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ABSTRACT

Although the need for road safety education was first recognized in the 1960s, it has become
an increasingly urgent issue in recent years. To fulfill the hefty goal set up by the AASHTO
Highway Safety Strategy and by state DOTS, it is critical to have a workforce that fully
understands the fundamentals of highway safety. One way to ensure such an adequate
workforce is to develop a college level course to educate students. Although the NCHRP
Project 17-40, “Model Curriculum for Highway Safety Core Competencies,” has produced
training materials on highway safety, it targets a broad audience “that consists of road safety
professionals at all levels of government, as well as representatives of the private sector and
non-profits, from the fields of: traffic engineering, highway safety, public health, psychology,
statistics, law enforcement, economics, planning, public policy, and education.” The course
title “Road Safety 101" clearly shows that it is not intended for a systematic safety education
in the field of engineering.

This project developed a teaching package for safety fundamentals for undergraduate
students and graduate students in civil engineering. The course covers seven topics:
introduction to highway safety, basic safety concepts, safety related data, fundamental
statistics, development of safety models, safety predictive models in HSM, and safety
evaluation. Accordingly, seven lecture notes were developed along with homework
assignments, quizzes, and exams.

The developed course materials can also be used in the engineering continuing education on
the topic of roadway safety and in roadway safety training workshops for a broad audience
who are involved in highway safety from not just engineering, but also education and
enforcement.
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INTRODUCTION

Although the need for road safety education was first recognized in the 1960s, it has become
an increasingly urgent issue in recent years. To fulfill the hefty goal set up by the AASHTO
Strategic Highway Safety Plan (cutting traffic fatalities in half by 2020) and by the state
(Destination Zero Death by Louisiana Strategy Highway Safety Plan), it is critical to have a
workforce that fully understands the fundamentals of highway safety. The fundamental
knowledge of roadway safety has evolved during the two decades. The first edition of
Highway Safety Manual (HSM) documented the latest fundamental knowledge on highway
safety. Ensuring that newly-entering engineering students are equipped with a sufficient
background in highway safety is critical to sustaining the progress of reducing the number of
crashes in recent years. Therefore, one way to ensure such an adequate workforce is to
develop a college level course to educate students, which has not been done in the past.

Although the NCHRP Project 17-40, “Model Curriculum for Highway Safety Core
Competencies,” has produced training materials on highway safety, it targets a broad
audience “that consists of road safety professionals at all levels of government, as well as
representatives of the private sector and non-profits, from the fields of: traffic engineering,
highway safety, public health, psychology, statistics, law enforcement, economics, planning,
public policy, and education”. The course title “Road Safety 101 clearly shows that it is not
intended for a systematic safety education in the field of engineering [1].

Preparing engineering students for future work in highway safety is particularly important in
this region because of a poor performance in highway safety. As shown in Figure 1, the
traffic fatality rate (fatalities per 100 million Vehicle-Miles-Traveled) in Louisiana and
Mississippi has been persistently higher than the national average, although the fatality rate
has been reduced over the last several years [2]. Traffic crashes bring a hugely negative
impact not only on public health but also on sustainable economic development due to lost
productivities, lost wages and salaries, medical and long-term care cost, property damage,
and travel delay. The need to improve highway safety is significant in this region.
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Figure 1
Traffic fatality rate by year

Increasing the workforce short-and long-term competitiveness in highway safety in this
region will help the sustainable economic development.



OBJECTIVE

The goal of this project was to develop much needed roadway safety fundamentals for
undergraduate and graduate students for the NCITEC consortium universities. The developed
course materials can be used for college education in a classroom setting or for workforce
training in a workshop setting.






SCOPE

The scope of this project includes a teaching package for highway safety fundamentals,
which can be used in a university setting or for an on-site job training program for engineers.
The final product of the project will consist of the lecture notes and student assignments.






METHODOLOGY

Due to the nature of this project, three sections are included in this section of the report.

Review

Highway safety education and training have been recognized as an important step in reducing
the number of crashes and crash severities. Currently, there are many professional training
programs available in the United States. As part of NCHRP 20-70 project, Geni B. Bahar has
identified a total of 184 training courses by various organizations [3]. The focus of these
training programs varies by the targeted audience in the 4E areas.

F. Gross and P. Jovanis, working with the TRB Joint Subcommittee for Highway Safety
Workforce Development, published a set of safety core competencies and learning objectives
that outline the “fundamental knowledge and skills that should be possessed by all
transportation safety professionals”[4]. The core competencies are as follows:

1. Understand the management of highway safety as a complex, multidisciplinary
system;

2. Understand and be able to explain the history of highway and institutional settings in
which safety management decisions are made;

3. Understand the origins and characteristics of traffic safety data and information
systems to support decisions using a data-driven approach in managing highway
safety;

4. Demonstrate the knowledge and skills to assess factors contributing to highway
crashes, injuries, and fatalities, identify potential countermeasures linked to the
contributing factors, apply countermeasures to user groups or sites with the promise
of crash and injury reduction, and implement and evaluate the effectiveness of the
countermeasures; and

5. Be able to develop, implement, and manage a highway safety management program.

The TRB Special Report 289 “Building the Road Safety Profession in the Public Sector”
stated that [5]:
e Road safety is a major responsibility of governments at all levels;
e Road safety management must be guided by science and safety system perspective;
e Road safety management requires a talented and diverse workforce;
e Road safety professionals must possess a common body of knowledge and skills;



e Education and training for road safety are scarce;

e Career advancement in the road safety profession is limited;

e The need for road safety professionals is growing;

e More attention must be given to building the supply of safety professionals

Road Safety 101 was developed as a result of NCHRP 17-40 Project “Model Curriculum
for Highway Safety Core Competencies.” It is currently an online or on-site certificate
training program aiming to teach the basics of road safety offered by the institutes
affiliated with FHWA. This course enables users to understand the elements of
successful road safety programs, identify contributing crash factors and how they interact
as well as gain a better understanding of road safety data collection and systems [2].

After the publication of the first edition of the HSM, many professional training courses
or programs quickly incorporated HSM content into training materials. Additionally, the
HSM Online Overview became available free of charge through the National Highway
Institute (NHI) website [6]. This course consisted of 13 self-paced informational modules
that can be taken in any order, depending on the user’s prior knowledge and experience,
interest, and time available. The course includes an introduction of HSM terminology,
examples of the Roadway Safety Management Process (HSM Part B) and Predictive
Methods (HSM Part C), explains the relationship of crash modification factors (CMFs) to
decision making and quantitative safety analysis, and human factors [7].

In addition to teaching roadway safety as part of a transportation engineering course,
quite a few universities currently offer a full highway safety course in civil engineering
with a focus on roadway engineering. The University of Louisiana at Lafayette started the
course in 2009 as an elective course for undergraduate and graduate students. The
comprehensive syllabus covered in the traditional highway safety course is described in
the next section. Pennsylvania State University offers a highway safety course on human
factors to expose the students to the breadth of issues related to safety and human factors
in the highway transportation field. The course allows the students to gain experience in
the recognition of problems, formulation of methodologies, analysis of data, and
development of solutions.

Teaching Package Development

A detailed teaching package on the safety fundamentals was developed, which includes:
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Lecture notes in PowerPoint presentation format

Homework assignment
Project assignment
Quizzes and exams

The content of the package covers the fundamental highway safety in the following topics:
Introduction to Highway Safety

1.

N o gk e

Basic Safety Concepts
Safety Data
Fundamental Statistics

Development of Safety Models
Safety Predictive Models from Highway Safety Manual (HSM)

Safety Evaluation

The objectives and details for each topic are summarized in the following seven tables.

Table 1
Introduction to roadway safety
Subtopic Obijectives Content
Traffic Crash—a global Be familiar with 1. Crash statistics (global, U.S.
underemphasized problem the gravity of the and the state)
problem 2. Comparing traffic crashes

with other types of fatalities

Impact of crashes on a society

Recognize the
multidimensional
aspects of safety

Public health problem
Economic problem
Liability problem
Social problem

Dissecting a crash

Identify influential
and contributing
factors to a crash
and its severity

I el N e o

Basic crash mechanism
Haddon matrix

How roadway, vehicle, and
environmental conditions
contribute to a crash
occurrence and its severity
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Introduction to the 4E Understand the 1. Roadway users
approach significance of the characteristics
4E approach 2. Vehicles characteristics
3. Roadways characteristics
4. Environment
5. Emergency service
Table 2
Basic safety concept
Subtopic Objectives Content
Defining Safety Understand the 1. How do customers define
scientific definition safety
of safety 2. Objective safety and
subjective safety
3. Safety definition
Table 3
Safety data
Subtopic Objectives Content
Safety Related Data Understand how the |1. Regression to the mean
crash data can be 2. Issues with the data quality
used to measure 3. Direct measurement
safety and the issues |4. Surrogate measurement
related to crash
counts
Table 4
Fundamental statistics
Subtopic Objectives Content
Fundamental Statistics Refresh fundamental |1. Mean and variance
statistics related to estimation
safety analysis 2. Accuracy and standard
error
3. Related probability
distribution faction
4. Introduction to Empirical

Bayes method




Table 5
Development of safety models

Subtopic Objectives Content
Introduction Understand the 1. The need for safety
purpose, predictive models in
development history project decision making
and issues in safety process
models 2. Introduction to

parametric and non-
parametric modeling
techniques

3. Conceptual safety
predictive model

Development of Safety Models | Understand the 1. Data cleaning process
basic steps in safety |2. Exploratory data analysis
modeling process 3. Formulating model

and be able to structure

develop models 4. Parameter estimation
with local crash data |5. Model fitness evaluation

Table 6
Safety predictive models from HSM
Subtopic Objectives Content

Safety Predictive Models from Be familiar with the 1. Introduction to HSM

HSM safety models for models
three types of 2. Rural 2-lane models
highways for 3. Rural Multilane
potential safety models
management 4. Urban and suburban
applications. arterials models




Table 7

Safety evaluations

Subtopic

Obijectives

Content

Introduction to safety evaluation

Understand the
purpose and
requirements for
safety evaluation

Safety evaluation
objectives and
definitions

Methodology

Understand the
correct way to do
safety evaluation and
apply the
fundamental concept
in roadway safety to

1. The logical basis for
safety evaluation

2. General evaluation
types

3. Observational nature
of roadway safety

estimate safety of a evaluation
project or crash 4. Before-and-after
countermeasure study
5. Cross-sectional
study
Case studies Be able to perform 1. Atchafalaya I-10
safety evaluation Speed study

analysis

2. Lane conversion (4U

to 5T) study

All seven lecture notes are listed in Appendix A. All homework, quizzes, and exams are
listed in Appendix B.

Comprehensive Safety Course Syllabus

Additionally, a comprehensive safety course syllabus was developed by this project. The
course is a college level class on roadway safety from mainly a roadway engineering
perspective. The targeted audiences for this course are undergraduate and graduate students
majoring in engineering, specifically civil engineering. The course is designed to provide
basic elements of roadway safety, emphasizing the roadway engineering side of the
comprehensive 4E approach. The course materials can also be used for engineering
continuing education on the topic of roadway safety and in roadway safety training
workshops for a broad audience who are involved in highway safety from not just

12



engineering, but also education and enforcement.

The main goal of this course is to provide a fundamental understanding of roadway safety.
Specifically, the course is designed to give students:

® Deeper understandings of interactions between driver, vehicle, and roadway

® Full awareness of safety implementations associated with roadway design, traffic
control and policy decisions.

® Analyzing skills of crash statistics

The syllabus is listed in Appendix C.

13






DISCUSSION OF RESULTS

The results of this project are a complete teaching package for highway safety fundamentals.
This teaching package consists of seven lecture notes and course evaluation materials
(homework and exams). This teaching package can be utilized in whole or in part by
transportation engineering courses in a university setting or professional training workshops.
The PI will be available to provide a training course, if needed.

15






CONCLUSIONS

It is critical to teach fundamental highway safety in college to undergraduate and graduate
students in order to sustain the safety improvement of the last few years.

17






RECOMMENDATIONS

It is recommended a training-the-trainers’effort be initiated as a follow up of this project.

19






AASHTO

FHWA
HSM

ACRONYMS, ABBREVIATIONS, AND SYMBOLS

American Association of State Highway and Transportation
Officials

Federal Highway Administration
Highway Safety Manual

21
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Lecture 1

Highway Safety Fundamentals Course

Introduction to Highway
Safety

A project Sponsored by National Center

for Intermodal Transportation for L RBA N A ¢
Economic Competitiveness and conducted LOUISIANA
by University of Louisiana at Lafayette

November 2013

This introduction lecture aims to let students:

1. Be familiar with the gravity of the problem

2. Recognize the multidimensional aspects of safety

3. Identify influential and contributing factors to a crash and its severity
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Outline

e Highway Crashes- an
Underemphasized Problem

e Highway safety —a Complex field




L e
Highway safety- a worldwide problem

vehicle occurred in London in 1896.

Since 1896, road crashes are
responsible for over 30 million deaths.

Over 1.3 million people die; 60 million
more get injured each year in road
traffic crashes.

UNIVERSITY

.........

Travel by highway is one of the most hazardous activities that people
undertake particularly in developing countries.

Ref 1: http://www.trauma.orqg/archive/history/epidemiology.html

Ref 2:
http://www.firstaidinaction.net/content/download/2633/24897/version/1/file

Ref 3: http://www.who.int/mediacentre/factsheets/fs358/en/




= About 25,850,000 people lost their lives
in traffic crashes during the last century,

more than the number of people who
died during WWI

= About 2,235,000,000 vehicles were sold
last century, 1.2 traffic fatalities per 100
vehicles manufactured

N A Y
LOUISIANA

Emphasizing the side-effect of motorization in last century.



= Road deaths are now the number-one

" Over 90% of the world’s fatalities on the
roads occur in low-income and middle-
income countries, which have only 48%
of the world’s vehicles.

= Someone is killed or badly injured on the
world's roads every six seconds.

UNIVERSITY
LOUISIANA

Crash problems in developing countries and in the whole world.

For example, the rate of child deaths due to road crashes in South Africa is 26 per 100,000
population, compared with 1.7 per 100,000 in Europe.

Ref 1: http://www.who.int/features/factfiles/youth roadsafety/en/

Ref 2:
http://www.who.int/violence injury prevention/road safety status/report/state of ro
ad safety en.pdf

Ref 3: http://www.roadsafetyfund.orqg/Pages/default.aspx
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More than 3400 people die daily on the world’s
roads and tens of thousands are disabled for

| ife . | . TR L SRR L — N

r—— e

DMLY SRS LLY
LOUISIANA

Put it in perspective
Ref 1: http://www.medicalteams.org/Stories/worldwide-events




A grim problem in the U.S.

1999 2009
Fatal Crashes 37,140 30,797
Fatalities per 1.55 1.09
10 million VMT
Population 272,690,813 307,007,000
Register Vehicles 212,685,000 257,794,000

UNIVERSITY
LOUISIANA

Let’s look at the U.S. statistics.
Ref 1: http://www.nhtsa.gov/FARS
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Traffic Deaths at Lowest in 60 years!

L .\..I \ '-Il\\.l T \
LOUISIANA

Yes, improvements have been made, evidenced by the numbers; however, 2012
experienced an increase but not reaching the previous level. Why?

Ref 1: http://www.nytimes.com/2011/04/01/us/01driving.html? r=0




ﬁvery 34 minutes someone is murdered; every 13
minutes someone dies in a highway crash Every 35
seconds there is an aggravated assault; every 15
seconds there is a highway injury

= American lost 620,000 citizens during all the wars since
1775; more than 3 million Americans were lost on the
national highways during the last century

People sometimes have a hard time perceiving a situation by numbers, let’s
compare the statistics.

Lots of effort has been made in curbing criminal activities in the U.S. in the
last three decades.

Ask question: “How many people will die in crashes during this 150 minute
session?”

Ref 1: self calculated
Ref 2: http://www.nap.edu/openbook.php?record id=10223&page=72

Ref 3: http://ethanfoundation.org/home.html




= Highway fatality accounts for 95% of
transportation related deaths

= Annual death toll is equivalent to a jetliner
crashing and killing every one on board
each day of the year

UNIVERSITY
LOUTSIANA

Again, put it in perspective.

Highway safety does not receive the attention it deserves
because fatality happens individually, unlike airline crashes.

Ref 1:
http://www.saferoads.org/press/press2003/pr JackeStateme
nt5-21-03.htm

Ref 2:
http://www.nap.edu/openbook.php?record id=10223&page=
71

10
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Some U.S. Statistics in 2008/2010

= Murders 14,180 (14,784)

= Suicides 33,289

= Death by fatal airline crashes 321(0)

= Peanut allergy deaths 50-100

= Unintentional poisoning deaths 27,531
= Fatal traffic crashes 34,017 (32,885)

When it comes to dying, what should you
really be afraid of?

UNIVERSITY
LOUISIANA

This slide, based on a chart in Newsweek magazine, notes things that are, in
Newsweek’s words, “unsettling threats” and their far “riskier counterparts”. Note
that fatal airline crashes are an “unsettling threat” but not likely, while fatal car
crashes is the “riskier counterpart” to airline crashes. The same thing is true of
murders versus the far riskier threat of suicide. And the enormous difference
between the threat of peanut allergy death versus the far more likely chance of
dying of unintentional poisoning.

11
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Comparison

e Car
— In control

— Most crashes are
PDO

— “routine” event
e Airplane

— Beyond control
— All die

— Headline event
While 817 people lost their lives in passenger airplane
crashes in 2010, more than 3,000 people die on roadways
every day in the world. *

A crash fatality does not equal to airline fatality.

Ref 1: http://www.dailymail.co.uk/news/article-1346042/Number-passengers-killed-
airline-crashes-soars-2010--safer-travelling-roads.html

12



WORLD AIRLINE DEATH
TOLLS

YEAR DEATHS
2001 778
2002 1,022
2003 702
2004 466
2005 1,050
2006 863
2007 744
2008 583
2009 749
2010 817

Ref 1: http://en.wikipedia.org/wiki/Aviation crashs and incidents

Airline crashes are so dramatized- but look at these numbers!
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A grimmer probiem in Louisiana
(2011)

677 persons kilied in 630 motor vehicie
crashes (70% male and 30% female)

= 70,354 persons injured

» 42% of Louisiana fatal crashes involved
alcohol

= 93 pedestrians killed
= 16 bicyclists killed
= 75 motorcyclists killed

9 persons killed in 5 crashes involving a train

At
LOUISIANA

What happened each year in your state?
Here are some crash statistics of Louisiana:

* 3% (80/110) of pedestrians killed were male
« 110 pedestrians killed (8 were children aged 14 or under)

Ref : http://datareports.lsu.edu/CrashReportindex.aspx

Do you know the numbers in your state?

14
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Daunting Challenges in the Region

Roadway Fatality Rate
Roadway Traffic Fatalities per 100 Million VMT

35

3.0
25
2.0 \

15
1.0
0.5
0.0

Fatalioty Rate

1990 2000 2004 2005 2006 2007 2008 2009

Year

= National Average Mississippi ==Louisiana

ONLVERS T
LOUISIANA

How are we doing compared to other states? Not well at all. Because of the
difference in population (more precisely, in number of licensed drivers) we
compare rate, not absolute numbers.

The bottom five states are: Montana, Louisiana, South Carolina, West
Virginia, and Arkansas. Top five in lower fatality rate: Massachusetts,
Connecticut, Minnesota, New Jersey and District of Columbia.

Ref 1:
http://www.census.gov/compendia/statab/cats/transportation/motor vehicle

crashs and fatalities.html

15



Aﬁblic Health Problem

Neglected Disease of Modern Society” by
U.S. National Academy of Science in 1996

A vnivess:

In 1990, road traffic crashes ranked 9t on the ten leading causes of
death and disability in the world.

According to the World Heath Organization (WHO), by 2020, it is
estimated that road traffic crashs will be the 3rd leading cause of death
and disability.



Change in Rank Order of Disability Adjusted Life Years
(DALYSs) for the 15 Leading Causes of Death, Worldwide,

1990

Disease or Injury
Lower respiratory infections
Diarrhoeal
Perinatal
Unipopular major depression
Ischaemic heart
Cerebrovascular
Tuberculosis
Measles
Road traffic accidents
Congenital anomalies
Malaria
Pulmonary
Falls
Iron-deficiency anaemia
Anaemia

1990 - 2020

1
2
3
4
5
6
7
8

BN A WN=

2020 - baseline scenario
Disease or Injury

Ischaemic heart
Unipopular major depression
Road traffic accidents
Cerebrovascular
Pulmonary
Lower respiratory
Tuberculosis
War
Diarrhoeal
HIV
Perinatal
Violence
Congenital anomalies
Self-inflicted injuries
Lung (etc) cancers

19
24

25
37

With the advances made in medicine, lots of diseases are curable or will

become curable. But....

Ref 1:

http://grsp.drupalgardens.com/sites/grsp.drupalgardens.com/files/WWHO %20t

ables.pdf

17



TABLE i.i

Leading causes of deaths by age group, world, 2002

=60 years

Rank 0-4 years S-14 years 15-29 years 30-44 years

HIV/AIDS Ischaemic heart

_, T
. H.'; ROAD TRAFFIC INJURIES

Rank 2_ 5— 14 year olds

ma
729 066
7 HIV/ADS

 cememe U Rank 2: 15-29 year olds "

“Rank 3: 30 - 44 year olds

10 STDs excluding HIV I‘|o|
&7 a8M
" Mernin it e . ¥
Ran 8 45 - 59 year olds
12 Drowning s ErTn weeigh
57 287 T S
32 339
12 Road tratfic injuries o cancer Dilabetes mellitus
i an year olds =
14 Viclence Child lr\ood Ius.l-el rrrrrrrr Cirrhosis of the iver hy| ear
18 551 dise. ‘.r» ?-I-I I-I? IR-\‘.\ ELT
15 Tuberculosis Polsonings Aborti Liver cancer Hypertensive heart  Oesophagu: or Self-inflicted
40 574 18 529 SS 486 disease 38 Ilz inj

Source: WHO Global Burden of Disease project, 2002, Version 1 (see Statistical Annex).

UNIVERSITY
LOL ISIANA

The table provides a global view of road casualties compared to other illnesses by
age group. Public health experts are very concerned about the crash risk posed
throughout the world. It is rapidly growing, especially in developing nations.

The Table shows in general, the driving risk for young people is extremely high, but
older people experience less risk. This table depicts the public health view of road
safety. Keep in mind, this is a global view. A similar map for the U.S. might look
different. Can you see places where you think this might be the case? (Hint: the
U.S. population is aging rapidly and the proportion of older people in the total
population is rising. Crash risk for people over 75-80 is higher than any other age
group except novice drivers.)



B Al
Deaths from Common Causes

Percent of Deaths of People over 65 years old
e Heart Disease — 95%

Cancer — 88%

Stroke — 96%

Traffic Fatalities — 15%

Source: Center for Disease Control, 2009

The main thrust of medicine in the United States
is to prevent and treat these three diseases and
others which mainly effect the elderly.

UNIVERSITY
* LOUISIANA

No discrimination towards age groups here (we will all get old sooner or later) just
some facts.

19



Highway safety— a noble cause!

UNIVERSITY
* LOUISIANA

Highway safety— a noble cause!

The main goal for highway safety is to extend the lives of people, most of whom
should have many more years on this earth. What we do and what we accomplish
is more important in this sense than the work of most doctors. Improving highway
safety is mostly to save young people.

20
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AN Economic Problem
= Cost of traffic crash roughly 2.0% of GNP in
developed countries (2.3% in the U.S.)

= Cost to society in the U.S: $230.6 billion/ year, $820
for every person in the U.S, $2,104 for every
licensed driver in Louisiana

* medical, rehabilitation and long term care cost
(532.6 billion)

* Work place lost productivity $59 billion

* lost tax revenue (adding $200 from each
household)

* Property damage $59.8 billion
* Travel Delay $25.6 billion

UNIY :I}?.'-I TY
LOUISIANA

Crash problem also hurts us economically.

Every 1 percent reduction will prevent 430 deaths and $2.3 billion annually in
medical expenses and other losses from these collisions. Moreover, collisions
are a leading cause of nonrecurring congestion. Collision prevention has added
benefits in terms of reduced delay, fuel consumption, and emissions.

Ref : http://www.fiafoundation.org/Documents/Road%20Safety/counting the cost
report.pdf

21



Figure 1
Components of Total Cosls
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A Liability Problem

= When a crash occurs, “biame” or
“punishment” has to be assigned to
someone or something under a law
abiding environment

* The U.S. government is subjected to $60
billion in lawsuits and damage claims
annually from traffic crashes

UNIVERSITY
* LOUISIANA

The crash problem also hurts governments at all levels directly and
indirectly.

23
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From lawyer’s point of view

http://www.tsrinjurylaw.com/minnesota-highway-defect-attorney

o9

public roadways, bu unfortunately, hlghways re
often neglected, and dangerous situations can result.
Examples of highway defects that are capable of
causing an crash include:

— Unmarked shoulder drop-off
— Potholes

— Uneven pavement

— Lack of signs

— Lack of guardrails

— Objects on the roadway

— Construction

UNIVERSITY
* LOUISIANA

When is the last time you saw the commercials made by injury attorneys?

24
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Compensation asked by a lawsuit

medical expenses

lost wages

pain and suffering

other applicable damages

UNIY :I}?.'-I TY
LOUISIANA

Huge compensations are demanded.

25



e Economic cost of vehicle crashes in
Louisiana: S 4 Billion per year

http://www.resource4crashs.com/louisia

na

UNIVERSITY
LOUISIANA

What is the cost in your state?

26
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A Grossly Underemphasized Problem

" |[n a typical month more Americans are
killed by traffic crashes than were killed
by the September 11, 2001 terrorist
attacks.

= When 14 teenagers died in the 1999
Columbine high school shootings much
of the U.S. population, led by President
Clinton, grieved along with the victims'
families. Yet more teenagers are killed on
a typical day on the U.S. highways.

UNIVERSITY
LOUISIANA

By Evans, Leonard book “Traffic Safety” published August 2004.
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U.S. no longer number one in the world in
highway safety

Prior to the mid 1960s the U.S. highway system
was the safest in the world measured by traffic
fatalities per registered vehicles or per
distance traveled. In this century, the U.S has
dropped from the first place into the sixteenth
place behind many developed countries such
as Australia, Canada, Denmark, Finland,
Germany, and Great Britain.

UNIVERSITY
LOUISIANA

It is worthwhile to know that U.S. has lost its number one status in roadway

safety.
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The United Kingdom

= Fatalities decreased 539

L=

( 'D
U.)
O

ver the na
W e B L) I B P

\-uw

2.7% per year.

" |n 1974, the fatality rate in the U.K.
was 34% higher than that the U.S. In
2004 their fatality rate is 29% lower
than ours (1.03 vs. 1.46)

30 years; VMT mcreased an average of

ast

UNIVERSITY
* LOUISIANA

How do other leading countries do in reducing roadway safety?
Ref : http://www.ltrc.Isu.edu/tec _07/presentations/highway.pdf
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What is happening there

Speed cameras in widespread use

Safety belt use (91 percent)

What do we do in these areas?

Ref 1: http://www.wbtw.com/story/22810618/survey-finds-seat-belt-use-up-
in-south-carolina




Crash Reduction Trend in Australia

UN]\‘I."Isll'*

1111111111

Australia

* Vehicle design standards 1970 (i.e., mandatory fitting of seatbelts) Seatbelts
1973

* Motorcycle helmets 1973

+ Random breath testing 1976-1988 all Australian states introduced mandatory
random breath testing

* Bicycle helmets 1990-1992
« Safer roads through the Federal “Blackspot program”

 Introduction of improved enforcement technologies (speed cameras, red light
cameras and radar “guns”)



Crash Reduction Trend in Australia

R uesting and enforcing helmet law

UNIVERSITY

rrrrrrrrrr

Effective policy (or regulation) makes a difference.
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Crash Reduction Trend in Australia

" forcing safety belt law

UNIVERSITY

rrrrrrrrrr
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Crash Reduction Trend in Australia

1976,1982: requesting and enforcing children protection gear

UNIVERSITY

.........
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Crash Reduction Trend in Australia

: -.. 988, introduced mandatory random breath testing

UNIVERSITY

.........

All Australian states introduced mandatory random breath testing in 1976-1988.
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Crash Reduction Trend in Australia

UNIVERSITY

..........

« Safer roads through the Federal “Blackspot program”

 Introduction of improved enforcement technologies (speed cameras, red light
cameras and radar “guns”)

36
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Crash Reduction Trend in Australia

1990-1992 requesting and enforcing bicycle helmets

..........

Bicycle helmets were enforced in 1990-1992.
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Crash Reduction Trend in Australia

1998-2004: started 50km/h (31mph) speed limit on urban and suburban road

UNIVERSITY

..........

« Safer roads through the Federal “Blackspot program”

 Introduction of improved enforcement technologies (speed cameras, red light
cameras and radar “guns”)
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* National Traffic and Motor Vehicle Safety Act of 1966
* Federal Seat Belt Legislation in 1966

L “/‘*’\4& -164% 109%
11 o nnfNI _ m

50,000
40,000 1
30,000
20,000 1
10,000

FEELSLLLELLLEFES S L EE LTS

Fatality Rate

Fatalities

| == Fatalities Fatality Rate per 100M VMIT |

1961-1974: National Centar for Health Statistics, HEW, and State Accident Summaries (Adjusted to 30-Day Traffic Deaths by NHTSA); FARS 1975-2007 (Final), 2008
Annual Report File (ARF); Vehicle Miles Traveled (VMT): Federal Highway Administration.

If we had the rate of 1969, about 1.2 million
Americans would have died annually this year!!!

Although the U.S. is not number one on the world on roadway safety, great progress
has been made in the last 50 years. It is just not enough!

Ref 1: http://www.nhtsa.gov/FARS
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Road Safety a National Priority

and Transportation Officials, and

Cut fatalities in half by 2020!

e LA Strategic Highway Safety Plan:
Destination Zero Deaths

e American Association of State Highway

Governor’s Highway Safety Association

DLV ERITE
LOUISIANA

The leadership has fully recognized the problem.
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It is one thing to set up goals; it is another to have tangible means to achieve the

goals.

B |
Improve
Highway How to do it?
Safety m—p Reduce
Crash m
Severity &

UNIVERSITY
LOUISIANA
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Outline

e Highway Crashes- an
Underemphasized Problem

e Highway safety —a Complex field

Before discussing the concrete actions to reduce crashes, let’s talk about the

complexity of roadway safety.

43
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Who is at fault?

Who zs Y
responsible? e

UNIVERSITY
LOUISIANA

It is common to blame someone or something for a crash.
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Crashes occur when bodies (entire vehicle, occupants, baggage, etc.) in motion
collide. Three stages occur in most crashes. First, the vehicle hits something;
second, the occupants hit the inside of the vehicle; and finally, internal organs slam
against the skeletal structure.

