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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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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]:
Road safety is a major responsibility of governments at all levels;
Road safety management must be guided by science and safety system perspective;
Road safety management requires a talented and diverse workforce;
Road safety professionals must possess a common body of knowledge and skills;



Education and training for road safety are scarce;

Career advancement in the road safety profession is limited;

The need for road safety professionals is growing;

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:



> w e

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
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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.
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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
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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.

346



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.

354



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

376



T

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
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—

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.
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Annual Crash Statistics
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Annual Truck Crash Statistics

Distribution of truck hes by year on Atchafalaya 1-10
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T
AADT and Crash Rate by Year
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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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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
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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)
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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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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
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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
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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
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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
LOUISIANA
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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.
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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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T

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

414
414



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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« Coti

1 imatinag +tha cafatru iF+hna roo_ctriminea winrn nnt
SJLTP L. Lolllliallilii Liic ogitclLly i1 LT 1T7oLNIMITIE Wi T 1i1uvi
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

%
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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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APPENDIX B: EVALUATION PACKAGE
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APPENDIX C: SYLLABUS FOR COMPREHENSIVE SAFETY COURSE
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