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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

40



T
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.
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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
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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
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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.
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Older Drivers (65+)
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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

UNIN LY
LOUISIANA

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)
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» 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
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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%
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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.

80



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
LOUISIANA

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
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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)
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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!
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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?



L —
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
LOUISIANA

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 ‘
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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.
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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

UNIVERSITY
LOUISIANA

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 locati