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FOREWORD

This user's manual contains guidance to State and local agencies for
developing and implementing a highway safety improvement program which
best suits their capabilities and needs. The manual shouid be beneficial
to State and local highway engineers and other professionals involved

in the highway safety improvement program.

The objectives of this manual are to describe how to:

1. TImpiement a highway safety improvement program which complies with
Federal-Aid Highway Program Manual 8-2-3 and which contains the
following components and processes:

* Planning (collect and maintain data, identify hazardous
locations and elements, conduct engineering studies and
establish project priorities)

* Implementation (schedule and implement projects)
* Evaluation (determine the effect of safety improvements)

2. Select the most appropriate procedures based on an agency's particular
goals, objectives, resources, and highway system.

3. Utilize current information concerning reporting requirements, funding
sources, and practices of other highway agencies.

The manual was prepared by Goodell-Grivas, Inc. Mr. Charles Zegeer was the
Principal Investigator. Mr. Rudoiph M. Umbs is the Implementation Manager.

Milton P. Criswell
Director

Office of Development
NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the Office of Development
of the Federal Highway Administration, which is responsible for the facts
and accuracy of the data presented herein. The contents do not necessarily
reflect the official policy of the Department of Transportation.

This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers.
Trade or manufacturers' names appear herein only because they are considered
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Federal Highwey
Administration

IMiemorandum

subject.  Technology Sharing Report FHWA-TS-81-218 Date: April 15, 1982
"Highway Safety Improvement Program"”

Deputy Chief, Implementation Division “opy 1 HDv-21
Office of Development
Washington, D.C.

From:

Tor Regional Federal Highway Administrators, Regions 1-10;

and Direct Federal Division Engineers

A user's manual titled "Highway Safety Improvement Program" is being
distributed as a Technology Sharlng Report by this memorandum. This
menual is currently being used in a National Highway Institute training
course by the same name.

The manual provides guidance to State and local agencies for develcplng
and implementing a highway safety improvement program which best suits
their capabilities and needs. The manual should be beneficial to
Federal, State, and local highway engineers and other professionals
involved in a highway safety improvement program.

The manual describes how to:

i. Tmplement a highway safety improvement program which complies with
Federal-Aid Highway Program Manual 8-2-3 and which contains the
following components and processes:

o Plapning (collect and maintain data, identify hazardous locations
and elements, conduct engineering studLes and establish project
prioxities)

0 Implementation {schecdule and implement projects)

0 Evaluation (determine the effect of safety improvements)

2. BSelect the most appropriate procedures based on an agency's particular
goals, objectives, resources, and highway system.

3. Utilize current information concerning reporting requirements, funding
sources, and practices of other highway agencies.
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The manual is keing distributed in accordance with the Standard Dmplementation
Procedures as amended. A limited mumber of copies are avallable from Mr. R. M.
Urbs (HDV-21, FTS 426-9211) of the Implementation Division. Copies may also
be purchased from the Superintendent of Documents, U.S. Government Printing
Office, Washington, D.C. 20402. (Stock No. 050-001-00241-8; Price: $7.50.)
This manual is part one of a three part series. The other two _}:JuU.L.Lbd.L_J.Ule
titled "Highway Safety Evaluation" and "Highway Safety Engineering Studies”
will be distributed be separate memoranda. A brochure announcing these
publications is being distributed with the "Highway Safety Evaluation” guide.

Tnformation about the training course may be cobtained from the National
Highway Institute (HHI-2, FTS 426-9141),

Attachment
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CHAPTER I
INTRODUCTION

Safety programs administered by the Federal Highway Administration
(FHWA) are aimed at reducing human and economic losses on the nation's
highway transportation systems. Specific guidelines for nighway safety
programs were firmly established by the U.S. Congress in the Highway Safe-
ty Act of 1966 and later expanded by such legislation as the 1973 Highway
Safety Act and the 1978 Surface Transportation Act. The specific safety-
related programs which have resulted from this legislation should be

carried out by state and 1local highway agencies in an organized,
systematic manner.

