal applications — including the
benefits, advantages, and disadvantages of their use.

The engineering study process needed to justify the installation of a
new signal, per the requirements of the Manual on Uniform Traffic
Control Devices (MUTCD) will be described.

Additional considerations, such as the need to provide for all road
users at a signal, will also be discussed.

STRIDE =

Herbert Wertheim College of Engin

Introduction

- Traffic signals have a daily impact on
nearly every citizen

« Drivers place their confidence in the
proper operation of signals

« Drivers accept the necessity of the
signal, sometimes demand it

« Overall objective of the signal is to
provide safe and efficient operation

STRIDE

Herbert Wertheim College of Engin

History of Traffic Signals

STRIDE =
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Who Do Traffic Signals Affect?

» Anyone Who Commutes in an Urban /
Suburban Area

« Personal Vehicles

* Public Transportation
* Pedestrians

« Bicyclists

+ Commercial Vehicles
» Emergency Vehicles

STRIDE =i
10

IE' Herbert Wertheim College of Engineering

Traffic Signal Purpose

=The MUTCD defines a traffic control signal as:
= Any highway traffic signal by which traffic is alternatively directed to stop
and permitted to proceed
= Traffic is defined as pedestrians, bicyclists, ridden or herded animals,
vehicles, streetcars, and other conveyances either singularly or together
while using any highway for purposes of travel

STRIDE =

11
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Traffic Signal Purpose

=It is with this need to assign the right of way at locations that we
consider the dual purpose of traffic signals
= Efficiency
= Safety
=In some cases, the above seem to be conflicting

STRIDE =
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Traffic Signal Purpose

=The MUTCD describes that traffic control signals can be
= lll-designed
= Ineffectively placed
= Improperly operated, or
= Poorly maintained, with resulting outcomes of excessive delay,
disobedience of the indication, avoidance and increases in the frequency of
collisions

STRIDE =

13
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Advantages of Traffic Signals

- Traffic signals that are properly located and operated are likely
to:

Provide for orderly movement of traffic

Increase traffic capacity of the intersection

Reduce the frequency of certain types of crashes (e.g., right-angle
crashes)

Provide for continuous or nearly continuous movement of traffic along a
given route

Interrupt heavy traffic to permit other traffic, vehicular or pedestrian, to
cross

STRIDE =
14

Herbert Wertheim College of Engineering

Disadvantages of Traffic Signals

« Unjustified or improper traffic control signals can result in one
or more of the following disadvantages:

Excessive delay
Excessive disobedience of the signal indications

Increased use of less adequate routes as road users attempt to
avoid the traffic control signals

Significant increases in the frequency of crashes (especially rear-end
crashes)

STRIDE =

15
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Traffic Signal Warrants

STRIDE | =

16

Herbert Wertheim College of Engines

Traffic Signal Warrants

@ The investigation of the need for a traftic control signal shall include an analysis of factors related to the
existing operation and safety location and the potential to improve these conditions, and the
h ol 1

st
in the follo

STRIDE
17
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Traffic Signal Warrants

@

ion of  traff siznal warrant o warrants shall not in itself require the installation of a
L.

STRIDE | =
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Traffic Signal Warrants

[ Warant | Name | Doseriptin |

EightHour This warrant is used when a large volume of inersecting traffic or where the traffic
Vehio\gxlar Ve volume on the major street is so excessive that traffic on the minor street suffers undo
delay. This warrant requires at least eight hours’ worth of traffic volume data.

‘The Four-Hour Vehicular Volume signal warrant conditions are intended to be applied
o where the volume of intersecting traffic is the principal reason to consider installing
Vehicular Volume  traffic control signal. This warrant requires at least four hours' worth of traffic volume
data.

STRIDE | nisoes
19

on Resaarch
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Traffic Signal Warrants

I S ™

The Peak Hour signal warrant is intended for use at a location where traffic conditions
are such that for a minimum of 1 hour of an average day, the minor-street traffic suffers
Peak Hour undue delay when entering or crossing the major street. This warrant requires just one
hour of data and is often used for land use or impact studies; however, Department
approval is required if this is the only warrant that is used to justfy the signal.

The Pedestrian Volume signal warrant is intended for application where the traffic
Pedestrian
s volume on a major street is so heavy that pedestrians experience excessive delay in
crossing the major street.

STRIDE | s,
20

o esaarch
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Traffic Signal Warrants

[ Warrant | __Name | _______________ Descripion _______]

The School Crossing signal warrant is intended for application where the fact that

School schoolchildren cross the major street is the principal reason to consider installing a traffic

Crossing control signal. For the purposes of this warrant, the word “schoolchildren” includes
elementary through high school students.

Coordinated Progressive movement in a Coordinated Signal System sometimes necessitates installing
traffic control signals at intersections where they would not otherwise be needed in order to
Signal System
maintain proper platooning of vehicles.

STRIDE | Sasiae

o esaarch
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Traffic Signal Warrants

[ Warrant | Name | Descripton ______________]

The Crash Experience signal warrant conditions are intended for application where the:

Warrant 7 [l severity and frequency of crashes are the principal reasons to consider installing a traffic
xperience
control signal.
0 Roadway Installing a traffic control signal at some intersections might be justified to encourage
Network concentration and organization of traffic flow on a Roadway Network.

The Intersection Near a Grade Crossing signal warrant is intended for use at a location
Intersection ‘where none of the conditions described in the other eight traffic signal warrants are met,

NearaGrade  butthe proximity to the intersection of a grade crossing on an intersection approach
Crossing  controlled by a STOP or YIELD sign is the principal reason to consider installing a traffic
control signal.

STRIDE | =
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Removal of Traffic Signals

If changes in traffic patterns eliminate the
need for a traffic control signal,
consideration should be given to
removing it and replacing it with
appropriate alternative traffic control
devices, if any are needed.

MUTCD
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Traffic Signal Budgeting & Costs

= New traffic signals can be expensive and must be
warranted (as previously discussed) or they could cause
more harm than good
= Atypical span wire signal is approximately $100k
= Atypical mast arm signal is approximately $300k
= The cost can be more dependent on the situation
= Operation and Maintenance of traffic signals also a
budgetary concern

STRIDE | =
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Accommodating All Users

The design and operation of
traffic control signals shall
take into consideration the
needs of pedestrian as well
as vehicular traffic.

MUTCD
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Glossary of Terms

« Saturation Flow

STRIDE =

+MUTCD * Phase

« Controller * Interval

« Cabinet * Movement
« Detector » Sequence
« Actuation *Cycle

« Capacity « Overlap

* Protected Turns
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Traffic Signal Basics

2 - Field Equipment

STRIDE

College of Engineering

Objectives of This Session

To familiarize participants with the various types of equipment and
infrastructure that comprises a signal installation at an intersection,
including signal displays, supporting structures, controller equipment,
detection, cabling, and other ancillary equipment.

This will also include a discussion of the standards used for controller
equipment and their application to traffic management.

STRIDE =

IE' Herbert Wertheim College of Engineering

Vehicular Signal Displays
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STRIDE | =

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook 162

UF Herbert Wertheim College of Engineering

Pedestrian Signal Displays
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Poles and Mountings
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Controller Assembly

STRIDE

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook 163

ierbert Wertheim College of Engineering

Controllers
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Controllers
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Detectors
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Detection

Video detector Microwave detector

11

Output
Devices
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Malfunction . - — —

Management EREEEEE S P

Unit (MMU) R R LSS L]
Qlsepespppirel g
. EEEE R s -
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Output
Devices
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Field Terminations /
Backpanel and Auxiliary Panels
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Cabling and Conduits

Twisted Pair
Interconnect
Cable

ﬁ Fiber Optic Cable

Signal Cable

STRIDE | il
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Conduits and Pull Boxes
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Electrical Service
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Uninterruptable Power Supply (UPS)

STRIDE =it

19

STRIDE =
20

f Engineering

Traffic Signal Controllers

« Standards
* NEMA
« Caltrans (2070)
» Advanced Transportation Controller (ATC)

STRIDE
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Traffic Signal Controller Standards

=NEMA (National Electrical
Manufacturers Association) Controllers
= Helped greatly to simplify installations
= Standardization of connectors
= Set environmental operating limits
= Standardization of timed intervals

STRIDE =
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eim College of Engineering

Traffic Signal Controller Standards

= NEMA (National Electrical Manufacturers
Association) Controllers

= Dedicated Intersection Traffic Signal Controller
using Manufacturer Firmware

« TS-1 (mid-1970s)

A, B, and C connectors

= TS-2 (mid-1990s)
= Type 1 - serial bus only

= Type 2 — serial bus and A, B, and C connectors -

STRIDE
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Traffic Signal Controller Standards

*The Type 170/ 2070 Controller Family

* General Purpose Signal Controller
« Intersections, Ramp Metering, Irrigation

* Multiple firmware sources

- Developed by Caltrans and FHWA S B e
< Type 170 (1970s) now Obsolete HA:: -
Type 2070
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Traffic Signal Controller Standards

» Advanced Transportation Controller (ATC)

« Greater Processing Power

« Automated Traffic Signal Performance Measures
(ATSPM)

« Connected Vehicle Applications (SPaT)
« Linux Operating System
 Both 2070 and NEMA Cabinet Interfaces

STRIDE | =
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Traffic Signal Cabinets

* Cabinet Functions

* Secure Facility

* Environmental Resistance
* NEMA Style (Types V, VI)
* Caltrans Style (332)

STRIDE
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Questions?
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Course Schedule

May 9 Traffic Engineering Fundamentals Kickoff Summit

May 11 MUTCD Traffic Signals Overview

May 12 Traffic Signal Systems Asset Management

May 12 Highway Safety Analysis Traffic Signals and their Timing
May 15 Basic Traffic Signal Timing

May 15 Transportation Equity Fundamentals

May 16-17  Traffic Signal Basics

May 19 Highway Capacity Analysis with Signalized Intersections
May 22 Advanced Traffic Signal Timing

STRIDE
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Traffic Signal Operations Basics

Signal Operations Basics — Part 1

STRIDE

Herbert Wertheim College of Engineering

Objectives of This Session

To familiarize participants with the operation of modern traffic signal
controllers and the basis for the various timing signal parameters,
including both safety related and movement related functions.
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Controller Phasing

Movement

A term that describes user actions at an
intersection (e.g., northbound vehicular
left turn, or pedestrian using the west
crosswalk).

Movements can be permitted, requiring
users to yield to others when given a
green indication, or protected, which q'\“’
gives users the right-of-way without any

conflicts.

JiLu

JiLL
antr
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Permitted Movements

JiILe

JiLL
antr

ante

Right-of-Way is shown to motorists as a
Circular Green or Flashing Yellow Indication
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Protected Movements (Typically Turns)

0 O .

Ji

itr

Right-of-Way for Protected Movements is shown to
motorists as a Green Arrow

STRIDE
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Protected / Permitted Movements

Movement is provided both Protected and Permitted Indications during the cycle

Protected Indication is Green Arrow Protected Indication is Green Arrow
Permissive Indication is Circular Green Permissive Indication is Flashing Yellow Arrow

University of Florida Transportation Institute ® Technology Transfer Center (T2)
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Phasing

Phase

A traffic signal phase is a timing process, within the
signal controller, that facilitates serving one or more
movements at the same time

Phases are typically numbered for ease of
identification

Through movement phases usually even numbered
Left turn movement phases usually odd numbered

STRIDE =
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Two-Phase Intersection
Alternating between Two Streets
Permissive Turning Movements antr
Concurrent Pedestrians

JiLL

STRIDE | =

o TRANSFORM THE FUTURE

JiLL

Three-Phase Intersection
Serving Opposing Approaches then
Crossing Street antre
Protected Turning Movements
Concurrent Pedestrians
“Split Phased”
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Three-Phase Intersection
Alternating between Two Streets
Protected Turning Movements aatre
Concurrent Pedestrians

antr

L
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antr

Three-Phase Intersection
Alternating between Two Streets
Protected Turning Movement in One Direction antr
Concurrent Pedestrians

JiLL
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Four-Phase Intersection
Alternating between Two Streets
Protected Turning Movements for Both Streets kG
Concurrent Pedestrians

JiLL

antr

JiLL
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Phasing
JILL
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What if we could independently
change the duration of the left turn
movements?
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Phasing
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What if we could independently
change the duration of the left turn
movements?
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Leading vs Lagging Left Turns

LeadingLeftTurn:) — "_~—“

Lagging Left Turn |~ ) a“

STRIDE =

15

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook 176

THE MEW EWGINEER TO TRANSFORM THE FUTURK

“Left Turn Trap” or “Yellow Trap”

+ Occurs when a Circular Yellow indication is displayed to a
Permissive Left Turn Movement, while the Opposing Through
Movement still has a Circular Green indication.

+ Issue of “Driver Expectancy”

« Driver assumes Opposing Drivers see the same indication and
will be stopping
« Driver makes Left Turn on Yellow and Strikes Opposing Traffic
- Driver typically ticketed for “Failure to Yield”
« Typically occurs when a Lagging Left Turn is used in one direction
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Lagging Left Turn
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“Left Turn Trap” or “Yellow Trap”
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“Left Turn Trap” or “Yellow Trap”
+ Countermeasures:

» Avoid Lagging Left Turn Phases with Opposing Permissive Left
Turn

* Make Opposing Left Turn Protected Only

= Avoid Lagging Left Turn Sequence
» Use Flashing Yellow Arrow Display
» Advance to Cross Street Green before serving Left Turn
» Advance to Brief “All Red” oncowne | [oncomne
« Use W25-1 or W25-2 Sign "o,

HAS MAY HAVE
EXTENDED EXTENDED
GREEN GREEN
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“Left Turn Trap” or “Yellow Trap”
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Overlaps

An Overlap provides a way to operate a movement during
one or more phases.

7

Overlap

STRIDE =

21

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook 178

bert Wertheim College of Engineering

An Overlap provides a way to operate a movement during
one or more phases.

ny

[——

“Hard-Wired” Overlap

STRIDE
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Overlaps - Flashing Yellow Arrow Display

A special overlap of the left turn and the opposing through movement is used to
create a Flashing Yellow Arrow left turn display:

Red is active when neither the left turn phase nor the opposing
through movement are green or yellow.

@ Steady yellow is the clearance for both the left turn phase and the
overlap with the opposing through movement

@ Flashing yellow is an overlap of the opposing through movement
Q Green is the left turn movement.

STRIDE =
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Overlaps

An Overlap provides a way to operate a movement during
one or more phases.

Pedestrian Overlap

STRIDE =
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Pedestrian Movements

Pedestrian Movements Can Be Concurrent
with the Adjacent Vehicular Movement

STRIDE =
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Pedestrian Movements

Leading Pedestrian Intervals (LPIs)
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Pedestrian Movements

Pedestrian Movements Can Also Be Exclusive

Splliy)

‘Barnes Dance’
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Phase — Vehicular Intervals
2 W

:n:\nlm

| | —

=
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|e———— East-West Phase

RC: Red Clearance

t
North-South Phase
Yellow
Change|

Green Right of Way

ke Yellow

Green Right of Way  |C 0l

RC|
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Phase - Vehicular Intervals

+ Green Interval
Provides Right of Way Indication.

+ Duration Based on Intersection Design, Traffic Demands, Pedestrian Requirements, and Driver
Expectancy

« Yellow Change Interval

Provides Indication that Green Movement has Terminated and will be followed by a Red Indication
+ Duration Based on Formula with Considerations for Approach Speeds, an Average Vehicle Length,
and Driver Reaction Time

* Red Clearance Interval

Provides Indication that Intersection Entry is Prohibited

Designed to Allow Vehicles Entering at End of Yellow Change Interval to Clear Path of Conflicting
Movements Prior to Their Receiving a Green Indication

Duration Based on Formula with Considerations for Approach Speeds and Intersection Width

STRIDE | =i
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Phase — Pedestrian - Figure 4E-2. Pedestrian Intervals S
" countdown display
Sy [rv—
Pedestion
= 0 4] i)
TR | catutaed pedastrian hasrance tme

(see Soction 4.0

Relationship 1o associated vehicular phase infervals:

Velkon Change laterval « Butler Inferval

e e < i v G v
« R Canarance ntervas = Buties interval
Red Ciearance interval « Buer inerval [NIINGIINN v [ A
Associsted Groan T
v I n

Source: MUTCD
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Phase - Pedestrian Intervals

* Walk Interval
+ Provides White “Walking Man” Right of Way Indication to Pedestrian
+ Minimum Duration Based on Pedestrian Leaving Curb and Entering Crosswalk
+ Minimum Duration 7 to 10 Seconds

« Pedestrian Change Interval
« Provides Flashing Orange “Hand” Indication with Countdown that Walk Indication has
Terminated and will be followed by a Don’'t Walk Indication
+ Duration Based on Formula with Considerations for Walking Speeds, Pushbutton Location,
and Crosswalk Length

STRIDE =
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Leading Pedestrian Intervals

LPIs give pedestrians the
opportunity to enter an
intersection 3 to 7 seconds
= sy before parallel vehicles
receive a green indication.

o Y. 3 Proven to have a reduction
of pedestrian conflicts and
crashes in urbanized
areas.