The forces and energy involved in crashes can become quite extreme. Analyzing
the forces in a motor vehicle crash is a complex undertaking. When a car is
traveling along a road it has a certain amount of energy, called kinetic (motion)
energy. In normal driving, kinetic energy is converted to heat through braking
(brake pads to rotors and rubber to pavement). In fact, normal driving is a repetitive
exercise of converting kinetic energy to heat. In a motor vehicle crash, kinetic
energy is converted to heat (tires, metal, etc.), friction losses (tires, scraping, etc.),
and crush energy (deformation of car and human parts).

45



To E=0

Where does the energy go?

UNIVERSIT
LOUISIAN/

The scope of this workshop will not cover the equations involved in calculating crash
energy but consider one example. If a 3000-Ib. car is traveling at 60 mph (88 ft/sec)
and collides with a solid wall, what is the crush depth of the vehicle (assume wall
does not crush at all)? The answer is the car must be crushed 4.9 ft. to convert all
of the kinetic energy to crush energy. Hopefully, the car is designed to sustain 4.9
ft. of crush damage without harming the occupants.

46
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Suppose that the driver was able to reduce speed by 20 mph by applying the brakes
prior to impact (converting some of the kinetic energy to heat energy), what would
the crash depth in this scenario? The crash damage is substantially less as a result
of applying the brakes. This outcome may represent the difference between being
killed and walking away from the crash unharmed. Some important concepts
related to crash dynamics are:

* Kinetic energy of motion is converted to heat, friction, and crush damage.
» Converting kinetic energy to heat through braking represents normal driving.

* Crash “survivability” is related to how energy is absorbed by the vehicle and
passengers.

* In general the smaller the energy and the greater the time permitted to absorb the
energy, the more survivable the crash.

47
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= Kinetic energy o
friction, and crush damage.

= Converting kinetic energy to heat through
braking represents normal driving.

= Crash “survivability” is related to how energy
is absorbed by the vehicle and passengers.

® |n general the smaller the energy and the
greater the time permitted to absorb the
energy, the more survivable the crash.

I.'\ 1 \I{*I TY
LOUISIANA
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on matrix

complexities of a crash

Let's “dissect” a crash

Dr. William Haddon was an epidemiologist, who is credited with first describing the
highway safety challenge in terms of how the medical profession would approach a
disease —

- how to prevent it from happening
- how to treat it while it's happening; to reduce severity
- how to recover after the event.

AND..., you should look at key elements affecting the problem; in this case, what
are the relationships among the person, the vehicle, and the environment (esp.
including roadway features).

He became the first Director of the organization which would become NHTSA.

The USDOT works in ALL areas of this matrix.

Ref 1: http://www.ncbi.nlm.nih.qgov/pmc/articles/PMC1228774/
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Driver A was approaching a traffic signal and stopped
abruptly when the light changed to yellow. Driver B, who
was behind, did not manage to stop in time. A rear-end
collision occurred.

oo

For example, an crash occurred under the following circumstances: Driver A was
approaching a traffic signal and stopped abruptly when the light changed to yellow.
Driver B, who was in the following vehicle, did not manage to stop in time. A rear-
end collision occurred and Driver A received a whiplash injury. Many possible
causes can be ascribed to this simple story. A police officer might record “following
too close” as the cause but this is a restatement of what occurred and does not lead

to interventions.
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Human causes

e The human causes explaining the delayed
reaction by Driver B may be:

1. cognitive deficiencies that go with
advanced age

2. distraction by cell phone use

3. influence of alcohol

4. conversation with passengers,

5. fatigue, or inattention.

UNIVEEIITY
LOUISIANA
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The human causes explaining the unexpected
or hard braking of Driver A may be: bad
judgment, impaired cognitive skills, deficient
driving habits, distraction, or a truck
preventing a clear view of the signal.

Ref : http://www.ite.org/Membersonly/techconference/2008/CB08C2002.pdf
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Vehicie causes

e The vehicle causes explaining Driver B’s failure
to stop in time may be old or unadjusted tires
on vehicie B.

e \/ehicle causes explaining Driver A’s injury
may be vehicle A not having an adjustable and
adjusted headrest, vehicle A having a bumper
that was rigid and not energy adsorbing.

LA Dt
LOUISIANA

The auto headrest was invented and designed by a man in Arcadia, California, G. J.
Schifano, in the mid 1950s, when his doctor was telling him about the alarmingly
increased numbers of whiplash patients he was seeing. Headrests started to appear
as an option on American cars in the late 1960s. Headrests were required by
NHTSA in all cars sold in the US, effective January 1, 1969.

Today, most headrests are cushioned for comfort, are height adjustable and most
commonly finished in the same material as the rest of the seat, as seen in the
picture to the right.

Headrests are provided for comfort and safety. They are designed to prevent the
backlash movement of the occupant’s head should a collision occur. This, in turn,
can prevent potentially fatal whiplash neck injuries.

When travelling in an automobile, a properly adjusted headrest can reduce the
severity of the neck injury. The top of the headrest should be in line with the top of
the occupant's head.
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Environmental causes

e The environmental causes explaining the
crash could include wet pavement, a polished
roadway surface with reduced surface friction,
a steep downgrade, or a signal phasing which
result in a ‘dilemma zone."

UNIVERSITY
LOUISIANA
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Other potential causes
A different traffic control at this
intersection.
If an alternative access-controlled road
was available elsewhere, the drivers
might not have used this at-grade
intersection.

In terms of policy and planning causes,
more investment in public transportation
might have moved these drivers out of
their cars. oo iciii

A different traffic control at this intersection such as a stop sign or roundabout could
have changed the outcome.

If an alternative access-controlled road was available elsewhere, the drivers might
not have used this at-grade intersection.

In terms of policy and planning causes, more investment in public transportation
might have moved these drivers out of their cars.



= All these factors, and others, may be
causes of the crash and each may lead
to possible treatments.

= |f any one of these causes had been
different, the outcome might have
changed.

I.'\ 1 \“I.X.*I TY
LOUISIANA

Learning about crash causes assists in the planning, design, and maintenance of
infrastructure, and in the management of the overall highway system, both of which
include the selection of treatments for crash prevention and the reduction of crash
consequences.




L Jweem
Dissecting a Crash

Pre-crash 1a 1b
will the crash occur?

Crash 23 2b
How severe will it be

Post-crash 3a 3b
What will be the
outcome?

Human Vehicle Roadway

and other
factors

1¢

2¢

3c

For example, the rear-end crash described previously illustrates the use and

usefulness of the Haddon Matrix in the following slides.
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The pre-event factors infiuenci
whether the crash will occur may
include:

AT W W e 8

Cell 1a: for Driver B, human factors such as age,
cell phone use, alcohol consumption,
conversation with passengers, fatigue and
inattention; for Driver A, human factors such
as bad judgment, impaired cognitive skills,
deficient driving habits, distraction, etc.

Cell 1b: vehicle factors such as bald tires, bad
brakes, etc.

In

(010]

UNIN LY
LOUISIANA

Ref : http://www.ite.org/Membersonly/techconference/2008/CB08C2002.pdf
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Cell 1c: Physical environment factors such as
wet pavement, polished aggregate, steep
downgrade, badly coordinated signal system,
etc. Social environment factors such as
cultural norms, laws, regulations and
enforcement that determine alcohol use, use
of cell phones while driving, consideration of
safety in signal timing and coordination, etc.

DLV ERITE
LOUISIANA
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The event factors influencing the severity
of damage and injury once an crash has
occurred may inciude:

Cell 2a: human factors such as vulnerability to
injury, e.g., age, failure to wear a seat belt,
etc.

Cell 2b: vehicle factors such as bumper heights
and energy adsorption, headrest design,
airbag operations, etc.

UNIN LY
LOUISIANA
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Cell 2c: physical environment factors such
pavement friction and grade social

environment factors such as regulations that
govern vehicle design and the factors in Cell

2b

UNIN LY
LOUISIANA
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The post-event factors influencing the
outcome after the initial damage and

HP P i mssm mmmitmimm ] e mr s Fim i A A
Imjury riave occuricu iridy miciuuc,

Cell 3a: human factors such as age and gender

Cell 2b: vehicle factors such as ease of removal
of injured passengers, etc

Cell 3c: physical factors such as the time and
quality of the emergency response and
subsequent medical treatment

I.'\ 1 \I{*I TY
LOUISIANA

This example shows how the Haddon Matrix assists in creating order when thinking
about crash causes. The Haddon Matrix also allows for the orderly consideration of
which treatments may apply to which factor or cause and crash phase. The effect of
treatments or interventions is discussed in the next section.




Cell 3c: social environment factors such as
funding and policy decisions, prevailing
medical insurance system, inclination to
complain of injury, litigiousness, etc.

Now, let’s do an exercise on a “T-Bone”
collision at intersection.

DNIYNESIT S
LOUISIANA

63



Crash is not an
accident, it is
preventable. Crash
reduction can not
happen by chance.

Source: Safer Roads: A Guide to Road Safety Engineering
by K.W. Ogden. Ashgate

UNIVERSITY
* LOUISIANA

Not all distracted drivers, unforgiving roadside designs, vehicle mechanical
problems result in crashes. A severe crash occurs when all risky situations come
together. To prevent crashes, we need to build strong defense system (layers)
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Building A Strong Defense System to
Prevent Crashes

=Road user
=\/ehicle
="Roadway
®"Environment

UNIVERSITY
LOUISIANA

e Need to understand characteristics of all components of the system and
interactions between the components



LA

Human
Factors (95%)

Road

Factors (28%)

I

Keep in mind that
everything we do
must accommodate
human needs and
match vehicles'
capability Vehicle
Factors (8%)

Based on Interactive Highway Safety Design Model:
by Harry Lum and Jerry A. Reagan

DNy LT
LOUISIANA

Understanding motor vehicle crashes and contributing crash factors requires a
multidisciplinary perspective. Applying a broad perspective to motor vehicle crashes is
difficult due to the compartmentalization that naturally occurs. Departments of transportation
(local, state, federal) are responsible for roadway countermeasures, while behavioral
countermeasures are often considered by health agencies, the medical and insurance
communities, state highway safety offices, motor carrier safety representatives, and
advocacy groups. So although a multi-disciplinary approach is desired, it is often difficult to
achieve. The graphic on this slide shows the interaction effect. For example, 24 percent of
crashes involve factors associated with both the roadway and road user behavior.

The figure presents some findings from a study that compares causes of crashes in the
United States and Great Britain. This study notes that only 3 percent of crashes are due
solely to the roadway environment, 57 percent solely to drivers, 2 percent solely to vehicles,
27 percent to the interaction between road environment and drivers, and 3 percent to the
interaction of the environment-driver vehicle. Taken at face value, this suggest that road-
related elements are associated with 34 percent of crash causation (or 40% by another
account). Consequently, a perfect model would attribute about 34 percent of R? to the
roadway road variables, including the driver and the vehicle. Recent work in this area looks
at an alternative methods of evaluating the effects of the driver and the traffic. One obvious
question is: Why not go directly to phase 3? There are three reasons. While there are traffic
models that could (and will be) adapted to IHSDM, there is no appropriate driver module.
The analysis and simulation techniques have not been developed. Finally, the crash
relations from phase 2 may be needed.
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Road safety is a complex and
interdisciplinary field

UNIVERSITY
LOUISIANA

It is time to introduce this complex system.



Characteristics of Road Users

e Who are they?
e Their capabilities and limitations
e Their safety related behavior

NIVERSITY
* LOUISIANA

First, let’s start discussion on users— the component with souls and
personalities.
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Who are they?

What range of drivers use the system?
— Ages: 16 year old to 80 year old

Different mental and physical states

— Physical limitations (sight, hearing, etc)

— experience

Design Driver: driver most expected to use facility
(familiar or unfamiliar?)

+

NIVERSITY

LOUISIANA

Users are highly diversified in several aspects.
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Figure 8. Driver Fatality Rates by Age and Sex, 1996

Fatality Rats per 100 Million Vehicle Miles Traveled

|OFemales CIAI Drivers EBMales [y

16 17 18 19 20- 25- 30- 35- 40- 45- 50- 55- 60- €65- 70- 75- 80- 85+
24 29 34 39 44 49 54 50 64 €9 T4 7O &4

Driver Age (Years)

UNIVERSITY
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Crash rate by age reveals better information.
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Traffic Deaths per 100,000 Population

30 /\
Ages 16-20

25
Ages 21-34

20
Ages 65+

15 Ages 35-54
Ages 55-64

10

g w\

Age <5

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

UNIVERSITY
LOUISIANA

Which group has the most significant improvement? What does that mean?
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Young Drivers (15-20)

8.5 % of the Population and 6.4 percent of
the licensed drivers

Motor Vehicle Crashes -- Leading Cause of

Death
e |[nvolved in 12.9 % Fatal Crashes
e 25 % Had BAC of 0.08 or Higher - —

27 % of Young Male Drivers Had Been
Drinking (15% for Young Women)

Crash Risk Decreases as Drivers Age

UNIVERSITY
LOUISIANA

Motor vehicle crashes are the leading cause of death for 15-to-20 year-olds (based
on 2004 figures, which are the latest mortality data available). In 2006, 3,490 15-
to20-year-old drivers were killed and an additional 272,000 were injured in motor
vehicle crashes; 12.9 percent of all the drivers involved in fatal crashes were
between 15 and 20 years old and 16 percent of all drivers involved in police-
reported crashes were young drivers; while they represented only 8.5 percent of the
population.

Younger drivers are more likely to be involved in alcohol-related crashes and avoid
wearing safety belts than the general population. In 2006, 25 percent of the young
drivers who were Killed in crashes had a BAC of 0.08 or higher. For young drivers,
alcohol involvement is higher among males than among females. Twenty seven
percent of the young male drivers involved in fatal crashes had been drinking at the
time of the crash, compared to 15 percent of the young female drivers involved in
fatal crashes.

73



Older Drivers (65+)
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¥ 14 Ul
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e 14 %of Trafﬂ Fatalities

e Less Likely to Drink and
Drive

e More Likely to Buckle
Up

e Limited Physical,
Cognitive, and Psycho-

_ “If you have to drive that slow, put on
your emergency flashers to warn other
motor Skills (iog SR A T
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Age-related decreases in vision, cognitive functions, and physical impairments may
affect some older adults’ driving ability. In 2006, 12 percent of the total U.S. resident
population (37 million) was people age 65 and older; yet, they made up 14 percent
of all traffic fatalities, 14 percent of vehicle occupant fatalities, and 19 percent of all
pedestrian fatalities.

Older drivers do not have quick perception and reaction times compared to their
younger counterparts, but they drive less on average than other age groups and
avoid driving under perceived dangerous circumstances (e.g., at night, in unfamiliar
environments, on high speed roadways, etc.); thus are involved in fewer crashes on
a per licensed driver basis. Older drivers tend to drive slower and less aggressively.
They are also more likely than the general population to wear safety belts and less
likely to drive impaired.

However, older persons are generally the most physically vulnerable to injury in
motor vehicle crashes. In general, visual and cognitive performances on driving-
related tasks diminish with age. Compared with crashes of younger drivers, older
drivers are overrepresented in crashes that involve multi-vehicle collisions and
underrepresented in single-vehicle crashes. Older drivers are also more likely to be
the responsible party in their collisions.
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AgIing ot the US Population

I 2000-2030
40 |
30 4 .
20 |
10 |

60 -
|
50 -

16-  20-  25-  35- 45- 55- 65- 70- 75- BO- 85+
19 24 34 44 5 64 69 74 79 84

Age of Driver

EXHIBIT 1-1

Projected Growth in U.S. Population Age 65+

(Source: Administration on Aging, “A Profile of Older Americans,” 2000,
www. aoa.gov/prof/statistics/profile/2002/2.asp)

;2

UNIVERSITY

LOUISIANA

» Potential aging problem in roadway safety
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This graphic shows the “squaring” of the population pyramid in the U.S. Where the
older population once made up a small percentage of the population, the pyramid is
turning into a square. It also shows by 2050, women will be a far more significant
proportion of the population compared to previous generations. This presents
additional issues in terms of not only safety but also mobility as older women are far
more likely to be living alone and in poverty than comparable men. In addition,
older women are more likely to self-regulate and take themselves out of the driving
environment for reasons which are not entirely clear. More research is needed to
explore this issue.

Ref 1: http://www.censusscope.org/us/chart age.html

76



Gender

*Males were involved
in almost 3 times as
many fatal crashes as
females in 2006

Driver Involvement Rate per 100,000 Population (N HTSA)
- *Males accounted for
:z 70%, 69%, and 88% of
M all traffic, pedestrian,
7 and pedal-cyclist
15 fatalities respectively
10
5
0

16-20 21-24 25-34 35-44 45-54 55-64 65+
Driver Age (Years)
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* No gender discrimination, just gender difference in roadway safety!
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Racial & Ethnic Groups

Overrepresented in Fatal Crashes
Valid Licensure

Moving Violation Convictions
Occupant Protection

Pedestrians

Poverty
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Ask the participants if they think racial disparity exists on any of the factors listed. According to a
technical report published by the National Center for Statistics and Analysis, racial and ethnic
minorities are disproportionately killed in traffic crashes, compared with the much larger non-Hispanic
White population. The percentage of fatally injured drivers who were drinking was highest for Native
Americans (57%) and Hispanics or Latinos (47%).

Fatally injured Native American and Hispanic drivers were less likely to hold valid licenses than
White, Asian and Pacific Islander or African American drivers. Native Americans were also more
likely to have had prior driving while intoxicated (DWI) convictions and license suspensions. African
Americans were the most likely to have had speeding convictions and convictions for other moving
violations.
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Race and Ethnicity
in Fatal Traffic Crashes

Figure 1: Motor Vehicle Crash Deaths as Percent of All Deaths,
All Ages Combined
10%
B%
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Source: CDC NCHS Mortaliry Dara 2002
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Like gender and age, cultural backgrounds may influence the likelihood of an
individual being injured or killed in a crash. Examining how culture influences road
safety is essential not only for understanding the causes of safety problems, but
also for designing culturally sensitive solutions.
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Capabilities and Limits

= Seven Visuai capabilities
= Acuity
= Contrast Sensitivity
= Visual Field
= Area of Visual Attention
= Sensitivity to Glare
= Dark Adaptation

= Motion Sensitivity

UNIVERSITY
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Now let’s briefly look at users’ physical and mental capacity and limitations.
Since 95% information are visual while on roadway, let’s first human visual
capabilities.

1. One of the visual capabilities which is diminished in older drivers is visual
acuity.
2. Definition of VISUAL ACUITY is:

» The ability to pick out fine detail and high contrast features. Itis
necessary for reading information on road signs.

3. What is the first test in obtaining a driver’s license? (a vision test)
4. Can you obtain a driver’s license if you are deaf?
5. Can you obtain a driver’s license if you are blind?

6. Experts tell us that more than 80% of the information in the driving task is
ViSlia| information; being able to see and see well is crucial to the driving
task.

7. Visual acuity of 20/40 with or without corrective lenses for both eyes or
one blind eye is the predominant minimum standard for driver licensing
for passenger car drivers. However, there are an increasing number of
states (including Pennsylvania, Maryland, New Jersey, lllinois, and
others) that will grant low-vision drivers with acuities as poor as 20/70 to
20/100 a restricted license.
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View with Normal Contrast Sensitivity View with Poor Contrast Sensitivity

Source: VISTECH
i

An example on contrast sensitivity



People require 2 times the amount of light for each 10-13
years after the age of 25

View at Age 20 View at Age 60 View at Age 70

Based on HIGHWAY DESIGN HANDBOOK FOR OLDER DRIVERS AND PEDESTRIANS

LA Dt
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Another sad example--we will all get old sooner or later.

» Diminished Visual Capabilities & Consequences for Driving Performance
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Example of Design Crash Countermeasures
to Accommodate Visual Capabilities

(@]

Bigger & Brighter Traffic Signs: Larger Legends; More Contrast

o

Brighter Pavement Markings & Delineation of Curbs/Medians

o]

Overhead Placement of Signs & Signals

o Advance Warnings of Sight-Restricted Locations

]

Increased Use of Highway Lighting

Source: HIGHWAY DESIGN HANDBOOK FOR OLDER DRIVERS AND PEDESTRIANS

A S e
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Few examples: something we can do collectively to make roadway travel
environment safer for people at all ages.
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Four Mental capabilities
|.  Selective Attention
Il. Divided Attention
lll. Perception — Reaction Time

IV. Working Memory

[ Mental Capability

I.'\ 1 \“I.X.*I TY
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Brief mental capability discussion:

ability to filter information and continuously focus on the most critical information
ability to process information from multiple sources simultaneously

time to make a decision and then physically respond with a controlled vehicle
movement

ability to store, manipulate, and retrieve information for later use
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Normal Unrestricted
Attention Window

Reduced

estricted

Source: American Association
of Retired Persons (AARP)

I.'\ 1 \“I.X.*I TY
LOUISIANA

This slide represents the area that we are able to take in at a glance and process
appropriately. Our "attention window" or "useful field of view" is not merely what we
can see, but what we are able to process visually. The following three pictures may
help show you what happens to your attention window as a result of distraction or
age-related slowing of information processing.

In this first picture, you see a large attention window (white, unshaved area), which
is common among individuals with no visual information processing restrictions.
When people have a normal sized attention window, they can make timely
responses even to unexpected events occurring away from the forward focus of
attention.

In this next picture, the smaller white area shows an attention window that has
shrunk; when this happens, people can't process information as efficiently and are
extremely sensitive to distractions. People with a smaller attention window are
often surprised by turning cars, pedestrians, etc. In this next picture, the smaller
white area shows an attention window that has shrunk; when this happens, people
can't process information as efficiently and are extremely sensitive to distractions.
People with a smaller attention window are often surprised by turning cars,
pedestrians, etc.
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Example of Design & Operations
Countermeasures to Accommodate
Mental Capabilities
o Redundant Signing

o Increase Preview Distance (roadway curvature &
intersection layout)

o Positive Guidance and Do Not Violate Driver Expectancy
(signing, lane assignment, exit/entrance ramp design)

o Protected Operations at intersections

o Limit Amount of Information to be processed in a short

timeframe
o i

Again, few examples on what we can do collectively to make roadway travel
environment safer for people at all ages.
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Three Physical capabilities e

I.  Upper Arm & Shoulder /@ "oll,l.f': Fo
Strength, Flexibility,
and Range of Motion

II. Lower Leg Strength,
Flexibility, and Range
of Motion

Ill. Head/Neck and Upper
Torso Flexibility and e
Range of Motion

111 deg +/-6.16

UNIVERSITY
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Aging (as well as disease and disuse) brings about changes in the components and structure of
the bones, ligaments, joints, and muscles. These changes may impair a driver’s ability to
control their vehicle in a timely fashion.

e 14% of men and 17% of women over age 65 experience reduced arm and shoulder
flexibility (upper limb impairment). Strength & range of motion in the arms are related
to the ability to turn the steering wheel to negotiate turns at intersections.

Research has shown that: (1) Women age 65+ who have difficulty in extending their arms
above their shoulders are at a 2-fold elevated crash risk compared to those without this
difficulty; and (2) Older persons with bursitis that caused pain and limitation of shoulder
mobility had a crash rate of twice that for people without bursitis of the shoulder. About 30%
of men and 43% of women over age 65 experience reduced leg, knee, ankle, and foot flexibility
(lower limb impairment). Strength and range of motion of the legs determine the ability to
move the foot from the accelerator to the brake.

Perhaps most common is the age-related decline in head and neck mobility. Joint flexibility has
been estimated to decline by approximately 25 percent in older adults, due to arthritis,
calcification of cartilage, and joint deterioration. This restricted range of motion reduces an
older driver's ability to effectively scan to the rear and sides of his/her vehicle to observe blind
spots, and can also hinder the timely recognition of conflicts during turning and merging
maneuvers at intersections.

Drivers with a limited range of motion in their neck were 6 times more likely to have been in a
crash, cited for a moving violation, or stopped by police in the year after health assessment
compared to older drivers without impairments in neck flexibility. Difficulties in scanning could
result in unsafe maneuvering when there is a need to:

Look over your shoulder before changing lanes.
Look behind you as you approach the mainline of a freeway from an entrance

ramp.

Look behind you before entering a through lane from an acceleration lane, after
making a right turn at an intersection.

Look for cross traffic at a skewed intersection before proceeding.
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Design & Operational Countermeasures

to Accommodate Physical Capacities
" Eliminate Skewed Junctions Wherever Possible

Maintain Minimum 3.7 m (12 ft) Lane Width Wherever
Possible

Sufficient Perception-Reaction Time in Intersection Sight
Distance Calculations

Enlarge Curb Radii at Intersections Wherever Possible

Use Parallel Entrance Ramp Geometry

Lengthen Acceleration Lanes & Merging/Weaving Areas

UNIVERSITY
* LOUISIANA

More examples
* Eliminate skewed junctions (strive for 90 degrees, but no less than 75 degrees).

* Maintain minimum 3.7 m (12 ft.) lane width, particularly for receiving lanes at
intersections and on arterials with horizontal curvature.

* Increase perception-reaction time (PRT) value from 2.0 seconds to 2.5 seconds
for calculation of intersection sight distance (ISD) for ISD Cases |-V, where
unrestricted sight distance is not feasible.

* Design intersection corner curb radii at a minimum of 7.5 to 9 m (30 ft.).

* Use parallel rather than tapered entrance ramp design for freeway merging
operations.

* Design longer acceleration lanes and merging/weaving areas.

* Base pedestrian control signal timing on an assumed walking speed of 0.85
meters/second (2.8 feet/second), rather than the 1.2 meters/second (4 feet/second)
value, as recommended in the MUTCD.
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If roadway and vehicle designs do
not consider the human element,
the system could easily exceed the
limitations of the human

UNIN LY
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Human factors and biomechanics professionals study the capabilities and limitations
of the human body, often in relation to the design of various devices and systems.
Within the transportation field, the human factors and biomechanical elements are
critical to the safe design of the vehicle as well as the safe design and operations of
the roadway. Biomechanics help explain the physical durability and limitations of
the human body.
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Changeable Behavior?

e Behavioral Factors
— Aggressive driving
— Impaired driving
— Occupant protection
— lllegal Driving
— Driver Inattention

UNIVERSITY
LOUISIANA

Now comes the most critical user element: (Chinese slogan) “You can change
mountains and rivers but not a person's nature.”

But we must!
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Such crashes are happening everyday!

91



Number of Fatal Crashes

30,000
Not Speeding

25,000

Pl el L T

20,000

Driving
- w
— 10,000

5,000
0

1996 1987 1998 1999 2000 2001 2002 2003 2004 2005 2006
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Manifestations of aggressive driving include driving too fast for conditions (unsafe
speeding), following too close for conditions, passing in unsafe conditions, etc. A
common thread in aggressive driving is the choice to drive too aggressively
considering the prevailing conditions. According to NHTSA, speeding was a
contributing factor in 31% of all 2006 fatal crashes, resulting in 13,543 lives lost. The
number of fatal crashes involving speeding is shown in the table. Speeding is a
difficult concept to nail down because definitions vary widely. However, when you
think about it, if drivers are paying attention and not speeding, they are highly
unlikely to be involved in a crash because they will recognize a hazard and correct
for it in most cases. In at least one state, the law enforcement training academies
(with the exception of the State Police Academy) discourage new recruits from citing
speeding as a factor in crash investigations because it is difficult to prove in court.
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Risk Taking Behavior

Percent Speeding
40

s

35 Females [l Males |

30

25

20

15

10

5 M-
: 15-20 21-24 25-34 35-44 45-54 55-64 65-74 75+

Age Group (Years)

Source: 2006 Speeding Traffic Safety Fact Sheet, National Highway Traffic
Safety Administration, 2006. http://www-nrd.nhtsa.dot.gov/Pubs/810814.PDF
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The propensity of an individual to take risks on the roadway is associated with demographic factors
such as age and gender. Young drivers, and young men in particular, are much more likely to be
involved in fatal crashes not only because of lack of experience, but also because of increased
willingness to engage in risky behaviors such as drinking and driving, not wearing a safety belt, and
speeding. For example, in 2004, the motor vehicle death rate for male drivers and passengers aged
16 to 19 was more than one and a half times that of their female counterparts (19.4 per 100,000
compared with 11.1 per 100,000). Recently, young women drivers have shown increases in crash
involvement, but this phenomenon is not well understood and may be related to greater exposure.

This chart shows the percentage of drivers who were speeding in fatal crashes by age and gender in
2006. Itis clear from the chart that the younger a driver is, the more likely they are to be speeding
when involved in a fatal crash. It is also clear that men have much higher rates of speeding than
women. Older drivers, by contrast, do not engage as much in risky behaviors such as speeding and
drinking and driving. In 2006, for example, drivers aged 65 and older had the lowest rates of
intoxication among fatally injured drivers. However, it is wise to keep in mind that definitions of
“speeding” differ among and within states, so it is important to know exactly what we are examining.
Various definitions exist, such as, exceeding the posted speed limit, speeding too fast for conditions,
etc.

As a result of in engaging these risky behaviors, a disproportionate number of young drivers die in
car crashes. In fact, the risk of motor vehicle crashes is higher among 16- to 19-year-olds than any
other age group. Per mile driven, teen drivers ages 16 to 19 are four times more likely than older
drivers to crash.
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Impaired Driving

Drivers with BAC Levels .08 g/dL or Higher Involved in Fatal Crashes hy Age
Group, 2006

Percent of Drivers with BAC .08 g/dL or Higher

30

20

<16 16-20 21-24  25-34 3544 45-54 5564 6574 75+
Age Group (Years)
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Driving while intoxicated, under the influence of drugs (illegal, over the counter, or
prescription), or fatigued all are known to contribute to crashes. According to
NHTSA(1), there were 17,602 alcohol-related fatalities in 2006, 41% of all traffic
fatalities that year. These data too may be underreported. For example, it is far less
likely that a 65 year old women who experiences an intersection related fatal crash
will be tested for impairment than a 21 year old male who crashes at 2:00 AM. It
would be ideal if all states tested all persons involved in fatal crashes; however, as
noted throughout the course, law enforcement officers have their hands full at the
scene of a crash and often contributing crash factors are overlooked.
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Not just drunk, very drunk

Fatalities in Alcohol-Impaired-Driving Crashes by Highest

BAC=.15+

L

Source: FARS 2010 ARF

A sad fact!
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lllegal Driving

Previous Driving Records of Drivers Killed in Traffic Crashes, by Blood Alcohol
Concentration, 2006

| 13% Driving Records:
1% [ Recorded Crashes
BAC .00 19% DWI Convictions

& Speeding Convictions
_ 10% I Recorded Suspensions

or Revocations

BAC .01 4%
to.07 23%

BAC .08 8%
or Higher 23%

——
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Driving with a revoked license, without a license, and without insurance tends to be
associated with high-risk driving. NHTSA has developed statistics showing the
relationship among of prior convictions, speeding convictions, recorded suspensions
and drivers BAC levels in fatal crashes in 2006.