Prasa 1: Pedestrians oaly. Phase 2: Pedestrians and vebicles,
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Rings and Barriers

Ring
Aring is a term that is used to describe a series of
conflicting phases that occur in an established order.

Barrier
A barrier (compatibility line) is a reference point in the
preferred sequence of a multi-ring controller unit at
which all rings are interlocked.
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Rings and Barriers — Single Ring

( Phase 1 Phase 4 Phase § Phase 4 )

Phase 1

Phase 2

Phase 3
Phase 4

STRIDE
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Rings and Barriers — Single Ring
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Rings and Barriers — Single Ring

QE"“
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Rings and Barriers — Single Ring
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Rings and Barriers — Single Ring
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Rings and Barriers — Dual Ring

( Phase | Phase | Phase | Phase )

1 2 3 4

Phase | Phase | Phase | Phase

Qiiining

Barrier Barrier Barrier
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Phase Numbering

Labels assigned to the individual movements around the
intersection

For an eight-phase dual ring controller, it is common to assign the
main street through movements as phases 2 and 6

In addition, it is common to use odd numbers for left turn signals
and the even numbers for through signals

A rule of thumb is that the sum of the through movement and the
adjacent left turn is equal to seven or eleven

STRIDE @
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Phase Numbering
Ea
#5 = 96 07 -
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EastWest Main Street Horth/South Main Street
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Rings and Barriers — Dual Ring

1 2 3 4
Szt
oo
5 6 7 8
A== b
Barrier Sarrior Barrier
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Rings and Barriers — Dual Ring
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Rings and Barriers — Dual Ring

Q=P

Hj

(1 - T
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Traffic Signal Operations Basics

Signal Operations Basics — Part 2

STRIDE
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Safety Related Intervals

« Yellow Change Interval
« Provides Indication that Green Movement has Terminated and will be followed by a Red
Indication
« Duration Based on Formula with Considerations for Approach Speeds and Driver
Reaction Time

* Red Clearance Interval
« Provides Indication that Intersection Entry is Prohibited
« Designed to Allow Vehicles Entering at End of Yellow Change Interval to Clear Path of
Conflicting Movements Prior to Their Receiving a Green Indication
+ Duration Based on Formula with Considerations for Approach Speeds and Intersection
Width

STRIDE =
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Safety Related Intervals

V x 147

Yellow Change = t + m a)

where:
“t" is the Perception — Reaction Time (FDOT uses 1.4 seconds)
“V” is the Approach Speed (Typically Posted Speed Limit)
“1.47" is a conversion factor (mph to fps)

“a” is the deceleration rate for a stopping vehicle (Assumed at 10 fpsps)
is the grade, or slope, of the approach (percent grade / 100)
“g" is the gravitational acceleration rate (32.2 fpsps)

STRIDE =
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Safety Related Intervals

W+L
Red Clearance = 147V
where:
“W" is the Width of the Intersection (stop bar to far
curb, in feet)
W = Width of the intersection, in feet, measured
from the near-side stop line to the far edge ofthe | """
conflicting traffic lane along the actual vehicle path. |
L = Length of vehicle (Use 20 feet) -
V = Speed of approaching vehicles, in mph [

STRIDE =
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Safety Related Intervals TRAFFIC
ENGINEERING
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On Florida Roads:
Yellow Change Interval = 3.4 seconds

Red Clearance Interval = 2.0 seconds

STRIDE =
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Safety Related Intervals

=Walk Interval
= Minimum is time for pedestrians to enter intersection

= Typical value is 7 seconds; where school crossing guards present 10 seconds
= Rest in Walk mode of operation

Walk 2 7 seconds

STRIDE | =2z
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Safety Related Intervals

=Pedestrian Change Interval (FLASHING DONT WALK)
= Allows pedestrians to clear the intersection
= Per the MUTCD, walking speed of 3.5 fps
= Aseparate check is conducted based on location of the pushbutton

where:

Pedestrian Change = —L “L"is Length of Crosswalk
SW “Sy" is Assumed Walking Speed (3.5 fps)

S
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Operational Modes

=Pretimed Control

« The signal assigns right-of-way at an according to a schedule
= The sequence of right-of-way (phases) and the length of the time interval for each signal indication in the
cycle s fixed

= No recognition is given to the current traffic demand on the intersection approaches

STRIDE =
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Advantages of Pretimed Control

=Simplicity of equipment provides relatively easy servicing and maintenance

=Can be coordinated to provide continuous flow of traffic at a given speed along a
particular route, thus providing positive speed control

=Timing is easily adjusted in the field

=Under certain conditions can be programmed to handle peak conditions

STRIDE | =
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Disadvantages of Pretimed Control

=Does not recognize or accommodate short-term fluctuations in traffic
=Can cause excessive delay to vehicles and pedestrians during off-peak periods

STRIDE | =
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Traffic-Actuated Control

= Traffic-actuated control attempts to adjust green time continuously and, in some
cases, the sequence of phasing

=These adjustments occur in accordance with real-time measures of traffic
demand obtained from vehicle detectors placed on one or more of the
approaches to the intersection

STRIDE | =2z
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Traffic Actuated Control - Animation g

N/ Split Time
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Advantages of Actuated Control

=Usually reduce delay (if properly timed)

=Adaptable to short-term fluctuations in traffic flow

=Usually increase capacity (by continually reapportioning green time)

=Provide continuous operation under low volume conditions as an added safety

feature, when pre-timed signals may be put on flashing operation to prevent
excessive delay

=Especially effective at multiple phase intersections

STRIDE =
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Disadvantages of Actuated Control

=The cost of an actuated installation is higher than the cost of a pre-timed
installation
=Actuated controllers and detectors are much more complicated than pre-timed

signal controllers, increasing maintenance and inspection skill requirements and
costs

=Detectors are costly to install and require careful inspection and maintenance to
ensure proper operations

STRIDE =
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Movement Related Parameters: Actuated Control

= There must be a minimum green time so that a stopped vehicle that receives a green indication
has enough time to get started and partially cross the intersection before the yellow signal
appears

= This time is termed the Minimum Green (or Minimum nitial) portion of the green interval

= Each following vehicle requires green time
= This is called Vehicle Extension, Passage, or Gap

= There must be a maximum time that the green interval can be extended if opposing cars are
waiting
= This is called the Maximum or Extension Limit

STRIDE | oo o s cone
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Minimum Green

STRIDE | Euiiemenas
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Minimum Green
= A stopped vehicle (at or between the detector and the stop bar) has enough time to get started

and partially cross the intersection before the yellow signal appears.
= Use “Greenshield's Formula” for Queue Discharge -- Min Green =4 +2n
..where n is the number of vehicles that can be stored between the detector and stop bar.

= Satisfy drivers’ expectancy — short green lights are not anticipated on higher speed roads.

= Common values:
= Main street through movements — 15 to 20 seconds
* Side street through movements — 10 to 12 seconds

= Left turn movements — 5 to 7 seconds

STRIDE | Euiiemenas
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Vehicle Extension
Timer
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Vehicle Extension

=Resets the Extension (Gap) timer with every new actuation.
=Extension Values:
=Should be based on travel time from detector to stop bar.

=Should also be based on maximum gaps between successive vehicles.
=Typical value: 3.0 seconds
=Special Detector Configuration needed for Higher Speed roadways.

STRIDE =
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Maximum Green J L
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Maximum Green

=The Maximum Green time starts with the receipt of a call on a
conflicting movement.

=Values based on traffic demands
=Typical value: 30 to 50 seconds
=Can change Maximum Values (Max |, Max I, Max IIl) by schedule.

STRIDE =
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Dynamic Maximums

=Allows the controller to automatically increase the
Maximum value when multiple “Max Outs” occur.

=|deal for remote intersection that receives short peaks in
traffic.

STRIDE
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Phase Recalls

=Minimum Recall — Acts as if there has been a vehicle call
received on an approach; at least the Minimum Green will be
timed.

=Maximum Recall —Acts as if there is a constant vehicle call
received on an approach; the Maximum Green will be timed.

=Pedestrian Recall — Acts as if there is a constant pedestrian call
received at a crosswalk; the pedestrian intervals will be timed.

=“Soft Recall” — Serves to return to a resting phase in the
absence of other vehicular or pedestrian calls.

STRIDE
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Detection Memory

=Memory On / Locking Detection — the controller
“remembers” a vehicular detection call until it can be

served by the controller

=Memory Off / Non-Locking Detection — the controller
drops a vehicular detection call once the detection zone

is no longer occupied by a vehicle

STRIDE | =
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Preemption and Priority

=Preemption
= The transfer of normal operation of a traffic signal to a special control mode of operation

= Designed to give the most important classes of vehicles the right of way at a signal

« Railroad
« Drawbridges
* Emergency Vehicle

= Priority

= An operational strategy applied to reduce the delay transit or freight vehicles experience at traffic

signals

STRIDE =
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Preemption

=*Emergency Vehicle Traffic Signal

=Used to permit direct access to roadway from a building
housing the emergency vehicle 1
s =/

=Does not need to satisfy other traffic signal warrants
= Similar to intersection signal operation

=*Emergency Vehicle Preemption
=Modification of intersection traffic signals to

accommodate an approaching emergency vehicle

STRIDE =
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Preemption

+ Emergency Vehicle Equipment
Preemption Request Transmitter
+ Optical Emitter (Coded Strobe Light)
+ Radio / Wireless Communications
- Siren
GPS Receiver
Interface with Vehicle Systems (Transmission, turn signals, emergency lights)
* Intersection Equipment
Preemption Request Receiver
+ Optical Emitter (Coded Strobe Light)
+ Radio / Wireless Communications
- Siren
Interface with Intersection Controller
+ Preempt Routine Inputs
+ Optional Confirmation Indicator

S—.

STRIDE
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Preemption

Typical Optical Preemption System

Photo Source:
~p ) FHWA
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Preemption
* EVP Routines
« Terminate existing conflicting movement
+ Can shorten Walk but not Pedestrian Clearance
« Advance to selected movements
» Opposing through movements if protected/permitted
left turns
+ Adjacent through and left turn movements if
protected left turns
« Hold until emergency vehicle passes
< Advance to exit phases

STRIDE =
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Preemption

=Railroad Crossing Preemption

= System which allows trains or light rail vehicles to travel
near or through signalized intersections in a safe and
timely manner.

= Railroad Equipment
= Railroad Grade Crossing signal system

= Intersection Equipment
= Interconnect with Railroad Equipment
= Interface with Intersection Controller

STRIDE
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Preemption

= Railroad Preemption Case Study
= Fox River Grove, llinois — October 25, 1995
= Metra Commuter Train versus School Bus
= Seven on bus killed

STRIDE
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Preemption

=Railroad Crossing Preemption

=Objectives:
= Allow any vehicles that might be trapped in the pathway of the
approaching train to move forward to a safe position
=Suspend any traffic movements through an intersection toward a
railroad track until all trains have cleared the crossing

STRIDE ==
34

Herbert Wertheim College of Engineering

Preemption -
Train passes over advance detector
Initiation of Warning Sequence|

VAR

Right of Way Transfer

Train Detection Interval

(Intersection Signal
Notified Until Train Arrives
at Crossing)

Separation Time
(Safety Factor)

° H
£ (Train Travel Time - & Time (Terminate and
@ | Detector to Crossing) @ Clear Currently Timing
5E 2 Phase)

SF Flasher Interval £

2 £ | (Flashers Begin Unti Train &£ 2| Track Clearance Phase
g §|__Arrives at Crossing) s E Time

= 5[ Raioad Warning Time £ | (Allow Vehicles to Clear
g0 H Track Area)
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Priority
=Transit / Freight Priority

= Arriving transit / freight vehicle activates a
modification in the traffic signal operation

= Green Extension
= Red Truncation
= Actuated Transit Phases

Point of De(ectio‘ Point of Clearant‘

STRIDE | =
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Priority

=Green Extension Strategies
= Extends the green time for the movement when a transit / freight vehicle is
approaching
= Applies only when the signal is already green for the movement
= Requires the detection of the approaching transit / freight vehicle
= Generally will not affect coordination

STRIDE | =
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Green Extension

—
Green Extension
—

=Vehicle arrival projected for just
after the green terminates

=Green is extended I |

Point of Detection s,

Normal Priority

STRIDE | =
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Priority

=Red Truncation Strategies
= Advances the onset of green for the movement when a transit / freight vehicle is approaching
= Applies only when the signal is red for the movement
= Requires the detection of the approaching transit / freight vehicle
= Generally will not affect coordination

STRIDE
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}F— Red Truncation

=Vehicle arrival on red Point of Detection
=Red is truncated to allow
earlier green display

—s|

Normal Priority

S

STRIDE
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Coordination Timing Parameters

Cycle Length
The cycle length is the total time to complete one
sequence of signalization around an intersection
A detailed network analysis should be performed
using a software package
Multiple options can be analyzed to find the optimal

cycle length
= L PR PR —|
Ea al d
STRIDE =
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iming Parameters

Coordination

Split
The Split is the time allocation among the phases
within the cycle.

Can be defined in seconds or percentage of the

cycle.
e s e
e PR PN
e me
STRIDE =
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Coordination Timing Parameters %
B e
-

Offset
Time relationship determined by the difference
between a fixed point in the system cycle and a
system reference point
Properly timed offsets can significantly reduce delays
(or increase when improper)

E = I~ .

- STRIDE
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Fefrence Tre | 20000

Coordination Timing Parameters e m—|
L —

Offset

Time relationship determined by the difference
between a fixed point in the system cycle and a
system reference point

Properly timed offsets can significantly reduce delays
(or increase when improper)

E -
| = < I 11 |
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Coordination Timing Parameters

Phase Seq.

=Sequence
= The order of the phasing, such as dual left turn leadings, or lead/lag left
turn phasing
 EP— A % ]
| e »
e 1o 1\ [ |
[ — RS, =
C— A S ]
o = e .
== T e c |
= e =
o [ T ]
3 e — -
oo, . 145 140 |
e =
E— % ]
i o 4o
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Phase sequences can be reversed between barriers to provide leading or lagging turn phases.
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Vehicle
Trajectory
on Time
Space
Diagram
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Time Space Diagram

POWKRING THE NEW ENGINEER TO TRANSFORM THE FUTURE
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Transfer (T2)

Traffic Signal Basics

5 - Controller Programming

STRIDE

IE' Herbert Wertheim College of Engineering

Objectives of This Session

To familiarize participants with the processes needed to implement
and verify signal timing parameters in the local signal controllers.

STRIDE =
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Controller Data Entry — Front Panel

=Menu Driven - Keyboard
* Manufacturer / Model specific; no
standard design
* Similar to using spreadsheet with
multiple pages / tabs
* Cursor is moved from cell to cell to
access data

= New values can be entered and then
saved

STRIDE =
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Controller Data Entry — Fron

=Menu Driven - Display
= Manufacturer / Model specific; no
standard design
= Similar to using spreadsheet
= Cursor is moved from cell to cell to
access data

= New values can be entered and then
saved

STRIDE | =

UF Herbert Wertheim College of Engineering PowERING THE NEW ENGINEER 10 TRANSFORM THE FUTURS

Basic Controller Timings

Enabled Phases
Defines which phases on
the controller will be
active

Sequence
Defines the ring structure
and sequence of phasing

STRIDE =
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Basic Controller Timings

Minimum Green

The minimum green time for a phase with a single vehicle
demand

Extension (Passage, Gap)
The additional green time for each new actuation during
green

Maximums (Max 1, Max 2, Max 3)
The maximum green time on a phase with a conflicting call
waiting

STRIDE =
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Basic Controller Timings

Yellow Change

The Yellow interval at the end of every phase
Red Clearance

The Red interval at the end of every phase
Walk

The Pedestrian Walk interval for a phase
Pedestrian Clearance (Flashing Don’t Walk)

The Flashing Don’t Walk interval for a phase

STRIDE =
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Vehicle Detector Settings

=Detector Channel to Phase Allocation

= Defines the destination of each detector input; provides for multiple detectors with different functions
toinput to a single phase

STRIDE =
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Vehicle Detector Settings

=Detector Delay
= Defines the period between when a vehicle first enters a detection zone
until the call is placed on the controller
= Example applications:
=  Right turns on red
=  Left turn lanes on undivided roadways
*=  Queue detection

STRIDE =

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook 208

Vehicle Detector Settings

=Detector Switching
=Modifies the destination of a detector call based on the current status of the
controller
=Example Application:

= On an approach with a protected / permitted left turn display, the detector in the left turn lane
would call and extend the left turn phase, but when the left turn phase terminates, the detector
would extend the adjacent through movement

STRIDE =
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Vehicle Detector Settings

=Detector Memory
= Selects Detector Lock (Memory On) / Non-Lock (Memory Off) mode by phase
=In Lock mode, when a vehicle enters and then leaves a detection zone while
that phase is yellow or red, the controller remembers the call until the phase
can be serviced
= Example applications:
Small area detection zone in advance of the stop bar
Left turn lane at a protected only left turn phase

STRIDE | =
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Coordination Settings
« By pattern settings
* Lots of data entry

« Significant process and layout
variations from manufacturer to
manufacturer and model to model

« Internal error checking desirable

STRIDE
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Coordination Settings

« Cycle Length
The total time to complete one full sequence of phases at an
intersection
Cycle Length is defined by pattern

Split

The Split is the time allocation among the phases within the cycle
Split data is entered per phase, by pattern
Can be defined in seconds or percentage of the cycle

STRIDE =
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Coordination Settings

« Offset
Time relationship determined by the difference between a fixed point
in the system cycle and a system reference point
Offset is defined by pattern
Sequence
The order of the phases within the cycle
Sequence can be selected by pattern

STRIDE =
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Preemption and Priority
» NTCIP Standards:

« Preemption: The transfer of the normal control (operation) of traffic
signals to a special signal control mode for the purpose of servicing
railroad crossings, emergency vehicle passage, mass transit vehicle
passage, and other special tasks, the control of which requires
terminating normal traffic control to provide the service needs of the
special task.

Priority: The preferential treatment of one vehicle class (such as a
transit vehicle, emergency service vehicle or a commercial fleet
vehicle) over another vehicle class at a signalized intersection
without causing the traffic signal controllers to drop from coordinated
operations.

STRIDE | =2z
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Preemption
« NTCIP Standards:

* When a preempt request is received, the controller terminates the
active phase to service the preempt.

« If coordination is in operation, the preemption call will override
coordination.

« The controller then moves to the preemption sequence programmed
to service the programmed dwell phase(s) until the preempt input is
released.

STRIDE | =
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Priority
« NTCIP Standards:

« Priority may be accomplished by a number of methods including the
beginning and end times of greens on identified phases, the phase
sequence, inclusion of special phases, without interrupting the
general timing relationship between specific green indications at
adjacent intersections.

STRIDE =
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Preemption / Priority Inputs to Controller

« Ten Preemption / Priority Inputs are defined

« High-priority inputs PR1 - PR6 are reserved for rail and emergency
vehicle preemption.

* Low-priority inputs PR7 - PR10 may be assigned to low-priority
preemption or transit priority.

« Higher priority preempts always override lower priority preempt
requests (PR1 overrides PR2).

« PR1 and PR2 always override lower priority requests PR3 - PR6 and
PR7 - PR10.

STRIDE | =2z
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Preemption / Priority Inputs to Controller
Preempt # Preempt Input Type (tyj
1 1 (steady low) Rail
2 2 (steady low) Rail
3 3 (steady low) Rail or High Priority Emergency
4 4 (steady low) Rail or High Prigrity Emergency
5 5 (steady low) Rail or High Prierity Emergency
6 6 (steady low) Rail or High Priority Emergency
7 3 (oscillating) Low Priority Emergency or Transit
8 4 (oscillating) Low Priority Emergency or Transit
9 5 (oscillating) Low Priority Emergency or Transit
10 6 (oscillating) Low Priority Emergency or Transit
The controller recognizes high-priority as a steady ground true input and low-priority as
an oscillating 6.25 Hz input on these inputs
STRIDE | oo tas
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Preemption / Priority Inputs to Controller
Preempt # Preempt Input Type (typical)
. L. 1 1 (steady low) Rail
Transit Priority 2 2 (steady low) Rail
Routines may not be 3 3 (steady low) Rail or High Pricrity Emergency
included in the basic 4 4 (steady low) Rail or High Pricrity Emergency
— 5 5 (steady low) Rail o High Priority Emergency
COﬂtrO”er Operatlon’ 6 6 (steady low) Rail or High Priority Emergency
special firmware and 7 3 (oscilating)  Low Priority Emergency or Transit
hardware may be A 8 4 (escillating) Low Priority Emergency or Transit
required. 9 5 (oscillating) Low Priority Emergency or Transit
10 6 (oscillating) Low Priority Emergency or Transit
STRIDE | =iniar
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Railroad Preemption — Controller Settings

Train passes over advance detector

Initiation of Warning Sequence

V4

o | Train Detection Interval ] Right of Way Transfer
£ (Train Travel Time - 5 Time (Terminate and
& 5| Detector to Crossing) @ | Clear Currently Timing
] Flasher Interval £ Phase)
8 £ | (Flashers Begin Until Train £ £| Track Clearance Phase
& §|__Arives at Crossing) c ] Time

g $ !
22| Raiload Warning Time H (A"°W_;’E"L°fs to Clear
S (Intersection Signal ] rack Area)
T Notified Until Train Arrives. 2 Separation Time
« at Crossing) £ (Safety Factor)

STRIDE | osinir
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Engineering

Fox River
Grove, Illinois
October 285, 1995
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Railroad Prgemption — Controller Settings

£ 4 Normermmost Rai

= Crossing Gate

Algonquin Read

155 Line. -I -

STRIDE
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Example Signalized
Intersection with Adjacent
Highway / Railroad Grade

Crossing

« Two-Phase Actuated Signal

« Stop Bar to Center of Tracks =
40 feet

« Advance Warning = 20 seconds
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Example Signalized
Intersection with Adjacent
Highway / Railroad Grade
Crossing

Vehicle Movements

Hi

G
<====» Pedestrian Movements
pe=—g

x Rail Crossing Signals

25

Approaching Train
Activates Railroad
Crossing Circuit

26

+ Railroad Crossing
Signals Activate

27
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Right of Way Transfer

+ Parallel Street
Pedestrian Signals
Begin Clearance

» Option to Truncate or
Omit Pedestrian
Intervals

28

Right of Way Transfer

+ Parallel Street Vehicle
Signals Begin Yellow
Change Interval

29

Right of Way Transfer

+ Parallel Street Vehicle
Signals Begin Red
Clearance Interval

30
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Track Clearance
Phase

» Crossing Street Vehicle
Signals Begin Track
Clearance Green
Interval

+ Crossing Gates Begin
to Lower

31

Track Clearance
Phase
Crossing Street Vehicle

Signals Begin Track

Clearance Yellow
Change Interval
Crossing Gates
Continue to Lower

32

Track Clearance
Phase

» Crossing Street Vehicle
Signals Begin Track
Clearance Red
Clearance Interval

* Crossing Gates
Continue to Lower

33
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Dwell Phase
+ Parallel Street Vehicle
Signals Begin Green
+ Crossing Gates in

Horizontal Position

34

Dwell Phase

« Train Arrives and
Passes Through
Crossing

35

Dwell Phase

+ Train Clears Crossing

» Railroad Circuit
Deactivated
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Dwell Phase
» Railroad Gates Begin
to Raise

37

Preemption Complete

» Railroad Gates in
Vertical Position

+ Crossing Lights Off

38

Exit Phase

+ Parallel Roadway
Yellow Change Interval
Begins

39
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Exit Phase

» Parallel Roadway Red
Clearance Interval
Begins

40
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Return to Normal Operation

41
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Railroad Preemption — Controller Settings
= Preemption Phases
Track Clearance Phases
Exit Phases

= Preempt Delay Time — time from receipt of preemption request from the railroad
equipment until initiation of preemption routine

= Right of Way Transfer Phase:
= Minimum Green Interval
Pedestrian Walk Interval
Pedestrian Clearance Interval

Yellow Change Interval
Red Clearance Interval

STRIDE =
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Railroad Preemption — Controller Settings
=Track Clearance Phase

Green Interval

Yellow Change Interval

Red Clearance Interval
=Exit Phase

Minimum Green Time

Yellow Change Interval

Red Clearance Interval

STRIDE

43

IE' Herbert Wertheim College of Engineering

Emergency Vehicle Preemption — Controller Settings

* EVP Routines
« Terminate existing conflicting movement “
« Advance to selected movements
« Opposing through movements if
protected/permitted left turns

« Adjacent through and left turn movements if
protected left turns

« Hold until emergency vehicle passes
« Advance to exit phases

STRIDE =
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Emergency Vehicle Preemption — Controller Settings

* Preemption Phases
« Preempt Phases
« Exit Phases
» Preempt Delay Time — time from receipt of preemption request from
the emergency vehicle preemption equipment until initiation of
preemption routine
* Right of Way Transfer Phase:
* Minimum Green Interval
« Pedestrian Walk Interval
* Pedestrian Clearance Interval
« Yellow Change Interval
 Red Clearance Interval

STRIDE =
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Transit Priority — Controller Settings
« Time of Service Desired (TSD)
« Time of Expected Departure (TED)
* Maximum Reduction Time
» Maximum Extension Time
* Priority Strategy Table
« Priority Request Re-service Time

STRIDE =
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NTCIP Standards - Priority
» Time of Service Desired (TSD) - the arrival time of the

transit vehicle at the stop bar after it is first detected by the

Priority Request Server.

Travel Time =TSD

Point of Dete(uon' Stop Bar' Point of '
e

Clearanc

Herbert Wertheim College of Engineering

NTCIP Standards - Priority
» Time of Expected Departure (TED) - the time required for
the transit vehicle to clear the intersection after it is first
detected.

Travel Time =TED

Point of De(ectum' Stop Bar' Point of '
Clearance
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NTCIP Standards - Priority

=Separate TSD and TED countdown timers begin when the service request is
received

=In many applications, TSD = TED, as the Yellow Change and Red Clearance
intervals carry the transit vehicle through the intersection

STRIDE
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NTCIP Standards - Priority

=Maximum Reduction Time - the maximum time that a
phase may be reduced by, during a priority service request
= Used in Red Truncation scenarios
= Can be programmed per phase, for multiphase signalized
intersections
=Maximum Extension Time - the maximum time that a phase
may be extended by, during a priority service request.
= Used in Extended Green scenarios.

STRIDE =
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NTCIP Standards - Priority

=Priority Strategy Table -a user-defined table that assigns
the Priority Service Phases and the remaining Phase’s
Maximum Extension and Maximum Reduction times.

STRIDE
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NTCIP Standards - Priority

=Priority Request Re-service Time — the minimum time that
must expire following the completion of one priority strategy
before a request for a subsequent priority strategy would be

honored.

STRIDE | =
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Overlap Programming

=Qverlaps

An overlap is a vehicle movement that operates with more than one parent phase.
Overlap movements will display a green when the phases to which the overlap is assigned

is green

<—|—-

Overlap

STRIDE =
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Overlap Programming

=Qverlaps

An overlap is a vehicle movement that operates with more than one parent phase.
Overlap movements will display a green when the phases to which the overlap is assigned is green

1 i HIN q Example — Northbound Right Turn Overlap
"I 5 l + Parent Phases

« Phase 1 (Westbound Left Turn)
g g « Phase 8 (Northbound Through)
- L 'ﬁ + ButNOT when Phase 8 Pedestrian is Active

(= D

STRIDE =
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Overlap Programming

An Overlap provides a way to operate a
movement during one or more phases.

)

“Hard-Wired” Overlap

STRIDE
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Overlap Programming

=Flashing Yellow Arrow Overlap
= Special Overlap
= Parent Phase is the Left Turn Phase
= Modifier Phase is the Opposing Through Movement

=
(i
STRIDE | =
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Example — Northbound Left Turn has Flashing Yellow Arrow
- Parent Phase
'E + Phase 3 (Northbound Left Turn)

* Modifier Phase
+ Phase 4 (Southbound Through)

T

Herbert Wertheim College of Engineering

Questions?
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Traffic Signal Basics

6 — Automated Traffic Signal Performance Measures (ATSPM)

STRIDE

College of Engineering

Objectives of This Session

To familiarize participants with the capabilities and infrastructure
requirements for the use of Automated Traffic Signal Performance
Measures (ATSPM) for intersection operations monitoring.

STRIDE =
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What are Automated Traffic Signal Performance Measures (ATSPM)?

Automated Traffic Signal Performance Measures (ATSPMs) are defined
as a suite of performance measures, data collection and data analysis
tools to support objectives and performance-based approaches to traffic
signal operations, maintenance, management and design to improve
the safety, mobility and efficiency of signalized intersections for all

users.
FHWA
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NCHRP Report 954:
Performance-Based Management of Traffic Signals

https:/nap.nationalacademies.org/download/25875#

S
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What are Automated Traffic Signal Performance Measures (ATSPM)?

SIGNAL PERFORMANCE MEASURES report cycle-bycycle events that can
provide automated information for all aspects of traffic signal planning, design, and
implementation through better-informed, data-driven decisions as part of a
performance-based management approach.

AUTOMATED TRAFFIC SIGNAL PERFORMANCE MEASURES (ATSPMs) are
developed using high-resolution controller data allowing for continuous monitoring
of traffic flow and traffic signal operations with a high degree of granularity because
events are recorded up to 10 times every second.

STRIDE =
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University of Florida Transportation Institute ® Technology Transfer Center (T2)




STRIDE Workforce Development Summit — Session Workbook

Herbert Wertheim

Benefits of ATSPM

soctation Research,
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* Communications Status

* Flash Status

« Power Failures

= Detection System Status

* Vehicle Volumes

* Phase Termination

= Split Monitor

= Split Failures

* Estimated Vehicle Delay

* Estimated Queue Length

= Oversaturation Severity Index
* Pedestrian Volumes

* Pedestrian Phase Actuation and Service

STRIDE

ATSPM Performance Measures

* Estimated Pedestrian Delay

= Estimated Pedestrian Conflicts
* Yellow / Red Actuations

= Red Light Running Occurrences
= Effective Cycle Length

= Progression Quality

= Purdue Coordination Diagram

= Cyclic Flow Profile

= Offset Adjustment Diagram

= Travel Time and Average Speed
= Time Space Diagram

= Preemption Details

= Priority Details

ATSPM Detection
Requirements

Source: NCHRP Repor 954: Portormance-
Based Management o Traffc Signals
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ATSPM Detection
Requirements

‘Source: NCHRP Report 951 Parfomance-
250 anagoment of Traffc Signals
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ATSPM - Communications Status
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‘Source: NCHRP Report854; Perormance. Based Managemment of Trff Signals
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ATSPM - Flash Status
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Dark Blue Bars Indicate (onsistent Event Recorded Every Day at
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ATSPM - Power Failures
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ATSPM - Phase Terminations
Max-Outs/Force-0ffs Phase 3 Max-Ouls/Force-0ffs
{Expected on (oordinated During a High Percentage of
Phases 2and 6 (ydes.
" - ¥ romsmnsion [
- - ~ITE .
- - =B -
§ = - ~B B
L e B i
k]
&
Q . o5 pemastien 8 ament 7 sersnrain o8 rsen
| - -
- - -
- - -
n s mm | Timam gmes | Tom es umee | Tee 00w
Time oty
STRIDE | - P ———————

15

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook 229

THE MEW EWGINEER TO TRANSFORM THE FUTURK

ATSPM - Split Monitor

Phase Utilizing
Additional Time

New Split for Detour

Original
Programmed
Split

= Gap-Out
= Max-Out
m— Force-Off
Unknown
== Pedestrian Activity

‘Source: NCHRP Report954: Prormance Sased Managmant of Traff Signsls
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Oueues Reach 1,000 feet
During AN Peak Period

Queue Length (1)
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Time of Day

Source: NCHRP Report 964: Prformance 8ased Hanagament of
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ATSPM - Yellow / Red Actuations

= Red
= Red Clearance

Yellow Clearance
B Detector Activation

Severe Red-Light-Running

Violations During the AM Peak

PP -

EEEEE]

Sourcs: NCHRP Report 954 Perormance-Sased Managementof Trffc Signals

18

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook 230

: € Beginningof Red
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Safety Application — Purdue Coordination Diagram:
Arriving on Yellow or Red versus Arriving on Green
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[ € DeectorOrupaneyIdicates Yok Oearance il
| Mo Fully Clear Vehicles Between the Stop Bar and
ailad Tcks Before Arivalot ain

5858583888

Delection Between Sigualied Infersection
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ATSPM - System
Component
Descriptions

High Resalution Data

Other Data saurce

Waramare

Clowd

Opersting System Softmare.

Database Software
Source: NCHRP Report 954; Perormance Based

Mansgement of Traff Sgnals
o o ATSPM System Settware auired
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ATSPM - Technical Requirements

= Signal Controller Capable of High-Resolution Data Collection
= Advanced Transportation Controller (ATC)
= Firmware that include ATSPM Capabilities
= Suitable Cabinet Facilities
= NEMA TS2 Type 1 and Type 2
= ATC 170/ 2070
= Detection
= Significant Detection Requirements
= Multiple Technologies Available

STRIDE =
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ATSPM - Technical Requirements

= Software
= FHWA/ Utah DOT Open-Source Software
= Agency Developed Software
= Vendor-Developed Software
= Hardware
= Processing — Speed
= Memory
= Approximately one megabyte of data per intersection per day
= Archiving

STRIDE | =
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UE e
College of Engineering
UNIVERSITY of FLORIDA

Traffic Signal Basics

7 - Safety Considerations of Traffic Signals

STRIDE

College of Engineering

Objectives of This Session

To familiarize participants with the positive and negative impacts of
traffic signals on road user safety, including the importance of the
signal justification engineering process (warrants), signal design, and
signal operations.