62%

48%
51%

“This is accepted as Louisiana’s Culture —
We need to change this culture!”
-- from the 2009 LaDOTD Safety Summit *
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Can we change the culture and how?
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To change users’ unsafe behavior

= Better laws

Effective regulation

Flexible driver education
Vigilant enforcement

Real imposed penalties
Constant outreach to drivers

Promotion of safe values
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Each of these can be done, which has been proved in other countries.
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Characteristics of Vehicle

e Crash Avoidance e Crash Survivability
— Suspension — Safety Equipment
— Braking — Propensity for Rollover
— Vehicle Mass — Energy Absorption
— Low Center of Mass
— Driver Aids
— Traction

I.'\ 1 \“I.X.*I TY
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Now on another system component.

Vehicle design is a significant factor for road safety. The tradeoffs between large and small vehicles
are complex and poorly understood due to very different relationships with crash risk, and because
we typically only observe crashes after they happen (and not crashes that are avoided). In general,
newer vehicles have better safety equipment and performance characteristics than older vehicles.

We can classify vehicle safety factors into two categories:

Crash avoidance Factors that help to prevent a crash. Numerous factors are incorporated into
vehicles that help prevent crashes. In general, the more maneuverable and agile a vehicle is the
more likely it is that it can avoid a crash. Also light, compact, and low vehicles offer superior
maneuverability compared to heavy, large, and tall vehicles. Major factors that contribute to good
maneuverability are:

Crash survivability: Once a crash occurs, a different set of vehicle factors become important. The
survivability of a crash depends on many factors. The following factors do not affect how many
crashes occur, but how severe they are.

Safety equipment: airbags, safety belts and child car seats, crumple zones, energy absorbing
designs, forgiving interiors, etc.

Propensity for rollover. Vehicles that rollover typically result in greater injuries than those that do
not. Rollover probability is related to center of mass as well as other vehicle dimensions and
attributes.

Energy absorption. The key to crash survivability is the ability of the vehicle to absorb energy over
a long period of time (scale of milliseconds). All else being equal, more massive vehicles have
more energy absorbing potential than less massive vehicles.
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New Auto Technology Can Teli When
You're 'Driving While Drowsy

* in the age of muitilingual GPS devices, driver
seat massages and cruise control navigation, it
was only a matter of time before

manufacturers developed drowsy driver
alerts.

e Useful additions to driver safety is emerging in
various forms and functions.

[ Crash Avoidance: Driver Aids ‘

I.'\ 1 \“I.X.*I TY
LOUISIANA

An example on safe vehicle:

That's right — technology to tell you when you're in danger in nodding off
behind the wheel, bringing you back to full attention through dashboard
icons and warning alarms.
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e In fact, it's all rather rational. The fatigue
detection systems, shown here on the

to maintain alertness.

vehicle's dashboard, monitors eyelid closure.
The device emits a beep alerting a driver who
has closed her eyes longer than a threshold
amount of time that she should take actions

UHIYRnSLEY
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One person's lack of sleep can contribute to another's lack of safety on the Nation's
roads. According to the National Highway Traffic Safety Administration's (NHTSA)
Senior Research Psychologist Jesse Blatt, fatigue and sleep deprivation contribute
to about 100,000 police-reported highway crashes, causing more than 1,500 deaths

annually in the United States.

101



e All this technology is aimed at reducing the
number of crashes caused by drowsy drivers,
which the National Sleep Foundation
estimates at 100,000 per year.

e 20% of all traffic crashed caused by drowsy
drivers
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And then there are $250 dashboard devices, like the Danish-made Anti-Sleep Pilot set for
U.S. release in the coming months which uses sensors charting 26 different factors to
detect tiredness. Drivers using that product also have to tap the sensor every 10 to 15
minutes, with reaction times measured.
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Much safer vehicles

= Seat Belts
Anti-lock brakes

Puncture-resistant
tires

Air bag

Crumple zone
(absorb kinetic
energy)

UNIVERSITY
LOUISIANA
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No more fiat tires

_* Claimed benefits of Michelin

P« maintenance-free

N J s easy mounting and dismounting

' ¢ puncture-proof

* |onger wear resistance

¢ better distribution of pavement
stress

¢ simplified manufacturing process

* reusable base structure for
retreading

* improved shock and road hazard

resistance
L \I\'!.R-Ill
II_UU[SIA!\?‘\_

Tread Deformable wheel Flexible spokes
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Vehicle crumple zone design

General Motors Vehicle Safety and crash Worthiness Laboratory

UNIVERSITY
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Vehicles of the 50s, 60s and 70s were
literal death traps compared to today’s

~Aar
wail

C
D
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Two crash tests to show the significant improvement on vehicle design.
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To get to this day, there are many legal issues needing to be resolved.

It will certainly solve many safety problems.
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Which type of vehicle is safer?

Passenger Cars
Commercial Vehicles

Motorcycles

Commercial Vehicles

UNIVERSITY
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Back to today’s reality, we know which type of vehicle is safer.

The most popular mode of transportation is the passenger vehicle (e.g., cars, SUVs,
vans, and light trucks) when considering total miles traveled. As such, the design of
transportation facilities has reflected the desired use of the automobile. However,
the passenger car is also represented in the largest percentage of crashes. In 2005,
more than 94 percent of the 11 million vehicles involved in motor vehicle crashes
were passenger cars (NHTSA, 2006). But...
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Comparison of Vehicle Type Involved in Crashes
Vehicle Crash Total Number R‘at'e (per ].'00 'R?te [per: 100
T T £ Crash million vehicle- million registered
ype ype ot trashes miles traveled) vehicles)
Fatal 25,029 1.55 18.52
P :
"S::r"sger Injury 1,893,000 117 1,401
Property Damage 4,169,000 258 3,085
Fatal 22,838 2.01 24.05
Light -
Trucks Injury 1,209,000 107 1,273
Property Damage 2,919,000 257 3,074
Fatal 4,932 2.21 58.15
Large .
Inju 82,000 37 971
Trucks L
Property Damage 354,000 159 4,176
Fatal 4,655 43,22 74,75
Motorcycles Injury 80,000 746 1,291
Property Damage 18,000 168 291
oo

Passenger vehicles are involved in many more fatal and injury crashes than other
types of vehicles. However, controlling for vehicle miles of travel and number of
registered vehicles, passenger vehicles are the least likely to be involved in serious
crashes. Does this mean that passenger vehicles are “safer” than other types of
vehicles? Not necessarily. We have to consider who is driving; where they are
driving; and break the data down much further to answer this question. For
example, the fatal and injury rate for large trucks is higher than passenger vehicles;
however, it is generally not the truck occupants who are injured or killed but rather
the passenger vehicle occupants.
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Characteristics of Roadway

¢ Design features e Faciiity type
— Roadside — Freeways
— Geometric — 2-lane highway
— Cross-section — Multiple-lane highway
— Intersections
e Exposure — traffic — Pedestrian facilities
volume — Bicycle facilities

UNT \“I..< SITY
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It is time to talk about roadway infrastructure designed by us—civil engineers!

In addition to human factors and vehicles, roadway factors also influence the
likelihood and severity of crashes. In many cases, human and roadway factors
interact to contribute to a crash, such as a distracted driver driving through standing
water, an aggressive driver hitting an edge rut, etc.

The most important factor contributing to crashes on any road (interstate,
intersection, ramp, etc.) is the amount of exposure to risk of the road for a given
time period. Exposure is directly related to traffic volumes (vehicles per mile) on
road segments and entering volumes at intersections. The number of vehicles a
facility is exposed to will be a dominant factor in explaining the crash experience at
the location.

Roadway factors are grouped predominately by the types of facilities comprising the
transportation system, including (but not limited to) interstates, intersections, rural
highways, local roads, pedestrian facilities, and bicycle facilities. Safety of these
different facilities varies greatly because they are built to different standards and
vastly different types of activities occur on them, and often simply knowing the type
of facility will provide an important indicator of safety. For example, intersections are
locations of a large amount of conflicting vehicle movements, whereas rural

highways are often locations of high speeds and unforgiving roadside environments.
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y Location and Type of Road |

In jury Total
Fatal Accidents Accidents Accidents

Number per Number per Number per
2 Lanes 0.07 -EE-

4 or more lanes,
divided subtotal 0.063 0.77

Freeway | 0025 | 027 | 079 |

URBAN

2 Lanes

4 or more lanes,
undivided

4 or more lanes,
divided
Freeway

UNIVERSITY
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Note that these numbers do not reflect the safety of pedestrian and cyclists. As
these travel modes get popular in the future, more attention must be paid to the
safety design of pedestrian and bicycle travel facilities, which has been ignored in
many states/locations.
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Safety for Pedestrians and Cyclists

* Bicycies are iegaily considered to be venhicies,
with the right to use roadways

e There are more than 9 million bike trips and 56
million walking trips in the U. S. everyday

e Oneinten U. S. households do not own an
automobile

e 1/3 of the population do not drive an automobile

e About 10% of total fatalities are pedestrians each
year

I. .‘.I'\. I.I\'-.! Y
LOUISIANA

A little discussion on the safety of pedestrians and cyclists. Current urban and
suburban street design are not sufficient for safety of pedestrian and cyclists in most
states.
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Environmental Factors

e Rain

Snow, Sleet, & Ice
e Fog

Wind and sun

UNIVERSITY
LOUISIANA

Last on environmental factors.

Environmental crash factors are usually related to weather. Environmental factors
contribute to crashes typically through interactions with vehicle or driver related
factors, but sometimes they are outright responsible for crash occurrences. The
following are the most common environmental factors that contribute to crashes.

* Rain. Wet pavement has lower friction than dry pavement, so traction is reduced.
Also, pooling of water can lead to hydroplaning and loss of vehicle control. In
most wet conditions drivers can accommodate the reduced friction; however,
often a crash occurs in wet conditions due to drivers not accommodating
sufficiently for the reduced friction between tires and pavement. Finally, rain can
reduce visibility.

* Snow, sleet, and ice. Snow and ice (via freezing rain) can be hazardous due to
extreme loss of traction.

* Fog. Fog is responsible for a large number of crashes and can lead to massive
pile-ups. Fog can reduce visibility for several feet, virtually rendering a driver
blind.

* Wind. Windy conditions can also contribute to crashes, especially for large trucks
and vehicles.

» Sun. The sun can contribute to crashes because of glare and reduced visibility
during periods of high glare.
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rreven Engineering
Improve Crashes Education
Highway Enforcement
Safety = Emergency

== Reduce
Crash
Severit

Medical Service

UNIVERSITY
LOUISIANA

Now we know to improve safety, we must have the 4E approach.
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Last “E”

e “Golden hour” after an injured crash
e Difference in “Life and Death” and “healthy

Urban: less than 15 min, Rural: less than 30
min. "

UNIVERSITY
LOUISIANA

Lots of improvements have been on this E.
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Summary

e Roadway safety is a serous public healith,
economical, and liability problem to a society

e Building a “multilayer defense system” is
critical to reduce annual 1.3 million fatalities
and 60 million injuries caused by crashes in
the world.

Recap this lecture by summarizing what has been introduced.
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Based on a TRB Report
(TRB Special Report 289)
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serious challenge

e Recruiting, educating, and training future
highway safety professionals are inadequate.

e |tis also necessary to provide education and
training for existing professionals to enhance
their highway safety background and/or
knowledge.

We wanT YOU

Z
Hic UNIVERSITY
LOUISIANA

Safety education is critical to reach the hefty goal of ASHHTO.
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FOR QUESTIONS CONTACT
Xxsun@I|ouisiana.edu

¥

UNIVERSITY
LOUISIANA
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Lecture 2

Highway Safety Fundamentals Course

Defining Safety

A project sponsored by National ‘ o

Center for Intermodal Transportation e LLL
for Economic Competitiveness and * LOUISIANA
conducted by University of Louisiana

November 2013

The purpose of this lecture is to let students understand the scientific definition of
safety and be familiar with the evolution of basic safety concept. The lecture lays
out the foundation for the upcoming analysis methods.
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What is Safety?

Start the lecture by asking this seemingly simple question.
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How do our customers define safety?

e Perceived safety

— based on personal
experiences

— personal comfort or
discomfort

— lower speeds are safer; faster
speeds are dangerous

UHIYRnSLEY
LOUISIANA

Perceptions of what is safe or not safe may not always match actual safety.

It is thought that “lower speeds are safer”; important to know in the urban
environment; slower means more time to react, more importantly, more time to
perceive events around and process accurately.
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How do professionals measure safety?

e Crashes and crash severities
e Crashes per spatial unite
e Crashes per time unit

e Rates (crashes per vehicle-miles-traveled)

UNIVERSITY
LOUISIANA

Professionals look at the problem from a holistic approach.
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Safety in two terms

e Objective Safety (measurable) refers to the
number of crashes and their severity.

e Subjective Safety (perceived) refers to the
perception of how safe a person is on the
road, i.e. the feeling of personal security.

UHIYRnSLEY
LOUISIANA

Introduce two important safety definitions.
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e Objective safety e Subjective Safety

—Quantifiable —Perception
—Independent of —Values vary
observer between

observers

Objective safety and subjective safety do not always
go hand in hand.

UNIVERSITY
LOUISIANA

Must stress the differences between the two.

It is possible that some road treatment or improvement will induce a false sense of
security in road users and, as a result, the number of crashes or accident severity

increase.
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Thus, it is important to understand road user adaptation to any treatment and to
conduct a safety performance analysis which includes field investigations at the
facility before selecting a treatment.
o o

The point marked A indicates the safety of a pedestrian using an uncontrolled
midblock crosswalk that is not marked by painted lines, and the pedestrians’ feeling
of security under such conditions. The point marked A’ indicates the safety and
security of the pedestrian after the uncontrolled midblock crosswalk edgelines have
been painted. Point A’ is higher on the vertical axis, indicating that pedestrians have
an increased sense of security. However, the safety of this location has decreased
with an increase in the frequency of crashes, indicating a false sense of security.
Points B and B’ indicate the safety and security values before and after a TV-based
safety publicity campaign respectively. In this case, road user security decreases
while safety may have increased very slightly or not at all. The effects illustrated by
Ato A and B to B’ are not clear-cut improvements. However, the change between
points C and C’ indicate a clear-cut improvement in safety as well as security (such
as flattening a severe sideslope). The change between points D to D’ illustrates a
clear-cut deterioration in both safety and security (such as eliminating illumination).
Real-life treatments may be of the A, B, C or D types, and their effects on both
safety and security are important.
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Discuss this seemingly confident pedestrian crossing situation.
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real world

iy
o
z

LOUISIANA

Highway safety is certainly not about personal experience, feelings, or anecdotes.
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So, crash counts are related to
safety, but it must be know that.....

Number of crashes per unit time and location is a measurement of safety as you
may think.
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Crashes are rare events. Each crash is
preceded by a ‘hazardous situation.” Most
hazardous situations result in near-misses.

LNl ERI1TY
LOUISIANA

Although crashes are what we want to account for safety at the top, we need to
understand how it occurred and their relevance the blocks above. Safety as a
continuum of events (not total independent from other events/situations
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By nature crash count is an unstable
measure of safety. Its degree of
randomness varies by size of “exposure”.

UNIVERSITY
LOUISIANA

Crashes are random occurrences. The following examples demonstrate the
randomness of recorded crash counts.
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' What is Safety? |

Here is a count of injury
crashes for a Freeway
Segment in Colorado.
What is its SAFETY?

Injury Accidents

1985 1990 1995 2000
Year

Source: Dr. E. Hauer’s 2013 SPF Workshop in Louisiana

Accident Count

Here is a (monthly) count of
crashes for an Intersection in
Toronto.

What is its SAFETY?

V] 20 40 60

Period Number
UNIVERSITY
LOUISIANA

Crash counts are related to safety but their fluctuation presents a problem for safety
measuring. Discuss these two charts, gradually pointing out the problems with crash

counts.
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What is the safety of a
roadway facility?

if Safety = Crash Counts, it wouid
mean that safety improved from "
1986 to 1987, deteriorated from
1987 to 1988 etc.

o

Injury Accidents
I

Such a definition is not correct
because safety changes even if 0 L | .
there is no change in safety- = o W e
relevant roadway attributes.

(Exposure, traffic control, physical
features, user demography, etc.)

Source: Dr, E. Hauer's 2013 SPF Workshop in Louisiana * UNIVERSITY
LOUISIANA

Make sure students understand why crash count does not equal safety.
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We need a definition of the safety (for a roadway facility)
such that, as long as the ‘safety-relevant’ attributes of the
facility do not change, it’s ‘safety’ does not change.

12 10
8
£ £
1
= <<
0 0 *
1985 1990 1995 2000 o 20 40 60
Year Period Number
Three period running averages; Thirteen period running averages,
Freeway Segment, Colorado Intersection, Toronto

One can rightly imagine that behind the fluctuations there is a
gradually changing safety property that is some kind of average

LOUISIANA

Source: Dr. E. Hauer’s 2013 SPF Workshop in Louisiana g UNIVERSITY

Important points:

Crash counts do not equal safety but crash count does reflect safety if it is carefully
treated.
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Thirteen period running averages,

intersection, Toronto

10
€ "
=]
8 5 = o5, Poag
= 4 —d‘ ui. W
@ o o e o -
B -:‘,a"' .
2 T e
< s =4 "3\7.;~;ff'

l..
1}
0 20 40

Period Number

&0

There are three elements in ];—ﬁe graph:
1. Observed values ¢

2. The invisible (unknolwn) safety property u

3. Our estimate of the unknown property a o

Source: Dr. E. Hauer’s 2013 SPF Workshop in Louisiana

UNIVERSITY
LOUISIANA

Guide students through the discussion on treatment of crash counts.
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San Francisco Example with 1,072 intersections

TABLE DI o
ILLUSTRATING THE REGRESSION TO THE MEAN PHENOMENON
No. of Accidents/
Intersections Accidents/ Year in
With Given No. Accidents/ Year/ 1974-76 Accidents Accidents/
of Accidents Intersection | Intersection for Group in 1977 Intersection
in 1974-76 in 1974-76 [ in 197476 (rounded) for Group in 1977 % Change
256 0 0 0 64 0.25 Large increase
218 | 0.33 [ 120 0.55 67%
173 2 0.67 116 121 0.70 Small increase
121 3 1.00 121 126 1.04 Small increase
97 4 1.33 129 10§ 1.08 -19%
76 5 167 H? 9 33 =20%
54 6 200 108 84 1.56 =22%
3 7 2.33 75 n 225 -3%
29 8 267 m 47 1.62 -39%

DN RS IT Y
LOUISIANA

Reference: “Observational Studies” by Ezra Hauer

 Intersections with large crash rates during 74-76 experienced the rate

decreasing

* Intersections with small rate during 74-76 experienced an increase in crash rate

* Average crash rate for all years remained constant of 1.1/year/intersection
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TABLE D1
ILLUSTRATING THE REGRESSION TO THE MEAN PHENOMENON
No. of Accidents/
Intersections Accidents/ Year in
With Given No. Accidents/ Year/ 1974-76 Accidents Accidents/
of Accidents Intersection Intersection for Group in 1977 Intersection
in 1974-76 in 1974-76 in 1974-76 (rounded) for Group in 1977 % Change

256 0 0 0 64 0.25 Large increase

218 | 0.33 72 120 0.55 674

173 2 0.67 16 121 0.70 Small increase

121 3 1.00 121 126 1.04 Small increase

97 4 1.33 129 105 1.08 -19%

10 s 1 &7 117 93 133 ~20%

54 6 2.00 108 84 1.56 =224 |

32 7 2.33 75 72 2.25 -3%

29 8 2.67 77 47 1.62 -39%
crashes/year/group in | crashes/year/grou | reduction Actual reduction
period 74-76 pin 1977
108 72 36 12 (why)

UNIvREESITY
LOUISIANA

To demonstrate the magnitude of the problem, imagine that the 54 intersections
with 6 crash in 3 years were treated at the end of 1976 and recorded, for example, a
total of 72 crashes in 1977. A conventional before and after comparison would
estimate the treatment effect as a reduction of 108-72=36 per year. However, the
reduction due to RTM alone would have been 24 crashes per year
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Facing the regression to the mean
(RTM) problem in crash count, what
can be done to better define
“safety”?

DN RS
LOUISIANA

Now it is time to ask students the question.

137



T —
Definition

Safety of a roadway facility (segment,

intarcactinn and ate ) ic the niimher nf
Ll W LI AL TRA L—\-\"l' 12 il TIRAT TN S

crashes by kind and severity, expected to
occur on it in a specified period of time. It
will always be denoted by p and its estimate

Crash Severity

Crash type
PDO Injury Fatal
Rear-end 3.10 1.70 0.20
Angle 1.40 0.90 0.10
Single-vehicle 0.30 0.10 0.02
Pedestrian 0.05 0.03

UNIN LY
LOUISIANA

Discuss the word “expected” first to refresh students’ statistic knowledge.
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The ‘safety’ of a roadway facility generally
depends on

e Roadway characteristics (design variables)
e Traffic control devices

e Level of utilization (exposure)

* Vehicle technology

e User characteristics (human factors and
behavior)

All the above will be discussed later

I.‘-_I_\.I. \'.'\I TY
LOUISIANA

Discuss in general how safety can be different at different roadway facilities,
different locations, different time.
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For questions contact
xsun@Iouisiana.edu

UNIVERSITY

LOUISIANA
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Lecture 3

Highway Safety Fundamentals Course

Estimating Safety with
Crash Data

A project sponsored by National o

Center for Intermodal Transportation e LLL
for Economic Competitiveness and * LOUISIANA
conducted by University of Louisiana

November 2013

The purpose of this lecture is two-fold:
1.Understand how the crash data can be used to measure safety.
2.Understand the issues related to crash counts.
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Measuring Safety
issues of data quality

Direct measures

Surrogate measures

B w N R

Predictive measures of safety

Ly 2Ra T ek
LOUISIANA

With a scientific definition of safety, now it is time to see how to measure safety in
practice. In order to estimate the “expected” we need data, crash account (by
severity and type) per time unit for a specific roadway fatality.
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1. Issues of crash data quality

Definition and reportability

Reportable crashes

Injury crashes

Reported crashes

Integration of crash reports

I.'\ 1 \I{*I TY
LOUISIANA

First, attention may be paid to the basis (crash data collection). There are problems

in crash data collection.
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Definition and Reportability

“an accident that involves a transport vehicle in
transport, in which the first harmful event is not
produced by the discharge of a firearm or explosive
device, and that does not directly result from a

cataclysm.” by The American National Standard ANSI
16.1

At
LOUISIANA

First of all, what is a crash?
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Explanation

An unstabilized situation which inciudes at
least one harmful event

An unstabilized situation is a set of events not
under human control

It originates when control is lost and
terminates when control is regained

A ‘harmful event’ is an occurrence of injury or
damage

UNIVERSITY
LOUISIANA

Explain “harmful event.”
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Reportable crashes

e Recorded crash counts depend on which
agency is recording. Each have different
purposes, processes and definitions for a
crash

— Policy
— Insurance company

— hospital

UNIVERSITY
LOUISIANA

Not all crashes are reported due to various reasons. For example, in Louisiana
crashes involving animals are not all recorded.
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e Transportation agencies typically use police
crash records. The crashes in these records are
defined as ‘reportable crashes’.

e Various criteria serve to define the ‘reportability’
of property-damage-only or non-injury crashes.

e There are different definitions of reportable
crashes. The different definitions need to be
identified in order to understand their effect to
the crash counts.

I.'\ 1 \I{*I TY
LOUISIANA

In the U.S. different state uses different threshold for “reportable crashes.”

Some states require recording all crashes with more than $300 estimated damages,
other $1,000 or different numbers.

Who can accurately estimate damages?
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Injury crashes and KABCO scale

i Acmm mnimmim Bl mdl i | Qo i ] e ANICIH
e Alriericdall NdLoridi oldiiddadiu AiNJlI

1996 defines injury as “bodily harm to

T
1

Q.

-
L

follows:

before the injury occurred”

m1
Ul
d

o1
O.1-

person.” ‘Injury’ is further broken down as

K-‘Fatal injury’ is “an injury that results in death”
A- ‘Incapacitating injury’ is “any injury, other than a
fatal injury, which prevents the injured person
from walking, driving or normally continuing the
activities the person was capable of performing

At
LOUISIANA

Let student get familiar with KABCO terms.
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B- ‘Non-incapacitating evident injury’ is “any injury,
other than a fatal injury or an incapacitating
injury, which is evident to observers at the scene
of the accident in which the injury occurred”

C- ‘Possible injury,” is “any injury reported or
claimed which is not a fatal injury, incapacitating
injury or non-incapacitating evident injury” and
includes “claim of injuries not evident”

O- No Injury/Property Damage Only (PDO).

UNIN LY
LOUISIANA
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Tha EAniindatinn Anf a Mainr Inining
Hirnre 1 vudilidatilivii vi a iviajwvi lIIJUI
00.3% of all accidents produce major injuries A
08.8% of all accidents produce minor injuries 1
90.9% of all accidents produce no injuries E T — .
: ¥ " Major Inju The Heinrich Triangle

'29

Mmor Inlunes

S

Induibrial Accident Prevection. 1950, p. 24

Used for Industrial and Occupational Safety ever since it was first published in

1932.
oo i

There are two basic ideas:

1. Events of lesser severity are more numerous than more severe
events, and events closer to the base of the triangle precede events nearer the top

2. Events near the base of the triangle occur more frequently than
events near the triangle’s top, and their rate of occurrence can be more reliably
estimated

It is now known that for many circumstances, such as pedestrian crashes to
seniors, almost every accident leads to injury. For these circumstances, the “No
Injury crashes” layer is much narrower than the one shown in the Figure.

Furthermore, it is also known that, for many circumstances, preventing events of
lesser severity may not translate into a reduction of events of larger severity. An
example is the installation of a median barrier where the barrier increases the
number of injury crashes due to hits of the barrier, but reduces fatalities by largely
eliminating cross-median crashes. In the case of median barriers, the logic of
Heinrich Triangle’ does not apply because the events that lead to fatalities.

Ref: H. W. Heinrich, Industrial Accident Prevention, 1950, p. 24.
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Reported crashes

e Road users do not report all reportable
crashes to the poiice

e The number of crashes that are not reported
is mostly unknown and is expected to vary
from jurisdiction to jurisdiction

e Police, hospital and insurance agencies
maintain databases of crashes

I.'\ 1 \I{*I TY
LOUISIANA

Again, reported crashes varies by several factors.
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Count of reported crashes varies by:

e Crash types
e # of people and # of vehicles involved

e Severity (the more severe the accident,
the more likely it is to be reported)

e Occurrence time
e Reporting agencies

I.'\ 1 \“I.X.*I TY
LOUISIANA

In general, fatal crashes, crashes involving more people, and crashes on major
streets patrolled by state troops are more likely to be reported.

152



e Based on some studies conducted

internationally and in the United States, about
50-60% of reportable property-damage-only
crashes, 25-75% of minor injuries; and 20-30%
of serious injuries and fatalities that require
hospitalization are not reported to the police.

At
LOUISIANA

The numbers may not be completely accurate but they do reveal the problem.
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e The definition of a fatal injury is also a factor.
A fatal injury is defined by some agencies as
“any injury that results in death within a
specified period after the road vehicle
accident in which the injury occurred” For
general use in the administration of highway
safety programs, the specified period is 30
days. However, the World Health Organization
procedures, adopted for vital statistics
reporting in the United States, use a 12-
month limit.

DLV eRILTY
LOUISIANA

How to define a crash fatality? Victim died instantly, or within certain number of days
(7, 30 or 1007?)
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New tools will change and improve accident
data quality in the future

e Electronic data collection technology traffic
safety data.

 Infrared or “smart card” technology

e The handheld device will generate the case
number, date, time, and latitude/longitude
when the crash report is initiated.

UNT \“I..\' SITY
LOUISIANA

Electronic data collection technology traffic safety data. Vehicle sensors, long-range
radar, optical sensors, lane detection404 and the vehicle event data recorder (EDR)
systems will provide data about crash avoidance and causation. The changes in
vehicle speed before and at the time of the crash, the principal direction of force and
the exact latitude and longitude of the crash location will be collected in conjunction
with the vehicle’s automatic crash notification (ACN) and global positioning systems
(GPS). Infrared or “smart card” technology will scan or swipe electronic driver
license and vehicle registration data into a handheld device, such as a Personnel
Data Assistant (PDA), tablet, clipboard, or laptop. The handheld device will directly
access the driver and vehicle in a few seconds.

The handheld device will generate the case number, date, time, and
latitude/longitude when the crash report is initiated. EDR data will be entered along
with the "swiped or scanned" license and registration data. Drop-down menus,
optical character recognition, speech recognition, intelligent screens and other
technologies as well as linkage to other appropriate databases, such as the
roadway database, and built-in logical and validity data edits will ensure accuracy.
Driver and vehicle data will be simultaneously uploaded or downloaded into a
mobile data terminal to update the history files at the State DMV...
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Model Minimum Uniform Crash Criteria

MMUCC Guideline

Model Minimum Uniform Crash Criteria

Fourth Ediion (2012)

UNIVERSITY
LOUISIANA

FHWA, Federal Motor Carrier Safety Administration, Research and Innovative Technology
Administration, and NHTSA have jointly developed the (MMUCC). The purpose of these
criteria is “to provide a data set for describing crashes of motor vehicles that will generate

the information necessary to improve highway safety.”
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Integration of Crash Reports

The Crash Outcome Data

e Crash Outcome Data

DLES]

Evaluation System Appncanoﬁ?t'o —
Traffic Safety Decision-Making
(CODES) has been
instrumental in
working toward the
integration of data
collected by different
agencies within a
jurisdiction.

o, it
=9,

Agencies from emergency service, medical service, enforcement and etc. This has
resulted in enhanced and more comprehensive information about reportable crashes.
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2. Direct Measures of Safety

* Frequency
—Random occurrence of crashes and
regression-to-the-mean
e Crash rate

—Non-linear relationship between
frequency and traffic volume

I.'\ 1 \I{*I TY
LOUISIANA

Again discuss ROM and Non-linear relationship between crash frequency and
AADT
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Frequency

e As discussed before, frequency per time unit
is not stable because of ROM.

e Crash frequency is closely related to traffic
volume (exposure).

Simply comparing crash frequencies could
lead to wrong conclusion on safety.

I.'\ 1 \I{*I TY
LOUISIANA

Few real world examples can be introduced here to demonstrate the points.
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Considering traffic volume

Crash Rate
Crash frequency
R =  Exposure per unit time
N
= 10°
365%ADT* L
N, §

R-: .
! 365% ADT*L

Unit: Fatalities per 100 million VMT (vehicle miles traveled)

UNIN LY
LOUISIANA

Now let’s consider volume.
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I.'\ 1 \I{*I TY
LOUISIANA

However, rate also has its weakness in application.

Point A and point B could represent the same segment of road where no treatments
were implemented from year 1 to year 2. However, the traffic volume on this road
segment increased from 2,500 veh/day (point A) to 3,000 veh/day (point B) from
year 1 to year 2. It is noted that at point B, the expected accident frequency is
higher and the accident rate is lower when compared with point A. The decrease in
accident rate means that, from an individual driver’s point of view, travel in year 2
was safer than in year 1 because the probability of being in an accident has
diminished. However, the road has not become safer as a result of higher traffic
volumes.