STRIDE =
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Do Signals Improve Safety?

= A traffic signal that is properly designed and timed can:
= Provide for the orderly and efficient movement of people

= Effectively maximize the volume movements served at the
intersection

= Reduce the frequency and severity of certain types of crashes
= Provide appropriate levels of accessibility for pedestrians and
side street traffic

MUTCD, 2009 Edition

STRIDE =
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Do Signals Improve Safety?

=Traffic control signals can have the following
disadvantages:
= Excessive delay
= Excessive disobedience
= Increased use of less adequate routes
= Significant increases in the frequency of collisions
(especially rear-end collisions)

MUTCD, 2009 Edition

STRIDE | = ot
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Do Signals Improve Safety?

Traffic signals do not prevent crashes:

= Some crash types can be reduced (frequency and severity)
= Some crash types will not change
= Some crash types will increase

Is there an existing crash problem?

STRIDE | ==
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Do Signals Improve Safety?

Crash Types:
= Right Angle Crashes
= Pedestrian Crashes

Correctable Right-Angle crash type.

STRIDE | ==
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Do Signals Improve Safety?

Crash Types:
= Rear End Crashes

= Side Swipe Crashes

Not Correctable

Signalization Typically o
Increases Rear End and Side Typical rear-end crash, both
Swipe Crashes vehicles heading straight.

STRIDE
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Do Signals Improve Safety?

Crash Types:
= Left Turn Crashes

Potentially Correctable

Depending on Phasing Left-Turn crash, second vehicle

apposite direction heading
straight.

STRIDE =
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Signal Installation Justification (Warrants)

Manual on U

An engineering study of traffic Traffic Cont

conditions, pedestrian
characteristics, and physical

characteristics of the location shall
be performed to determine whether

installation of a traffic control signal
is justified at a particular location.

MUTCD Section 4C.01

STRIDE =
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Signal Installation Justification (Warrants)

Considerations in Warrant Analysis related to safety:

Will the expected decrease in the number of and
severity of crashes exceed the expected increase
in the number of and severity of crashes due to
signalization?

STRIDE =
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11

bert Wertheim College of Engineering

Crash Modification Factors (CMF)

= A CMF is a multiplicative factor used to compute the expected number of
crashes after implementing a given countermeasure at a specific site.

= Developed in studies that compared crashes “before” implementation of a
safety improvement against crashes “after” implementation.

= More information in Highway Safety Manual (HSM), FHWA 2010

= Database of CMFs in Crash Modification Factor Clearinghouse
www.cmfclearinghouse.org

STRIDE =
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Unwarranted Signals

=Previously warranted signals may no longer
be needed
= Demographic change in the area
= Altered traffic patterns
= Evolution of warrant requirements
=Politically implemented signals

wing.

e follo
Traffic control SiE71S eanhave t
T
gisagantages
«Eacessive eV

ceisive disobedenCE —
. Im without full justification e e 1yl
- : ~sanibean S
=Unwarranted signals may have a negative e ol

impact on safety
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Unwarranted Signals — Case Study

=Location in Florida (not on State Highway System)
=Neighborhood wanted signal onto six-lane roadway
= No warrants met; consultant recommended against installation
= Neighborhood “filled” MPO meeting audience
= MPO approved installation
=Before / after signal installation crash statistics:
= 4.0 crashes per year / 14.9 crashes per year
= 1.55injuries per year / 8.85 injuries per year

Politicaly Warranted Signals - & Case Study
Yauch. Peter]
FLITE, September 2011

STRIDE =
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. B ——
- T ]
Unwarranted Signals — Case Study T et o0
YEAR COMMENTS
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Crash Modification Factor for Signals

=Install a warranted signal
= Rural settings:
CMF — 0.56 for all crashes, all severities
CMF - 0.23 for angle crashes, all severities

. CMF - 0.40 for left tun crashes, all severities
CMF — 1.58 for rear end crashes, all severities
= Urban settings:
- CMF - 0.61 for all crashes, all severities

CMF —0.33 for angle crashes, all severities
CMF —0.45 for left tum crashes, all severities
= CMF - 1.38 for rear end crashes, all severities

STRIDE ==
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Intersection Components and Impacts on Safety

= Signal Displays

= Phasing

= Detection

= Preemption

= Operations during malfunctions

STRIDE
17
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Vehicular Signal Displays
MUTCD Requirements
= “The primary consideration in signal face placement, aiming, and adjustment shall
be to optimize the visibility of signal indications to approaching traffic
= “Road users approaching a signalized intersection or other signalized area, such as
a midblock crosswalk, shall be given a clear and unmistakable indication of their
right-of-way assignment

. The geometry of each intersection to be signalized, including vertical grades,
horizontal curves, and obstructions as well as the lateral and vertical angles of sight
toward a signal face, as determined by typical driver-eye position, shall be
considered in determining the vertical, longitudinal, and lateral position of the signal
face.”

STRIDE | =
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Vehicular Signal Displays

MUTCD Requirements
= Aminimum of two primary signal faces for the through movement (one per lane recommended)
=  Separation between faces — minimum of 8 feet

= Left tum and right tumn signals may be added
+ Mounting Height
15—~ 19’ over roadway
8 —19' over sidewalk
Between 40 and 180 feet from stop bar
= Located within 40 degree “Cone of Vision” of center of approach
= Must be visible for a minimum defined distance

STRIDE ==
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Vehicular Signal Displays

Vehicular Signal Head
Placement - MUTCD
Requirements

Two Primary Heads
for Through

STRIDE
20
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Vehicular Signal Displays

Table 4 Miaianm v Theough
Posted, Stotutory, or B5th- Percentile Speed of 45 mgh or Higher
Mumber of
on Approach ‘Signal Faces for Approach * Through Signal Faces for Approach
1 2 1
2 1
3 3 ==

Vehicular Signal Head Placement
MU

Table 4D-2. Mininum GO Requirsments.
i

isi
85th-Percentile SpeedMinimum Sight Distance
20 mph 175 feet

ht Distance for Signal
i

25 mph 215 feet
30 mph 270 feet
35 mph 325 feat
40 mph 390 feet
45 mph 460 feet
50 mph 540 feet
55 mph 525 feet W3-3 Signal Ahead sign
50 mph 715 feet

STRIDE
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Vehicular Signal Displays

Backplates improve visibility against a
bright sky or advertising lighting

Reflective borders improve visibility at
night and when signals dark

STRIDE =
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Crash Modification Factors related to Signal Visibility

=Replace 8-inch signals with 12-inch signals (Florida Standard)
= CMF - 0.58 for angle crashes
=Add backplates
= CMF - 0.87 for all crashes
=Add 3-inch yellow retroreflective strip on backplates
= CMF - 0.85 for all crashes
=Convert signal from pedestal mounted to mast arm
= CMF - 0.71 for all crashes

STRIDE =
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Left Turn Phases
R
= Permissive — turn left on circular green or Y
flashing yellow arrow after yielding to G
oncoming traffic R
(Sl v
= Protected — turn left on green left arrow e
= Protected / Permissive — operation includes R
both a permissive left turn movement and a % "
protected left turn movement
G G
STRIDE =
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CMFs of Left Turn Displays

= For permissive left turns, change from
circular green to flashing yellow arrow:
CMF — 0.498 for left turn crashes, all L
severities G

= For protected / permissive left turns,

change from 5-section to 4-section flashing H

yellow arrow face: CMF — 0.838 for left ¥ v

turn crashes, all severities G G
STRIDE | =i
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CMFs of Left Turn Phasing

= Change from permissive only to flashing yellow arrow
protected/permissive left turn: CMF — 0.598 for left turn
crashes

= Change from protected/permissive to protected only left turn:
CMF — 0.58 for left turn crashes

= Change from protected only to protected/permissive left turn:
CMF — 2.73 for left turn crashes

STRIDE =
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“Left Turn Trap” or “Yellow Trap” -l

= Safety situation inherent in
some signal phasing sequences
= Occurs when a lagging left turn

operation is used in one
direction
Supe3
Sourecurs voicasons
Demonstration of Yellow
Trap with Lead-Lag ‘\
Phasing’ tme. m
Nerttound catons
STRIDE ' = Texas Daparmnt ofTarsponaton. 209, T Sgnl Operatons Handbook
oo
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Flashing Yellow Arrow
Left Turn Display

* Prior fo 2009 MUTCD, Protected /
Permitted Left Turns were shown
using a five-section signal head

* Drawbacks
Mo means to operate Protected Only
during portions of the day
~ Circular Green indication may have
been misinterpreted by some drivers
~ Potential for “Left Turn Trap’

STRIDE ==
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Flashing Yellow Arrow
Left Turn Display

+ 2009 MUTCD introduced optional
Flashing Yellow Arrow display for
permissive turning movements

Previously received “Interim Approval”
in 2006

+ Addressed the primary drawbacks
of five-section display
Can operate Protected Only during
portions of the day
Flashing Yellow mere intuitive for
yielding maneuver
Resolves “Left Tum Trap

STRIDE =
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Countermeasure: Use Protected
Only mode when pedestrian
activity is anticipated
~ Time-of-day / Day-of-week
- School Crossings

Flashing Yellow Arrow

Left Turn Display

:
as

Near pedesirian generalors
- Cydle-by-cycle
« Protected Only mode when crosswalk
is actively timing Walk or Pedestrian
Change (Flashing Don't Walk)
“Ped Protect”

STRIDE | =
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Pedestrian Phasing

Traditionally, pedestrian
movements have been
timed concurrently with the
adjacent vehicle movement >4

£

STRIDE =
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Leading Pedestrian Interval (LPI)

» Historically, the Walk interval was
* initiated at the beginning of the
- . concurrent vehicle movement
Pedestrians and turning vehicles

received right-of-way indications at
the same time

Aggressive turning drivers may
prevent cautious pedestrians from
starting into the crosswalk

STRIDE | =
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Leading Pedestrian Interval (LPI)

+ The Leading Pedestrian Interval
provides pedestrians a head-start
to claim the crosswalk before
turning vehicles receive a green
indication

- Extremely effective in urban
intersections
)b. - CMF,, =0.86
« Consider No Turn On Red
restrictions at suburban
intersections

STRIDE | =z
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Two Stage Pedestrian Crossings

Advantages:

= Means of minimizing delays to vehicular operations

» Opportunity to break long pedestrian crossings into
shorter segments

Disadvantages:

» Pedestrians usually experience additional delay

+ Pedestrians will wait in median

= Requires median of sufficient width

STRIDE =
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Case Study - Two Stage Pedestrian Crossings

STRIDE | Siisetrass s

36

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook 245

THE MEW EWGINEER T8 TRANSTORM THE FUT

Exclusive Pedestrian
Movements

» All vehicular movements at the
intersection are stopped; all
crosswalks are actively timing

]
m
000)]
* Advaniages —
=
|
<]

sestrian demand

s pedesirian crashes.

- Drawbacks
Adds to vehicular delay
‘Some pedestrians may cross against
signal, parallel to moving vehicular traffic
CMF = 1.1 vehicular crashes

STRIDE =
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Exclusive Pedestrian Movements
“Barnes Dance”

« All vehicular movements at the no T I Io
intersection are stopped; all
crosswalks including diagonal

orossings ane acively timing [el00] by S >

STRIDE
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Detection

=Small Area Detection

= Used to detect a vehicle upstream from stop bar
= Controller receives “pulse” indicating passing vehicle
=Large Area Detection
= Used to detect a vehicle near the stop bar
= Controller receives input active as long as vehicle
occupies detection area (“presence”)

STRIDE =
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Detection

=Detection design interrelated with:
= Approach speeds
= “Low speed” — under 35 mph
= “High speed” — 35 mph or greater
= Controller settings
= Locking or Non-Locking Detection Mode
= Minimum green
= Extension time
= Operational strategies

STRIDE =
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Detection

= Small Area Detection
= Low speed detection
= Single detection zone

= Minimum green timed to clear all vehicles stored between detection
zone and stop bar

= Extension time based on travel time from detection zone to stop bar
= High speed detection
= Multiple detection zones to minimize required extension times

STRIDE =
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Detection

= Large Area Detection

= Long detection area (40 — 80 feet)

= Applications
= Slow speed approaches (under 35 mph)
= Leftturn lanes
= Right turn lanes with delay to screen right turn on red vehicles

= Minimum green based on driver expectancy

= Extension set low, as vehicle in detection zone extends the
call

STRIDE =
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CMF for Detection
=Provide Advanced Dilemma Zone Detection for rural high-speed
approaches: CMF —0.61 for all injury crashes

DECISION DECISION [
1l
' ' =
Pl R
B s | 5
| g ;
Drivers make a H B 2 1 Yellow Signal
decision o stop or go inchoation

STRIDE | =
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Pedestrian Detection

=Pedestrian Push Buttons
= Unobstructed and adjacent to a level all-weather surface to provide access
from a wheelchair;

= Where there is an all-weather surface, a wheelchair ible route from the
pushbutton to the ramp;

= Between the edge of the crosswalk line (extended) farthest from the center of
the intersection and the side of a curb ramp (if present), but not greater than 5
feet from said crosswalk line;

= Between 1.5 and 6 feet from the edge of the curb, shoulder, or pavement;

= With the face of the pushbutton parallel to the crosswalk to be used; and

= At a mounting height of approximately 3.5 feet, but no more than 4 feet,
above the sidewalk

MUTCD 2009 Edition

STRIDE =
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Pedestrian Detection

= Accessible Pedestrian Signals and Detectors
= Accessible pedestrian signals and detectors provide
information in non-visual formats (such as audible tones,
speech messages, and/or vibrating surfaces)
= Locator tone
= Tactile arrow on pushbutton
Vibrotactile and audible Walk indications
Tactile arrow vibrates

* Audible message includes tone o voice message

MUTCD 2009 Edition

STRIDE | =
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Pedestrian Detection

=Passive Detection

= Passive detection devices register the presence of
a pedestrian in a position indicative of a desire to
cross, without requiring the pedestrian to push a
button.

= Some passive detection devices are capable of
tracking the progress of a pedestrian as the
pedestrian crosses the roadway for the purpose of
extending or shortening the duration of certain
pedestrian timing intervals.

MUTCD 2009 Edition

STRIDE
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Bicycle Detection

= Standard vehicle detectors (loop, video,
microwave, etc.)

= Specially designed vehicle detectors
(bicycle loops, video and microwave
with algorithms to identify bicycles)

= Potentially used for special phases and
timing

STRIDE | =
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=Minimum Green

= Driver expectation

= Time to clear vehicles
stored between
detector and stop bar

= Pedestrian crossing
time where pedestrian
signals and detectors

Local Signal Timing Considerations

» Passage / Extension

« Time for vehicles to
travel from detector into
intersection

« Critical for high-speed
approaches

« Bicycle timing
considerations

not present
= Bicycle crossing time

STRIDE | =
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System Timing Considerations

= Cycle Lengths excessive for conditions
= Motorist impatience
= Avoiding stopping for signal changes (early red light running)
= Aggressive starts
= Pedestrian impatience

= After about 30 seconds pedestrians will start considering crossing
against the signal if traffic permits

= Arterial speeding
= Wide bands allow speeding

STRIDE =
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Questions?
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UE e
College of Engineering

UNIVERSITY of FLORIDA

Traffic Signal Basics

8 — Travel Time and Arterial Performance

STRIDE

College of Engineering

Objectives of This Session

To familiarize participants with the processes used to measure arterial
performance using travel time data and the significance of travel time
reliability.

STRIDE =
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How is your system operating?

= Monitor the operation of the system

= Identify any degradation in operations
= Quality of Progression

Number of Stops
Travel Time / Average Speed
Travel Time Reliability
Delay -
Phase Failures
Queuing
Vehicle Safety
Throughput

STRIDE =
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Data Collection

= Travel Time Data
= Floating Car Studies
= Manual time recording
= GPS-based tracking
= Bluetooth-Based Travel Times
= Bluetooth receivers along route
= “Big Data” Probe Data (HERE, INRIX, etc.)

STRIDE =
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Travel Time

Time-Space Diagram

———
= =
; — Tme
I T
=11 ] :
- : =
,
£
iE
; i :
i I i
Distance
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Travel Time Data — BlueTooth

alf 7372: SR 60 & 50th St (4393} 10 SR 60 & US 301 (u313) - EastBound s

252
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Travel Time Data — BlueTooth

‘Comparison Report. Smoothed Speed (5-min)

W

R0 8 500 Sera SRE0 & Us 301 - EE- (2021-03-01 - 2021-03-05)
@ - (1020-03-07 - 2020-03-06)

STRIDE =
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Travel Time Data — HERE

STRIDE =
10

IE' Herbert Wertheim College of Engineering

Monitoring Performance

What gets measured gets managed.

STRIDE =
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Travel Time Reliability

How traffic conditions
have been communicated
and what
they remember

Travel Time

Jan. July

haps:/ops. . dot gov/p

STRIDE =
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Travel Time Reliability

= Travel Time Reliability Terminology
= 95 Percentile Travel Time — represents the heaviest
traffic day of the month
= Travel Time Index — ratio of travel time during peak
period compared to travel time for same trip at free
flow speeds

TTA fean
TTF reeFlow

TTI =

STRIDE | =
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Travel Time Reliability

= Travel Time Reliability Terminology
Planning Time Index — represents the total travel
time that should be planned when an adequate
buffer time is included.

TTysy

TTFT&CF! ow

PTI =

STRIDE
14
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Travel Time Reliability

= Travel Time Reliability Terminology
Buffer Time Index — represents the extra travel time
that should be added to the average travel time to
ensure on-time arrival.

TTos9, — TTrrean
BI — 95% Mea

TTZ\-Ican

STRIDE | ==

15

University of Florida Transportation Institute ® Technology Transfer Center (T2)



STRIDE Workforce Development Summit — Session Workbook 255

w Herbert Wertheim College of Engineering

Travel Time Reliability

Sample Corridor Report Showing Travel Time Index Values For PM Peak Hours
Travel Tive e (77}

Source: eris ClearGuide

STRIDE =
16

eim College of Engineering w anoImEER 1O TRANSFORM TH .

Route: 4TH ST N (5) to 4TH ST N (S) To 3RD AVE N

il W

‘ Apparent Degradation of Travel Time

STRIDE
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Travel Time Index and Planning Time Index, by Corridor
Weekday PM Peak Period (4:00 PM - 7:00 PM)

Travel Time Index (TT))

STRIDE =
19

eim College of Engineering

Travel Time Index and Planning Time Index, by Corridor
Weekday PM Peak Period (4:00 PM - 7:00 PM)

i
1
H

STRIDE
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Questions?
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Training Slides
Highway Capacity Analysis with Signalized Intersections
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McTrans Center — University of Florida

Highway Capacity Analysis with Signalized

Intersections

Fabio Sasahara, PhD, PMP

POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

Herbert Wertheim College of Engineering POWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

Agenda

« Overview of the Highway Capacity Manual
« Signalized Intersections

* Urban Streets

«+ Interchanges and Alternative Intersections
- Q&A

STRIDE

STRIDE

Southeastern Transportation Research,
Innovation, Development and Education Center

Highway Capacity Manual 7:h Edition (HCM7) Overview
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STRIDE Workforce Development Summit — Session Workbook 259

UF Herbert Wertheim College of Engineering BOWERING THE NIW ENGINEER TO TRAWSFORM THE FUTURE

About the HCM

Overseen by TRB committee on Highway
Capacity and Quality of Service (hcgstrb.org)
Most methods are developed via national level

projects such as NCHRPs".
Four Volumes:

HIGHWAY CAPACITY MANUAL

7TH EDITION | A GUIDE FOR MULTINODA

(*) NCHRP: National Cooperative Highway Research Program

STRIDE | 2
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HCM Organization

Volume 2 — Uninterrupted Flow Volume 3 — Interrupted Flow
- 10 - Freeway Facilities . 16 - Urban Street Facilities
= 11-Freeway Facilties Reliability Analysis « 17 Urban Streets Reliability and ATDM
= 12-Basic Freeway and Multilane Highways + 18- Urban Street Segments
= 13-Freeway Weaving Segments
. 19 - Signalized Intersections
= 14-Freeway Merge and Diverge Segments

= 20-Two-Way Stop-Control
= 21-AllWay Stop-Control
= 22-Roundabouts

= 15-Two-Lane Highways

. 23 - Ramp Terminals and Alternative Intersections

. 24 - Off-Street Pedestrian and Bicycle Facilities

STRIDE
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HCM Organization HIGHWAY CAPACITY MANUAL

7TH EDITION | A GUIDE FOR MULTIMODAL MOBILITY ANALYSIS
VOLUME &: APPLICATIONS GUIDE

Volume 4 — Applications

= Available at http://hcmvolume4.org
+ Free to everyone

Supplamers Chapars Tochisl Rfrence Ly Applstons Guides  Er 8 Updsts FAGS  Discusion Ferum

= Contains:
. o v prraks
* Research reports * St [
= Published papers
= Useful references it
+ Application Guides e, s, ad et o e HCM s ey v devekedy

- Notficatons of chapter updats,acive iscusslon, and more viaan optona e.mad oticaton fetre.

STRIDE
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What is HCS?

Highway Capacity Software (HCS) s the faithful implementation of HCM

methods
Developed in 1980s and kept updated based on the updates to the HCM.
+ McTrans Center is actively involved in Highway Capacity and Quality /

of Service Committee.

- Most users rely on HCS to fuffill requirements HCM applications.
+ Around 15,000 users worldwide.

Reseurch,
tand Educ

STRIDE | iemio

o Centes
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HCM / HCS History
HCM Releases:

1950 1965 1985 1994 1997 2000 2010 2016 2022
—e——— e e 00— 0—
1st Edition 3 Edition 4 Edition 6t Edition

Bureau of Public Transportation Completely Much Research
Roads Research Board Reorganized with 37 Chapters
2nd Edition Major updates 5th Edition 7t Edition
Highway Capacity to the 3+ Edition Much Research, 38 Chapters, first
Committee Some Engines fully digital
1987 1994 1997 2000 2010 2016 2022
HCS Releases: ——o —0 —90 —0 —0 —¢
Release 1 HCS-3 HCS 2010 HCS 2022/
HCS 2023
Release 2 HCS 2000 HCs7
STRI DE Southeastern Transportation Research,
ne Devel and Education Center
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Level of Service

g
g

Level of service (LOS) is a quantitative stratification of

a performance measure or measures that represent
quality of service

LOS Criteria — Vehicles - Signalized Intersections

Facilitates the presentation of results, through the use
of a A (best) to F (worst) scale

Defined by one or more service measures that both

,_
i
-
a
g
H

reflect the traveler perspective and are useful to
operating agencies

EEETNSH
v
%
b
g

LOS Criteria — Peds & Bikes - Signalized Intersections

STRIDE | &y
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Performance Measures x Service Measures

Performance Measure:

A or i ization of some aspect of the service provided to a specific road user group

Service Measure:
A performance measure (or group of measures) used to define LOS for a transportation system element

Example: capacity, flow rates, queues and control are performance measures of signal analyses. However, only

control delay is the service measure for signals as it defines LOS.

STRIDE | Bt o

10
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HCM Service Measures
Service re(s) by Mo«
System Element C:;Ter Automobile Pedestrian Bicycle Transit
Freeway faciity 10 Density - - -
Basic freeway segment 12 Density - - -
Multiane highway 2 Density - LOS Score -
Froeway weaving segment 13 Density - - -
Freeway merge and diverge segments 14 Density - - -
Tworane highway 15 Follower Density - LOS Score -
Urban street facily 16 Speed LOS Score LOS Score LOS Score
Urban sreet sogment 18 Speed LOS Score LOS Score LOS Score
( Signalized intersection 19 Delay LOS Score LOS Score -
Twowey sip 0 Dotay rossng - -
Allway stop 2 Delay - - -
Roundabout 2 Delay - - -
Ramp terminal, altemative inersection 2 Experienced travel time - - -
Off-sreet pedestrian-bicycle faciity 2 - Space, evenis LOS Score -
STRIDE | morein o i e
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Quiz

How many Level of Service (LOS) ranges are used in the Highway Capacity Manual?

a)

b)
c)
d)

e)

~No o s w

STRIDE | s

and Education Centes
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Quiz

How many Level of Service (LOS) ranges are used in the Highway Capacity Manual?

a) 3
b) 4
c) 5
d) 6
e 7
The LOS concept facilitates the presentation of results, through the use of
Answer: D

six ranges (A to F scale)

STRIDE
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About HCM Methods

* Deterministic
= Always produces the same results for a given set of inputs
= Exception: Travel Time Reliability (can incorporate randomness)

* Macroscopic
» Considers average conditions experienced by vehicles over a period of time (typically 15 minutes or 1 hour)

In contrast, microsimulation models are:

* Stochastic: random seeds produce different results
= Microscopic: tracks individual vehicles

STRIDE
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Interrupted Flow

= Interrupted-flow facilities have fixed causes of periodic delay or
interruption to the traffic stream, such as traffic signals,
roundabouts, and STOP signs.

= Methods presented in Volume 3 of the HCM

= Control delay (seconds per vehicle) as the service measure at
ignalized ir and at

= Travel speed (milh) as the service measure at urban street

segments and facilies

o Research,

d Education Center
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Peak Hour Factor - Example

A measure of traffic demand fluctuation within the analysis hour

PHF = 4 Time Period Volume (veh) Rate of Flow (veh/h)
4 X Vs 5:00-5:15 1,000 4,000
5:15-5:30 1,200 4,800
PHF = peak hour factor, 5:30-5:45 1,100 4,400
14 hourly volume (vph), and
Vis = volume during the peak 15 minutes 5:45-6:00 1,000 4,000
5:00-6:00 4,300 4,300

Traffic movements were counted for the 5-6 PM peak hour. What is the corresponding Peak Hour Factor?

STRIDE i

16

UF Herbert Wertheim College of Engineering T e e

Peak Hour Factor - Example

A measure of traffic demand fluctuation within the analysis hour

Time Period Volume (veh) Rate of Flow (veh/h)
PHF = ———
4XVis 5:00-5:15 1,000 4,000
5:15-5:30 4,800
PHF peak hour factor, 5:30-545 4,400
v hourly volume (vph), and

Vis = volume during the peak 15 minutes 5:45-6:00 1,000 4,000
5:00-6:00 4,300 4,300

Traffic movements were counted for the 5-6 PM peak hour. What is the corresponding Peak Hour Factor?

PHF = 4,300/(4 x1,200) = 4,300/4,800 = 0.90

STRIDE
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Urban Streets Components

tion 3 i
a

STRIDE
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HCM7 Chapter 19 - Si Intersections
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Tens P —

Key Concepts

= Cycle length (C): The time to complete one sequence of
signal indications
= Phase (®): The green, yellow change, and red clearance

intervals assigned to a specified movement (or movements)

« Interval duration (G, Y and R): duration which the interval is
displayed to drivers

= Effective green and red (g, r): times considered for capacity

analyses
= Extension of effective green (e): initial portion of yellow [
considered as part of effective green

= Start-up lost time (I,): lost time of first vehicles in a queue
due to reaction time and acceleration

= Clearance lost time (I;): last portion of the change period not
used by drivers

STRIDE | ©

20
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Movement Types

= Protected: turning drivers have the right-of-way

| -
e @

= Permitted: turning drivers must yield to conflicting traffic

streams before completing the tum

* Protected-Permitted: combination of the permitted and }o @

protected

e @ @
@

Obs: Traffic signal designs may vary on different locations

Source: FHWA Traffic Signal Timing Manual

Reseurch,

STRIDE

d Education Center
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265

Barrier

Phasing Sequence
Major St. /inor st

Mi \
Dual Ring Structure: Py phases phases
Cyele.s I
+ Most common configuration PreTimedSena [ -~ ﬁ Ring 1
. B 3 o
+ Barier: phases on both rings terminated simultaneously (ex: ®2 and Offet s [Co—
@6; ©4 and 8 Prase 2Drecton €8 - P k Ring 2
+ Phasing Sequence: user input Prsse 4Drecton 5B+ = 4 o , T.
= Ph: D Il Iculs il ference Phase L4
Phase Durator; utomatally calcutd based on contolerand Reference Phase 2 P P
inp Reecs ot Bt * P | it neon O]
Focelode  Faed - FedMesared Phase Tives (]

Phase Duration

(SN N
L o L[4
= Ly i
~ [~ 3 Hi
Geen |25 [0z |7 (61 |1 00
Velow |30 [00 [0 [30__[s0__[o0
Red 00 oo oo oo Joo [oo

D1+O5 G2+ D5 ©2+ D6 G+ BT B4+ 08

STRIDE il

and Edcation Certs 2
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Demand Flow Rate

- Demand flow rate represents the flow rate of vehicles arriving at the intersection
- The flow of departing vehicles is limited by capacity
Counting departing vehicles in a congested approach will produce a demand flow rate that is lower than the true rate

Mid-block
arrivals
t y |
<
Departing —
vehicles | ; N I

STRIDE | Gt o
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Counts & Demand

Queues building (arrivals > departures)

Period end 700
Stop bartotal  Demand arrival unserved demand|
Analysis period h)__volume (ve) (veh)
600
400 300 300 o
415 400 00 3 500 —
430 500 525 2 " /
P w00 550 s 8400 \
y 2 /
500 500 515 150 5500 /
515 500 600 250 " Queue Queue
530 500 575 325 growing discharging
545 500 a1 300
100
600 500 00 200
615 500 400 100 o | |
530 w00 20 o 400 ' 43 500 53 600 630
o e 0 . — Stop bartotaldopartures (veh)

Demand arrival volume (veh)

on Reseurch,

and Education Centes 24
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Signalized Intersections — Temporal Scope

Planning level analysis Operational analysis
Approach A i only L a_nd
+ Demand = Sum of volumes across the hour oversaturated conditions

= PHF calculated through equation

daaachs

Approach B iy i
+ Demand = Sum of volumes across the hour .
«PHF=10 g -

F
Approach C H
+ Demand = Volumes for every analysis period
+ PHF=10

STRIDE | iemio

and Education Centes
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Signal Control Types

Pre-timed Actuated Actuated-Coordinated

= Fixed cycle length and phase duration * Variable cycle length and phase duration - Fixed cycle length

= Application: consistent traffic, inferchanges, = Fully actuated: all approaches with detection (rural, = Variable phase duration
CBD areas isolated intersections)

= Application: arterial corridors where major street

+ Semi-actuated: detection on minor approaches (prioritize {raffo 1 priontzed

major street traffic)

g ] \‘J-‘ o ) '\,A‘
whIk 5N

A

g
o St el

deled in Streets are A d- i default

on Research,

STRIDE | i
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Right-Turn On Red

Tefic and Geonety

= Demand s difficult to predict i
= Field measurement is recommended when possible oo
= RTOR flow subtracted from right tumn flow rate Sarn. e

e e,

Geade, %
Buses.perh
Pasingperh.
Beyces.perh

et g
Ao Toe N O N N S I X I N |
[r—r—— vea (190 ][ wa ] 075 [ e |10 vsa |[1%0]
il Quee. et @ Jo_Jo Jo_Jo o o Jo Jo_Jo ]
‘Speed Limt, mih [ |

E
e L o
[Fronvenn 0 g
Unsgnaized Movement [u] %]

wogesvas 0 o0 Joo | [weJeo

= =
o 0 o o
o o
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Arrival Types and Platoon Ratio

Reflects the quality of signal progression for the corresponding movement group

Arival  Typical Signal Spacing  Conditions Under Which Arrival Type
ype Is Likely to Occur

<1600 Coordinate

>1,600- 3,200 Aless extreme version of Arrival Type 1

vals or widely spaced coordinated

STRIDE
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Methodology

Pretimed Actuated |

Step 6. Determine Signal Phase

Step 1. Determine Movement Groups and Lane Groups |

Converge?
[ Step 2. Determine Movement Group Flow Rate | onverge’

Yes

[ step 7. Determine Capacity and Volume-to-Capacity Ratio |

[ Step 3. Determine Lane Group Flow Rate |
[ Step 8. Determine Delay ]

[ Step 4. Determine Adjusted Saturation Flow Rate | ‘ 1 [ —— 1 ]

Step 5. Determine Proportion Arriving During Green | ‘ sl TR ——— ‘
| .

STRIDE
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Saturation Flow Rate

g
g
Definition: equivalent hourly rate at which queued vehicles H
can traverse an intersection §
° ty Saturation
= Inversely proportional to the saturation headway: 24 headway (h)
82
23 W
= Field measurement: average discharge headway o8
excluding the first 4 queued vehicles Vehicle in queue
3,600
s=—

h

-{E]IE@[E----

* Start-up lost time (1;): @] Vehicle headways:
ht, hvt, ety hety n
h=ti+t+t3+t

o Research,
d Education Center 30
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Saturation Flow Rate

Base Saturation Flow Rate (pc/h/in)
= Default 1,900 (1,750 if population less than 250,000
= Required user input

Adjusted Saturation Flow Rate (veh/h/In)
= Applies adjustment factors per lane group
= Directly determines capacity

arch,

baastern Transpatation Re
tand Educ

STRIDE | =
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Questart
Defn Sectors
Number of Intersections u & Cycle Length. s 120
Fona Deecion I M Geen, s 0
Nobr o Prds T Yelow Chang.s m
Jra— 030 RedCornce. s m
ase Sotumin Fow pearwl_[1500 | Passage Tme. 0
‘Speed Limit, mi/h 35 Detector Length. ft 40
i ® USCusamay O Meti Unts
Tarsets @ Seect Terpiste
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Capacity Impacts for CAVs

ji Factors for C and
Vehicles (CAVs)

= New addition to HCM7

= Given a market penetration rate of CAVs, what percent
increase in capacity can be expected?