161



3. Surrogate measures

e Surrogate measures provide the opportunity
to assess safety when crash counts are not
available

e Two basic types of surrogates

— Surrogates based on events which are proximate
to and usually precede the crash event

— Surrogates that presume existence of a causal link
to expected crash frequency

I.'\ 1 \“I.X.*I TY
LOUISIANA

These surrogates assume knowledge of the degree to which safety is expected to
change when the surrogate measure changes by a given amount. For example,
number of conflicts.
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Relationship between number of expected

crashes and number of surrogate events

~ ' A A
/U_LE(J*" §

Where:

H =the safety of a roadway or facility estimated by means of surrogate events
(. =estimate of the rate surrogate event occurrence for the roadway or facility
for each severity class i. The estimate is obtained by field observation, by

simulation, or by analysis
b ® estimate of the crash/surrogate event ratio for the roadway or facility for
each severity class i. The estimate is the product of research that uses data
about the occurence of surrogate events and of crashes on a set of roadways
or facilities

UNIVERSITY
LOUISIANA
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Surrogate Measures at Intersections

Surrogate Measure Description
Encroachment Time (ET) Time duration during which the tuiming vehicle infringes upon the right-
of-way of through vehicle.

Time lapse between completion of encroachment by tumning vehicle and

Gap Time (GT) the arrival time of crossing vehicle if they continue with same speed and
path.
Deceleration Rate (DR) Rate at which through vehicle needs to decelerate to avoid accident.
Proportion of Stopping Ratio of distance available to maneuver to the distance remaining to the
Distance (PSD) projected location of accident.

Post-Encroachment Time
(PET)

Time lapse between end of encroachment of tuming vehicle and the
time that the through vehicle actually arrives at the potential point of
accident.

Initially Attempted Post-
Encroachment Time

(1APT)

Time lapse between commencement of encroachment by turning vehicle
plus the expected time for the through vehicle to reach the point of
accident and the completion time of encroachment by turning vehicle.

Time to Collision (TTC)

Expected time for two vehicles to collide if they remain at their present
speed and on the same path.

The accuracy of the events listed in above in predicting expected

crashes has not been fully proven. *

Ref: http://www.fhwa.dot.gov/publications/research/safety/03050/03050.pdf
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e Other types of surrogate measures are those
construed more broadly to mean anything “that can
be used to estimate numbers of crashes and
resulting injuries and deaths.” Such surrogate
measures include:

— Number of conflicting points

— Driver workload

— Average speed

— Speed variance

— Proportion of belted occupants
— Number of intoxicated

UNIVERSITY
LOUISIANA

The challenge is to establish quantitative relationship between surrogate measures
and safety. And these relationships could vary by location (local culture and drivers’
mentality).
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4. Predictive measures of safety

e Safety Performance Functions (SPFs) typically
express the objective reiationship between
the expected number of crashes by type and
severity and a host of variables (traffic
volume, design variables)

Expected Accidents/Year

UNIVERSITY
Annual Average Daily Traffic * LOUISIANA

For example, it is possible to establish an SPF between the expected frequency of
single-vehicle crashes and the AADT for two-lane rural roads. This SPF predicts the
average number of single-vehicle crashes on a two-lane rural road with a given
AADT. SPFs may also express the relationship between the expected number of
crashes and AADT and many more factors alternatively called “variables” or
“covariates” (More on SFP later).
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For questions contact
xsun@Iouisiana.edu

¥

®
UNIVERSITY

LOUISIANA
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Lecture 4

Highway Safety Fundamentals Course

Relevant Fundamental
Statistics

A project sponsored by National UNIVERSITY
Center for Intermodal Transportation Eib8.2:7

for Economic Competitiveness and * LOUISIANA
conducted by University of Louisiana

November 2013

Refresh fundamental statistics related to safety analysis. It is critical to apply and develop
the statistical method correctly for safety analysis. If you look at highway safety in any
transportation textbook (published 5 years ago), you will see the statistical highway safety
analysis methods that are no longer used in today highway safety analysis.

Remember the saying “Lies, damn lies, and statistics.”
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1. Basic terms

2. Accuracy and standard error

3. Probability distribution functions
a. Poisson distribution
b. Binomial distribution
c. Negative Binomial distribution

4. Empirical Bayes Method
5. Safety model Goodness-of-Fit evaluation

UNIVERSITY
LOUISIANA

The purpose of this lecture is to refresh student knowledge on some fundamental

statistics, which is key in safety analysis and modeling.
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1. Basic terms
M

L

(D

an

e |n statistics, mean has two related
meanings:
— the arithmetic mean

— the expected value of a random variable, which is
also called the population mean.

e Arithmetic average is often used to
estimate population mean

1 n
f:E-Zl‘f

=1

UNIN LY
LOUISIANA
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Problem of being “mean”

e The main problem associated with the

is that it is sensitive to outliers.

one in the department that weighed 600
pounds.

estimated mean (average) value of some data

e Example, the average weight of professors in
CE department might be affected if there was

I.'\ 1 \I{*I TY
LOUISIANA

» To see how “outlier” affects the sample statistics
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Median

e Because the mean average can be sensitive to
extreme values, the median is sometimes
useful and more accurate.

e The median is simply the middle value (by
ranking order and choose middle value. If
even then average between two in the
middle).

At
LOUISIANA

Outliers have minimum, or if any, effect on median.
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Mode

I

he most frequent response or vaiue

13, 18, 13, 14, 13, 16, 14, 21, 13

mean: 15
median: 14
mode: 13

At
LOUISIANA

Outliers have minimum, or if any, effect on mode also.
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e How things change by outlier

13,47,13,14,13,16, 14, 21,13

mean: 18.1
median: 14
mode: 13

UNIVERSITY
LOUISIANA
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Variance

e in statistics, the variance of a probabiiity
distribution is one measure of dispersion,
averaging the squared distance of its possible
values from the expected value.

e Whereas the mean is a way to describe the
location of a distribution, the variance is a way
to capture its scale or degree of being spread
out.

I.'\ 1 \I{*I TY
LOUISIANA
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e |f the underlying distribution is not known,
then the sample variance may be estimated
by standard error as:

2
S

Standard Deviation

BN
— (Xj - 2] ) Normal Curve
N =1

not an unbiased estimator

2 1 & 2
Sw_q4 & —m— Xi—=X) .
-1 N—lg;[ %)

bias-corrected sample variance
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Property of variance (a quiz)

e \/Aarianreo ic haraiica +
Gl idaniei. 1 Mo wu “ L

positive or zero.

e |f all values of a random variable are equal, then its
variance is .

* |n a finite population or sample, if some elements of
the variable are unequal, then the variance is larger
than .

¢ |n a finite population, if the list is extended with a
number that is equal to the mean, then the variance
decreases unless it was 0. For example, the variance
of1,2,3is than the variance of 1, 3.

UNIVERSITY
* LOUISIANA
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Standard Error of the Mean

Oz

<
I
I

2

O =standard error of the mean
ox = the standard deviation of the original distribution
N = the sample size

UNIVERSITY
LOUISIANA
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2. Accuracy and Precision

The word accuracy in science, engineering and
statistics refers to the closeness of estimates,
measurements, or observed values to their
true or expected value. The ‘standard error’ is
a common measure of accuracy.

UNIVERSITY
LOUISIANA

As all estimates are subject to uncertainty, the accuracy of an estimate is required in
order to know the relationship between the estimate and reality. This is why, as a
rule, safety estimates are accompanied by a description of their accuracy.

There appear to be two different definitions of the standard error.

The standard error of a sample of sample size is the sample's standard deviation
divided by square root of sample size.

The standard error of an estimate may also be defined as the square root of the
estimated error variance of the quantity, as assumed here in our safety analysis
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Precision and Accuracy

True Value
(a) Accurate (b) Precise (c) Accurate and Precise

Difference between accuracy and precision

UNIN LY
LOUISIANA

This is something that may appeal in safety modeling.
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3. Distribution Functions

Poisson distribution
The Poisson distribution is used to model the number

of events occurring within a given time interval. The
formula for the Poisson probability mass function is

e~ AN

P(maA)= fOI:}‘::O,l’?)...

x!

A is the shape parameter which indicates the average
number of events in the given time interval.

At
LOUISIANA

It is a commonly used distribution function for number of crashes.
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Poisson distribution is a discrete probability
distribution that expresses the probability of a
number of events occurring in a fixed period of
time if these events occur with a known average
rate, and are independent of the time since the
last event. The Poisson distribution can also be
used for other specified intervals such as:
distance, area or volume.

I.'\ 1 \“I.X‘I TY
LOUISIANA

A classic example is the probability of a certain number of bombs striking a
randomly selected area from a group of equally sized areas. This example was
applied to German V-1 buzz bombs (a flying bomb, the precurser to the guided
missile) striking South London during WW Il. On paper, South London was divided
geographically into 576 areas each having 0.25km2 areas. Assuming the 535
bombs launched toward South London were done so with random targeting.
Therefore, the probability of any number of bombs (0 to 535) striking any area of the
576, at random, can be calculated. For use in the Poisson distribution, the mean, A,
is the quotient of number of bombs divided by number of equally sized areas.
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Examples of events that may be modeled as a
Poisson distribution include:

e T
L}

road (sufficiently distant from traffic lights) during
a given period of time.

e The number of spelling mistakes one makes while
typing a single page.

e The number of times a web server is accessed per
minute.

e The number of animals killed found per unit length of
road.

e The number of pine trees per unit area of mixed forest.
e The number of stars in a given volume of space.

e The number of light bulbs that burn out in a certain
amount of time. *;Cﬁ.h?:'\f{

Examples are from the Internet. The Possion distribution is best for modeling events
that are highly random in nature.
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The horizontal axis is the index k. The function is defined only at
integer values of k. The connecting lines are only guides for the eye

and do not indicate continuity.
oo

Discuss how the shapes change as the mean changes.
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Probabllity Mass
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Binomial distribution

e Binomiai distribution is the is a discrete
probability distribution of the number of
successes in a sequence of n independent
yes/no experiments, each of which yields
success with probability p.

I.'\ 1 \“I.X.*I TY
LOUISIANA

Such a success/failure experiment is also called a Bernoulli experiment or Bernoulli trial. In
fact, when n = 1, the binomial distribution is a Bernoulli distribution.
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f(k‘:n,p‘=(

Probability mass function

n

k 1 — n—k
k)p (1-p)

* in general, if the random variabie K follows
the binomial distribution with parameters n
and p, we write K~ B(n, p). The probability of
getting exactly k successes is given by the
probability mass function:

UNIN LY
LOUISIANA
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e fork=0,1, 2, ..., nand where

is the binomial coefficient (hence the name of
the distribution) "n choose k" (also denoted
C(n, k) ). The formula can be understood as
follows: we want k successes (pk) and n - k
failures (1 - p)(n - k).

At
LOUISIANA

However, the k successes can occur anywhere among the n trials, and there are C(n, k)
different ways of distributing k successes in a sequence of n trials.

188



# ——p=05mdn=20
R . p=07 andn=20
016} ¥ PEiEa.
0 [ \ 1
[ I.II \ .
| 1 ™
012 + t ¥y R 1
j 1
o1k I.' ',I L . 4
|II \
ooe} | ) ? b 1
RN
006} , \ . . 1
00af p . . 1
002 a .
L f \ 1
3 . . P .
0 ahensloan® | - i et E—_— _—
0 5 10 % F) F3 0 £ Pl >
J s . 4
08 . 1
’ ‘ !
07 [ . 1
06 , J J 4
0s / 1
04 ’I [ f 1
03 !
14 .
02 f ! 1
‘-' 4 ——p=0Smin=20
o1 f 4 o pe07 andn=20
. . T LLE
ol i ~ 1 i ’ UNIVERSITY
(] 5 0 15 o = LOUISIANA

189



T —

Normal vs. Binomial

. — Normal PDF |
M Binomial PDF

0.1
0.05 |
O: —h
0 1 2 3 4 5 6
k

¥

UNIVERSITY

LOUISIANA

Ask students why is one in column and one is continuous?
Normal distribution is for continuous random variables.
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Normal approximation

* if nis large enough, the skew of the distribution is
not too great, then an excellent approximation to
B(n, p) is given by the normal distribution

N(npl np{l_p)) = N(“I 62)

e Various rule of thumb may be used to decide
whether n is large enough. One rule is that both np
and n(1 - p) must be greater than 5.

UNIVERSITY
LOUISIANA

However, the specific number varies from source to source, and depends on how good an
approximation one wants; some sources give 10.
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Poisson approximation

P TI PR iy | PP R L.

he binomial distribution converges towards the
Poisson distribution as the number of trials goes
to infinity while the product np remains fixed.
Therefore the Poisson distribution with
parameter A = np can be used as an
approximation to B(n, p) of the binomial
distribution if n is sufficiently large and p is

sufficiently small.

e According to two rules of thumb, this
approximation is good if n 2 20 and p < 0.05, or if
n =100 and np < 10. *!..\.'.}..':-ﬁ:!;ﬁ:
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Negative binomial distribution

e Negative binomial distribution is a discrete
probability distribution.

e The negative binomial distribution gives the
probability of r-1 successes and k failures in
k+r-1 trials, and success on the (k+r)t trial.

UNT \“I..< SITY
LOUISIANA

To analyze crash data in traffic safety analysis, statistical distributions are often
used to fit the data. It is often assumed that the distribution of crash counts at a
given site follows a Poisson distribution, which only has one parameter and its mean
and variance are the same. The Poisson distribution has been shown to be
reasonable to model crash data at a given one site. In reality, crash data over a
series of sites often exhibit a large variance and a small mean, and display
overdispersion with a variance-to-mean value greater than one. For this reason, the
negative binomial distribution, also known as the Poisson-Gamma distribution, has
become the most commonly used probabilistic distribution for modeling crashes.
The negative binomial distribution is considered to be able to handle overdisperson
better than other distributions and has been widely used in many fields in addition to
traffic safety, such as entomology, zoology, bacteriology and biology.
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Probability mass function

1“(?1 4 b

flksrp) = Sipey (1=

where I' (Z) is the gamma function

At
LOUISIANA

The family of negative binomial distributions is a two-parameter family. One very
common parameterization employs two real-valued parameters p and r with 0 < p <
1 and r > 0. Under this parameterization, the probability mass function of a random
variable with a NegBin(r, p) distribution takes the following form ...
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Summary

Probabiiity fiean Variance

Function

Poisson A 7\

(mean equals to
variance)

qumlal np
(mean is bigger than
variance)

np(1-p)

Negative Binomial _
(variance is bigger than M

mean) p p

r(l-p)

2
UNIVERSITY
LOUISIANA
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Overdispersed Poisson

(variance exceeds the sample mean)

a 1f a2 DAaicecan Aictrila ad +A rmmadal ciirh
® 1T a roisson UIDLI IUULIUII ID usea LU ITITUUCT SuULCli

the model mean and variance are equal. In that case,
the observations are overdispersed with respect to
the Poisson model.

¢ The negative binomial distribution can be used as an
alternative to the Poisson distribution when sample
variance exceeds the sample mean.

¢ Since the negative binomial distribution has one
more parameter than the Poisson, the second
parameter can be used to adjust the variance
independently of the mean

Aot
udiag,

UNIN LY
LOUISIANA
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4. Empirical Bayes method

* Empirical Bayes methods are a class of
methods which use empirical data to evaluate
or approximate the conditional probability
distribution that arise from Bayes' theorem.
These methods allow one to estimate
guantities (probability, average, etc.) about an
individual member of a population by
combining information from empirical
measurements on the individual and on the

entire population

UNIN LY
LOUISIANA
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Empirical Bayes methods involve

e An "underlying" probability distribution of
some unobservable quantity is assigned to
each member of a statistical population. This
guantity is a random variable if a member of
the population is chosen at random. The
probability distribution of this random
variable is not known, and is thought of as a
property of the population.

I.'\ 1 \I{*I TY
LOUISIANA
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Empirical Bayes methods involve

e An observable quantity assigned to each
member of the population. When a random
sample is taken from the population, it is
desired first to estimate the "underlying"
probability distribution, and then to estimate
the value of the unobservable quantity
assigned to each member of the sample.

I.'\ 1 \I{*I TY
LOUISIANA
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The Empirical Bayes method addresses two
problems of safety estimation

ld Sim miem o Al s te s it nl e Al okl Py SR P
ILINICTEdSES LIIC PIrecisiuln Ul esLiTidLes peEyouliu

what is possible when one is limited to the
use of a two-three year history crashes, and it
corrects for the regression-to-mean bias. The
theory of the EB method is well developed.
The time has come for the EB method to be
the standard and staple of professional
practice in highway safety.

At
LOUISIANA

The increase in precision is important when the usual estimate is too imprecise to
be useful. The elimination of the regression to mean bias is important whenever the
crash history of the entity is in some way connected with the reason why its safety is
estimated.
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An intuitive explanation

The Empirical Bayes is based on the recognition that crash counts
are not the only clue to the safety of a highway segment. Another
clue is in what is known about the safety of similar sites.

Consider a novice taxi driver in New York who had no accident
during his first year on the job. It is also known that an average
novice taxi driver in the city has 0.08 crashes per year. It would
not be correct to claim that this novice taxi driver is expected to
have zero accident next year (based on his record only). It would
also be peculiar to estimate his safety to be 0.08 accident/year (by
disregarding his record). A sensitive estimate must be a mixture of

the two clues.
oo i
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The basic equation:

N=Nw+N,(l-w)

where  N: estimated expected crashes
N,: crashes expected on similar sites
(from safety performance function)
N,: observed accident counts

w: weight factor (between zero and one)

2

UNIVERSITY

LOUISIANA
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The key is determined by how much “weight” is given to
the crashes expected on the similar sites. The strength
of EB method is in the use of a “weight” that is based

on the sound logic and on real data.

In the first edition of Highway Safety Manual:

a)——l
o NY
1+

Y: number of years of crash counts used

@ overdispersion parameter

At
LOUISIANA

The dispersion parameter comes from a Negative Binomial Distribution. It is

discovered that crash counts are usually widely dispersed than what would be
consistent with the Poisson assumption.
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e Common ‘goodness-of-fit’ measures (R?, x?,
AIC, and etc.) are overall measures expressed
by a single number.

e For intended safety applications, they are
insufficient.

e Examining residuals (differences between the
observed and predicted) is a key part of all
statistical modeling.

I.'\ 1 \“I.X.*I TY
LOUISIANA

Materials in this section are mainly from the 2013 SFP workshop by Dr. Ezra Hauer.
It is critical for students understand the safety model evaluation for the application

purpose.
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More about Residuals

e Carefully looking at residuals can tell us
whether the modeling assumptions are
reasonable and the choice of model is
appropriate.

e Residuals can be thought of as elements of
variation unexplained by the model

LOUISIANA

An analyst should expect a model to err in predicting a response in a random
fashion; the model should predict values higher than actual and lower than actual
with equal probability. Departures from this assumption usually mean that the
residuals contain structure that is not accounted for in the model. Identifying that
structure and adding term(s) representing it to the original model leads to a better
model.
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A fit is thought good only if the residuals are
closely packed around 0 everywhere for safety

model annlicationsg
moael applications.

But this one is not!

Fitted is too small

Fitted is too large

1]

20 | .

Residual: Observed - Fitted

Variable value

-40

%

UHIYRnSLEY
LOUISIANA

207



L —
Cumulated Residual Plot (CURE)

e CURE can give more information on the model
fitness by replacing chaos with clarity
e What should a good CURE plot look like?
— Should not have long up or down runs
— Should not have vertical drops
— Should meander around the horizontal axis

':E‘_.' 4tinm
LOUISIANA
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What information does this CURE
plot manifest?

jé ;'\_L, 11I__|I|1illt;sf IA-E-
What about this CURE? £

o w

| v /‘\«r“

Observed>Fitted, 0-A, B-C, E-F
Fitted>Observed, A-B, D-E

Where the drop is precipitous there may be outliers.

UNIVERSIT)
LOUISIANA
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Summary

e Basic statistics concept
e Several commonly used probability
distributions in safety modeling

e Special goodness-of-fit requirements for
safety models

e To learn more Engineering Statistics at
http://www.itl.nist.gov/div898/handbook/ind
ex.htm

v 10
LOUISIANA
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For questions contact
xsun@Iouisiana.edu

¥
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Lecture 5

Highway Safety Fundamentals Course

Development of
Safety Models

A project sponsored by National o

Center for Intermodal Transportation e LLL
for Economic Competitiveness and * LOUISIANA
conducted by University of Louisiana

November 2013

The objective of this lecture is to let students understand the purpose and history of safety
models and key issues in safety model development.
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Outline

introduction

e Development of Safety models
Exploratory data analysis
Formulating model structure

Parameter estimation

P w N e

Model fitness evaluation

*

UNIVERSITY

LOUISIANA
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Background

e The practice of Highway or Roadway Safety is
evolving from qualitative to quantitative; this
evolvement is made possible by the transfer
of state-of-the-art knowledge into analytical
tools.

UNIVERSITY
* LOUISIANA

Explain briefly how roadway safety has evolved from qualitative to quantitative. Take
the ASHTO HSM as an example.
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Why Safety Models

The modei provides a structured
methodology to estimate the expected
average crash frequency (by total crashes,
crash severity and type) of a site, facility or
roadway network for a given time period,
geometric design and traffic control features,
and traffic volumes (AADT).

UNIVERSITY
* LOUISIANA

Discuss the need for safety predictive models in project decision making process.
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Which option is safer?
And how much?

A

Alternative 2 |

Facing multiple options for a project, Decision Makers need to know which one is

better and by how much.
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We need a tool to quantify safety in
decision making process.

* LOUISIANA

To make a sound decision, we must weigh in on all factors. There are often conflicts
between factors, for example, cost and safety.

217



-

The HSM

Decision making tools

Traffic Noise
Model
CAL3QHC

e Mobile 5a

3-D Visualization

*GEOPAK Plans

_—

e HCM

 CORSIM *Cost Modgls

o PASSER =

e TRANSYT7F

o VISSIM databases

w

More quantitative

Greater weight

Safety
Impacts

Environmental
Impacts

—
Traffic Right-of-Way Costs

Operations

UNIVERSITY
* LOUISIANA

Lack of quantitative tools for safety evaluation was a problem in the past.

CAL3QHC Modeling Methodology for Predicting Pollutant Concentrations
Near Roadway Intersections

MOBILES5a - Vehicle Emission Modeling Software
CORSIM Microscopic Traffic Simulation Model

PASSER Series of programs are traffic control optimization programs designed by
Texas Transportation Institute

Transyt7f Traffic Network Study Tool

VISSIM Transportation planning, traffic engineering and traffic simulation
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How to develop a safety model?

e Data, data, data
— Crash data at disaggregate level

— Roadway attributes (segment length, lane width,
shoulder width, curve radius,........... )

— Exposure (AADT)
— other

e Modeling techniques

UNIVERSITY
* LOUISIANA

Two key elements in safety model development: data (availability and accuracy) and
modeling techniques.
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2. Simple to formulate and
faster to compute.

Pros and Cons
Parametric Nonparametric
1. More efficient and - . .
. . 1. Fewer assumptions, thus
sensitive when assumptions S
distribution free
Advantages are met.

2. No parameters to estimate
3. Can handle any kind of data.

Disadvantages

1. If assumptions are
incorrect, results of
parametric methods can be
very misleading.

2. Not always robust.

3. Difficulties arise in
handling categorical data.

1. Less sensitive than parametric
methods when the parametric
models’ assumptions are met.

2. Less efficient than parametric
methods when assumptions are
met.

4. Requires larger database and
difficult to calculate.

UNIVE Y
* LOUISIANA

RSIT

A thorough discussion on the two different modeling techniques is needed here with

examples prepared by instructors in his/her familiar research areas.
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Example of a parametric safety predictive model

15
S10 , :
:lh I Mountamous -
2 | -
0 A= - —— - =+
> 5 B
o e s i i " Rolling
g I
< 1

0 i |

0 5000 10000 15000 20000

AADT

UNIVERSITY
LOUISIANA

Here is an example from parametric safety model. It demonstrates the quantitative

difference in expected crash numbers between two roadways under different

terrains.
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Roadway features (geometrics, roadside and
traffic control)

User behavior and safety culture

Vehicle technology

Emergency medical service and technology

Safety = f(X,, X,,X3 X,......)

UNIVERSITY
* LOUISIANA

Ideally, a safety model should include all crash contributing factors as discussed in
the introduction.
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Example: impact of vehicle technology
(in conceptual term)

impact of Aggregated Vehicie Advancement on Safety

50
45 |
40 |

Qo
"PD ‘99@"}{’)@&

'9'0(3\;5?@459@‘;9@:
&

tn

Assuming all other factors remain the same over the years

UNIVERSITY
LOUISIANA

We know for sure vehicles today are much safer than vehicles 10, 20, 30, 50 years
ago. All vehicle safety features today are collectively making a (huge) difference on

crashes occurrences and severity. But it is hard to independently estimate the
impact quantitatively.

Ask students “Any suggestions from you?”
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Safety Modes

e Introduction

e Development of Safety models
Exploratory data analysis
Formulating model structure
Parameter estimation

Model fitness evaluation

B wnN e

UNIVERSITY
LOUISIANA
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Development of Safety Models

<

e When originally concei\
Performance Functions gave expected crashes
as function of only exposure (AADT)

e Since then SPFs are broadened in two ways:

1. Not only estimate of E{x} but also of o{x}

2. Not only function of exposure but also of other
roadway design parameters

UNIVERSITY
* LOUISIANA

For the safety models, we have to focus on roadway feature now (lack of data from
other E areas).
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5. Model fithess
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Basic Steps in SPF Development

1 RNatn ~Alanmime The Modeling Spiral
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Exploratory data

analysis

L'"*""'!nag' Add variable to

3. Formulating Vi, ooy > s lgmes
ney, or —
model structure . O e X@
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The spiral chart is from Dr. Huaer’s workshop on Highway Safety Models conducted
in 2013 (at Washington D.C. and Louisiana). The remaining lecture on this topic is

mainly from his workshop except the data analysis example.
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1. Data Cleaning

e ideally, modelers need perfect data on crash
and roadway features
— Crash characteristics and location
— Roadway characteristics

e But in real world, data is never 100% accurate
— Miscoding
— Missing information

e Data cleaning is the key first step

UNIVERSITY
* LOUISIANA

This issues has been discussed in previous lecture.
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Safety models are built from data. The
transformation of data into a model is the work

of 2 modeler.

Which variables to use?
Equation form?

How to estimate parameters?
Does it fit?

) 79 2
Add a variable? g {\ :
Toy ?
a ' s
8
s
-

UNIVERSITY
* LOUISIANA

The modeler has to make a variety of choices: what traits (variables) to use to
define the populations, what functions to use for combining the variables into a
model equation, what should be minimized of maximized to obtain a good fit, how
can the fit be improved, which data points are outliers, etc. These choices depend
on the exercise of insight. This section is about developing initial insight into what
the data suggest.
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2. Exploratory Data Analysis (EDA)

e lc thara an nrdarlhy ralatinn
12 LIl e L VIl IT-iuaviwvi

and E{m}?
e |f yes, what function can represent it?
e A good start in safety modeling depends on
— Data
— Experience
— Computation skills
— Judgment

UNIVERSITY
* LOUISIANA

EDA is an approach to understanding the message of data. More on the next slide.
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John Tukey.

By Wikipedia

e |n statistics, exploratory data analysis (EDA) is
an approach to analyzing data sets to
summarize their main characteristics, often
with visual methods. A statistical model can
be used or not, but primarily EDA is for seeing
what the data can tell us beyond the formal
modeling or hypothesis testing task.
Exploratory data analysis was promoted by

UNIVERSITY
LOUISIANA
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More specifically, EAD is set to:

* maximize insight into a data set

uncover underlying structure

extract important variables

detect outliers and anomalies

test underlying assumptions
help in developing parsimonious models

UNIVERSITY
* LOUISIANA

EDA is a popular data exploring step used by data modeling people in all fields.
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T T
Examples of visual methods in EDA

e Using Louisiana 2003 data to identify outliers,
trends and patterns that merited further
study.

— 5983 segments from rural 2-lane highways
— length varying from 0.01-17.4 miles

— Annual Average Daily Traffic (AADT) varying from
45 to 26,800

UNIVERSITY
LOUISIANA

Rural two-lane highways in Louisiana carry one-third of the total vehicle miles
traveled (VMT) and have experienced a considerably high percentage of fatal
crashes. There were12,467 crashes on rural two-lane highways in Louisiana in

2010.
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LENGTH
1.85
0.14
0.53
1.69
0.11
0.06
0.83
1.03
0.56
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0.36

0.23
1.06
4.45
0.42
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0.7
0.05
0.42

3300
3300
3300
4800
4800
3300
4300
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5000

9900
9900
4100
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1850
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1430
2800

24
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24
24
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Sample of the data

SHOU_WIDTH TOT_ACC

INT_ACC

o o o o o o o

L= = = I = = = = =

Questionable value

*

UNIVERSITY

LOUISIANA

Discuss why these data are questinable.
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Before starting, be aware

PN [ I o —
* DoIlne

[ . rr g |

arts of EDA are ugly, but the real
world is ugly, particularly when errors and
other aberrant material enter a data set.” D.R.

Brillinger (2002) writing about the pioneer of
EDA, J. W. Tukey.