= Base Saturation Flow Rate increased as function of % of
CAVs

on Research,

STRIDE | il

and Education Center
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0 o
] b
8 ]
% 5

Saturation Flow Rate adjustments ~ Through movements
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Adjusted Saturation Flow Rate
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s = SOfwangpfbbfafLUfLTfRTprbepbfwzfmsfsp

y

Base saturation flow rate
Saturation flow rate

s = adjusted saturation flow rate (vef/h)
ase saturation flow rate
djustment factor for lane width
adjustment factor for heavy vehicles and grade.
djustment factor for existence of a parking
lane and parking activity adjacent to the lane grou
fu = adjustment factor for blocking effect of local buses.
that stop within intersection area
fa=adjustment factor for the area type
f1 = adjustment factor for lane ultilization
fir = adjustment for left-turning vehicle presence
in the lane group

on Reseurch,
and Education Centes

STRIDE | il

T
Adjustment factors

far = adjustment for right-turning vehicle presence
in the lane group

fupn = pedestrian adjustment factor for left turn groups
fr = pedestrian-bicycle adjustment factor for right turs
foz = adjustment factor for work zone presence at

the intersection

adjustment for downstream lane blockage
djustment for sustained spillback

33
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Saturation Flow Rate — Adjustment Factors

Lane Width:
Tt Gty
Average Lane Width (ft) Adjustment Factor (f,) — o w5 ]
<10.0 096 Iz
210.0-12.9 1.00 Santm i[5 2|
>12.9 1.04 s Lo

Lane Utilization:

= Unequal usage of lanes in a movement group - o v v o v s s s
LA 5 o'a oo o
[om =] B b B b B ey S 0 O8O O O O O
o= SJo =) (under DETAILED INPUT DATA)
STRIDE Southeastern Trans on Research,
lene o, Devel and Education Center 34
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Saturation Flow Rate — Adjustment Factors
_ R —
Heavy Vehicles and Grade: SO EsT coR WeL WAT WeR NEL NeT s SeL soT son
P () 00 ) o i o e ]
 Negative: e an v
100 — 0.79Pyy — 2.07P,
frvg= 100
D) o) o) 0 g
i ph N N- oo
= Non-Negative: By, perh o] o o]
Podestins perh o} o o]
Al e 3 I [ N N O O N X
100 — 0.78Pyy — 0.31P,? Upsroam e (10 [iwer ] (oo [ e 10 ] [ ise ]
fiwvg=—"""700 ot Gus, veh [ Jo JoJo Jp_Jo Jo b _Jv o Jo_Jo_J
Sondint i 5 5 5] s
Detectr @ Jm Jm Jm e @ & o @ & e &
Pyy = percent heavy vehicles in the corresponding movement group (%) RTOR.veh/n o (o] o 0
P, = approach grade for the corresponding movement group (%) Unsraied ovemert =] [u]
usraavey 00 [00 oo [0 Jo0 0
STRI DE ion Research,
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Saturation Flow Rate — Adjustment Factors

T ety
Bus Blockage: ET e weL T WeR N neT R S ssT o
= Rate of local buses stopping within 250 ft of the stop line o 0[50 oo ”lf‘f:‘n £
(upstream or downstream) srmiognt @0 | s ] oo am Jo_]
= Buses traveling through (no stops) must not be counted Satuston.pein 19001900 1900 1500] 1500|1500 1500 1900
P ) I @ o b Jo o
Grade. o]
On-Street Parking: =
oo oo
* Rate of parking maneuvers within 250 ft upstream the e
stop bar Pedestions serh
v on
o
e e

0 o 30 0 o o o o 0 0 £
J— o] o] o] om|
Unsgnalzed Movement a a

Unsgnaized Dty

STRIDE

and Education Centes
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Saturation Flow Rate — Adjustment Factors

Left-turn and Right-Turn adjustments:

Movement Group Results EB
= Protected Right Turns: Approach Movement LT[R
Assigned Movement 5 2 12
f =— — Adjusted Flow Rate (v ) veh/h 200 | 1000 | 10
RT =1L
Ep Ep=118 ‘Adjusted Saturation Flow Rate ( s ). veh/hiin 1810 | 1900 | 1610

These factors are automatically assigned to different movements

= Protected Left Turns:

1
fir= 5 E,=1.05

STRIDE | iemio

and Education Centes 3;
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Saturation Flow Rate — Adjustment Factors

Tt nd Geomety

) ’ ) e cor e
Pedestrians and bicycles: et B

* fups = pedestrian adjustment factor for left-turn groups Loe i [f20 |20 |20 |20 20 [0 |20 120 | 12
* faps = pedestrian-bicycle adjustment factor for right—tum 2% }jzﬂ‘:ﬁl %I‘%m@
groups PR e om o

G g o

B, e ] (o} (o)
o erh o " b In-o WE TR

| == T ] | T 0 |
|y o ol 0 T |
e e E 1t bF B EEDR BB
Y 3] | B L W |
Il G, veh @ Jo o Jo Jo Jo Jo Jo b Jo Jo_Jo
P—— 5 = =
Deecon o o o o o T o O o )
RTOR. v o | o] [
Unsignaiized Movement a

Weoiedtder 00| 00 00 0

STRIDE | il
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Saturation Flow Rate — Adjustment Factors

Work Zones:
= Closures within 250 ft of stop bar
= Number of open lanes

2 r | b I e

A R 3 R O
oo [EN=]

= Total width of open lanes (ft)

T m o Jp Jm o Jo J5 o
20 |20 20 Jlz0 20 Joo |20 o0 Jeo
20 |20 |20 Jl20 20 a0 20 Jao Jeo

@ m @
@ Im o]
2 2 z z
2 0 A 2 i B 2 A R |
‘ T ) T
i s
fus = adjustment factor for work zone presence at the i | ED s
] T T | i
W] [ ] [eJm] [eJEe] [®

[a]
el Fportan Ao onGeen (01626 | 048 [005 0% [ ot % [ o J7e Jore

(under DETAILED INPUT DATA)

STRIDE | nosslimnia

and Education Centes
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Saturation Flow Rate — Adjustment Factors
£ PRIMARY INPUT DATA

Area Type - Central Business District (CBD) General
= Narrow streets Urban Street
= Intense parking, pedestrian, taxi and bus activity

= Small radius turns Intersection

Description Chapter 30: Example Problem 1

|

Forward Direction ~ EB T AeaType

i
H

Adjustment for area type: fo = 0.90 Segment Lengin.ft 1500 Durtion|[E59

All Segment Lengths PHF

STRIDE

40
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Quiz

Which of these factors does not affect the saturation flow rate in a signalized intersection?
Lane width
b) Pedestrians

Grade and heavy vehicles
d) Work zones
©) Adverse weather

STRIDE

41
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Quiz

Which of these factors does not affect the saturation flow rate in a signalized intersection?
Lane width
b) Pedestrians

Grade and heavy vehicles
Work zones

=y

Adverse weather

&)

Answer: E All other factors are included in the saturation flow rate equation (Eq. 19-8)

s = Sofw/uvglpfovfafrufirfrrfipofronfw2fmsfsp

Reseurch,
d Education Center

STRIDE
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Saturation Flow Rate — Permitted Movements

Permitted Left Turns (exclusive lane)
= Same model used in TWSC (lower rank movements)

e Votes/3,600

1-— e—vgtﬂ./3,600

s, = saturation flow rate of a permitted left-turn movement (veh/h/In)

v, = opposing demand flow rate (veh/h)
teg = critical headway = 4.5 (s)

t7 = follow-up headway = 4.5 s if the subject left tum is served in shared lane,
2.5's if the subject left tum is served in an exclusive lane (s)

Research,
t.and Education Center 43

STRIDE | iemio
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Capacity and v/c Ratio

N = number of lanes in the lane group

s = saturation flow rate (pc/hvin)
v g = effective green time (s)

9
c=Ns_ X=_ € = cycle length (s)

c c X = volume-to-capacity ratio,
v = demand flow rate (vehh).

Movement Group Results 8 WB NB S8

Approach Movement LT [RICITTIRIC]ITIRILTTIR

Assigned Movement 5 2 [ ] 6 [ 16| 38 [18]) 7 4 |14

‘Adjusted Flow Rate ( v). vehh 200 [ 1000| 10 | 86 | 1081 4 | 100 | 279 | 271 | 100 | 275 | 271

‘Adjusted Saturation Flow Rate (s ), veh/hiin 983 | 1509 | 1279 | 1810 | 1300 | 1610 | 1610 | 1900 | 1839 | 1810 | 1900 | 1839

Queue Service Time (g+). s 199 154 | 04 | 47 | 397 | 01 | 44 [ 141|142 | 44 | 141 | 142

Cycle Queve Clearance Time (g=). 199 | 154 | 04 | 47 [ 397 01 | 44 [ 141|142 | 44 | 141 | 142

Green Ratio ( ¢/C ) 0.22 [ 055 | 0.55 | 0.06 | 0.40 | 0.40 | 024 | 0.8 | 018 | 0.24 | 0.18 | 018

Capacity (c), vehih 217 | 1675 | 710 | 113 | 1032 | 639 | 200 | 345 | 334 | 200 | 345 | 334 |

Volume-to-Capacity Ratio (X) 0922|0597 0,014} 0.765| 1048 0007 | 0.500 [ 0.809 {0813 | 0:500 [ 0809 | 0.813
STRI 5] - i

Iomoetion, Development and Education Center 44

44
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Control Delay
Movement Group Results EB
Approach Novement LT[R
e s 12w
‘Adjusted Flow Rate (v), vehih 304 | 822 | 813
‘Adjusted Saturation Flow Rate (), vehh/in 1767 | 1969 | 1928
Queue Service Time (g:). s 162 | 496 | 504
— Cycle Gueti Ciearance Time (<1, 62| 496 504
d=di+dp+ds s
Capacity (¢ ), vehih 330 | 834 | 817
Volume-lo-Capacily Rafio () 0.922 0,986 0,996,
d = control delay (siveh) Back of Queue ( Q). Uin ( 95 th percentic) 3513|9382 9483
Back of Queue (Q ), vehn (95 th percentie) | 137 | 366 | 37.0
dy = uniform delay (s/veh) | Queve Siorage Rafio (#0195 I percenii 008 0230
d, = incremental delay (s/veh) Uniform Delay (d 1), siveh 335 | 343 | 345
ds = initial queue delay (s/veh) Incremental Delay (d 2 ), siveh 257 | 28.1 | 305
Inital Queue Delay (d' ). sheh 00 | 00 | 00
Control Delay (d), siveh 505 | 523 | 650
Level of Service (LOS) E | E|E
‘Approach Delay. siveh / LOS 60 | E
STRIDE | s fewen
Innoraton, Development and Education Center
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Control Delay

= Uniform delay (d1)
Assumes uniform arrivals and departures
Accounts for the quality of progression

* Incremental delay (d2)
Effects of random, cycle-by-cycle fluctuations in demand

that occasionally exceed capacity

« Initial queue delay (d3)

OWERING THE NEW ENGINEER TO TRANSFORM THE FUTURE

Initial queue due to unmet demand (previous analysis

period)

Only applicable to oversaturated conditions
Can be manually provided if needed

STRIDE | Bismloiinfintl o

lovement Group Resuits
Approach Movement [ R
e 5 | 2 |2
‘Adjusted Flon Rate (v), vehh 204 | 822 | 813
‘Adusted Saturation Fiow Rate (5, vehiin 767 | 1969 | 1929
Queue Servica Time (g- ). s 162 | 496 | 504
Gycle Queue Glearance Time (g<). s 162|456 | 504
Green Ratio (g/C ) 039 [ 042 042
Capacity (<), vehh 330 | 834 | 817
Volume-to-Capacity Ratio ( X ) 0.922[ 0,836 | 0,996
Back of Queue ( Q). in ( 95 th percentile) 351393829463,
Back of Queus ( @ ). vehIn ( 95 th porcentile) | 13.7 | 366 | 37.0
(85 th percenii 005102310
Uniform Delay (d 1), siveh 330 343 345
Incremental Delay (dz), siveh 257 | 281 | 305
Inital Queue Delay (o ). siveh 00 | 00 | 00
Conirol Delay (), siveh 555|623 650
Level of Service (LOS) E | E|E
“Approach Delay, siveh /L0S @0 | E

273
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Approach and Intersection Delay

POWERING THE HEW ENGINEER TO TRANSFORM THE FUTURE

m
o/l dw; = = - -
dyj = sl
oo [ ous | 27 | v oo | 10 | v 1906 | 163 | 10 | 1900 [ 1639

Capaciy c) vohl

o G (G ¥

7

ticy(\,auutcu,,.m.nm.(,.;i EEXN KN N KA 0 O W KLEN REE) X RO AL
Groen Rt (10 022 |05 055 [ oce |00 040 [ o2i|ote 018 | 02t 0t 0t6

odw; e
—_ : =

ds, = approach control delay for approach  (siveh)
d, = control delay for lane group i (siveh)
m; = number of lane groups on approach j

d; = intersection control delay (s/veh)

) Southesstern Transportation Research,

) HC."S-FR’]BE Innowation, Develop

and Education Center
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Quiz

)

Control delay (d)
Uniform delay (d1)
Incremental delay (d2)
Initial queue delay (d3)
Back of queue length (Q)

A

STRIDE | i sl coe
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This performance measure is used exclusively for analyses of multi-period with oversaturated conditions:

48
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Quiz

This performance measure is used exclusively for analyses of multi-period with oversaturated conditions:
a) Control delay (d)

b) Uniform delay (d1)

¢) Incremental delay (d2)

d) Initial queue delay (d3)

&) Back of queue length (Q)

Answer: D

STRIDE

274
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Unsignalized Movements

Delay estimated external to the HCM methodology
* Field Measurement

oo g
= Observing Similar Conditions Sauston. pen
= Special HCM Application e

= Simulation
= Can be included in Approach and Intersection Delay

stz oremert
Uitz Dty

STRIDE
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Level of Service
LOS by Volume-to-Capacity Ratio*
Control Delay (s/veh)
<1.0 >1.0
<10 A F
>10-20 B F
>20-35 C F
>35-55 D F
>55-80 E F
>80 F F
*For appl h-based and i i jid LOS is defined solely by control delay
Resewrch,
STRI DE d Education Centes 51
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Back of Queue Length

£ DETAIED INPUT OATA.

Gensal

» Average back-of-queue length for a lane group -
= A percentile back-of-queue % can be estimated .
= Queue storage ratio (RQ) e [l teben O

= RQ < 1 — available queue storage is sufficient Teree [ ]
i e
= RQ > 1 — queue spillover (HCM limitation) “;"ﬂ b ’m’—‘

DataFle

Genaal

Movement Group Results EB Nurber of Cacultion teatons s
Approach Movement L[ T [R e Mo G+ am
Queue Storage Ratio (RQ ) (50 th percentile) | 150 | 0.12 | 0.10 S e e Lo @0
Unitorm Delay (d 1), siveh 464 | 296 | 209 .
1idr) || igvusettoen 8]
Sred oy Vol Lngin £ [

STRIDE
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Limitations

Tum-bay overflow and queue spillback
Delay for movements not under signal control
RTOR volume prediction and delay

Lane additions or lane drops
Multiple advance detectors

STRIDE

53
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Highway Capacity Software Demo

= Example Problem
= Input and Report

o Research,
d Education Center .

STRIDE
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Signal Timing Optimization

w Herbert Wertheim College of Engineering MG THE NEW ENGINEER TO TRANSFORM THE FUTURE

Tens P —

Overview

Definition: a set of tools and techniques designed to develop optimal signal phasing and timing plans for signalized
intersections, arterial streets, or signal networks.

Multi-objective problem, no perfect solution
Improvement of one variable to the detriment of other

Computationally intense, done by software

STRIDE | ©
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Objective Function

= Appropriate selection of performance measure to be optimized, such as:
= Minimize system delay
= Minimize travel time

= Improve quality of progression (increase Percent Arrival on Green)
+ Safety improvement
= Minimize emissions

= Minimize fuel consumption

Reseurch, .
d Education Center 5

STRIDE
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Independent Variables

Which variables can be changed by the algorithm to seek the optimal solution?

Offsets

Phasing Sequence + Phase Splits Cycle Length

o e

N
o [

vy
=

).

Delay

Cycle Length
‘Source: Texas Transportation Institute (TTI)

o

Source: FHWA Signal Timing Manual Source: HCM Exhibit 29-17

on Reseurch,
nd Education Center

STRIDE | iemio
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HCS Full Optimization

Select specific intersections to optimize

FaOptimition
LLL, Adjust optimization

@ toput Paramoters parameters

Optmton

ke i e Optzan 7
Select objective -
function | QRN 0y Sty -

Select independent
variables

Start stop optimization

Concal |

STRIDE =i

59

UF Herbert Wertheim College of Engineering e wARIne T nE AW SNRIRTER TS TRANEFo R WA FUTURE

Highway Capacity Software Demo

= Example Problem
= Input and Report

tation Research,
60

STRIDE | i

nd Education Center
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Intersections — Multimodal Level of Service

Pedestrian LOS

* Targets pedestrian crossing one or more
approaches of a signalized intersection
= Designed for the “typical pedestrian”

B
= Service measure: Pedestrian LOS Score %

s

STRIDE

62
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Pedestrian Methodology Overview

Step 1: Determine Pedestrian Delay

Circulation Area

l ‘ Step 4: Determine Street Corner

Step 2: Determine Pedestrian LOS

Score for Intersection

Step 5: Determine Crosswalk
Circulation Area

‘ Step 3: Determine LOS ‘

HCM 7 update: steps 4 and 5 are now optional and not required to compute Pedestrian LOS

STRIDE

Education Centes &
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Pedestrian Delay

= Computes an “effective walk time”, as function of:

= Delay computed as function of:

STRIDE

64
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Pedestrian LOS Score

= Sensitive to:

STRIDE

aion Canter
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Pedestrian Level of Service

= Based on Pedestrian LOS Score:

,_
7]

Pedestrian LOS Score
<1.50
>1.50-2.50

> 3.50-4.50

> 4.50-5.50

A
B
C > 2.50-3.50
D
E
F >5.50

University of Florida Transportation Institute ® Technology Transfer Center (T2)
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Optional Steps — Corner Circulation Area

» Evaluates pedestrian comfort based on density at the comer area N saan @
= Sensitive to: N "
. N Jr—
. N
NUSRAN
siowat @) £ Hold Area
. _ W, Vo T (minor red)
Petesiran Space (V75 Desiption
S iyt move T Geed 5, 7 e o 2k overnts
100 Ortatonl e st by s i, j
22440 Frequent need to adjust path to avoid confs i crosswak (D)
Jisae Spes and sty o passsower pedesnansreticted . >
Yo Spes reticted very Imied abiy 1 pos vt pedestans T
2 s ey Conditon 1
Ve sdenok ow

Grossva (©

search,
d Educatian Centes

STRIDE | Benl
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Optional Steps — Crosswalk Circulation Area

= Evaluates pedestrian comfort based on density at the crosswalk area

= Sensitive to:

Pedestrian Space (°/p) _ Descript
>60 ‘Abilty o move n Gesied path, 76 76ed o ater Movements

>30-60 Occational need to adjust path to avod conficts

2440 Frequent need to adust path to avoid conficts

1524 Speed and abity to pass slower pedestrans restrcted

515 ‘Speed restricted, very Imited abilty to pass slower pedestrians
st users

search,
 Education Canter
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Herbert Wertheim College of Engineering

Pedestrian Methodology Extensions

* Multiple-leg and multiple-stage crossings

= Barnes dance / pedestrian scramble

Two-leg crossing Two-stage crossing with ,
median refuge Barnes dance / pedestrian
scramble

o Research,
d Education Centes 6

STRIDE | o
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Bicycle LOS

= Targets bicycles traveling through a signalized
intersection

= Assumes bicycles on the street only, same direction as
adjacent motorized vehicles

= Service measure: Bicycle LOS Score

STRIDE @

70

UF Herbert Wertheim College of Engineering T e e

Bicycle Methodology Overview

Step 1: Determine Bicycle Delay ‘

l

Step 2: Determine Bicycle LOS Score
for Intersection

l

‘ Step 3: Determine LOS ‘

STRIDE
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Bicycle Delay

= Delay computed as function of

STRIDE
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Bicycle LOS Score

= Sensitive to:

UF Herbert Wertheim College of Engineering T e e

Bicycle Level of Service

= Based on Bicycle LOS Score:

,_
7]

Bicycle LOS Score
<1.50
> 1.50-2.50

> 3.50-4.50

> 4.50-5.50

A
B
C >2.50-3.50
D
E
F >5.50

STRIDE | =
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Highway Capacity Software Demo

= Example Problem
= Input and Report

STRIDE | =
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HCM?7 Chapter 18 - Urban Street Segments
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Tens P —

Introduction

Analysis boundaries include:

Roadway right-of-way
Operational influence area of each boundary intersection

Interdependent with operation at boundary intersections

Service Measure: Travel Speed (milh)

Upsiream Intersection Width

Upstream Intersection Width

STRIDE | ©

77
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Volume Balancing

Entering and exiting volumes must be v =200 vetv

balanced for accurate analyses

Unbalanced volumes due to:

Different counting times for
boundary intersections

Uncaptured midblock demand

Eﬂ v
Counting inaccuracy v = 100 vetvh

HCS will warn for differences greater

than 10% Entering Volume Exiting Volume
Entering volume: - Exiting volume:
200 + 1,000 + 100 + 50 = 1,350 veh/h 50 + 1,210 + 40 + 50 = 1,350 veh/h

Reseurch,
d Education Center

STRIDE
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Base Free-Flow Speed

Determined as function of segment geometric inputs:

dth of the upstream boundary interse: computed as part of segment length:

Seqmert
Name

Length of street with a restrictive median (raised curb)

) we
U Vst & 0 Proportion of segment with curb on the right-side
[ o —r—
O —

=TEIF] =

] — 1

Number of active access points (> 10 veh/h) on the right side of street

il Froe ow Speed. i [3533

T —
etk s |

Manual input for additional mid-segment delay sources not
addressed by HCM (e.g. mid-block pedestrian crossing)

o3
i)

| Proportion of segment's right-hand curb line with parking stalls

Tea w150

o0

-— (parallel or angle)

Manual calibration factor

STRIDE i
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Base Free-Flow Speed

= Determined as function of segment geometric inputs:

om0 Joaolfio_joo | o

T O

Speed constant

80
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Access Points e 8 () o+ ) o

Can be modeled in Urban Streets " - locun 20160

Inputs:

= Turning movement demands
= Number of lanes for each movement
= PHF

STRIDE
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Definitions

Running Time
The time a vehicle spends in motion through the
segment

Through delay
Control delay of the through movement in the

boundary downstream intersection

Automobile Traveler Perception Score

Optional performance measure to indicate
traveler's perception of quality of service

STRIDE
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Flow Profile

Applies for downstream signalized intersection only
Measures the proportion of traffic arriving downstream

during green
Green part of the graph = vehicles arriving on green
The higher the better
Improves intersection uniform delay (d1)

STRIDE
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Platoon Dispersion Model

Platoons from the upstream signal degrade while traveling the segment, due to differing speeds of vehicles
Arrival flow rate lower than discharge flow rate

]

gl
1
i //////i\

[

STRIDE
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Travel Speed

o __ 3600
T'sed ™ 5280(tg + dy)

Sr,seg = travel speed of through vehicles for the segment (mi/h)
L = segment length (ft)

tg = segment running time (s)
d, = through delay at downstream intersection (s/veh)

on Reseurch,
nd Education Centes

STRIDE
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How do signalized intersections and segments relate?

Signalized intersections Urban streets

Intersection width Segment length

Entering / exiting flow rates

Signal timing settings

Flow profile

Arrivals on green

STRIDE |
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Level of Service

Service measure: Travel Speed (mi/h) as a percentage of base free-flow speed (BFFS)

Travel Speed Threshold by BFFS (mi/h) Volume-to-

LOS % of BFFS Capacity

55 50 45 40 35 30 25 Ratio*

A > 80% >44 >40 >36 >32 >28 >24 >20 <1.0

B 67-80% >37 >34 >30 >27 >23 >20 >17

C 50-67% >28 >25 >23 >20 >18 >15 >13

D 40-50% >22  >20 >18 >16 >14 >12 >10

E 30-40% >17  >15  >14  >12 >11 >9 >8

F <30% <17 <15 <14 <12 <11 <9 <8

= any any >1.0

stern Transpor

on Reseurch,

nd Education Centes &7
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Quiz

Which performance measure is used to evaluate LOS in urban streets segments?
Through Stop Rate
Running Time

a

b

c) Free-flow Speed
d) Segment Delay
e) Travel Speed

STRIDE
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Quiz

Which performance measure is used to evaluate LOS in urban streets segments?
Through Stop Rate

ravel Spoed Threshold by BFFS (mil)  Velume-
b) Running Time ot Speed Treshold b OFES i) Vo

Los  %ofBRFS N
©) Free-flow Speed s 45 w0 s w25 Cabacly
d) Segment Delay A Sa0% |44 >0 >3 32 28 24 0| =10
e) Travel Speed

B | ereon | > 5w 27 52 20 17

c | sem |5 25 2 20 >t >15 >13

b | oson |2 >0 18 st6 s >z s10

£ | sodon |17 >15 s >z >t

£ <% |7 osts s sz o=

F any any >10

Answer: E

STRIDE
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Required Input Data

Required Data and Units Potential Data Source(s) Suggested Default Value

Traffic Characteristics Data

Demand flow rate by movement group at

boundary intersection (vehih) Field data, past counts Must be provided
Access point flow rate by movementgroup  ig)q gata, past counts See discussion in text
(veh/h)
Estimate using demand flow rate at
Midsegment flow rate (veh/h) Field data, past counts the downstream boundary int.

approach

Research,
d Education Centes 90
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Required Input Data

Required Data and Units Potential Data Source(s) Suggested Default Value

Geometric Data

Number of lanes by movement group at boundary intersection ~ Field data, aerial photo Must be provided
Upstream intersection width (ft) Field data, aerial photo Must be provided

Segment approach tum bay length at boundary intersection (f)  Field data, aerial photo Must be provided
Number of midsegment through lanes Field data, aerial photo Must be provided

(a) Number of through lanes on
approach = number of midsegment

through lanes.
Number of lanes at access points — segment approach Field data, aerial photo (b) No right-turn lanes
(c) If median present, one left-tum lane
per approach; otherwise, no left-

tum lanes
Number of lanes at access points — access point approach  Field data, aerial photo One left-tum and one right-turn lane

40% of the access point spacing, where
Segment approach turn bay length at access points () Field data, aerial photo spacing = 2 x (5,280)/Da in feet, but not

more than 300 ft nor less than 50 ft

STRIDE | Bt o o1
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Required Input Data
Rocuirod Dta and Unis PotontilData ouree(s Suggestod Doaut Valuo
GoomerioDam .
Segment length (ft) Field data, aerial photo Must be provided
Restrictive median length (ft) Field data, aerial photo Must be provided
Proportion of segment with curb (decimal) Field data, aerial photo 1.0 (curb present on both sides)
Numberof coees pln appronches Fielddat,aeial hoto Seo dscussionin ot
Proporionof segmentuit i stetparking (docma) Felddoa Wastbeprovidd
Otrordita
Anaisisperio duraon () Setby anaist
‘Speed limit (mi/) Field data, road inventory Must be provided
Peromance Measre Dota
“Through control delay at boundary intersection (siveh) HCM method output Must be provided
Through stopped vtice t boundary ersecon veh) HOMmethod ouput Mostbeprovided
] Mastoeprovided
‘Capacity by movementgroup at boundary intersection (veh/h) HCM method output Must be provided
Midsegment delay (s/veh) Field data 0.0 siveh
Midsegment stops (stopsiveh) Field data 0.0 stopsiveh
STRI D E Southesster Transportation Research,
Innowation, Deve! cation Centar 92
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Highway Capacity Software Demo

= Example Problem
= Input and Report
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d Education Center
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Concepts - Interchanges

INTERCHANGES AND ALTERNATIVE INTERSECTIONS

= Connection between different facilties (freeway-arterial,
arterial-arterial, freeway-freeway)

= Typically grade-separated

= Conventional interchanges (HCM addressed):
* Diamond, Parclo and SPUI

» Alternative interchanges (HCM addressed)
= Diverging Diamond Interchange (DDI)

STRIDE | .-
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Diamond Interchange

Ramps from both freeway directions
intersect the cross street at separate, but
often closely spaced intersections

Very common type of interchange
Typical control:

stern Transpor

on Reseurch,
nd Education Centes
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Parclo (Partial Cloverleaf)

= Very common type of interchange
= Variation of Cloverleaf (loops on four quadrants)
= Several variations with one or two loop ramps

STRIDE | Bismloiinfintl o
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= Only one signalized intersection
= Simpler phasing sequence for signal control
= Higher capacity compared to Diamond

= Requires longer yellow and red times
= May be harder to accommodate pedestrian phases

poctation Research,
pment and Education Center
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Diverging Diamond Interchange (DDI)

= Also known as “Double crossover diamond”
= Two crossover intersections
* Shifts cross street traffic to the left side of the street between

the signalized crossover intersections

» Left-turning vehicles to ramps do not conflict with vehicles from
other directions

= Improves safety (only 2 conflict points)

STRIDE | nirrnlat, o
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Concepts — Alternative Intersections

+ Rerouting of movements to secondary junctions
« Typically at-grade
+ HCM addressed types:

- Restricted Crossing U
an U-Tum (MUT,
« Displaced Left Tumn (DLT)

~“STRIDE
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Restricted Crossing U-Turn (RCUT)

Reur
= Also known as “Super Street” J L
= Left and through movements are restricted in the minor app: T T

htto://www.dol.ga.qov/DS/Alternative/RCUT

ation Research,
ot.and Education Center
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Median U-Turn (MUT)

«  Also known as “Michigan Left"
*  Left-turns not allowed in the main intersection
+ Uturn can be ized or

e =4

Source: FHWA Median U-Tum Intersection Informational Guide

STRIDE | o
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HCM Modeling — RCUT and MUT

HCM Modeling approach:
Extension of Signal and TWSC Procedures

U-Turn (Signal) Saturation Flow Rate Adjustments

search,
d Educatian Centes 03
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Displaced Left Turn (DLT)

Partial DLT:
Upstream crossover on one direction
- 3signalized intersections

Full DLT:
Upstream crossover on both directions

5 signalized intersections

) I

L

i i

(a) Full DLT (b) Partial DLT
STRIDE |

search,
 Education Canter .
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Experienced Travel Time

D +D
EDTT = —— 7

— L4
T47xvp ¢

ETT =0 d;+0 i
EDIT S, (R
\
\
\
.

EDTT = extra distance travel times (s)
distance traveled along the loop ramp or diverted movement (ft)

1.47 = conversion factor from mi/h to fis
vp = design speed of the loop ramp or diverted movement (mifh)

a = delay associated with deceleration into a tum and acceleration from the next tumns (s);
assumed to be 5 s for a loop ramp moverment

Research,
d Education Centes 05
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LOS Ranges - Interchanges

Equivalentto 1.5x the LOS ranges for signalized intersections
Reflects the need to travel through multiple intersections

Condition
ETT (s/veh) vic 1and Rqs1 vic>1 Rg>1
for every lane group for any lane group for any lane group
<15 A F F
>15-30 B F F
>30-55 C F F
>55-85 D F F
>85-120 E F F
>120 F F F
vi/c: demand-to-capacity ratio Rq: queue storage ratio

on Reseurch,
nd Education Centes 106
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LOS Ranges - Alternative Intersections

Same ranges as signalized intersections

Condition
ETT (s/veh) vic £1and Rq 1 for vic > 1 for any lane Rgq> 1 for any lane
every lane group group group
<10 A F F
>10-20 F
>20-35 C F F
>35-55 D F F
>55-80 E F F
>80 F F F
v/c = demand-to-capacity ratio Rq = queue storage ratio

STRIDE | ©
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Downstream Queue

= Closely spaced intersections with limited queue storage
= Downstream queues can reduce or completely block the
discharge at the upstream intersection

= Effect is computed as an additional lost time (Lo)

tation Research,
nd Education Centes
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Demand Starvation

Green at the downstream signal is not used because of
upstream signal
Modeled as an additional lost time Lps

heastern Transporation Research,
d Educatian Centes 100
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Required Input Data

Parameter Potential Data Source Suggest Default Value

Geometric Data

Area Type Field data, aerial photo Must be provided
Number of Lanes (N) Field data, aerial photo Must be provided
Average lane width (W, fi Field data, aerial photo 121

Flat approach: 0%
Grade (G, %) Field data Moderate grade: 3%
Steep grade: 6%

Existence of exclusive left- or right-tum lanes Field data, aerial photo Must be provided
Length of storage for each lane group (La, ft) Field data, aerial photo Must be provided
Distances correspondingto the intenal storage between Field data, aerial photo Must be provided
the two intersections in the interchange (D, ft)

Distances correspondingto the internal storage between Field data, aerial photo Must be provided

adjacent closely sp:

intersections (ft)

Turning radii for all turning movements (ft) Field data, aerial photo Must be provided
Extra travel distance relative to center line (ft) Field data, aerial photo Must be provided

STRIDE | vt e
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Required Input Data

Parameter Potential Data Source Suggest Default Value
Demand and Traffic Data
Demand volume by O-D or turning movement (V, vehvh) Field data, past counts Must be provided
Righttumn-on-red flow rates Field data, past counts 0.0 vehh
Base saturation flow rate (so, po/h/in) Field data, judgment Metro pop.  250,000: 1,900 pe/hfin

Otherwise: 1,750 pelhvin
Total entering volume > 1,000 vehh: 0.92

Peak hour factor (PHF) Field data, judgment ol entoring volime < 1,000 velh: 090

Percent heavy vehicles (HV, %) Field data, past counts 3%

Approach pedestrian flow rates (vped, ped/h) Field data, past counts Must be provided

Approach bicycle flow rates (vb, ped/h) Field data, past counts Must be provided

Local bus stopping rate (NB, busesih) Field data, judgment CBD bus stop: 12 buses/h
Non-CBD: 2 busesh