T

UNIVERSITY
* LOUISIANA

It is important to point out that there are almost no “perfect” data in real world.
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B |
Using Pivot table to explore (visualize) the
relationship
* In Excel:
— Insert Pivot table --Select variable range

— Define row labels -- Define column labels --place total crashes
into Values

[ - e
A 1 crol el rlalwli s IRl IMIN]O]w

3 Calumn Labeks |-
s - <or(blank)  00sPET]ias 152 225 253 305 154 205 455 555 556 665 6575

UNIVERSITY

ERCY LOUISIANA

If possible, instructor should spend sometime in class on Pivot Table application.
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Results

Count of
TOT_M Cotumn Labets
“ver
Rowlsbels  (bank) 005 051 115152 225253 395 354 445 455 555 550 665 657 7.7.5 7.568 885 850 065 0590 10-005 10511 15415 11512 12425 12543 13-135 13.5-14 16145 14.5-15 15-15.5 17-17.5 Grand Totsd
(hank)
oom 30 265 186 150 14 119 B3 WY T8 B2 64 48 26 35 35 17 10 @ 8 4 CR | 2 1 1 1 1844
00 1090 M7 206 1 B T oM TE & St S W M ON oW oW oMWW T 7T 2 2 F R FH ' [t
20002050 W00 143 T4 Az S 4T 3 W nm X W W W oM & & & 4 8 2 1 1 ' 1 ' 1 !
30003060 M8 W 51 A0 41 3 T 8w OB 12 0 T oW 5 T 2 4+ a2 1 1 2 52
4000-4150 %0 8 30 3 ® 2/ N W 12 W B 8 3 3T 4 3 2 1 2 il ™
20005050 LR - T B T B R S S S R I S B R | v 1 224
0000-6050 S % 2 ¥ M OM BB s 85 3 BT f ' g
D00 TiR0 ¥ W WP o8 3 4 4 a 1 1o
BON0-B090 R R R ] Lo T S I T 1 1
PO00-0090 - Hel B RN P TR R B T Ty | 1 1 C
0000-10095 #8 F alial oA s Tl al B il
11000.11055 TR T L . CR T R Pt 1 ' "
12000-12000 "oz gL ey R yiiny z
30001268 8 4 4 3 2 2 1 2 3
RB000- 14055 LR B A ] ' bl
15000-15083 1 1 1 3 1
H0000- 10090 3 2 ]
1700017059 I [ W 1
-------- e
10000- 15090 1
0000- 2000 31 2
21000210685
220002299 1
00X AR 1
2000023055 11 1
26000-27000 1 1
Geand Totat 1900 GH1 505 454 423 41 ZM I 200 2O 16T 130 W0 02 B M1 W M OB M oMo 3 ] ' 1 ' 1 1 =

UNIY I‘.'i!-l TY
LOUISIANA

Each cell represents total crashes in that population group defined by AADT (presented by

each row) and segment length (by column). Applying Excel tool Pivot Table, the average,
standard deviation and count can be displayed.
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: ; # of observations is to

7005 051 115 152 225 253 335 154 445 455 555 556 665 657 775 758 £45 A59 995 5510 10105 10511 13105 11512 12125 13 13135 13514 14145 14515 15155 17-17.5 Grand Total

0599 00 027 039 064 073 055 102 L77 160 OB9 147 165 175 150 245 282 331 200 250 350 180 288 .00 &00 400 LE+
1000- 1999 031 088 111 127 162 219 29 313 308 167 165 191 4235 ST AN 471 269 42 686 1200 600 800 185
| 20002959 055 114 164 312 258 279 251 507 371 532 785 467 B39 5911163 13001260 4751040 900 2100 10,00 00 900 1000 27
| 3000- 3999 071 153 237 138 266 412 611 481 S61 706 9501047 Y46 770 0401443 £00 1200 3150 1033 200 pLE. 17
30003959 LOE 226 417 426 723 3180 3191 664 547 621 538 1438 1100 1767 1085 900 £33 900 200 - uso 600 4o
[ S000- 5999 156 218 520 487 765 423 754 5131500 580 70415501035 950 600 7.00 1000 Boo  &00 s11)
G000 6355 L4 203 430 542 67115451270 1173 1333 983 8200 2567 1457 10000 19.50 2000 1300 622
| PO00- 790 208 300 450 683 738 12703413 633 1025 1600 1675 1400 62.00 6 )
| B000- 3959 203 455 645 7381363 1167 2200 £7.00 1560 450 26433100 £58 1600 LL
9000- 55 157 656 5001180 1417 2001580 850 450 £00110g 4500 7.164
[10000- 10995 143 5131057 7.33 2325 3200 14.80 J8.00 14.50_S.06T: 1000 a4
11000-1399%  2.24 B0 787
12000-12995  3.00 LE
13000-1399% 217 1783
oo s 317 s
15000-15999 B0 A5.00 13,00 S4.67 . 228
e 2100 20 Average crashes in each cell w0
17000-17999 1600 0.00 10.00 17.67 1300 13504
1600018999 1.00 459.00 4100 5500 EER
1900019995 50.00 50004
20000 20959 000 Q.00 B 787
21000- 21995 2.50 M.50 15504
22000 22959 5.00 28.00 16504
| 24000- 24999 100 1

25000- 25995  7.00 5.00 2500 123
2600027000 5.00 2000 17.004
Grand Totsl 076 156 233 305 379 3155 454 547 493 462 569 633 597 54 G4l 749 705 446 99 1836 809 &N 771 540 1740 A4S0 900 600 BO0 1000 400 1800 199

Sampie size (count) in each ceii

o small to draw reliable results

Discuss the relationship between simple size and reliability of average crashes in

each cell.
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0-999 0.10 0.27
1000-1999 0.31 0.88
2000-2999 0.55 1.14
3000-3999 0.71 1.52
4000-4999 1.08 2.26
5000-5999 154 2.i8
6000-6999 114 2.03
7000-7999 2.08 3.00

8000-8999 2.03 455

l.'-

_” 0-0.5 0.51 1-1.5 1.5-2 2-2.5 2.5-3 3-3.5 3.5-4 4-4.5 4.5-5 5-5.5 5.5-6 6-6.5 6.5-7 7-7.5

0.39
111
1.64
2.27
4.17
5.20
4.30
4,50
6.45

0.64
127
3.12
3.28
4.26
4.87
5.42
6.83
7.38

0.73
162
2.98
2.95
7.83
7.65

0.85
219
2.79
412
3.80

423 7

102
2.96
2.51
6.11
3.91

177
3.35
5.07
4.83
6.64

1.60
3.98
371
9.61
5.42

5.13 15.00
6.71 15.45 12.20 11. 3
6.3 10.25 16.00 16.75 14.00

3

. 15.60
14,17 2.00 15.80 8.50 \.50

0.89 142 165 175 151 2.46
3.67 3.65 3.91 425 578 4.33
5.22 7.85 4.67 839 509111.63
7.96 9.50 10.67 7.56 7.70 9.40
11.00 17.67 10.86
i 5.50 13.25 9.50 &.00
9.83 8.00 25.67 14.57 10.00 19.50

4.50 26.43 31.00 6.50

9000-9999 1.57 6.56 5. : 8.00 11.00 32.00 8.00
10000-10999 7.33 23,25 32.00 14.80 28.00 2 9.00 16.50 23.00
11000-11999 724 6.89 850 B8.67 9.25 18.33 15.00 10.50 30.00 4.00 26.00 0.00 41.00
12000-12999 3.00 6.00 21.33 20.00 3.00 16.00 16.00 10.00 17.00 25.00
Count L i
AADT o005 051 115 152 225 253 335 354 445 455 555 556 665 6.57 7-75
0-999 359 265 186 150 144 119 93 101 78 62 64 48 36 35 35
1000-1999 347 208 113 93 79 69 78 43 51 57 37 34 24 18 18
2000-2959 206 143 74 42 54 47 7 28 21 27 20 18 18 11 8
3000-3999 146 96 51 40 41 34 27 18 18 25 12 9 9 10 5
4000-4999 109 86 30 35 29 25 11 14 12 14 8 8 3 3 7
5000-5559 84 38 20 23 20 13 13 8 5 4 4 2 1
6000-6999 57 36 20 26 14 11 10 11 [ 5 3 7 1 4
7000-79%9 39 38 16 12 13 10 8 3 4 4 1
8000-8959 35 20 2 1 5 7 2 2
9000-9959 30 18 7 5 2 2 1 1 2 1
10000-10999 21 8 1 5 2 2 1 2 1
11000-11999 21 9 3 2 2 1 ' | 1 1
12000-12999 13 1 1 5 § 1 1

1 UNIVERSITY
!_.O!.,'ISIANA

Same table but enlarged
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7.5-8 8-8.5 8.5-9 9-9.5 9.5-10 10-10.5 10.5-11 11-11.5 11.5-12 12-12.5 12.5-13 13-13.5 13.5-14 14-14.5 14.5-15 15-15.5 17-17.5 Grand Total

282 331 200 250 350 180 288 1.50 7.00 6.00 2.00 082
471 269 429 686 1200 600 1800  7.50 3.50 8.00 185
13.00 18.60 4751040 9.00 21.00 200 1000 200 9.0 10.00 2.74
1443 60012003150 1033 1800 000 800 18.00 3.76
9.00 833 900 3.00 1000 14.50 6.00 4.09
7.00 13.00 147.00 |00 800 511
21.00 9.00 13.00 622
25.00 62.00 634
16.00 8.60

45.00 7.16
10.00 9.41

8.00 7.87

8.88

7.5-8 885 859 9-9.5 9.5-10 10-10.5 10.5-11 11-11.5 11.5-12 12-12.5 12.5-13 13-13.5 13.5-14 14-14.5 14.5-15 15-15.5 17-17.5 Grand Total

17 13 9 8 a 5 8 2 1 1 1 1844
4 13 7 7 2 2 4 2 1 1323
6 5 4 5 2 1 1 1 1 1 1 782
7 2 1 4 3 1 1 2 1 563
a 3 2 1 1 2 1 408
1 1 1 2 1 253
1 1 1 220
1 1 154
1 119

1 82,

1 58

Insufficient observations with longer segment length
UNIV !_K':II\
LOUISIANA

Stress the problem of smaller sample size with segment of longer length.
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13000-13999
14000-14999
15000-15999
16000-16999
17000-17999
18000-18999
19000-19999
20000-20999
21000-21999
22000-22999
24000-24999
25000-25999
26000-27000
‘Grand Total

13000-13999
14000-14599
15000-15999
16000-16999
17000-17999
18000-18999
19000-19999
20000- 20999
21000-21999
22000-22999
24000-24599
25000-25999
26000-27000
Grand Total

2.17 9.00 15.00 18.00 27.00 28.50 90.00
3.17 4.00 13.00 10.50 8.00 13.00 10.00
8.00 7.00 45.00 13.00 58.67
2.67 21.00
16.00 0.00 10.00 17.67 13.00
1.00 49.00 41.00 55.00
50.00

0.00 0.00 23.00
2.50 24.50
5.00 28.00

1.00
7.00 5.00 25.00
5.00 29.00
6 4 4 3 2 2 1
6 3 2 1 1 1
7 1 1 1 3
3 2
2 1 1 3 1
1 2 1

1

3 1 2
2 2
1 1

1

1 1

1500 981 565

1

32.00
24.00

454 423 331 208 239 206 208 167

131

24.50

Insufficient observations with bigger AADT

106 82

*

0.76 1.56 233 3.05 3.79 3.55 454 547 4.93 462 569 6.33 597 524

UNIVERSITY

LOUISIANA

» Similarly, the problem of smaller sample size with higher AADT
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Average Crashes (celi) by AADT

@ = -
% %, %
]

R

d’% (‘% {‘J%( J%{ {%‘b{
%y %

14.00

i ——AADT <999
E e ——1000-1999
2 500 -2000-2099
% 600 ——3000-3999
E 4.00

2,00

0.00
L B R A S

Legth 1=0-0.5 to 15=7-7.5

Average Crahses (cell) by length

e

o s s

UNIVERSITY

LOUISIANA

Discuss the charts:

1.ls there a trend?

2.Why curves are smoother when value of variable are small?
3.Why curves are irregular when values of variables are bigger?
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Discussions

e Apparent increasing trend is observed
between
— Average crashes and AADT
— Average crashes and segment length

e Must be aware of the fact that at bigger AADT
or segment length, there are insufficient
number of observations in each “cell”

e Number of observations will decrease if
another variable comes into play, for example
pavement width (lane width)

» Discussion summary
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W \verapte i
Avera rashes for L=1.0-1.499 miles
L
(AADT and Pavement Width)
Row Labels 10 16 18 19 20 21 22 24 25 26 28 30 34 36 Grand Total
0-999 0 000 018 000 0.18 0.00 0.34 061 2.00 0.27
1000-1999 067 092 0.63 1.02 1.16 0.00 200 0.88
2000-2999 0.50 1.12 1.08 127 1.00 000 0.00 1.14
3000-3999 0.00 1.50 1.00 1.98 3.00 0.00 1.52
4000-4999 200 1.89 592 1.53 200 1.00 4.00 2.26
5000-5999 3.00 4.00 4.00 1.59 5.00 0.00 2.18
GO00-6999 0.00 5.00 350 1.52 7.00 1.00 2.03
TO00-7999 1.00 3.50 275 3.04 4.00 3.00
8000-8999 7.50 4.22 455
9000-9999 15.00 12.00 479 B6.56
10000-10099 0.00 586 5.13
11000-11999 7.38 3.00 6.89
12000-12999 6.00 6.00
13000-13999 9.00 9.00
14000-149%9 4.00 4.00
15000-15999 7.00 7.00
17000-179599 0.00 0.00
18000-1899 49.00 49.00
20000-20999 0.00 0.00
21000-21999 44,00 5.00 24.50
22000-22999 28.00 28.00
24000-24999 1.00 1.00
25000-26000 5.00 5.00
Grand Total 0 029 050 000 0.88 0.00 1.86 215 150 182 167 000 400 100 Lhi
UNIVERSITY
* LOUISIANA

Further analysis is performed by examining the impact of pavement width. Here
segment length is fixed at 1.0 to 1.499 miles. It is well known that safety is related to
lane width in rural 2-lane highways. Do you see that in this table?

It seems we only see that when AADT is higher than 5,000.
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25 26 28 30 34 36 Grand Total

4
1
1
2
1
1

1

2
1
1

# of counts for L=1.0-1.499 miles
(AADT and Pavement Width)

Row Labels = 10 16 18 19 20 21 22 24
0-999 1 4 22 2 155 1 41 38
1000-1999 3 13 87 4 55
2000-2999 4 a1 32 63
3000-3999 5 18 25 a6
A4000-4999 1 9 13 59
5000-5999 1 5 3 27
6000-6999 1 2 4 27
T000-7999 1 4 2 24
8000-8999 2 18
5000-9999 1 3 14
10000-10999 1 7
11000-11999 8
12000-12999 2
13000-13999 4
14000-14959 1
15000-15959 1

17000-17999 1
18000-18959 1
20000-20999 1
21000-21999 1 1
22000-22999 1

24000-24999 1
25000- 26000 1

Grand Total 1 7 48 2 328 1 174 398

265
208
143

anonBEEEERR

= e N e = ™

1

UNIVERSITY
LOUISIANA

2

But sample sizes are small.
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B |
Consideri vati
onsidering # of observations
Row Labels 10 16 18 19 20 21 22 24 25 28 28 30 34 36 Grand Total
0-999 0 0.00 0.00 0.18 0.00 0.34 0.61 2.00 0.27
1000-1999 o.s?l 0.92 | UES T0Z 116 ] 0.00 200 0.88
2000-2999 | 0.50 | 1.12 1.06 1.27 | 1.00 000 000 1.14
3000-3999 | 1.50 1.00 1.98 3.00 000 1.52
4000-4959 200 1.89 592 153 | 200 1.00 4.00 2.26
5000-5999 3.00 4.00 4.00 | 159 5.00 0.00 2.18
6000-6999 0.00 5.00 3.50 1.52 T7.00 1.00 203
7000-7999 1.00 q T75 [ 30| 400 3.00
B000-B999 : Ca 4.55
9000-9999 1 o0 408 6.56
10000-10999 0.00 5.86 5.13
11000-11999 f 3.00 6.89
12000-12999 6.00 6.00
13000-13559 .00 9.00
14000-14999 4.00 4.00
15000-15999 7.00 7.00
17000-17999 0.00 0.00
18000-18299 49.00 49.00
20000-20999 0.00 0.00
21000-21999 44.00 5.00 24.50
22000-22999 28.00 28.00
24000-24999 1.00 1.00
25000-26000 5.00 5.00
Grand Total 0 029 050 000 088 000 1.86 215 150 182 167 000 400 1.00 18R
UNIVERSITY
LOUISIANA

Again, What does this table reveal?

1. Average crashes increase as AADT increases (already known from the first
Pivot table)

2. Average crashes decrease with lane width increasing to 12 ft. At high AADT
level.
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More discussions

e Impact of lane width (pavement width) does
not match intuition (comparing average
crashes at w=18, 20, and 24 feet)

e |t is possible the positive impact of pavement
width occurring at high AADT level but no
sufficient data there to verify

e |t is possible there are other variables
affecting the results such as horizontal curves

e Results confirm one fact: crashes increase as
AADT increases. *
; LOUISIANA
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Fatal and Injury accidents per segment in five years

L J
*
e
| |
15
m
.
2.5 10 3.5 miles B
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1.5 tof 2.5 miles
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L ]
. 0.5t91.5 mncs .
n * ® z
% s a <0.5 milgs
. | | . L = L - L
0 5000 10000
AADT
A clear relationship with AADT and segment length

UNIVERSITY
LOUISIANA

Another example showing AADT vs. average crashes per segment at three segment

length.

Source: Dr. Hauer’s 2013 SPF Workshop in Baton Rouge, LA
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Again, the average fluctuation may caused by:
1. Randomness of crash counts;

2. Many samples have few segments

2 ,

Mountainous, curves, steep grades

2 — ]
2 TS S
e e —>.
815
w L] -
Flat, mild curves, no grade- el
miles
E, . *
E - ¢ - 0.5 9 1.5 mﬁc.\' . .
2 * . 5 e <0.5 milgs
S, 0 2 CH— s | &8 LI
E 0 5000 10000
AADT

UNIVERSITY
LOUISIANA

Source: Dr. Hauer’s 2013 SPF Workshop in Baton Rouge, LA
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— —
3. Formulating model structure

e |t has been identified

AADT and segment _—

length are closely Q?;’f* 3\&4%

related to crashes ) \\Q(’ ? Boxs,
e Which function? E{u) = Bo( X+ B,X2),
e Are there any other

variables?

2%

ol
L

TRTTTIL,
* LOUISIANA

After EDA, it is time to formulate model structure. Two key questions:

1.

Model functional form

2. Number of variables
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Possible Functions

Linear Y=B+B1 X1+ B2X;
Power xP

Polynomial L + BI2

Hoerl xB; B, X

Others eZ pX,

Mixtures E{u} = B,LPrAADTF2eP3AADT

UNIVERSITY
LOUISIANA

Determining what function hides behind the noisy data is key to getting good estimates of

E{u} and o{u}.
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L U
Based on Dr. Ezra Hauer
e The tools for finding the right function form
are not well developed.
e |t works like spiral with modeling steps 4 and

The Modeling Spiral

UNIVERSITY
LOUISIANA

There is only general guidance on the selection of functional form. Developing
appropriate functional form requires lots of trial and error.
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4. Parameter Estimation

e The model parameters depend on the
selection of objective functions

Method
Ordinary Least Square
Maximum Likelihood
Absolute Differences

Unconventional 1’
Total Absolute Bias

Conventional

UNIVERSITY
LOUISIANA

As most engineering students learned in statistics, there are several methods for
parameter estimation. Different methods yield different results.
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Ordinary Least Squares (OLS)

In statistics, ordinary least squares (OLS) or linear
least squares is a method for estimating the
unknown parameters in a linear regression model.
(can also be used in non-linear models by
transforming a nonlinear form into a linear one) This
method minimizes the sum of squared vertical
distances between the observed responses in the
dataset and the responses predicted by the linear
approximation.

From Wikipedia

UNIVERSITY
* LOUISIANA

OLS is one of the most common methods used in parameter estimation.
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Visualizing OLS

L | L | 1

20 -10 10 20 30 40 50 60

UNIVERSITY
LOUISIANA

Where x-axes is independent variable and Y-axes presents the dependent variable.
Each dot presents a observed data and red line presents the model.
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Maximum-Likelihood Estimation (MLE)

¢ |n statistics, maximume-likelihood estimation
(MLE) is a method of estimating the
parameters of a statistical model.

e |n general, for a fixed set of data and
underlying statistical model, the method of
maximum likelihood selects the set of values -
of the model parameters that maX|m|zes the
likelihood function. >

“ &
Y Ay
= \.\\“I-\\\\"\‘ "'

From Wikipedia & <
s
%

~,
-,
-
+ AN
UNILY !.l\".ﬂll\
LOUISIANA

MLE has a totally different objective from OLS.
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~ 1
f=—-InL.
n

The method of maximum likelihood estimates 3, by finding a value of & that
maximizes j(g|z) This method of estimation defines a maximum-likelihood
estimator (MLE) of 9,

{Omie} C {arg max f(6| Ty, ., Tp)}-
8co

UNIVERSITY
LOUISIANA

MLE can be expressed mathematically as in the slide.
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closely packed around 0 everywhere

LT e ) LW LW L& ) pu

e Afitis thought good only if the residuals are

34
24 .
B
: 3 -
Residual=observed - : i o A
modeled (Fitted) g0 T o8
LI AP A *
i ak
& -
-
N
0 10 20 30 40

50

0 70

UNIVERSITY
LOUISIANA

Does the developed model work well? This question must be answer by model
evaluation process. Residual is a good measure of the model and can be visualized
in a chart where x-axes presents independent variable and Y-axes is Res (observed

minus predicted/fitted)
Source: Dr. Hauer’s 2013 SPF Workshop in Baton Rouge, LA
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A not so good fit

40

Fitted is too small | £

20 T|j
[0h]

c

[0}]

{ w
0f v S r = —< T o
[ L1 20 .|, 40 ~ 50— 80 0 o %, O
Fitted is too large E
AT L _D
\ - L . .E
[1)]

Variable value @

-40

The fit of a safety model has be to examined at all levels of a variable

UNIVERSITY
* LOUISIANA

This residual plot may come from a developed model that has a good overall fit. By
examining its distribution over one variable, it is clear that the model predictability
varies depending on the value of independent variable. In safety model application,
it may not be not acceptable.

Discuss why it is not acceptable in safety model application.
Chart comes from Dr. Hauer’s 2013 SPF Workshop in Baton Rouge, LA
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T —
Cumulated residual Plot (CURE)

¢ CURE can give more information on the model fitness
¢ What should a good CURE plot look like?

— Should not have long up or down runs

— Should not have vertical drops

— Should meander around the horizontal axis

400

What about this CURE?

UNIVERSITY
* LOUISIANA

In addition to residue plot, the CURE plot is also very helpful in model evaluation.
Source: Dr. Hauer’s 2013 SPF Workshop in Baton Rouge, LA
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T —
Rule of thumb: 95% within £2s’

&
&

Cumulative Residuals
Cumulative Residuals

g
g

UNIVERSITY
LOUISIANA

Having a perfect CURE is hard. We need some kind of yardstick to evaluate CURE.

Source: Dr. Hauer’s 2013 SPF Workshop in Baton Rouge, LA
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Again, based On Dr. Ezra Hauer

e “For the purposes for which SPFs are developed the
‘overall goodness of fit" is of little interest. We want SPFs
to produce good estimates of E{u} and o{u} for all
variable values of practical interest. An SPF that
overestimates E{u} for one range of variables and
underestimates it elsewhere may fit well overall but is
‘biased everywhere’ and, as such, of little practical use.”

e An SPF model is practically useful to the extent that it is
nearly unbiased everywhere.

UNIVERSITY
* LOUISIANA

Continuing the discussion on why overall fit is not good enough for safety model
application.

For example, you are doing network screening by using EB method.
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L —
Be patient on the safety modeling

Tentatively Selected
Traits (Variables)

ﬁ‘(x Xs) By Bs. Tentatively S‘elcclcd
E’p} ﬁ“XI : + P, X,, |Model Equation
For the tentatively selected traits and Residuals OK?

tentatively chosen model equation
estimate parameters 3, B, ..., B,
by optimizing something.

=

UNIVERSITY
LOUISIANA

SPF development is not predefined sequence of steps; it is a gradual progress towards a
satisfactory result consisting of steps and missteps.

Source: Dr. Hauer’s 2013 SPF Workshop in Baton Rouge, LA
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L —
A Class Exercise

e With Colorado rurai 2-iane data from the 2013
SPF workshop
— Solver with one variable (AADT)
¢ Minimize SSD
e Maximize Likelihood (Poisson)

— Residual and CURE plots

UNIVERSITY
* LOUISIANA

Source: Dr. Hauer’s 2013 SPF Workshop in Baton Rouge, LA
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For questions contact
xsun@Iouisiana.edu

¥

®
UNIVERSITY

LOUISIANA
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Lecture 6
Highway Safety Fundamentals Course

Introduction to Safety
Models from the Highway
Safety Manual

A project sponsored by National Center

for Intermodal Transportation for G et
Economic Competitiveness and conducted * LOUISIANA
by University of Louisiana at Lafayette

November 2013

The objective of this lecture is to let student be familiar with the safety models for the
three types of highways from the first edition of the HSM.
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Safety Models

e Introduction
e Rural 2-lane morels

e Rural Multilane Model

e Urban and Suburban Arterial
Model

I.'\ 1 \“I.X.*I TY
LOUISIANA

Three chapters in the first edition of the HSM deal with safety models for three types

of highways.
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L —
HSM Model Summary

Safety Predict

Model
Urban and
Rural Two-Lane Rural Multilane Suburban
Arterials

| | |
!

* Segment
* Intersection

At
LOUISIANA

Also by segment and intersection because these two roadway facilities perform very
differently in safety.
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L U
Basic Elements in Safety Predictive Model
SPF (on base condition)

Crash Modification Factor (CMF)

Calibration parameter

B w N R

EB weighting factor

I.'\ 1 \“I.X.*I TY
LOUISIANA

For consistence, all three types of highways (including two facilities type) have
similar model structure. There are four elements in each model.
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Where,

—
General functional format

N :NSPH'XHCMF;'XC

predicted

conditions with the Safety Performance Function (SPF)
representing site type x (crashes/year);

CMF, = Crash Modification Factors specific to site type x;
C, = Calibration Factor to adjust for local conditions for site type

Npregicies= Predictive model estimate of crash frequency for a specific year on
site type x (crashes/year);
N o¢ = predicted average crash frequency determined for base

+

NIVERSITY

LOUISIANA

First three elements include SPF, Crash Modification Factors (CMF) and a

calibration factor.
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UNIVERSITY
LOUISIANA

Base models are useful in predicting overall accident frequency, but their coefficients
cannot necessarily be relied upon to represent the incremental effects of individual
geometric design and traffic control features; therefore, the base models are not sufficient,
by themselves, to make reliable predictions of safety performance of a highway facility
(segment or intersection) because they are not necessarily sensitive to all of the geometric
design and traffic control features of interest.
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Crash Modification Factor (CMF)

i tm o mem bl

s {(CMF) represent the relative
change in crash frequency due to a change in one specific
condition (when all other conditions and site
characteristics remain constant). CMFs are the ratio of
the crash frequency of a site under two different

conditions. CMF = ;\f

wit

Where
N, -Expected average crash frequency with condition ‘b’
N, -Expected average crash frequency with condition ' a'

At
LOUISIANA

Therefore, a CMF may serve as an estimate of the effect of a particular geometric
design or traffic control feature or the effectiveness of a particular treatment or

condition.
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T —
Calibration Factor

A calibration factor (C) is used to
account for differences between the

the predictive method is applied.

jurisdictions for which the models were
developed and the jurisdiction for which

UNIVERSITY
* LOUISIANA

Differences in:

* Crash reporting thresholds, and crash reporting system procedures

* Weather condition

* Driver behavior
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Intersection Crashes

A NI

T
| =]

meiiTiiﬁ%ﬁi:iI[:;xxﬂgg

Major Intersection Minor Intersections Major Intersection

Segment Length

Predicting crashes by intersection and segment

As introduced previously, there are two basic analysis elements for safety mode.
This chart illustrates the classification of segment and intersection.
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Predictive models are developed for:

e Segment
— Median type
— Number of lanes Entire network
¢ |ntersection

— By traffic control N=> N,+ > N

¢ Signa | segmentz intersections

* Signs

— By geometrics
* Four-leg

* T-intersections

At
LOUISIANA

Due to the difference in cross-section design, the segment can be further grouped
by median type and number of lanes. And intersection can be further grouped by
type of traffic control and layout.

Discuss why further grouping is important.
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Application of Empirical Bayes (EB) Method

e The EB procedure should be applied
whenever observed crash history data are

available Ney =WXN, +(1-w)xN,,
e 1
1+kx Y N,

years
Where,
N.,, = estimate of expected average crash frequency for the study period
N,..= predictive model estimate of predicted average crash frequency for the
study period;
N peerved = Observed crash frequency at the site over the study period;
w = weighted adjustment to be placed on the SPF prediction;

k = overdispersion parameter.

UNIN LY
LOUISIANA

The EB application model is straightforward—considering location special safety
performance. The key is weighting factor, W.
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L —
Advantages of the Predictive Method

[ [Py - e cmmmmia latan a mal A aa -1
REZICSSI0TI-LOU-LIIE-TTIEdI] PiIdS 15 dUUiesscu

Reliance on availability of limited crash data
for any one site is reduced

The method accounts for the fundamentally
nonlinear relationship between crash
frequency and traffic volume.

The SPFs are based on the negative binomial
distribution,

L]

DAL LR LY
LOUISIANA

Regression-to-the-mean bias is addressed as the method concentrates on long-term
expected average crash frequency rather than short-term observed crash frequency.

Reliance on availability of limited crash data for any one site is reduced by incorporating
predictive relationships based on data from many similar sites.

The method accounts for the fundamentally nonlinear relationship between crash
frequency and traffic volume.

The SPFs are based on the negative binomial distribution, which is better suited for
modeling the high natural variability of crash data than traditional modeling techniques,
which are based on the normal distribution.
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Limitation

L]

PR DR - PP e dlaon ALL
Hnouch ineorpordLes Lice ci

e
of many, but not all, geometric and traffic
control features of potential interest.

e The model generally treats the effects of
individual geometric design and traffic control
features as independent of one another and
ignores potential interactions between them.

e Enforcement and education actions are
basically not considered

I.'\ 1 \“I.X.*I TY
LOUISIANA

Only those geometric features whose relationship to safety is well understood are
included in the procedure. It is likely that such interactions exist, and ideally, they should
be accounted for in the safety prediction procedure; however, such interactions are poorly
understood and difficult to quantify.
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Safety Models

e |ntroduction

e Rural 2-lane morels
e Rural Multilane Model

e Urban and Suburban Arterial
Model

UNIY II-:-.I TY
LOUISIANA

Three chapters in the first edition of HSM deal with safety models for three types of

highways.
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*Stop sign controlled
eSignalized

At
LOUISIANA

Introduce the overall models.
« ST as sign controlled

* SG as signalized
* The number indicated the intersection type, four leg or T intersection
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L —
Analysis Unit

e Segment with uniform attributes
* |ntersection

— Three-leg intersections with minor-road stop
control (3ST)

— Four-leg intersections with minor-road stop
control (4ST)

— Four-leg signalized intersections (4SG)

At
LOUISIANA

Each segment must have uniform attributes, such as same lane width, shoulder
width, and etc.
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Segment base model (SPF)

N . = AADT x Lx365x107% x 7"

spf
Where,
N, = predicted total crash frequency for roadway segment base
conditions;
AADT = average annual daily traffic volume (vehicles per day);
L = length of roadway segment (miles)

UNIN LY
LOUISIANA

Note that only two variables are in base model.
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L |
Segment base condition
e lane width (LW) 12 feet
¢ Shoulder width (SW) 6 feet
e Shoulder type Paved
e Roadside hazard rating (RHR) 3
* Driveway density (DD) 5 driveways per mile
e Horizontal curvature None
e Vertical curvature None
e Centerline rumble strips None
e Passing lanes None
e Two-way left-turn lanes None
e Lighting None
* Automated speed enforcement None
e Grade Level 0%
oo i

Stress that other variables in base model are considered in “base condition” defined
here.

A 0% grade is not allowed by most states because of drainage need.

The SPF uses 0% as a numerical base condition that must always be modified
based on the actual grade.
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Crash Modification Factor for lane width

AADT (veh/day)
Lane Width < 400 400 to 2000 > 2000
9-ft or less 1.05 1.05+2.81x10*(AADT-400) 1.50
10-ft 1.02 1.02+1.75x10*(AADT-400) 1.30
11-ft 1.01 1.01+2.5x10%(AADT-400) 1.05
12-ft or more 1.00 1.00 1.00

CMF}ax:eW = (CMRa K 1) % R'a +1.0
Where,
CMF,,...w = Crash Modification Factor for the effect of lane width on
total accidents;

CMF_, = Crash Modification Factor for lane width shown in TABLE
P,, = by table * UNIVERSITY
LOUISIANA

For roadway variables not in base condition, a crash modification factor (CMF) is
used. Here is an example for lane width.

Ref: Highway Safety Manual, 1st Edition by AASHTO
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Crash Modification Factor for shoulder width

Shoulder Width

AADT (vehicles per day)

< 400 400 to 2000 > 2000
0-ft 1.10 1.10 + 2.5 x 10*(AADT - 400) 1.50
2-ft 1.07 1.07 + 1.43 x 107 (AADT - 400) 1.30
4-ft 1.02 1.02 + 8.125 x 10°* (AADT - 400) 1.15
6-ft 1.00 1.00 1.00
8-ft or more 0.98 0.98 + 6.875 x 10°° (AADT - 400) 0.87

UNIVERSITY
LOUISIANA

NOTE: The collision types related to shoulder width to which this AMF applies include single-vehicle run-off the-
road and multiple-vehicle head-on, opposite-direction sideswipe, and same-direction sideswipe accidents,

* Another example for shoulder width
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L 0
CMF for driveway density

0.2 + [0.05 - 0.05n(ADT)]DD

CMF (13)
0.2 + [0.05 - 0.05In(ADT)](5)
where:
ADT = annual average daily traffic volume of the roadway being evaluated
(veh/day); and
DD = dnveway density considering driveways on both sides of the

highway (driveways per nule).

LA Dt
LOUISIANA

CMF for driveway density is a function of traffic and driveway density.
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Read HSM Chapter 10 for other
CMFs
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L U

Crash Severity Level on Rural Two-Lane Two-

Way Roadway Segments
Crash Severity Level % of Crashes
Fatal 1.3
Incapacitating Injury 54
Nonincapacitating Injury 10.9
Possible Injury 14.5
Total Fatal Plus Injury 32.1
PDO 67.9
Total 100
oo

Remember these numbers are default numbers. Crash severity distribution may
vary by state.
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LA

Safety Models

e |ntroduction
e Rural 2-lane model

e Rural Multilane Model

e Urban and Suburban Arterial
Model

UNIVERSITY
LOUISIANA
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Base model for 4 leg signalized intersection

e 0 AR mai TR EELAEES min

Il

ih\fr
spf

Base model for 4 leg stop controlled intersection

— ("8S6+0.6xLn(AADT,  }+61xLn(AADT,y;,))

N

spf

Base model for 3 leg stop controlled intersection

N . = e(—9.86+0.?9><Ln(AADTHW—)+.49><Ln(AADT,mn )
spf
oo

Three SPFs for intersection on rural two-lane highways. Only traffic volume is
considered here.
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Lighting

e intersection skew angie 0

Base conditions

~ O

Intersection left-turn lanes None

Intersection right-turn lanes  None

None

UNIN LY
LOUISIANA

Other variables are in “base condition” that is defined here.
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If the variable is not in base condition, use CMF. Here is the example for left-turn-

lanes.

Example of CMF for intersections

Intersection traffic

Number of approaches with left-turn lanes *

. One Two Three Four
Intersection type control approach | approaches | approaches | apprpaches
Three-leg Minor road stop 0.56 0.31 — —

intersection control®
Minor road stop
Four-leg control® 0.72 0.52 — —
intersection —
Traffic signal 0.82 0.67 0.55 0.45

NOTE: * Stop-controlled approaches are not considered in determining the number of approaches with left-turn

lanes

Y Stop signs present on minor road approaches only.

2

UNIVERSITY

LOUISIANA

Ref: Highway Safety Manual, 1st Edition by AASHTO
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Distribution
Exrigir 2. DerauLT DisTRIBUTION FOR ACCIDENT SeverITY LEvEL on RuraL Two-LaNE HiGHWAYS
Percentage of tolal accidents
Three-leg Four-leg Four-leg
. Roadway STOP-controlled | STOP-controlled signalized
Accident severity level segments® intersections® intersections® | intersections®
Fatal 1.3 1.1 19 04
Incapacitating Injury 54 50 6.3 41
Nonincapacitating injury 109 15.2 128 120
Possible injury 145 185 207 21.2
Total fatal plus injury 321 398 M7 377
Property damage only 67.9 60.2 583 623
TOTAL 100.0 100.0 100.0 100.0

T Based on HSIS data for llinois (1992), Michigan (1995), Minnesota (1996), and

North Carolina (1995).
®  Based on HSIS data for Michigan (1995) and Minnesota (1996).

UNIVERSITY
LOUISIANA

» Default values for crash severity distribution

Ref: Highway Safety Manual, 1st Edition by AASHTO
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L [
o Percentage of total accidents
Three-leg Four-leg
) STOP- STOP- Four-leg
Accident type and manner of Roadway controlled controlled signalized

collision segments’  intersections”  intersections®  intersections”
SINGLE-VEHICLE ACCIDENTS
Coiiision with animai 309 2.1 0.6 0.3
Collision with bicycle 03 07 03 1.0
Collision with parked vehicle 07 01 0.1 0.1
Collision with pedestrian 05 04 0.2 1.3
Overturned 23 21 06 04
Ran off road 281 104 45 19
Other single-vehicle accident 36 39 14 16
Total single-vehicle accidents €6.3 19.7 7.7 6.6
MULTIPLE-VEHICLE ACCIDENTS
Angle collision 39 298 514 285
Head-on collision 19 20 14 1.8
Left-turn collision 42 6.4 59 9.0
Right-tum collision 06 04 0.2 04
Rear-end collision 139 26.2 17.2 36.2
Sideswipe opposite-direction
collision 24 29 1.7 20
Sideswipe same-direction
collision 26 45 44 55
Other multiple-vehicle collision 41 8.1 10.1 10.0
Total multiple-vehicle accidents 337 80.3 923 934
TOTAL ACCIDENTS 100.0 100.0 100.0 100.0

UNIVERSITY
* LOUISIANA

Default crash type distribution, that may vary by state.

Ref: Highway Safety Manual, 1st Edition by AASHTO

294



T

Sam
The Site/Facility

A rural two-lane tangent roadway segment.
The Question
particular year?

The Facts
®  1.5-mi length

® Tangent roadway segment

¥ 2% grade

Assumptions

® 10,000 veh/day .

mpi le ppi cation One {Ség‘rﬁé'ﬁt

6 driveways per mi
10-ft lane width
4-ft gravel shoulder

Roadside hazard rating = 4

Collision type distributions used are the default values presented in HSM
The calibration factor is assumed to be 1.10.

What is the predicted average crash frequency of the roadway segment for a

¥

UNIVERSITY

I OUT‘}I ANA

Now it is time to go over an sample to show how the safety model works.

Ref: Highway Safety Manual, 1st Edition by AASHTO
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N

spf

Calculations

=10,000x1.5%x365x107% x ¢ 3"
=4.0008 crashes/ year

CMF,

luneW ra

=(CMF_-1)xP_ +1.0

ra

= AADT x Lx365x107° x ™"

i =(1.3-1.0)x0.573+1 .

Ty Combined CMFs = 1.38
for lane Shoulder Horizonta | Grade Driveway | Centerline Passing | Leftturn | roadside [ lighting | Automatic
width width I curve rumble strips | lane lane enforcement
1.17 1.09 1.00 1.00 |1.01 |1.00 1.00 |1.00 |1.07 |1.00 |1.00

Final result=6.084 =6.1 crashes/year

LA Dt
LOUISIANA

Note, it makes no sense to keep more than one decimal point in final result.
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L |
Sample Application Two (segment)

What is the predicted average crash frequency of the roadway segment for a
particular yeas?

The Facts
®  0.1-milength ® 0 driveways per mi
®*  Curved roadway segment ®  11-ftlane width
® 8,000 veh/day ®  2-ft gravel shoulder
® 1% grade ®* Roadside hazard rating = 5
. .

1,200-ft horizontal curve radius 0.1-mi horizontal curve length

No spiral transition 0.04 superelevation rate

Assumptions

®  Collision type distribut have been adapted to local experience. The
percentage of total crashes representing single-vehicle run-off-the-road and
multiple-vehicle head-on, opposite-direction sideswipe, and same-direction
sideswipe crashes is 78%.

®  The calibration factor is d to be 1.10.
®  Design speed = 60 mph
-

Maximum superelevation rate, exa. = 6%

UNIVERSITY
LOUISIANA

For a more comprehensive application like Sample Applications two, three, four and
five, use the Excel Program.

Ref: Highway Safety Manual, 1st Edition by AASHTO
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Sample Application Three (3ST Intersection)

The Question

£l
o
o
=
o
oy
a

TAML oot o :al
VVAIAL I3 URE preducie

for a particular year?

The Facts
" 3legs ®  30-degree skew angle
® Minor-road stop control ® AADT of major road = 8,000
veh/day
® No right-turn lanes on major
road ®  AADT of minor road = 1,000
veh/day
®  No left-turn lanes on major road
®  Intersection lighting is present
Assumpltions

® Collision type distributions used are the default values from Exhibit 10-12.

® The proportion of crashes that occur at night are not known, so the default

proportion for nighttime crashes is assumed.

®  The calibration factor is assumed to be 1.50.

%

UNIVERSITY

LOUISIANA

Ref: Highway Safety Manual, 1st Edition by AASHTO
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The Question
What is the predicted average crash frequency of the signalized intersection for a
particular year?
The Facts
" dlegs ®  AADT of major road = 10,000
veh/day
® 1 rightturn lane on one
approach "  AADT of minor road = 2,000
veh/day
"  Signalized intersection
® 1 left-turn lane on each of two
®  90-degree intersection angle approaches
®  No lighting present
Assumptions
®  Collision type distribut used are the default values from Exhibit 10-12.
®  The calibration factor is assumed to be 1.30. UNIVERSITY
!.()!J [HIA!\?\

Ref: Highway Safety Manual, 1st Edition by AASHTO
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Sample Application Five (three sites)

The Project

A project of interest consists of three sites: a rural two-lane tangent segment; a

rural two-lane curved segment; and a three-leg intersection with minor-road stop
control. (This project is a compilation of roadway segments and intersections from
Sample Problems 1, 2 and 3.)

The Question

What is the expected average crash frequency of the project for a particular year
incorporating both the predicted average crash frequencies from Sample Problems 1,
2 and 3 and the observed crash frequencies using the site-specific EB Method?

The Facts
" 2roadway segments (2U tangent segment, 2U curved segment)
® 1 intersection (35T intersection)

® 15 observed crashes (2U tangent segment: 10 crashes; 2U curved

segment: 2 crashes; 35T intersection: 3 crashes)

UNIVERSITY

LOUISIANA

Ref: Highway Safety Manual, 1st Edition by AASHTO
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T —
Introduction to Excel Worksheet

e Posted online
e Must be utilized for homework

I.'\ 1 \I{*I TY
LOUISIANA

The Excel Program developed by Dr. Karen Dixon is available online.
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Safety Models

e [ntroduction

Rural 2-lane morels

Rural Multilane Model

e Urban and Suburban Arterial
Model

I.'\ 1 \“I.X.*I TY
LOUISIANA

Three chapters in the first edition of the HSM deal with safety models for three types
of highways.
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At
LOUISIANA

Note the difference in segment from the previous model on rural two-lane highways.
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L —
Rural Multilane Models

‘ﬂ ll A AAAAAAAAAA A
alcLy |JI CUILLIUII M1 oceqaures

€parate

ave been developed for divided (4D)
and undivided (4U) roadway segments
and for four types of at-grade
intersections.

3'(4;)

Ly ASLTY
LOUISIANA

4D — Divided highways are non freeway facilities (i.e., facilities without full control of access)
that have the lanes in the two directions of travel separated by a raised, depressed or flush
median which is not designed to be traversed by a vehicle; this may include raised or
depressed medians, with or without a physical median barrier, flush medians with physical
median barriers.
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SPF for both divided and undivided rural
4-lane highway segment

bxLn(AADT)+Ln(L))
N _, =%

spf
' |

- e(c+Ln(L))

N, = base total expected average crash frequency for a roadway segment;
AADT = annual average daily traffic (vehicles per day) on roadway segment;
L = length of roadway segment (miles);

K = overdispersion factor

a, b, ¢ = regression coefficients

AADT range from 0 to 89,300 vehicles

UHIYRnSLEY
LOUISIANA

Base model is the same for both divided and undivided segments.
K is used for EB application.
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Coefficients for 4-lane Undivided Rural Roadway

Crash Severity Level a b C
total -9.653 1.176 1.675
Fatal and injury -9.410 1.094 1.796
*Fatal and injury -8.577 0.938 2.003

* Using KABCO scale and level C is not included

Coefficients for 4-lane Divided Rural Roadway

Crash Severity Level a b c
total -9.025 1.049 1.549
Fatal and injury -8.837 0.958 1.687
*Fatal and injury -8.505 0.847 1.740

C 3

UNIVERSITY

LOUISIANA

Discuss the difference in coefficients between two types of segments and among
three crash severity levels.
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B |
Base Condition for Undivided Rural Multilane

Highways
e Lane width (LW) 12 feet
e Shoulder width 6 feet
e Shoulder type Paved
e Side slopes 1V:7H or flatter
e Lighting None
e Automated speed enforcement None

At
LOUISIANA

Again, define base conditions.
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B |
Base Condition for Divided Rural Multilane

Highways
* Lane width (LW) 12 feet
e Right Shoulder width 8 feet
e Median Width 30 feet
e Lighting None
e Automated speed enforcement None

At
LOUISIANA

» Base condition definition
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L U
Proportion of crashes by collision type and crash severity level
Severity level
Collision type
Total Fatal and injury Fatal and injury* PDO
Head-on 0.009 0.029 0.043 0.001
Sideswipe 0.058 0.048 0.044 0.120
Rear-end 0.246 0.305 0.217 0.220 Undivided
Angle 0.356 0.352 0.348 0.358
Single 0.238 0.238 0.304 0.237
Other 0.053 0.028 0.044 0.064
NOTE: *° Usiﬂnﬂﬁﬁmﬁo scale, these include only KAB accidents. Crashes with severity level C (possible injury)
Proportion of crashes by collision type and crash severity level
Collision type Severity level
Total Fatal and injury Fatal and injury* PDO
Head-on 0.006 0.013 0.018 0.002 Divided
Sideswipe 0.043 0.027 0.022 0.053
Rear-end 0.116 0.163 0.114 0.088
Angle 0.043 0.048 0.045 0.041
Single 0.768 0.727 0.778 0.792
Other 0.024 0.022 0.023 0.024
NCTE: *Using the KABCO scale, these include only KAB accidents. Crashes with severity level C (possible injury)
are not included. UNIVERSITY
HOeLa

Default table for distribution of crash type.

Ref: Highway Safety Manual, 1st Edition by AASHTO
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Example of CMF for Segments (shoulder width)

Shoulder Width

Annual Average Daily Traffic (AADT) (vehicles/day)

< 400 400 to 2000 > 2000
0-ft 1.10 1.10 + 2.5 x 107 (AADT - 400) 1.50
2-ft 1.07 1.07 + 1.43 x 107 (AADT - 400) 1.30
4-ft 1.02 1.02 + 8.125 x 10 (AADT - 400) 1.15
6-ft 1.00 1.00 1.00
8-ft or more 0.98 0.98 + 6.875 x 10 (AADT - 400) 0.87

LA Dt
LOUISIANA

CMF for variables not in base condition. Here is shoulder width example.

Ref: Highway Safety Manual, 1st Edition by AASHTO
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L I
SPF for Intersections on Rural 4-lane
Highways

[a+bxIn(AADT,, . )+cxLn( AADT, . )]

Nspf =@

or N ; =€[ a+dxLn( AADTp1q1)]
S,

Where,
Ny, = SPF estimate of intersection-related expected average crash frequency

for base conditions;
AADT, , = AADT (vehicles per day) for major road approaches;
AADT, .. = AADT (vehicles per day) for minor road approaches;
AADT,,, = AADT (vehicles per day) for minor and major roads combined
approaches;
a, b, ¢, d = regression coefficients. Ceivenerns
* LOUISIANA

For intersections, two SPFs are introduced, they are slightly different in treating
AADT.
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T —
AADT Limitations

T: AADT,_ .0 to 78,300 vehicles per day and

maj

AADT . 0 to 23,000 vehicles per day

4ST: AADT,,,; 0 to 78,300 vehicles per day and
AADT, . 0 to 7,400 vehicles per day

45SG: AADT,,,; 0 to 43,500 vehicles per day and

AADT, ;. 0 to 18,500 vehicles per day

I.'\ 1 \“I.X.*I TY
LOUISIANA

Since the data used for model development is limited in AADT, it is important to
point out the AADT limitations.
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Coefficients for 3 and 4-leg Intersections with Minor road Stop Control

Crash Severity Level a b c O:g::i:;&::ign
45T total -10.008 0.848 448 0.494
45T Fatal and injury -11.554 0.888 0.525 0.742
45T Fatal and injury* -10.734 0.828 0.412 0.665
3ST total -12.526 1.204 0.236 0.460
3ST Fatal and injury -12.664 1.107 0.272 0.569
35T Fatal and -11.989 1.013 0.228 0.566
Injury**

Coefficients for 4-leg Signalized Intersections

Overdispersion

Crash Severity Level a b [« parameter k
45G total -9.025 1.049 1.549 0.277

45G Fatal and injury -8.837 0.958 1.687 0.218

*4SG Fatal and injury -8.505 0.847 1.740 0.566

Table of coefficients for intersection models
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Intersection base condition

3
c
=3
o
3
[g]
>0
[v)o]
0
s
Q
~l

e The SPFs for three- and four-leg stop-controlled intersections
(3ST and 4ST) on rural multilane highways are applicable to
the following base conditions:

— Intersection skew angle 0°

— Intersection left-turn lanes 0, except on stop-
controlled approaches

Intersection right-turn lanes 0, except on stop-
controlled approaches

Lighting None

|

UHIYRnSLEY
LOUISIANA

Intersection base condition
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B [
Graphical Form of SPF for Four-leg STOP-
controlled Intersections

e
%,5 / /// M Tem=4000
§ /// // | moTemezeco
. o — |
3. o  __—
i

| _—_—

AADT,,, (veh/day)

UNIVERSITY
LOUISIANA

Ref: Highway Safety Manual, 1st Edition by AASHTO
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B |
Example CMF for Installation of Left-Turn Lanes
on Intersection Approaches.

Number of non-stop-controlled
approaches with left-turn lanes *

Intersection type Crash Severity Level One approach Two approa
Three-leg Total 0.56
minor road -
STOP control® Fatal and Injury 0.45
Four-leg Total 0.72 0.52
minor road -
STOP control® Fatal and Injury 0.65 0.42

NOTE: * STOP-controlled approaches are not considered in determining the number of approaches with left-tum
lanes

® STOP signs present on minor road approaches only.

UNIVERSITY
LOUISIANA

For variables not in base condition, use CMF.

Ref: Highway Safety Manual, 1st Edition by AASHTO
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Proportion of crashes by severity level

Collision Three-leg intersections with minor road Four-leg intersections with minor road
type stop control stop control
Total Fatal Fatal PDO Total Fatal Fatal PDO
and and and and
injury injury® injury injury*
Head-on 0.029 0.043 0.052 0.020 0.016 0.018 0.023 0.015
Sideswipe 0.133 0.058 0.057 0.179 0.107 0.042 0.040 0.156
Rear-end 0.289 0.247 0.142 0.315 0.228 0.213 0.108 0.240
Angle 0.263 0.369 0.381 0.198 0.395 0.534 0.571 0.292
Single 0.234 0.219 0.284 0.244 0.202 0.148 0.199 0.243
Other 0.052 0.064 0.084 0.044 0.051 0.046 0.059 0.055
Collision Three-leg signalized intersections Four-leg signalized intersections
type Total Fatal Fatal PDO Total Fatal Fatal PDO
and and and and
injury injury* injury injury*
Head-on - - - - 0.054 0.083 0.093 0.034
Sideswipe - - - - 0.106 0.047 0.039 0.147
Rear-end - - - - 0.492 0.472 0.314 0.505
Angle - - - - 0.256 0.315 0.407 0.215
Single - - - - 0.062 0.041 0.078 0.077
Other - - - - 0.030 0.041 0.069 0.023
NOTE: *Using the KABCO scale, these include only KAB accidents, Crashes with severity level C (possible injur UNIVERSITY
ILDU [SIA!\?‘\_

» Table for default values on crash type distribution at intersections

Ref: Highway Safety Manual, 1st Edition by AASHTO
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Safety Models

e [ntroduction

e Rural 2-lane model
e Rural Multilane Model

e Urban and Suburban Arterial
Model

UNIVERSITY
LOUISIANA

Three chapters in the first edition of HSM deal with safety models for three types of

highways.
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Analysis Units

Two-lane undivided arterials {ZU)

_ oo

Three-lane arterials including a center two-way left-turn lane

(rwiry) (3T)

Roadway Four-lane undivided arterials (4U)
Segment Four-lane divided arterials (i.e., including a raised or depressed
median) (4D)
Five-lane arterials including a center TWLTL (ST]
Unsignalized three-leg intersection (Stop control on minor-road
approaches) (3ST)
Intersections

Signalized three-leg intersections (356}

Unsignalized four-leg intersection (Stop control on minor-road

approaches) (4ST)

Signalized four-leg intersection (456)

UHIYRnSLEY
LOUISIANA

Urban and Suburban Arterial Model is the most complicated model due to the roadways

comprehensive safety performance.

Nine models do not cover all types of roads in urban and suburban roadways.
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Models for Urban and Suburban Arterials
Segment

X H CMF)+N,.,

4
Where, ‘ Part 2 ‘ ‘ Part 3 ‘

N, = predicted average crash frequency for a specific year
N,,¢ = predicted average crash frequency determined for base
conditions of the SPF developed

+N,..)xC
=

N,.q = predicted average number of vehicle-pedestrian collisions

per year
Ny = predicted average number of vehicle-bicycle collisions
per year
CMF, Crash Modification Factors

C= calibration factor to adjust SPF for local conditions * PRI
LOUISIANA

The SPF consists of three parts because pedestrian and bicycle traffic must be
considered. It is time to remind students that 10% of total fatalities are pedestrians

annually.
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Three elements in Part 1

-~

Ny =Ny, +N

bmv

+ N brdwy

brsv

Where,

N,,.., = predicted average crash frequency of multiple-
vehicle non-driveway collisions for base conditions;

N,,., = predicted average crash frequency of single-vehicle
crashes for base conditions; and

Nyrawy = Predicted average crash frequency of multiple-
vehicle driveway-related collisions.

LA Dt
LOUISIANA

Even part one has three elements by crash types.
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Summary

Np:'c’df'c.red—m' = (Nhr' %@X Cr'
N, )- (CMF,, x CMF,, x...x CMF,)

» Multiple-vehicle non driveway collisions;
» Single-vehicle crashes;
» Multiple-vehicle driveway-related collisions;

»Vehicle-pedestrian collisions;
» Vehicle-bicycle collisions.

UNIVERSITY
LOUISIANA

It is easy to get lost in this model, let's summarize the model again in equations.
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SPF for multiple-vehicle non-driveway
collisions (part 1.1)

a+bxLn ( AADT )+Ln (L

N brmv — € ( ) W)

Where,

AADT = average daily traffic volume (vehicles/day) on
roadway segment;

L = length of roadway segment (mi);

a, b = regression coefficients

UNIN LY
LOUISIANA
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L |
Coefficients for Multiple-Vehicle Non-driveway
Collisions on Five Different Types of Roadway Segments
Coefficients used in Equation 12-10 Overdispersion

Rosavwe | M | | WY
Total crashes

2u -15.22 1.68 0.84

3T -12.40 1.41 0.66

4u -11.63 1.33 1.01

4D -12.34 1.36 1.32

5T -9.70 1.17 0.81
Fatal-and-injury crashes

2U -16.22 1.66 0.65

3T -16.45 1.69 0.59

4u -12.08 1.25 0.99

4D -12.76 1.28 1.31

5T -10.47 1.12 0.62
Property-damage-only crashes

2u -15.62 1.69 0.87

3T -11.95 1.33 0.59

U -12.53 1.38 1.08

4D -12.81 1.38 1.34

sT -9.97 1.17 0.88

L \I\'!.R-Ill
isiing

Ref: Highway Safety Manual, 1st Edition by AASHTO
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|
Distribution of Multiple-Vehicle Non-driveway
Collisions for Segments by Manner of Collision Type

Collision
type

Froportion of crashes by severity ievel for speci cific road iypes

2U

ar 4U 4D

FI

PDO

FI PDO FI PDO FI PDO

FI

PDO

Rear-end
collision

0.730

0.778

0.845 | 0.842 0.511 | 0.506 0.832 | 0.662

0.846

0.651

Head-on
collision

0.004

0.034 | 0.020 0.077 | 0.004 0.020 | 0.007

0.021

0.004

Angle
collision

0.085

0.079

0.069 | 0.020 0.181 | 0,130 0.040 | 0.036

0.050

0.059

Sideswipe,
same
direction

0.015

0.031

0.001 | 0.078 0.093 | 0.249 0.050 | 0.223

0.061

0.248

Sideswipe,
opposite
direction

0.073

0.055

0.017 | 0.020 0.082 | 0.031 0.010 | 0.001

0.004

0.009

Other
multiple-
vehicle
collisions

0.029

0.053

0.034 | 0.020 0.056 | 0.080 0.048 | 0.071

0.018

0.029

%

UNIVERSITY

LOUISIANA

Ref: Highway Safety Manual, 1st Edition by AASHTO
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SPF for single-vehicle crashes (part 1.2)

Nb =ea+b><Ln (AADT )+Ln(L)
rsv

Where,

AADT = average daily traffic volume (vehicles/day) on
roadway segment;

L = length of roadway segment (mi);

a, b = regression coefficients

UNIN LY
LOUISIANA

By now, model becomes self-explanatory.
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L J U
Coefficients for Single-vehicle Crashes on Five Different
Types of Roadway Segments
Coefficients used in Equation 12-11 Overdispersion
Intercept AADT | parameter

Road type (a) (b) (0
Total crashes

U -5.47 0.56 0.81

3T -5.74 0.54 1.37

4u -7.99 0.81 0.91

4D -5.05 0.47 0.86

5T -4.82 0.54 0.52
Fatal-and-injury crashes

U -3.96 0.23 0.50

3T -6.37 0.47 1.06

4u -7.37 0.61 0.54

4D -8.71 0.66 0.28

5T -4.43 0.35 0.36
Property-damage-only crashes

U -6.51 0.64 0.87

3T -6.29 0.56 193

4u -8.50 0.84 0.97

4D -5.04 | 0.45 1.06

ST -5.83 f 0.61 055 * e

Ref: Highway Safety Manual, 1st Edition by AASHTO
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T T
SPF for Multiple-Vehicle Driveway-
Related Collisions (part 1.3)

AADT Y
Nbrdl-vy: anxNj.x m

all

driveway

types
Where,
N; = Number of driveway-related collisions per driveway per year for
driveway type j

n; = number of driveways within roadway segment of driveway type j
including all driveways on both sides of the road
t = coefficient for traffic volume adjustment

ARSIl
LOUISIANA
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L]

Seven specific driveway types

B e T

or more parking spaces)

Minor commercial driveways (serve sites with
less than 50 parking spaces)

Major industrial/institutional driveways
Minor industrial/institutional driveways
Major residential driveways

Minor residential driveways

Other driveways

I.'\ 1 \I{*I TY
LOUISIANA
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L [
Coefficients for Multiple-Vehicle Driveway Related
Collisions on Five Different Types of Roadway Segments
Coefficients for specific roadway types
Driveway type (j) i v | 3r | a | a4 | st
Number of driveway-related collisions per driveway per year (N;)
Major commercial 0.158 0.102 0.182 0.033 0.165
Minor commercial 0.050 0.032 0.058 0.011 0.053
Major industrialfinstitutional 0.172 0.110 0.198 0.036 0.181
Minor industrial/institutional 0.023 0.015 0.026 0.005 0.024
Major residential 0.083 0.053 0.096 0.018 0.087
Minor residential 0.016 0.010 0.018 0.003 0.016
Other 0.025 0.016 0.029 0.005 0.027
Regression coefficient for hADT (t)
Al driveways | 1000 | 1000 | 1172 | 1106 | 117
Overdispersion parameter (k)
All driveways | o8t | 110 | o081 | 139 [ o010
Proportion of fatal-and-injury crashes (faw)
Al driveways | 0323 | 0243 | 0342 [ 0284 | o269
Proportion of property-damage-only crashes
All driveways | 0677 | 0757 | o6ss | o716 [ 073
Note:  Includes only unsignalized dri ys; signalized dii ys are analyzed as signalized intersections. M*
driveways serve 50 or more parking spaces; minor driveways serve less than 50 parking spaces.

Ref: Highway Safety Manual, 1st Edition by AASHTO
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SPF for Vehicle-Pedestrian Collisions
(part 2)

Npedr = Nbr X fpedr

(v

Nb i+ Nhr's\' + Nb!'d\l'}' )X (CMF‘I: X CMFZ:- XX CMF‘S!' )

T by

Where, f,.q = pedestrian accident adjustment factor.

Pedestrian Accident Adjustment Factor (fua)

Road type Posted Speed 30 mph or Lower Posted Speed Greater than 30 mph
U 0.036 0.005
3T 0.041 0.013
4U 0.022 0.009
4D 0.067 0.019
5T 0.030 0.023

Note:  These factors apply to the methodology for predicting total crashes (all severity levels combined). All
pedestiian collisions resulting from this adjustment factor is treated as fatal-and-injury crashes and none l T s

LOUISIANA

Ref: Highway Safety Manual, 1st Edition by AASHTO
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'SPF for Vehicle-Bicycle Collisions (part 3)

Nhr = (N

sz'ker — Nbr X f;‘)iker

+ N.ﬁi’.\'r + Nhrdn'_r )X (CMF‘U o CMFZJ' XX CMF‘E! )

Where, f,.., = bicycle accident adjustment factor.

Bicycle Accident Adjustment Factor (fy,..)

Road type Posted Speed 30 mph or Lower Posted Speed Greater than 30 mph
2U 0.018 0.004
3T 0.027 0.007
4qu 0.011 0.002
4D 0.013 0.005
ST 0.050 0.012

Note:  These factors apply to the methodology for predicting total crashes (all severity levels combined). All
bicycle collisions resulting from this adjustment factor are treated as fatal-and-injury crashes and none as
property-damage-only crashes. Scurce: HSIS data for Washington (2002-2006)

¥

UNIVERSITY

LOUISIANA

Ref: Highway Safety Manual, 1st Edition by AASHTO
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Review

Npr('di{:k’d—rs = (N.{:r M) X Cr
Nb,x (CMF,, x CMF,, x...x CMF,)

»Multiple-vehicle non driveway collisions;

» Single-vehicle crashes;

»Multiple-vehicle driveway-related collisions;
»\Vehicle-pedestrian collisions = N, = N, x f,...