Parking Activity (N, maneuversih) Field data, judgment Must be provided

Arival Type (AT) Field data, judgement 3

Upstream fittering adjustment factor Field data, judgement 10

Approach speed (S, miM) Field data, judgment Speed Limit + 5 mih

Travel speed for extra travel distance (milh) Field data, judgment Speed Limit + 5 mih

heastern Transportation Research,

d Education Center 111
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Required Input Data

Parameter Potential Data Source Suggest Default Value
Signal Data
Type of signal control Field Data Must be provided
Phase sequence Field Data Must be provided
Cycle length (if appropriate) (C, s) Field Data Must be provided
Green times (if appropriate) (G, s) Field Data Must be provided
Yellow-plus-all-red change-and-clearance interval Field Data Must be provided
(intergreen) (Y, s)
Offset (if appropriate) Field Data Must be provided
Maximum, minimum green, passage times, phase Field Data Must be provided
recall (for actuated control)
Pedestrian push button Field Data Must be provided
Minimum pedestrian green (Gp, s) Field Data Must be provided
Phase plan Field Data Must be provided

STRIDE | 2
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Highway Capacity Software Demo

= Example Problem
= Input and Report

STRIDE
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Q&A / Final comments

Fabio Sasahara, PhD, PMP 3 /companyimetrans-center
McTrans Center

Associate Director P2 HCSUser Group

fsasahara@ufl.edu :
3¢ TSISCORSIM User Group

é HSS User Group

o Research,

d Education Center 114
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McTrans Training Courses
- oy oy

WA TRoaD |
AN\ W CLOSED g ~
a2

ASS RSN S S

e — 3 ¥

. ! . : ! ion Equity
Highway Safety Analysis Highway Capacity Analysis
8PDHs 12PDHs Fung s = Modules -
ITE 20% Discount Eligible ITE 20% Discount Eligible s par madule T2 PDHs

ITE 20% Discount Eligible
HSM predictive methods HCM LOS methods (freeways, Traffic engineering concepts.
s o Module I: Equily types and their  operations, signal timing,

(freeways, highways, streets, highways, streels, intersections) o p
intersections) and their and their applications using HCS "0l in transportation; effective ighway capacily, traffic studies,
applications using HSS community outreach and data collection

Module II: Accessibility-based
transportation planning, evaluation

tools, and performance
measurement
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UNIVERSITY of FLORIDA

Workforce Development Summit

Course Schedule

May 9 Traffic Engineering Fundamentals Kickoff Summit
May 11 MUTCD Traffic Signals Overview

May 12 Traffic Signal Systems Asset Management

May 12 Highway Safety Analysis Traffic Signals and their Timing
May 15 Basic Traffic Signal Timing

JUEVAL] Transportation Equity Fundamentals

May 16-17  Traffic Signal Basics

May 19 Highway Capacity Analysis with Signalized Intersections
May 22 Advanced Traffic Signal Timing
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UNIVERSITY of FLORIDA

Advanced Traffic Signal Timing

Dr. Steven M. Click, PE
sclick@tntech.edu

Get course resources via QR Code or at

https://tinyurl.com/228knzkw
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Fundamentals
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Learning Objectives

= After the Fundamentals section, you will be able to
=|dentify differences between uncongested and congested conditions

=Discuss concepts of solvability and mitigation

3 STRIDE
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Uncongested Conditions

=Well understood
=Rich selection of strategies and tactics

=Many well-defined calculations for safety and efficiency
=Including multiple software options

4 STRIDE
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Congested Conditions are Different

=Not well understood
=Only “recently” have such research

=Have strategies, but few calculation methods for determining parameters
=Operational concepts with engineering judgment

=No software packages for designing congested intersection or system timing
=Can use simulation to preview effects

= Get worse if uncongested objectives, strategies, or tactics are used

=What happens if you add green time to one of several congested movements at
an intersection?

5 STRIDE | -

s0d Education Center
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Actions during Congestion — STM2 Page 12-1

g
3 MAXIMIZE THROUGHPUT
E and MANAGE QUEUES
g
RECOVERY
PERIOD
LOADING
PERIOD
OVERSATURATED
PERIOD
TIME
6 STRIDE
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Solvability and Mitigation

=Can we solve every traffic congestion problem?
=\Why/why not?

=Should society even want to solve it?
=What is mitigation?

=Quit solving. Start mitigating.
= A small change can make a big difference

7 STRIDE
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Mitigating Effects of Congestion

=Mitigate the...
=Location

=Duration
=Spread

=Think about answers that can be implemented quickly
=No new pavement
=No changes to signal heads

=Only change controller settings
= Submit longer-term ideas to planning and/or design personnel

8 STRIDE
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General Advice about Personnel

=Best for worst
=Put your best people on your worst problems

=Maintain experience
=Mentor newer personnel to transfer experience

9STRIDE
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Learning Objectives

= After the Fundamentals section, you should now be able to
=|dentify differences between uncongested and congested conditions

=Discuss concepts of solvability and mitigation

10 STRIDE | =
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Check for questions, then start

Advanced Detector Operations
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Learning Objectives

= After the Advanced Detector Operations section, you will be able to
= List general effects of passage time length

=Describe the difference between headway and passage time
=Determine parameter(s) for variable minimum green

=Determine parameter(s) for variable passage time

12 STRIDE
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Headway, Passage Time, Gap, and Minimum Gap
vs. Controller Manufacturers

=These terms may not be used/may not mean the same thing in all controllers
=Part of our free-market economy

=Not intended to be confusing
=Read the controller manual

13 STRIDE | :
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Effects of Passage Time

Headway | Resulting Passage Time Impact on...

(sec)
Phase Wa Throughput
Time

Longer is Better

Shorter is Better

14 STRIDE
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Volume-Density Timing

=Have you heard of it?
=Really 2 features

=“Volume” part is variable minimum green
=“Density” part is variable passage time

=Name made people think you had to use both and thus it was complicated
=Choose the part(s) you need for each intersection
=Not very complicated

15 STRIDE | =
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Suggested Variable Minimum Green Parameters — STM2 Page 6-7

=Table values are based on single lane approaches
=What changes for multilane approaches?

Distance Between

Stop Bar and WL I\{Ia)umur_n. Seconds Added
Green Variable Initial S
Nearest Setback (Seconds) (Seconds) per Actuation
Detector (Feet)
275 10 25 2.0
350 10 31 2.0
425 10 37 2.0
500 10 43 2.0

1 Seconds added per actuation assumes approximately 2-second headways.

17 STRIDE
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“Density” Part = Variable Passage Time

= At phase start, use a generous passage time to prevent early phase termination
= Drivers not paying attention

=Vehicles with poor acceleration
= Later, reduce passage time to improve intersection efficiency

=Requires higher flow rate to continue green
=Ends the green as flow becomes inefficient

18 STRIDE
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Maximum Flow Rate (Example)
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Maximum Flow Rate (Example)
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Determining Inputs for Variable Passage Time
1. Choose Generous Headway to Start

Flow Headway

(vph) (seclveh)
600 6
900 4

23 STRIDE -
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2. Choose Desired Minimum Flow
3. Calculate Associated Headway

Flow Headway =Choose 1500 vph as min flow:
(vph) (sec/veh)
600 6 3600 SeC/
hr
Head =
900 4 eagway Min Flow
1200 3
1500 2 _ 3600sec/hr 94 h
1800 2 = Ts00wph = sec/ve

24 STRIDE | -
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Detector Off

W
Headway

Detector Off

Time, Not Headway

Passage Time LUK
(what controllers use) [} -1e3 (o) 4

Controllers Use Passage

UF Herbert Wertheim College of Engineering

Detector On

25 STRIDE | &
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4. Convert Headway to Passage Time

Passage Time = Headway — Time on Detector

Vehicle Length + Detector Length
Speed in ft/sec

= Headway —

=Desired Flow = (chosen) 1500 - Desired Headway = (calculated above) 2.4 sec
=Vehicle Length = (typical) 20 ft.

=Detector Length = (field value) 30 ft
=Posted Speed Limit = (field value) 45 mph

=Speed in ft/sec = (must calculate)

26 STRIDE -
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Headway to Passage Time Sample Problem Results

=Convert speed from MPH to ft/sec

i 5280
ft/sec = mph (S222LYmLy _ 45 (—) =66

3600 sec/hr

= Calculate Passage Time

Vehicle Length + Detector Length
Speed in ft/sec

Passage Time = Headway —

20 +30
=24 — =24-0.88=152

= 1.5 (flow = 1512) or 1.6 (flow = 1451)
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Learning Objectives

= After the Advanced Detector Operations section, you should now be able to
=List general effects of passage time length

=Describe the difference between headway and passage time
=Determine parameter(s) for variable minimum green

=Determine parameter(s) for variable passage time

28 STRIDE |
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Check for questions, then start

Congested Intersections
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Learning Outcomes

= After the Congested Intersections section, you will be able to:
=|dentify 3 causes of congestion

=Match mitigation methods to intersection conditions

30 STRIDE
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Before We Begin...

=What does a congested intersection look like?
=What do drivers expect at a congested intersection?

=Does the whole intersection have to be “congested” to call it “congested”?

=Recurring vs. non-recurring congestion
=Focusing on recurring, but strategies work for both

=What does throughput mean?
=Why is throughput important during congestion?

S
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Four Causes of Congestion at Traffic Signals

= Inappropriate timing or failed
equipment

= Problematic geometry
=Excess demand
= Spillback from downstream issues

32 STRIDE
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Addressing Inappropriate Timing or Failed Equipment

=Inappropriate timing or failed =Fix these
equipment

= Problematic geometry
=Excess demand

= Spillback from downstream issues

33 STRIDE
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Addressing Problematic Geometry

= Inappropriate timing or failed
equipment
=Problematic geometry

=Excess demand
= Spillback from downstream issues

34 STRIDE | &
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=Fix these

=Lead-lag phasing, phase reservice,

and short bay method

309
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What is lead-lag phasing? — STM2 Page 5-11

POWERING THE HEW ENGINEER TO TRANSFORM THE FUTURE

= Altering the order in

MAJOR STREET MINOR STREET

which phases are served |  [62

1 b3 b4

—

“Phase 1, the NB Left, .8 l ‘1 4 A
has been lagged g v «=
=Any left turn can lead or o5 36 o7 &8
lag as needed b g v
El o

BARRIER|

BARRIER

& =Phase Number ===p> = Permitted Movement
— = Protected Movement €——3 = Pedestrian Movement
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Mitigate Storage Bay Spillback
STM2 Page 12-3
Lead this left

Max Recall this left
Lag the other left

POWERING THE HEW ENSINEER T3 TR

with Lead-Lag Phasing

ThE ruTuRE

STORAGE BAY
SPILLBACK
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Mitigate Storage Bay Blocking with Lead-Lag Phasing
STM2 Page 12-4

Lag this left,
See if it needs Max Recall

Lead the other left

Blocked Left-Turn STORAGE BAY
Vehicles BLOCKING
37 STRIDE i o
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Lead-Lag Phasing Not Enough? Have Both Kinds of Blocking?
Mitigate Spillback with Phase Reservice — STM2 Page 12-9

Phase 5 Left Turn

Re-Serviced

RING 1

&5 [ 35 &7 %8
o3 o =
E ti I Ls ¥ |
BARRIER! BARRIER

& = Phase Number === = Permitted Movement
= Protected Movement €——3 = Pedestrian Mavement
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Mitigate Storage Bay Spillback with Short Bay Method

Convert storage bay length _ 200 ft. 200/20 =
from feet to number of vehicles n= L,, bay 10 veh
2. Convert storage bay flow to 3600 Sec/h 3600 / 400 =
. r=— 1" 400 vph
seconds between arrivals v, 9 sec

d = length of storage bay in feet
L, = length of vehicle + distance gap in feet (20-25 ft.) - sample problem use 20 ft
v, = flow in storage bay, vehicles per hour

r=seconds between arrivals

40 STRIDE
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Mitigate Storage Bay Spillback via Short Bay Method (cont.)
_mmm

Calculate cycle length C=nr . 10*9=
90 sec

4. Calculate length of green for G, =3+2n . 3+210=
storage bay 23 sec

5. Divide remainder of cycle

length among other phases Ve Eiees ey
C =cycle length (sec)

G, =green for storage bay (sec)
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Addressing Excess Demand

= Inappropriate timing or failed =Fix these!
equipment
= Problematic geometry =Lead-lag phasing, phase reservice,
and short bay method
=Excess demand =Maximize throughput:

=Minimize unused green, improve
lane flow, and priority movements
= Spillback from downstream issues
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Improve Lane Flow by Dropping Out of Coordination

= Coordination is inherently less efficient
=Fixed cycle length can cause low flow periods

44 STRIDE | -
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Improve Lane Flow Using Lane-by-Lane Detection

=New concept for operations
=May not be available in all controllers

=Not all detector configurations are supported
=Requires multilane

=Most efficient when phase terminates when first lane gaps out
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Address Excess Demand by Priority Movements

= |dentify movements with space for queuing
=Give less-than-sufficient green times to these movements

=Makes more green time available for movements without queuing space
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Learning Outcomes

= After the Congested Intersections section, you should now be able to:
=|dentify 3 causes of congestion

= Match mitigation methods to intersection conditions
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Learning Outcomes

= At the end of the lesson, you will be able to:
= |dentify a 4™ cause of congestion

= List methods for addressing spillback from downstream issues
= Explain how those methods work

49 STRIDE
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Before We Begin...

=What does a network of congested intersections look like?
=What do drivers expect in a congested network?

=|s one congested intersection enough to make a congested network?

=Why/why not?

=\What does managing queues mean?
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Congested Network Conditions

= Are not well understood
=Have methods, but no equations

= This section presents guiding principles
=Optimize parameters via engineering judgement and field trials

=Do not respond well to uncongested network methods

51 STRIDE
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Congested Systems Require a Change in Mindset

=Uncongested Network =Congested Network
= All about progression = Uses coordination, but rarely

provides progression
= Solutions often non-intuitive
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Network Congestion Has Both
Temporal and Spatial Effects
Adapted from STM2 Page 7-10

UF
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Addressing Spillback from Downstream Issues

= Inappropriate timing or failed =Fix these!
equipment
= Problematic geometry =Lead-lag phasing, phase reservice,
and short bay method
=Excess demand =Maximize throughput:

= Minimize unused green, improve
lane flow, and store vehicles

= Spillback from downstream issues =Manage Queues

= Gating (Metering), Prevent Unsafe

Queues, Simultaneous Offsets,
Negative Offsets, Double Cycling,
and Truncating Phases
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Addressing Spillback from Downstream Issues via Gating

=Find the bottleneck
=Where the queueing starts

=Focus on throughput at the bottleneck
=Upstream of the bottleneck (in multiple directions)

=Design cycle and splits to limit the flow toward the bottleneck
=Limit flow to just under bottleneck capacity
=Bottleneck queues should fit in available space

=Bottleneck queues should be served every cycle
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Addressing Spillback from Downstream Issues by
Preventing Unsafe Queues

= |dentify priority movements
=Movements that create safety issues if underserved

= |dentify route that serves priority movements
= All the way through the network

=Give preferential treatment to that route
= Allocate sufficient green to priority movements
=Provide smooth flow to priority movements

=Keep doing this until unsafe queueing is no longer an issue
=Even if it causes other operational issues (it will!)
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Eastbound on Arterial

Route for Heavy Ramp to

UF
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Addressing Spillback from Downstream Issues by
Using Simultaneous Offsets

= Simultaneous offsets naturally gate traffic
=Sometimes at good places, sometimes not

=Use longer cycle lengths
= Get the whole arterial moving before turning all signals red

=Can create stops at most/all intersections
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Addressing Spillback from Downstream Issues by
Using Negative Offsets

= Similar to simultaneous offsets
=Helps some traffic to move more than 1 intersection at a time

=Like simultaneous, negative offsets naturally gate traffic
=Frequently better locations than simultaneous

=Very difficult to get entire network to move at one time
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Addressing Spillback from Downstream Issues by
Using Double Cycling

=Essentially creates split side street phasing
=Serves each side every other cycle

=Can generate calls from the public
=Don’t understand why they were skipped
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Addressing Spillback from Downstream Issues by
Truncating Phases

=New concept for operations
=May not be available in all controllers

=Not all detector configurations are supported
=Detects when a queue is not moving despite having green

=Terminates the phase to avoid wasting time
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Lack of Downstream
Capacity

Left-turn phase can be
truncated to reduce cross

Intersection blocking.
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Left-turn detectors
detect minimal

traffic flow.

How Truncating Phases Works
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Putting it All Together: Changing
Operation as Congestion Spreads
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Learning Outcomes

=At the end of the lesson, should be able to:
=Identify a 4™ cause of congestion

= List methods for addressing spillback from downstream issues
= Explain how those methods work
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UF [Heeer e Thank you for

S Participating!

Advanced Traffic Signal Timing

Feel free to contact me!

Dr. Steven M. Click, PE
sclick@tntech.edu

Get course resources via QR Code or at

https://tinyurl.com/228knzkw
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