»Vehicle-bicycle collisions = N, =N, x f,..

UNIVERSITY
LOUISIANA
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— —
Base Condition

Type of on-street parking (none/parallel/angle)

None

Proportion of curb length with on-street parking

Median width (ft) - for divided only

15

Lighting (present / not present)

Not Present

Auto speed enforcement (present / not present)

Not Present

Major commercial driveways (number)

Minor commercial driveways (number)

Major industrial / institutional driveways (number)

Minor industrial / institutional driveways (number)

Major residential driveways (number)

Minor residential driveways (number)

Other driveways (number)

Speed Category

Roadside fixed object density (fixed objects / mi)

Offset to roadside fixed objects (ft) [If greater than 30 or Not Present, input 30]

UNIVERSITY
LD!.,'IS[!\NA
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L —
CMF for On Street Parking

MF =1+p_ (f,,—1.0)
= L pk \J pk M

Where,

fox = factor from the following table

P, = proportion of curb length with on-street parking = (0.5 Lpk/L);

L,y = sum of curb length with on-street parking for both sides of the road combined (miles);
L = length of roadway segment (miles).

Type of parking and land use

Parallel parking Angle parking

Residential/other C cial idential/other Commercial

Road or industrial/ or industrial/

type institutional institutional
v 1.465 2.074 3.428 4.853
3T 1.465 2.074 3.428 4.853
qU 1.100 1.709 2.574 3.999
4D 1.100 1.709 2.574 3.999
5T 1.100 1.709 2.574 3.999

LA Dt
LOUISIANA

Ref: Highway Safety Manual, 1st Edition by AASHTO
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Urban & Suburban Arterial Intersections

{ Y

predicted—int = [NM + pedi + Nbik!' x Cr'

N, (CMF,, x CMF,, x...x CMF,,)

* Multiple-vehicle & Single-vehicle collisions
* Vehicle-pedestrian collisions
¢ Vehicle-bicycle collisions

L \I\.!.H\I TY
LOUISIANA

For intersections there are also several parts.

336



L T
SPF for Multiple-Vehicle Collisions

(Intersection)

a+bxLn(AADT,,,; )+cxLn( AADT, ;)

N bimv =

Where,
AADij = average daily traffic volume (vehicles/day) for

major road (both directions of travel combined);
AADT, .. = average daily traffic volume (vehicles/day) for
minor road (both directions of travel combined);

a, b, ¢ = regression coefficients

UNIN LY
LOUISIANA
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L [
Coefficients for Muitiple-Vehicle Collisions at Intersections
Coefficients used in Equation 12-21 g Over-
ispersion
Intersection type AN Mo Yo P

Total crashes
3T -13.36 111 0.41 0.80
356 -12.13 111 0.26 0.33
4sT -8.90 0.82 0.25 0.40
456 -10.99 1.07 0.23 0.39

Fatal-and-injury crashes
3sT -14.01 1.16 0.30 0.69
356 -11.58 1.02 0.17 0.30
4sT -11.13 0.93 0.28 0.48
456 -13.14 118 0.22 0.33

Property-damage-only crashes
3sT -15.38 1.20 0.51 0.77
356 -13.24 1.14 0.30 0.36
4sT -8.74 0.77 0.23 0.40
456 -11.02 1.02 0.24 0.44

s

Ref: Highway Safety Manual, 1st Edition by AASHTO
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[ [
SPF for Single-Vehicle Collisions
(Intersection)

_ ,a+tbxLn(AADT,,, y+cxLn(AADT,;,)

isv

N,

Where,
AADij = average daily traffic volume (vehicles/day) for

major road (both directions of travel combined);
AADT, .. = average daily traffic volume (vehicles/day) for
minor road (both directions of travel combined);

a, b, ¢ = regression coefficients

UHLVESSITX
LOUISIANA
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B [
Coefficients for Single-Vehicle Collisions at Intersections
Coefficients used in Equation 12-24 Over-
Intersection Intercept ARDT oy ARDT :;m";
type (a) (b) (c) (k)
Total crashes
3sT -6.81 0.16 0.51 1.14
356 -9.02 0.42 0.40 0.36
4ST -5.33 0.33 0.12 0.65
456 -10.21 0.68 0.27 0.36
Fatal-and-injury crashes
35T
356 -9.75 0.27 0.51 0.24
45T
45G -6.25 0.43 0.29 0.09
Property-damage-only crashes
3sT -8.36 0.25 0.55 1.29
3G -9.08 0.45 0.33 0.53
45T -7.04 0.36 0.25 0.54
456G -11.34 0.78 0.25 0.44
Note:  Where no models are available, Equation 12-27 is used. * ;(\)U[L:{All\‘f;

Ref: Highway Safety Manual, 1st Edition by AASHTO
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UNIVERSITY
LOUISIANA

Ref: Highway Safety Manual, 1st Edition by AASHTO
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The model for estimating vehicle-

edestrian collisions at signalized
P . & N ot = N petsse | | CMF,
intersections: pec pedbase »

SPF for Vehicle-Pedestrian Collisions
(Signalized Intersection)

a+bxLn(AADT,,, Y+cx LJ?(M)*-JX Ln(PedVol)+exn,,,,..

N _ e AAD ;rrmd'

oedbase
Where,
AADT,,, = sum of the average daily traffic volumes (vehicles per day) for the major
and minor roads (= AADT, .+ AADT, . );
PedVol = sum of daily pedestrian volumes (pedestrians/day) crossing all

intersection legs;
Nyanes = Maximum number of traffic lanes crossed by a pedestrian in any crossing

maneuver at the intersection considering the presence of refuge islands;
a,b,c,d,e = regression coefficients.
UNIVERSITY
LOUISIANA
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O L b £ Vnbiala Dadackelimm Fallicimme ~a
LOEImICIients 101 venicié-reaéescriain Lonisions at
Signalized Intersections
Crash Severity a b c d o Overdispersion
Level parameter k
356 total -6.60 0.05 0.24 0.41 0.09 0.52
45G total -9.53 0.40 0.26 0.45 0.04 0.25

Estimates of Pedestrian Crossing Volumes Based on General Level of Pedestrian Activity

General level
of pedestrian

Estimate of PedVol (pedestrians/day) for use in

Equation 12-29

1t 356 456G
activity intersections intersections
High 1,700 3,200
Medium-high 750 1,500
Medium 400 700
Medium-low 120 240
Low 20 50

‘ UNIVERSITY

Ref: Highway Safety Manual, 1st Edition by AASHTO
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B A

SPF for Vehicle-Pedestrian Collisions
(Stop Controlled Intersection)

N

pec

Ny, :(N

bimv

=Ny, ¥ I e
+ Nhr’.\n-‘)x (CMF'M X CMFL‘ XX CMF'().-)

Where, f,.,; = pedestrian accident adjustment factor.

Intersection Type Foedi
3ST 0.021
4ST 0.022

SN L
LOUISIANA
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T

SPF for Vehicle-Bicycle Collisions

N.. =N.xf. .
“ ' bikei * T bi J bikei

N, = (N, + N, )< (CMF, x CMF,, x...x CMF,,)

bimv

Where, f,.i = bicycle accident adjustment factor.

Intersection Type Soikei
3ST 0.016
3SG 0.011
4ST 0.018
4SG 0.015

UL EasI 1Y
LOUISIANA
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Urban and
Suburban Arterials

cgment _Jil intersection _

il

2U J_ By five collision _[ 4st
Types
3T = I —{ 356
au — —{ asT
4D ]_ By four collision _[ 3ST
Types
5T —

L ‘:l‘\:.lﬂhl TY
LOUISIANA

Again, let’s look at the safety models for urban and suburban roadways. For
segments, there are five types and each type of segment; there are five collision
types. For intersections, there are four types and each type of intersection; four
types of collisions are considered.
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Review
i /"'—-_—“"\ \
predicted—int = leH' pedi + Nbi.f(e‘ x Cr‘

N, (CMF,, x CMF,, x...x CMF,,)

e Multiple-vehicle & Single-vehicle collisions
¢ Vehicle-pedestrian collisions= by type of intersection
* Vehicle-bicycle collisions= N,,,. =N, X f,...

UNIVERSITY
LOUISIANA
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T —
Base Condition

Data for unsignalized intersections only: -
Mumber of major-road approaches with left-turn lanes (0,1,2) 0
MNumber of major-road approaches with right-turn lanes (0,1,2) 0

Data for signalized intersections only: o
Number of approaches with left-turn lanes (0,1,2,3,4) [for 3SG, use maximum value of 3] 0
Number of approaches with right-turn lanes (0,1,2,3,4) [for 35G, use maximum value of 3] 0
Number of approaches with left-turn signal phasing [for 35G, use maximum value of 3] -
Type of left-turn signal phasing for Leg #1 Permissive

Type of left-turn signal phasing for Leg #2 -
Type of left-turn signal phasing for Leg #3 -
Type of left-turn signal phasing for Leg #4 (if applicable) -
MNumber of approaches with right-turn-on-red prohibited [for 3SG, use maximum value of 3] 0
Intersection red light cameras (present/not present) Mot Present
Sum of all pedestrian crossing volumes (PedVol) — Signalized intersections only

Maximum number of lanes crossed by a pedestrian (Nyy,s,) -

Number of bus stops within 300 m (1,000 ft) of the intersection 0
Schools within 300 m (1,000 ft) of the intersection (present/not present) Not Present
Number of alcohol sales establishments within 300 m (1,000 ft) of the intersection 0

UNIVERSITY
LOUISIANA
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CMF for Bus Stops

H Af lhiirs cdbmme sasidblaioc 1 NANN £+ ~F 4l ~ ~hALC

H Ul US> Z‘JLUPZ‘J VVILIMInN J.,UUU L. UI L1ie Iivir
intersection

0 1.00

lor2 2.78

3 or more 4.15

UNIN LY
LOUISIANA
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Chapter 12 SPFs for Urban and SPF Components by
Suburban Arterials Collision type SPF Equations and Exhibits
multiple-vehicle Equation 12-10, 12-11, 12-12,
nondriveway collisions Exhibits 12-5, 12-6, 12-7

Equations 12-13, 12-14, 12-15,
Exhibits 12-8, 12-9, 12-10

Equations 12-16, 12-17, 12-18,
Exhibits 12-11, 12-12, 12-13,
12-14, 12-15, 12-16

single-vehicle crashes

Roadway segments multiple-vehicle driveway-
related collisions

vehicle-pedestrian collisions Equation 12-19 Exhibit 12-17

vehicle-bicycle collisions Equation 12-20, Exhibit 12-18

Equations 12-21, 12-22, 12-23,
multiple-vehicle collisions Exhibit 12-19, 12-20, 12-21,
12-22, 12-23, 12-24

Equations 12-24, 12-25, 12-26,
single-vehicle crashes 12-27, Exhibit 12-25, 12-26,
Intersections 12-27, 12-28, 12-29, 12-30
Equations 12-28, 12-29, 12-30,
Exhibits 12-31, 12-32, 12-33

vehicle-pedestrian collisions

vehicle-bicycle collisions Equation 12-31, Exhibit 12-34

UNIVERSITY
LOUISIANA

Ref: Highway Safety Manual, 1st Edition by AASHTO
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Acohio_Li car asar AME Bocoricaio AME Eooriooo o kil
icable SPF AMrF AMF Description AMF Equations and Exhibits
AMEy | On-st Parking Equation 12-323;nd Exhil r
. Equation 12-33 and Exhibit 12-
AMFy | Roadside Fixed Objects 37 and 12-38
Roadway AMFy | Median Width Exhibit 12-39
ames | Light Equation 12-34 and Exhibit 12-
e 0
AMFy, | Automated Speed Enforcement See text
AMFy | Intersection Left-Turn Lanes Exhibit 12-41
Intersection Left-Tum Signal 4
AMFy g Exhibit 12-42
Multiple-vehicle
n:nll:'n:ns -:d AMFy | Intersection Right-Turn Lanes Exhibit 12-43
sinkle-vehicle
crashes at AMFe | Right Turn on Red Equation 12-35
intersections
AMFs Lig Equation lZ-}i;r\d Exhibit 12-
AMF, | Red Light Cameras Equation 12-37, 12-38, 12-39
AMF,, | Bus Stops Exhibit 12-45
Vehicle
Pedestrian
Colligions at AMF3, | Schools Exhibit 12-45
Signalized
Intersections
AMFy, | Alcohol Sales Establishments Exhibit 12-47

%

UNIVERSITY

LOUISIANA

Ref: Highway Safety Manual, 1st Edition by AASHTO
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Urban and
Suburban Arterial

Intersections Segments Segments Intersections

Two-lane Three-leg Stop Four lane = 5to Two-lane .
Undivided (2U) Controlled (35T) Undivided (4U) Controlled (35T) Undivided [2U)

Four-leg Stop Four-leg Stop Three-lane Three-leg

Controlled Four-lane Divided Controlled including a TWLTL Signalized

(4D) (4sT) (31) Controlled (35G)

Four- nalized Four-leg Signalized Four-leg Stop
Four-lane . I
Controlled " Controlled

(456)

Controlled
(45G)

In summary, there are 18 SPFs Four-lane Divided

(4D)

Five-lane including
TWLTL (5T)

UNIVERSIT

!_oyléilANA

» Final summary for all models introduced in the first edition of HSM
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For questions contact
xsun@Iouisiana.edu

¥

®
UNIVERSITY

LOUISIANA
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Lecture 7

Highway Safety Fundamentals Course

Safety Evaluation

A project sponsored by National Center for

Intermodal Transportation for Economic UNIVERSITY
Competitiveness and conducted by LOUISIANA
University Louisiana at Lafayette -

November 2013

The objective of this lecture is to let students understand the purpose and requirements for
safety evaluation.
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Outline

¢ introduction
e Methods

e Case Studies

LA Dt
LOUISIANA
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T
Safety Evaluation

t
effect of a treatment, i.e., change in expected
crashes (frequency, severity and type).

* Objectives

— learn from experience (in order to be defensible and
consistent, safety-related practices are built on evidence-
based knowledge gained through the evaluation of
treatments) so that future funds can be wisely invested in
safety.

¢ A good safety evaluation requires good data and
considerable technical skill

BN Y REaLT
LOUISIANA

The purpose of this section is to explain the fundamentals of safety evaluation and
to create an awareness of the challenges facing safety evaluation studies. The
intent is also to enable student to form an opinion about the reliability and validity of
the results of safety evaluations.

Emphasizing good technical skills in safety evaluation.
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T —
Formal Definition

e Safety effectiveness evaluation is the process
of developing quantitative estimates of how a
safety action (treatment, intervention, crash
countermeasure, choice of design, choice of
traffic control and etc.) affects expected crash
frequencies, crash type or severities.

At
LOUISIANA

The effectiveness estimate for a project or treatment is a valuable piece of information for
future safety decision-making and policy development.
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]

Specifically, safety evaluation is

Evaluating a sin
document the s
project;
Evaluating a group of similar projects to document
the safety effectiveness of those projects;

Assessing the overall safety effectiveness of specific
types of projects or countermeasures in comparison
to their costs.

o
Inc L

csit
safety effectiveness of that specific

At
LOUISIANA

Discuss the application of safety evaluation in the real world.
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L —
First, a question to you (students)

e What woulid you propose to do if you were
asked to evaluate the effectiveness of a
project (for instance a roundabout installed

three years ago)?

UHIYRnSLEY
LOUISIANA

Let students participate in the discussion.
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Outline

e Definition
e Methodologies
e Real World Evaluation Cases

LA Dt
LOUISIANA
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The logicai basis of any inquiry about
the effect of treatment

What would have been the safety of the
entity in the “after” period had
treatment not been applied

|

' Comparing with

T

What the safety of the treatment entity
in the “after” period was

UNIN LY
LOUISIANA

Remind students of the definition of safety.
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- —
The differences between new concept

and old approach (naive method)

Before

After

under the old

installed crash

Expected # of crashes
condition (without

countermeasure)

under the new
condition (with
installed crash
countermeasure)

Expected # of crashes

Installa

tion Time

Recall the definition of roadway safety

>

UHIYRnSLEY
LOUISIANA

Naive methods were widely used 15 years ago even in some transportation

textbooks.
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Common evaluation types

1. Arandomized controlled trial is deliberately
designed as an experiment to answer a research
question.

2. An observational study is an evaluation of the
safety effects of a treatment that was
implemented.

I.'\ 1 \“I.X.*I TY
LOUISIANA

There are many ways to predict the safety of, for example, an intersection or a road
section.

Some approaches are better than others. The strengths and weaknesses of the
main evaluation study types are described in this lecture.

In randomized controlled trials, roadways or facilities are randomly assigned to a
treatment or control group.

The key characteristic of an observational study is that the selection of roadways or
facilities which receive certain treatments is not random.
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Before and
Observational ATEr (B-A)
Study
Evaluation Cross-Section
Randomized

Controlled Trail

T

UNIVERSITY
LOUISIANA

Randomized controlled trials are the “gold standard” for evaluation studies that can
be conducted in controlled conditions such as a laboratory. The purpose of
randomization is to ensure that the prediction accounts for all changes in safety-
relevant conditions, that the prediction is free of bias, and that the accuracy of
results can be clearly stated. Although randomized controlled trials lead to the most
defensible evaluation of the safety effects of a treatment, the randomized controlled
trial study type is not common for road safety evaluations. Ask students why.
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e e — e T DN
In Physics laboratory or a complete
controlled study

e All other experiment conditions are controlled
to remain the same; it is ok to take the
shortcut of assuming that “after”
measurement would have been the same as
“before” measurement

i
iy
| 2 I 1 S
B ™ UNIVERSITY
LOUISIANA

Ask students give examples on complete controlled studies they had in the past.
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L —
In highway safety

Many factors influence crash occurrence
(treatment only targets one of them)

These factors vary in time and cannot be
controlled easily

Safety experiments cannot be conducted in
the real world (liability problem)

We can only use “observational study”

I.'\ 1 \“I.X.*I TY
LOUISIANA

For these reasons, researchers can not design experiments, for example, roadway
lane width or shoulder width, to evaluate the safety of roadway design element.
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L I
About Observational Studies

e Observational studies are an imperfect source of
knowledge.

* In a before-after study, data are generally gathered
from a group of similar roadways or facilities where a
treatment was implemented.

* In an observational cross-section study, data are
generally gathered from one group of roadways or
facilities which have a common feature or treatment.
Data are collected for a specific time period for both
groups, called with and without.

UNIN LY
LOUISIANA

Thus, a big challenge for researchers in highway safety is to work with imperfect
information.
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1. Observational before/after studies

e The most common approach

* The naive before/after evaluations, commonly
used in the past, are flawed because they do
not compensate for regression-to-the-mean
bias and do not consider changes in other
factors.

e Considerations on changes in other factors

At
LOUISIANA

Looking the research published 30 years ago and seeing the popularity of naive
methods in roadway safety evaluation. Safety evaluation is truly an evolved
process.
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T S
Confounding factors

e Simple B-A comparison assumes:

— all other safety-related conditions remained same
before and after the treatment

— Or their impact are negligible
e Neither assumption is likely to be accurate,

resulting in a ‘confounded’ evaluation of the
safety effect of the treatment.

DN SRILIY
LOUISIANA

The potential for confounding exists in observational before-after studies when
changes in safety-relevant conditions from the “before” to the “after” period, i.e., the
untreated to the treated period, are not accounted for in the prediction of safety. To
simply compare accident counts on the roadway from “before” and “after” the
treatment assumes that either all the safety-relevant conditions remained constant
or that their impact on safety is negligible.
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L —
Regression to the mean

e Regression-to-mean bias makes a treatment
seem more effective than it really is.

e Regression-to-mean bias will occur when a
treatment is motivated and implemented
because the number of accidents recently
reported was high, and the safety evaluation
fails to account for the “recent random
increase.”

UNIN LY
LOUISIANA

Again on RTM: It is important for students get RTM before the end of this course
and forward.
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B-A Method Confounding | Account for
Method factor RTM
Naive B-A Not No
(no longer considered
acceptable)
_ H that the change in crashes
d B A Wlth of the comparison group of N 0
CDm pa rison roadways or facilities
predicts the safety of the
G rou p treated roadways or
facilities if they were not
treated
. . e Accounts explicitly for No, but it can be
b B_A Wlth EXD[ICIt known changes in traffic minimized by using
i and possibly for other .
CorreCtIO ns safety relevant conditions. mUItlple years of data
B'A W|th EB correct for changes that Y
c occurred in both measured es
(must have carefully and unmeasured safety
developed SPF) relevant conditions
between the before and
after periods eiviReins
‘& LOUISIANA

The first and simplest type of observational before-after study has a high potential
for confounding as the safety effect of the treatment cannot be separated from the
safety effect of other conditions. The naive or simple B-A study type does not
account for regression-to-mean.

The second study type is the before-after with comparison group study. This study
type seeks to reduce the potential for confounding by using the before and after
accident counts of a comparison (untreated) group of roadways or facilities. The
assumption is that the safety-relevant conditions of the treated roadways or facilities
changed from before to after in the same way as the comparison group of roadways
or facilities. This assumption is unlikely and generally difficult to confirm for
important safety-relevant conditions. For example, it is unlikely that traffic in the
treated group of roadways or facilities changed in the same way as in the untreated
group of roadways or facilities. However, if it can be shown that all safety-relevant
conditions changed in the treated group of roadways or facilities just as in the
comparison group, then the safety prediction is the “safety of the treatment group
before treatment” multiplied by the comparison ratio. The comparison ratio is
defined as the “safety of the comparison group after treatment” divided by the
“safety of the comparison group before treatment.” Another difficulty of this study
type occurs when the number of accidents in the comparison group is small,
resulting in an inaccurate comparison ratio. The B-A with comparison group study
type does not account for regression-to-mean.
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B-A with Comparison Group
(treatment sits with non-treatment sites)

e The comparison group allows consideration of
general trends in crash frequency or severity
whose causes may be unknown, but which are
assumed to influence crash frequency and
severity at the treatment and comparison
sites equally.

e Non-treatment sites have traffic volume,
geometrics, and other site characteristics
similar to the treated sites

I.'\ 1 \“I.X.*I TY
LOUISIANA

Comparison groups used in before/after evaluations have traditionally consisted of
non-treated sites that are comparable in traffic volume, geometrics, and other site
characteristics to the treated sites, but without the specific improvement being

installed
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It is desired data requirements. Oftentimes, evaluation has to be done on a single

site.

Data Needs and Input

At laact 10 +n 20 citac at whier
MU TeUoL AW LW LW Jileg UL L

been implemented

At least 10 to 20 comparable sites at which the treatment has
not been implemented and that have not had other major
changes during the evaluation study period

A minimum of 650 aggregate crashes at the comparable sites
at which the treatment has not been implemented

3 to 5 years of before crash data is recommended for both
treatment and non-treatment sites

3 to 5 years of after crash data is recommended for both
treatment and non-treatment sites

SPFs for treatment and non-treatment sites

At
LOUISIANA
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L Jue
B-A with Explicit Corrections

e This method aliows having a single site B-A
evaluation by accounting the changes in other
variables such as AADT before and after

e |t may not be as accurate as other methods
but is more of interest to highway agencies in
monitoring their programs since it is hard to
find many sites for a novelty safety treatment
that needs to be evaluated.

UNIVERSITY
LOUISIANA

The results of such evaluations, even for a single site, may be of interest to highway
agencies in monitoring their improvement programs. However, results from the evaluation
of a single site will not be very accurate and, with only one site available, the precision and
statistical significance of the evaluation results cannot be assessed.
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B-A with EB

e Using SPF to estimate what the average crash
frequency at the treated sites would have
been during the time period after
implementation of the treatment, had the
treatment not been implemented.

At
LOUISIANA
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L —
Date Needs and Input

e At least 10 to 20 sites at which the treatment
of interest has been implemented

e 3 to 5 years of crash and traffic volume data
for the period before treatment
implementation

e 3to 5 years of crash and traffic volume for the
period after treatment implementation

e SPF for treatment site types

An evaluation study can be performed with fewer sites and/or shorter
time periods, but statistically significant results are less likely. Ceivenerns
* LOUISIANA
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Basic Calculation Steps

Nh{ffr'lr(' = w + Nuh.n'n'('d(l - w)
*

AN
~ | Must have
N(!ﬂt‘*‘ ‘:1;‘(0 + N:;!}.cvn'c(.‘ (I - (U)
AN =N, o= N per
VAR(AN)

* L

LOUISIANA

Estimating the expected crashes in the before period for each site with EB method

Estimating the expected crashes in the after period for each site with EB method
Calculating the differences (effectiveness) between before and after periods

Estimating precision of the effectiveness

377



L]

—

2. Observational Cross-Sectionali

Studies

=

When crash and traffic volume data for the
period prior to treatment implementation are
not available;

When the evaluation needs to explicitly
account for effects of roadway geometrics or
other related features by creating a CMF
function, rather than a single value for a CMF.

UNIN LY
LOUISIANA
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Cross-section studies

e The scope of an observational cross-section
study is the evaluation of a treatment where
there are few roadways or facilities where a
treatment was implemented, and there are
many roadways or facilities that are similar
except for the treatment of interest.

I.'\ 1 \“I.X.*I TY
LOUISIANA

For example, it is unlikely that an agency has many rural two-lane road segments
where horizontal curvature was rebuilt to increase the horizontal curve radius.
However, it is likely that an agency has many rural two-lane road segments with
horizontal curvature in a certain range, such as 1500 to 2000 ft. (450 to 600 m)
range, and another group of segments with curvature in another range, such as
3000 to 5000 ft. (900 to 1500 m). These two groups of rural two-lane road segments
could be used in a cross-section study.
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Data needs and input

e 10 to 20 treatment sites are recommended to
evaluate a safety treatment

e 10 to 20 non-treatment sites are
recommended for the non-treatment group

e 3 to 5 years of crash data for both treatment
and non-treatment sites is recommended

At
LOUISIANA
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Observed and Predicted Crash Frequencies at Treatment and Nontreatment Sites

4 4

Without treatmept-

5]

Crashes/milyr

AADT (vehiday)

Absolute difference varies by AADT

UNIVERSITY
LOUISIANA
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Selection Guide for Observational
Evaluation Methods

Treatment sites data Non-treatment sites SPF Suitable
data models Method
Before After Before After
X X X B-A with EB
X X X X B-A
comparison
B-A with
X X Explicit
Corrections
X X Cross-sectional

UHIYRnSLEY
LOUISIANA
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Review

e Safety evaluation is a central element of highway safety
research.

o Safety research compiles lessons learned through the
collective experience of highway agencies. In order to
be defensible and consistent, safety-related practices
are built on evidence-based knowledge gained through
the evaluation of treatments.

e A good safety evaluation requires good data and
considerable technical skill.

Let’s learn the skills.
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Outline

Definition

Methods

Real World Safety Evaluation Studies
— Atchafalaya I-10 Speed Limit Study
— Four lane to 5 lane Conversion

384



Atchafalaya I-10 Speed Limit
Study

385
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The history of speed limit laws for

freeway in the United States

Congress allowed
state to increase
the limit on rural
interstates to 65
mph

I States responsible

1909 1974 1987 1995

The National Highway System Designation Act of 1995 replaced

the maximum speed limit, allowing states to set their own limits.

As of July 2000, 29 states had raised speed limit to 70 mph or

higher on some portion of their highway systems *
LOUISIANA

Speed limit had been traditionally the responsibility of the states since 1901.

Congress directed the USDOT to withhold highways funding from states that did
not adopt a 55 mph speed limit responding to the oil shortage of 1973.

In response to claims that 55 mph limit had made the United States a nation of law
breakers and assertion that accidents would not increase because people were
already traveling at the speeds at which they felt comfortable, Congress allowed
state to increase the limit on rural interstates to 65 mph in 1987.

The National Highway System Designation Act of 1995 replaced the maximum
speed limit, allowing states to set their own limits for the first time since 1974.
Many states quickly moved to raise speed limit on both rural and urban interstates
and limited access roads. As of July 2000, 29 states had raised speed limit to 70
mph or higher on some portion of their highway systems.
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Speed Limit on i-10 at Atchafalaya
Bridge

e Between 8/18/97 and 8/20/98, the speed
limit was 70 mph

e Since 8/21/98, the speed limit has been 60
mph

e On September 2003, the speed limit for
truck (restricted on right lane) changed to
55 mph

UNIVERSITY
LOUISIANA
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Does speed limit make a big
impact on highway safety?

* LOUISIANA

Based 1996 and 1998 traffic crash records, Dr. Schneider’s report of
Analysis of the impact of increased Speed Limit on Interstate and on
Highways in Louisiana” has revealed that while the # of fatal crashes
increase by less than 1% in Louisiana, the fatal crash on interstate
increased 37% during the same period of time.

Elevated interstates with speed limit of 70 mph had a 160% increase in fatal
crashes, 134% increase in injury crashes and a 42% increase in POD
crashes.

388



Annual Crash Statistics

195 19%a 1997 10eR 1909 00 001 N2 2003 2004 205 200A

Year

hes by vear on I-10

7
[
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£ 4
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Wiy
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0
1995 1996 1997 1998 1954 2000 2001 2002 203 2004 2005 2006
Year
o fital crash W fatality

UNIVERSITY
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Annual Truck Crash Statistics

Distribution of truck hes by year on Atchafalaya 1-10

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Year

Distribution of Truck fatal crashes by year on Atchafalaya 1-10

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Year
B Eital crash @ Gualiy | UNIVERSITY
LOUISIANA
Lafaoypetta
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T
AADT and Crash Rate by Year

Iistribution of Weighted AT by yearom Atchafalaya 110

1995 1996 1997 1998 1959 2000 0L N2 3003 2004 2005 006
5
Vear s

UNIVERSITY

..........
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B-A studies

e Singie site B-A study with expiicit corrections
e Comparison B-A study with explicit

corrections
Fatal Truck | Average Fatal
Period Year Crashes |Crashes liti AADT | Crashes | Crashes | AADT | crashes |Fatal
o 2000 128 1 1 33939
= 2001 192 0 0 39,271 537 a1 37 542 2 2
© 2002 217 1 1 39.415
2003 101 2 B 40918 101 9 41,095 2 [
5 2004 161 2 3 40,540
g 2005 170 0 0 40540 509 19 40672 4 5
2006 178 2 2 40935

UNIVERSITY
LOUISIANA
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Single site B-A study with explicit

corrections

Crashes Average AADT
3 years before 537 37,416
3 years after 509 40,802

At
LOUISIANA
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Step One: Estimating the safety if DSL were not installed
during after period, 4 and the safety after DSL installation 77

o
(]
Q)
(%]
o
>~> »
I
]
I
Ln
<
o
S

_ S I _ £0c
= Py = 000

A = Estimated expected number of crashes in the after period
with DSL implementation

7T = Estimated expected number of accidents in the “after”
period if DSL were not used.

.ﬁj. = the traffic flow correction factor 7, = 4,/ B,, =1.09

if

ﬁlm = the average traffic flow during the “after” period

B, =the average flows during the “before” period

UHIYRnSLEY
LOUISIANA
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B |
Step Two: Estimating v4rgiy and variz
VAR(A) = L
VAR{#} = (r,)*[(7,)'K + K> VAR 7, }]

Wihere: VAR{E } =1, ({4, } +V}{B,.})
variiy = estimated variance of the estimated expected number of crashes
in the after period,
v = the percent coefficient of variance for AADT estimates,

v =1+7.7/ (number of count - days)+1650/AADT"*

vari# = estimated variance of the estimated expected number of accidents in
the “after” period if DSL were not used.

o A '\
V4 VAR{,} = 0.004

v{B,,}=0.0386 VAR{A} =509

1 =0.0387 VAR{#} =1655

avg

UNIVERSITY
LOUISIANA
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Step Three: Estimating the difference & and the ratio ¢

Where

5‘ = estimated safety impact of DSL

@ = estimated unbiased expected crash modification factor
In this application, the value of

b 6=087

LA Dt
LOUISIANA
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Step Four: Estimating the variance of § and @

618 = \/VARA{,?E}+ VARIA)

610} = O\VAR(AY ) )+ WAR(#} 1 72) (14 VARIAY | 7°)

6{5} =46.52
610} =0.07

The interpretation is: the predicted crash reduction is 77 in three years, or 16% with
DSL and truck lane restriction based on the more accurate statistical B-A analysis

method. Following the same procedure, the predicted truck crash reduction is 69 in
three years, or 79% with the DSL and truck lane restriction.

UHIYRnSLEY
LOUISIANA
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Comparison B-A study with explicit
corrections

¢ Louisiana has five elevated freeways including
Atchafalaya I-10. They are: 1-10 over the Bonnet
Carre Spillway (milepost 210 to 221.5); I1-10 New
Orleans East Twin Spans (milepost 255.4 to 261.3); I-
55 over the Manchac Swamp (milepost 0 to 23) and
[-310 over the Labranche Wetlands (milepost 0 to 5).

At
LOUISIANA
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Average Crash Rate

Average crash rate

(2000-2002) {2004-2008)

Year

@10 (From Milepoint 117.44 10 135.3)  m 10 (From Milepoint 210 to 221.5)
010 (From Milepoint 255.4 to 261.3) 0-55 (From Milepoint 0 to 23)
w1-310 (From Milepoint 0 to 5)

UNIVERSITY
LOUI

Lafayeiie
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B |
Step One: Estimating Zand 7

n=rK

Fp=r.=(N/M)/(1+1/M)=N/M
Where

A =estimated expected number of crashes in the after period

7 =estimated expected number of accidents in the “after” period if DSL were
not implemented

Fr = estimated ratio of the expected accident counts for the treatment group

¥~ = estimated ratio of the expected accident counts for the comparison group

A=509 £#=906 £ =7 =1.688

2

UNIVERSITY

LOUISIANA
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L |
Step Two: Estimating "4riZ} and VAR{#}
With the same assumption that number total crashes follows Poisson distribution,

there is: A
VAR{A}=L

VAR(#) = #*[1/ K + VARG, Y 17,2
VARG } 72 =1/ M +1/ N +VAR{w)
VAR{w} =s*{o} —(1/K +1/L+1/M +1/N)
s*(0) = (0, —m(0))’
0 =(KN)ALM)/1+1/L+1/M)

me)=>» o./n
Where ) ; ’

VAR{w} =the variance of the odds ratios
o= sample odds ratio
m(o) = the sample mean

2 -
s~ {o} =sample variance

UNIVERSITY
LOUISIANA
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Year Atchafalaya | Other four elevated | O, m(o) |s*o}
highways
2000 128 359
2001 192 208 0.724 | 1.176 | 0.204
2002 217 433 0.968 1.176 | 0.043
2004 161 523 1.614 | 1.176 | 0.192
2005 170 556 0.999 | 1.176 | 0.031
2006 178 923 1.574 | 1.176 | 0.158
Average 174 531 0.126
VAR{A} =509 VAR{w} =0.1106 VAR(#}=95311

%

UNIVERSITY

LOUISIANA
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Step Three: Estimating the difference § and the ratio @

8=}

/

L >

O=(2/ A1+ VARS
0 =(A/7)/[1+VAR{

AV A2
L ] 1

4 i A

-

Where
o = estimated safety impact of DSL

é = estimated unbiased expected crash modification factor
In this application, the value of

§=3975 0=0504

LA Dt
LOUISIANA
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Where
&{5} = estimated standard deviation of difference between actual number of
crashes and the expected number of crashes in the after period on the
treatment group.

c'r{f;'} = estimated standard deviation of the ratio of actual number of crashes and the
expected number of crashes in the after period on the treatment group

6{51=306.6 {6} =0.154

The interpretation is: the predicted crash reduction is 398 or 50% with DSL
and truck lane restriction based on the B-A comparison group analysis.
Following the same procedure, the predicted truck crash reduction is 30 in
3 years, or 76% due to the DSK and truck lane restriction.

UNIVERSITY
LOUISIANA
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Summary
Method Reduction in | Reduction |Reduction in | Reduction
Expected in % of Expected in % of
Number of Crashes Truck Truck
Crashes Crashes Crashes
B-A 77 13% 69 79%
(one site) (35) (6%) (11) (5%)
B-A with 398 50% 30 64%
comparison (307) (15.4%) (38) (12%)
Group

Number in parenthesis for variance of the estimation

UNIVE
LOUIS!
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Converting a 4-lane undivided
roadway segment to 5-lane roadway
with middle lane for left turn

I.'\ 1 \“I.X.*I TY
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Probiems with urban undivided muitilane
highways

— consistently exhibiting low

safety performance,
particularly in urban or
suburban areas where
driveway density is
relatively high

— 1,530 miles of undivided
multilane roadways under
LADOTD system. 93% these
roadways are in urban and
suburban areas

UNIVERSITY
LOUISIANA

In Louisiana, there are 1,530 miles of undivided multilane roadways and most of
them are four-lane highways on the state Department of Transportation and
Development System (DOTD). Ninety-three percent of these roadways are in urban

and suburban areas.
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Solutions?

e Expensive solution: Installing physical
separation either by barrier or by green
space (boulevard) has been the most
recommended crash countermeasure for
the problem

UNIVERSITY
< LS LOUISIANA
W ; :

Louisiana has established policies discouraging five-lane roadway design in
constructing new roads, and seldom considers it as an option in reducing crashes
on undivided multilane roadways. There is no CMF listed in the first edition of the
HSM for converting four-lane undivided roadway to TWLTL, and very few studies
were conducted on the impact of such conversions in the past.

408
408



Solutions?

¢ Inexpensive option: with sufficient pavement width,
a four-lane undivided highway can also be easily
changed to a five-lane roadway with the center lane
ly reduces rear-end

for left-turns, which expected
collisions. (== o

409



Pros and Cons of Two Options

[p Y™ _ -

* Physical barrier * Five lane
— Better traffic (motorized — Inexpensive with
or non-motorized) sufficient ROW
management — Not a good layout for
— Expensive managing traffic

— Not recommended for
new road in Louisiana

UNIN LY
LOUISIANA
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However

e Under the current budgetary situation, the
expensive option is not financially feasible

e Going with the inexpensive but not perfect
solution to reduce the crashes has been the
only option for the situation in recent years

e Several roadway segments in various DOTD
districts have implemented this inexpensive
crash countermeasure in the past

At
LOUISIANA
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F for the lane converting

- Tlﬂnrn ic i CAME lictyad :n thhn Firct aditiam ~F +lha LICKA
T O0TICTICT 1O 11U CIVIT TIoLlcu I LHIT 111 oL TUILIVII I LT T121VI
and nor is on the popular CMF clearinghouse for

convertmg four-lane undivided roadway (4U) to

TWLTL (5T)

e Only two documents list impact of such conversions
based on past studies
— Minnesota Statewide Urban Design and Specifications—
crash rates 6.75 for 4U and 4.01 for 5T

— NCHRP Report 282, National Cooperative Highway

Research Program, Transportation Research Board, 1986 —
reducing crashes by 45%

DNLY-Sas LTy
LOUISIANA
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Scope of our analysis

South College Road, part of LA3025
LA182 in Opelousas

LA1138 in Lake Charles

LA28 in Alexandria

UNIVERSITY
LOUISIANA

South College Road, part of a state route named LA3025, experienced the typical
safety problems of undivided multilane roadways. It is located inside the city of
Lafayette and is functioning as an arterial street. With an Annual Average Daily
Traffic (AADT) around 28,000 in 2009, the maijority of vehicles on the segment are
through traffic.
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Summary
District Cont.rol Length Installation No. of Location
Section (mi) Year  |Driveways
LA 3025 D3 828-23 1.228 2003 30 Lafayette
LA 182 D3 032-02 1 2007 50 Opelousas
LA 1138 D7 810-06 1.07 1999 50 Lake Charles
LA 28 D8 074-01 0.92 2005 20 Alexandria

UNIVERSITY
LOUISIANA
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Roadway Configuration

LA3025 LA182

UNIVERSITY
LOUISIANA
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Roadway Configuration

LA1138 LA28

UNIVERSITY
LOUISIANA
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Summary of Crashes
(3 years before and after)

Before After Percentage Change
Average Average
Crashes | Crash | Crashes | Crash Crashes | Crash Rate
Rate Rate
LA3025 358 10.05 147 ‘ 4.59 -59% -54.30%
LA182 178 8.12 85 | 3.53 -52% -51.30%
LA28 206 7.38 99 [ 4.09 -52% -45%
LA1138 260 16.01 167 | 10.63 -36% -34%

UHIYRnSLEY
LOUISIANA
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Developing the CMF

» Based on the principle: the true impact of a crash
countermeasure should be the difference between
the safety after the crash countermeasure
implementation and the safety in the after period if

the crash countermeasure were not implemented

e |deally, the predicted expected safety should be
calculated by the Empirical Bayes (EB) method with a
rigorously developed and carefully calibrated safety
performance function

I.'\ 1 \“I.X.*I TY
LOUISIANA

Since simply comparing crash frequencies before and after a crash countermeasure
implementation does not account for the changes in traffic volume and, most
importantly, the stochastic nature of crashes, the analysis was conducted based on
the principle that the true impact of a crash countermeasure should be the
difference between the predicted safety after the crash countermeasure
implementation and the predicted safety in the after period if the crash
countermeasure were not implemented. Ideally, the predicted expected safety
should be calculated by the Empirical Bayes (EB) method with a rigorously
developed and carefully calibrated safety performance function. Since the models in
Chapter 12 of the HSM for the two types of roadways are not calibrated with
Louisiana data, the following “four-step” procedure introduced by Hauer (5) was
used to estimate a crash modification factor for the re-striping projects assuming
crashes following Poisson probability distribution. For this analysis, the actual
number of crashes was used for the "predicted" crashes after the crash
countermeasure implementation. The details of the safety estimation are
summarized as follows...
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Developing CMF without SPF

The “four-step” procedure introduced by Hauer in
his book Observational Before —After Studies in
Road Safety: Estimating the effect of Highway and

Traffic Engineering measures on Road Safety,

e Used crash and AADT data three years before and
three years after the project for the analysis

e Used all crashes including intersection crashes

At
LOUISIANA
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installed during the after period, J and the safety with
- . r ~
re-striping project
A=N
A=K
4 '-im'f 3;5\'[ rlir %
LA 3025 147 23,888 26,580 0.90 322
LA 182 85 21,947 20,067 1.09 195
LA2S8 99 26,115 25,570 1.02 210
LA 1138 167 13,540 13,870 0.98 254

%

UNIVERSITY

LOUISIANA

420



B |
Step Two: Estimating v4r(i; and variz)
VAR(A) = L
VAR(Z) = (r,)2[(7, ) K + K> VAR {7, }]

Where: VAR{PH } = 'r!.lf A (vl {Am'.z } + v3 {Bm'.u })

variiy = estimated variance of the estimated expected number of crashes
in the after period,
v = the percent coefficient of variance for AADT estimates,

v =1+7.7/ (number of count - days)+1650/AADT"*

viRi#} = estimated variance of the estimated expected number of accidents in
the “after” period if DSL were not used.

VAR {i} VAR {#} WApgt WB et VARG, }
LA 3025 147 616 0.0398 0.0395 0.0025
LA 182 85 337 0.0430 0.0425 0.0039
LA 28 20 354 0.0396 0.0397 0.0032
LA 1138 167 379 0.0423 0.0424 0.0034

UNIVERSITY
LOUISIANA
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Step Three: Estimating the difference & and the ratio

~ ~

O="—1
6= (A 7)1+ VARI#} #°]

Where

~

O =estimated safety impact of DSL

5" = estimated unbiased expected crash modification factor
In this application, the value of

s é
LA 3025 175 0.45
LA 182 110 0.43
LA 28 111 0.47
LA 1138 87 0.65

UNIVERSITY
LOUISIANA
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Step Four: Estimating the variance of O and @

648} = \/ VAR(# 4+ VARIA)

GVARUY )+ VARG 1 77)

510} = :
(1+VAR{#Y/ 77)
{8} =-Jvariance | 6{8} =~Ivariance
LA 3025 27.62 0.051
LA 182 20.53 0.062
LA28 21.28 0.062
LA 1138 25.42 0.075

UNIVERSITY
LOUISIANA
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Results of the Analysis

Expected Standard Estimated Standard
Crash Deviation CMF or Deviation
Reduction (CRF)
0.45
LA3025 175 27.62 (0.55) 0.051
0.43
LA182 110 20.53 (0.57) 0.062
0.47
LA28 111 21.28 (0.53) 0.062
0.65
LA1138 87 25.42 (0.35) 0.075

UNIVERSITY
LOUISIANA
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Results Discussion One

-l . . Y DR

* The crash modification factors derived from the
crashes analysis of the re-striping projects is striking:
crash countermeasures, as listed in the first edition
of the HSM, seldom yield CMF values smaller than
0.5.

* The estimated CMF and standard deviation on all
roadway segments indicate a certainty that a re-
striping project reduces crashes since the estimated
CMF plus the three standard deviations is still much
less than one (0.60 for LA3025 and 0.62 for LA182,
0.66 for LA28 and 0.88 for LA1138). *

The crash modification factors derived from the before-and-after crashes analysis of
the re-striping projects is striking: Crash countermeasures, as listed in the first
edition of the HSM, seldom yield CMF values smaller than 0.5. The estimated CMF
and standard deviation on both roadway segments indicate a certainty that a re-
striping project reduces crashes since the estimated CMF plus the three standard
deviations is still much less than one (0.60 for LA3025 and 0.62 for LA182). The
annual crashes on LA3025 in 2008, 2009 and 2010 further confirm the sustainable
effectiveness of the crash countermeasure even though the segment experienced a
10 percent increase in the average AADT from the 2004-2006 period to 2008-2010.
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Roadway Estimated Standard CMF+
CMF Deviation | 3*Standard Deviation
LA3025 0.45 0.051 0.60
LA182 | 0.43 | 0.062 0.62
LA28 0.47 0.062 0.66
LA1138 0.65 0.075 0.88
Probabilty Distribution
LA1138

UNIVERSITY
LOUISIANA
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CMF

AADT vs. Estimated CMF

y = 3E-00x7 - 0.0001x + 1.8028
08 R=0.996
0.8
0.7
0.6
0.5
0.4 \l_‘,/n
0.3
0.2
10,000 15,000 20,000 25,000
AADT

30,000

%
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Results Discussion One (continuing)

e Although all the intersection crashes are not
excluded from the analysis, the impact of the
re-striping project should not be
overestimated since the configurations of all
intersections remain the same before and
after the re-striping projects.

At
LOUISIANA
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Crash Frequency

—
Changes in Crash Type
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Changes by Pavement Surface Condition
LA3025 LA182
300 180
160 ® Before
250 = Before 140 Total
200 Tor ¥ 120 Qi
= After Total
g 150 Total E 10
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E 100 E 60
B L 2
20
8 2 [
Dry Wet Ory Wet
LAZE L1138
50 W Before
160 = gefore sl
L 140 Total z m
E 120 W After E 8 ?RHI
g 10 Total g o
z 8 €
£ w0 ; T
- -
S 40 < w0
0 . -
a o
Dry Wet Dry Wet
Pavernent Surface Condition Pavement Surface Condition
l'\l\'!.ﬂ‘;ll\
LOUISIANA

430
430



LA 3025 LA 182
120
200 —
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160 WBfnra = Before
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Crashes

Re-striping Project

Crash Severities Before and After the

LA3025 LA182 LA28 LA1138
by % % Befo %
Severity Before| After Change Before| After Change Before| After % Change e After Change
\ | | \ |
Total 358 147 |-58.90%| 178 85 -52.30% 206 99 | -51.94% 260 167 |-35.77%
| | ! l !
PDO | 277 | 105 |-62.10% 124 63 -49.20% 148 76 |-48.68% (172 119 -30.81%
Injury
81 40 |-50.60%| 54 22 -59.30% 58 23 | -60.34% | 88 @ 48 -45.45%
Crashes
\ | | \ |
Fatal 0 2 increase| O 0 0% 0 0 0% 0 0 0%
\ | | \ |

UNIVERSITY
LOUISIANA
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Results Discussion Two

o~ - [P Ry
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category

Two fatal crashes had nothing to do with the
re-striping project on LA3025

Speed limit reduction (from 50 mph to 45
mph) on 44% of LA182 segment after the re-
striping project may not have impact on
crashes frequency but may have on crash
severity based on our knowledge on operating

speed
oo i

While nothing was changed except the lane configuration on LA3025, there was a
speed limit reduction (from 50 mph to 45 mph) on 44% of LA182 segment after the
re-striping project. Without collecting speed data before and after the re-striping
project and not having speeding enforcement cameras on this segment, the impact
of speed limit change on operating speed is not clear. However, the numerous past
studies on speed have shown that operating speed is seldom controlled by speed
limit unless enforcement is present; and speed change has no statistically
significant effect on crash frequency but does associate with crash severity. Itis
possible that the higher percentage of injury reduction on LA182 (comparing to the
one on LA3025) could be somewhat associated with the speed limit change.

L]
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Benefit/Cost Ratio

e Benefit—saving from reduced crashes

° COSt —_ Stl’i pmg — LA3025 | LA182 LA 28 LA 1138
.. Level Reduction | Reduction | Reduction | Reduction
e Minimum B/C=166! [ro 172 61 72 53
Injury 41 32 35 40
Segment Total Benefits ($) | Total Cost (S) B/C Ratio
LA 3025 2,753,868 14,100 195
LA 182 1,913,808 11,500 166
LA 28 2,110,212 10,600 199
LA 1138 2,317,488 12,300 188

L \I\IIZ!*II'-
LOUISIANA

The cost of re-striping a roadway per mile covering both materials and labor is about
$7,105 by the maintenance crew of the DOTD District Office or $11,450 by outside
contract. Based on the Federal Highway Administration estimation the average cost for an
injury crash is $24,390, and for a PDO is $3,730; this yields a benefit to cost (B/C) ratio of
88 for the LA182 segment if using an outside contract (assuming the paint lasts about three
years). This is the most conservative B/C ratio: it would be larger if maintenance crew
costs were used for the LA182 project and much larger if the LA3025 crash data were used.
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Sustainable crash reduction

LA3025
3 years before

z 150
£ 3 years after 3 years after after
3 100
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Discussion Three

nnctratino the nand far flavihilitv in calactin
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S

constraints (financial or otherwise).

e |f and when funds do become available and sufficient
right-of-way (ROW) can be obtained, these two 5-
lane roadway segments can be converted to a
boulevard roadway type, a concept very much
promoted today in urban and suburban areas in
Louisiana

e Be careful about one-size-fits-all solutions

* The HSM predictive models? (this project makes a
potential contribution)

At
LOUISIANA
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L Jueem
Case Study Summary

e Without SPFs, the case studies used the best
methodology with the available data
— Three years before and after for each site

e The key is to account for AADT-- the crash
influential variable

e Both studies used small sample size because
of availability of data. In real world, it is
infeasible to do such analysis with large
sample.

DN LERE LY
LOUISIANA
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For questions contact
xsun@Iouisiana.edu
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APPENDIX B: EVALUATION PACKAGE
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Evaluation Package

* Homework
* Quiz
* Exam

A project Sponsored by National Center

for Intermodal Transportation for UNIVERSITY
Economic Competitiveness and conducted LOUISIANA
by University of Louisiana at Lafayette

November 2013




Homework One

1. Write a one-page brief (single-space) on what you think
about highway safety in general before taking this class and
what should be done to reduce number of crashes.

2. Search information online about annual traffic crashes (by

type and severity) in your state and develop charts in Excel to
show the trends.

UNIVERSITY
LOUISIANA
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Homework Two

1. Conduct the following crash data analysis with the given data
on five segments of freeway and four segments of rural and
urban street:

* Developing chart to show annual crashes by year

* Plotting the relationship between AADT and crashes for
each type of highway

* Discussing observed RTM

2. Using the average crash calculated from the first freeway
segment as mean to plot Poisson distribution curve and
answer the following questions:

* Probability of having 5, 10, 50 and 100 crashes in the
coming year .

* Probability of having less than 130 and more than 20
crashes in the coming year

UNIVERSITY
LOUISIANA

See the solution file.



Homework Three

1. Perform Exploratory Data Analysis (with Excel Pivot Table)
step one: Open file “ HW3 Pivot.xlsx”
Step two: Conduct an Initial EDA.

* How many segments have 5000<ADT<5999 and
1<Length<1.5 miles? How many crashes in this group? How
many crashes/segment in this bin?

* Plot crashes/segment as a function of segment Length when
1000<AADT<2000 and 2000<AADT<3000.

* Plot crashes/segment as a function of AADT for segment
length 0.5-1 and 1-1.5, respectively.

* Plot variance as a function of segment length for AADT (0-
999) and AADT (1000-1999)

* Discuss any trend, outliers and patterns you can identify in
above chart

UNIVERSITY
LOUISIANA

See the solution file.



2. Discuss why or why not a model can be developed based on the following data
(showing increasing the average speed on a road reduces the accident rate).

200
] [}
E
- A
150
2 [] []
| ' L] -
2 :
= 100 |
< :
) ' L]
g i B
7 501 1 . .
g : '
B 1
8 1
<, H :
40 | as 50 55 1 60 65
T Average Speed in mph ¥
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Homework Four

With Louisiana rural 2-lane data (2003), you are required to estimate parameters
and evaluate the following two models:

E{u} = p,1" 44DT"

E{u} = AADT *364 % %"

eEstimate parameters by OLS and MLE methods with solver.
*Develop CURE plot by AADT and segment length (L).
*Discuss the results.

UNIVERSITY
LOUISIANA

See the solution file.
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1. The number of 2012 traffic fatalities in the

U.S. is about:
a. 100,000
b. 500
C. 4,500
d. 37,000

2. Highway Safety is a:
a. Public health problem
b. Economic problem
C. Liability problem
d. All of the above

3. Overthe past 50 years the traffic fatality
rate in the U.S. has
a. Remained fairly constant..
b. Increased slowly.
[ Declined a little.
d. Declined substantially.

4, The U.S. national average fatality rate in
recent years is close to:
a. 2.0
b. 1.5
[ 0.1
d. 0.9

Quiz One

Answer the following questions to the best of your knowledge

5. Which of the following are included in the
traditional 4Es of roadway safety?

a. Engineering, enforcement, education, and
environment

b. Engineering, enforcement, education, and
emergency response

c. Engineering, enforcement, education, and
economic development

d. Engineering, enforcement, emergency

response and everyone else

6. In a typical day, more people are killed in the
United State by:

a. Traffic crashes
b. Flood

C. Fire

d. Criminal actions

7. Which of the following roadway type has the
highest traffic fatality rate in the U.5.?

a. Freeway

b. Multilane highway

[ Rural 2-lane highway

d Urban 2-lane highway

Answer:

O>wmao oo o
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Quiz Two

Answer the following questions to the best of your knowledge

1. Which of the following safety measures is 5.
preferred from a science-based perspective?

The level of comfort you feel as a driver.

The level of crash risk for all travelers.

The number of fatalities occurring on the roadways.

The number of crashes expected to occur on a
highway facility during a specific period of time.

What is RTM in crash analysis?
Rapid traffic management
Release to manufacturing

Risky transportation mode
Regression to the mean

an oo
apow

6. Which of the following statements is not

2. Roadway safety should be evaluated by: commonly used in roadway safety

a. Headline stories. Crash lculated b ber of h
b. Personal observation. & Q:,zsmﬁt;.:svﬁ-rw ated by number of crashes per
. Ca rgful statistical analysis b. Fatality rate is calculated by fatalities per 100
d. Political expediency. million VMT
c. Crash rate for intersection is calculated by crashes

per million entering vehicles

3. Which age group has the highest traffic

fatality rate? d. Fatality rate is the % of fatalities occurred annually
a. 30 to 40
b. 4010 50 7. Roadway safety should be evaluated by:
C. Younger than 20 .
d. Older than 70 a. Headline stories.
e. Cand D b. Personal observation.
f. AandB c. Careful statistical analysis
d. Political expediency.

4, Objective safety is:

Quantifiable and independent of observer.
Defined by design specifications.
Perceptive.

Personal experience oriented.

anoco

UNIVERSITY
LOUISIANA
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Quiz Three

Answer the following questions to the best of your knowledge

1. Safety Predictive Models introduced by the 4. Obijective safety is:
HSM icall hi r .
S are t.vplca y used to explore the a. Quantifiable and independent of
relationships between: b
a. Aggregated crashes and roadway attributes observer.

that affect safety such as AADT and highway b.  Defined by design specifications.
design features.

b.  Young drivers and inexperienced drivers.
Truck crashes and bus drivers. d.  Personal experience oriented.
d.  Pedestrians and bicyclists.

C. Perceptive.

o

2. Safety Predictive Models introduced by the
HSM are used extensively to gain insight into
the safety performance of:

5. The first edition of Highway Safety
Manual was published by:

a. Roadway a. Federal Highway Administration
b.  Driver he'havmr ) b. AASHTO
c.  Automatic enforcement actions
d.  Environmental factors c. ASCE
d. ITE

3. What is RTM?
a. Rapid traffic management
b.  Rate transportation management
c.  Risky transportation mode
d. Regression to the mean

UNIVERSITY
LOUISIANA

Answer:
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a.

c.

a.

T

b.

d.

paoow

b.
c.
d

Quiz Four

Answer the following questions to the best of your knowledge

1. In general, the relationship between crash
frequency and AADT is:
Linear, as AADT increases, crash frequency increases.

Non-linear, as AADT increases, crash frequency
Increases.

Linear, as AADT increases, crash frequency decreases.

Non-Linear, as AADT increases, crash frequency
decreases.

2. What does EDA stand for in safety model

development process?
a. Electronic Data Access
b.  Exploratory Data Analysis
C. Electronic Design Automation
d. Economic Development Administration

The safety model parameters (coefficients)
estimation depends on:

Selection of objective function.
Selection of functional form.
Selection of variables.

All of the above

None of the above

4. Safety evaluation, a central element of safety
research, is the use of data to quantify the
following:

Safety effects of enforcement actions
Safety effects of roadway improvements
Safety effects of traffic control devices
All of the above

5.  Why randomized controlled experiments (called
gold standard for evaluation) cannot be used in
roadway safety evaluation? Because they are:

a. Not scientific.

b. Requiring too much data.

c.  Taking too much time.

d. Not practical and inducing liability problems.

6.  Which of the following is not correct about safety
modeling?

a. A safety model development is not a pre-defined
process

b. Itis a gradual progress towards a satisfactory
result consisting of steps and missteps.

c. It does not need sufficient data as long as the
right variables are selected

d. The model parameters depend on the selection of

objective functions

7. For three types of roadways introduced in the
HSM SPF chapters, the two basic safety analysis
units are:

a.

b.
c.
d

Curves and tangent

Segment and intersection

Segment with curve and segment without curve
Stop sign controlled intersection and signalized

intersection
UNIVERSITY
I QUISIANA

Answer:

O 0O Q O QO T

10



2.

Exam

Define the crash rate and fatality rate (in equation) for segment and intersection
Calculate the expected crashes for the following rural multilane roadways:

_(atbxLa(AADT )+ Ln(L))
Nw‘ -

N‘n’ —¢ a+bxIn(AADT, ,, VeexLn( AADT;, )]

(a) A segment from one undivided 4-lane rural highway with length 3.8 miles,
AADT 45,000, shoulder width 4-ft. Other conditions match the base
conditions. Calibration factor is 2.6.

(b) A 4ST intersection with AADT on major road as 43,000, on minor road as

18,000. Due to the relatively high traffic volume on this rural intersection,
lighting is present.

UNIVERSITY
LOUISIANA

See the solution file.

11






APPENDIX C: SYLLABUS FOR COMPREHENSIVE SAFETY COURSE

477






Department of Civil Engineering

Course Syllabus: Highway Safety

1. Course Number & Name: Highway Safety

2. Credits & Contact Hours: 3 credit hours, 3 lecture hours
3. Instructor’s Name:

4. Textbook: No

5. Important References:

o Observational Before-After Studies in Road Safety by E. Hauer, Emerald
Group Publishing Limited (February 1, 1997).
Highway Safety Manual, 1° Edition by AASHTO
Manual on Uniform Traffic Control Devices (MUTCD), 2009 Edition by FHWA
Roadside Safety Design Guide by AASHTO
Human Factors Guidelines for Road Systems by National Cooperative Highway
Research Program (NCHRP)

o O O O

6. Specific Course Information

a. Catalog Description:
Introduction to highway safety, fundamentals of safety analysis, highway safety
management systems, safe highway design and operation, human factor in highway
safety and highway safety modeling.
b. Course prerequisite:
Graduate student and senior status in Civil Engineering

7. Course Specific Goals:

a. Mastering the fundamental knowledge of highway safety and being able to explain
roadway traffic crash characteristics

b. Understanding roadway safety design concepts (consistency and forgiving)
Being able to apply predictive highway safety models to evaluate safety of a
particular roadway facility (intersection, segment, interchange) safety under various
design and traffic control conditions

d. Being able to perform network screening and diagnostic analysis for highway safety
management systems

e. Understanding human factors in highways safety

8. Brief List of Course Topics:

1. Introduction to highway safety



Department of Civil Engineering

e Highway Crashes- an Underemphasized Problem
e Highway Safety —a Complex Field
e Introduction to the 4E approach

2. Highway safety fundamentals
e Basic Safety Concepts
e Safety Measurement
e Safety Predictive Models
e SPFin HSM
e Safety Evaluation

3. Application of IHSDM program

4, Safety Management System Process
e Network Screening
e Diagnosis
e Select Countermeasures
e Economic Appraisal
e Priorities project
e Safety Effectiveness

5. Human Factor

e Introduction human factors

e Driving task model

e Basic road users characteristics and limitation
i. Visual
ii. Mental
iii. Expectancy
iv. Speed perception and choice

e Human factors in positive guidance and road design

6. Highway safety design
e New safe roadway design concept
e Forgiving roadside design
e Geometric design
e Intersection and interchange design
e Access management
e Pedestrian and bicycle safety design

9. Grading Policy: Homework 30%
Two Exams 40%
Projects 30%