The Highway Safety Improvement Program (HSIP) was formally defined in
an FHWA regulation titled Federal-Aid Highway Program Manual, Volume 8,
Chapter 2, Section 3 (FHPM 8-2-3), dated March 5, 1979. The primary pur-
pose of FHPM 8-2-3 was to establish the policy for the development and
impiementation of a comprehensive highway safety program in each state.

The policy of FHPM 8-2-3 is: “Each state shall develop and imple-
ment, on a continuing basis, a highway safety improvement program which
has the overall objective of reducing the number and severity of accidents
and decreasing the potential for accidents on all highways."

The HSIP consists of components for the planning, implementation, and
luation of safety programs and projects. The three components consist
of specific processes to be carried out by states and approved by FHWA. A
- range of appropriate procedures has been defined for use in the admini-
stration- of the various processes. State highway agencies should work
closely with local governments in a spirit of cooperation to obtain the

best resuits from their safety programs.

[=RY 8-
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The purpose of this User's Manual is to provide guidance to state and

local highway agencies in implementing a Highway Safety Improvement Pro-
gram (HSIP) which best suits their capabilities and needs. This. User's

Manual was developed to be used as a training guide for a 3 1/2-day train-
ing course for highway agency managers.

The specific objectives of this manual and course are to:

1. Provide training for the Highway Safety Improvement Program which
will include the processes related to:

Collecting and Maintaining Data
Identifying Hazardous Locations and Elements
Conducting Engineering Studies
Establishing Project Priorities
Scheduting and Implementing Projects
Determining the Effects of Safety Im

OO0 Q®
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2. Allow for the selection of the most appropriate safety procedures
based on a highway agency's particular goals, "objectives,

resources, and highway system.

3. Provide current information concerning required agency reports
and possible funding sources,

4, Provide a list of related articles and publications for use in
obtaining more detailed information on topics related to highway

catetv
sareily.

5. Present a summary of current practices by state highway agencies
with regards to various safety-related procedures.

This User's Manual is only one of a series of such manuais for
FHWA courses related to highway safety. This particular course was
intended to provide a general description of an overall highway safety
program. Other related courses provide a more detailed description of
specific processes within the total HSIP.




CHAPTER II

HISTORY OF THE HIGHWAY SAFETY IMPROVEMENT PROGRAM

Highway safety professionals have long recognized the need for an

‘organized approach to the correction of highway safety problems. The con-
cept of organizing a systematic approach appeared in technical papers and
government regulations as early as the 1940's and 1950's. It was not
until the late 1960's and early 1970's that the importance of a highway
safety program was further emphasized through legislation and research,
More recently, the private sector expressed a desire for a systemmatic.
approach to improving highway safety, and similar concerns have been
expressed by state and local highway agencies.

As a result of the demonstrated need for improved highway safety
methods and the continual increase in annual traffic accident losses in

the 1960's and early 1970's, several important Federal programs were

initiated. In the mid 1960's, the Federal Highway Administration {FHWA)
initiated the Spot Improvement Program. This program attempted to identi-
fy "hazardous" locations and provided funds for their correction. Two
years later, Congress passed the 1966 Highway Safety Act (23 U.S.C. 402),
which set requirements for states to develop and maintain a safety program
through the Highway Safety Program Standards. To assist in maintaining a
safety program, the American Association of State Highway and Transporta-
tion Officials (AASHTO) "Yellow Book" was published in 1967. These
sources defined safety design practices and policies. In 1973, categori-
cal funding was made available for specific program areas, such as:
pavement marking demonstration programs, rail/highway crossings, high
hazard locations, elimination of roadside obstacles, and safer roads

demonstration. These actions, in conjunction with other concurrent safety

efforts such as vehicle design improvements and highway safety programs

and policies of public and private agencies, resulted in a decline in the
number and rate of highway fatalities in the late 1960's and 1970's.

The recent emphasis on highway safety has led to the availability of
additional funding for the application of new procedures to enhance
highway safety efforts at the state and local levels. Among the object-
ives of these procedures were the efficient use and allocation of availa-

ble resources and the improvement of techniques for data collection, ana-
lysis and evaluation. '

With these objectives in mind, the Federal-Aid Highway Program Manual
(FHPM) 6-8-2-1, “"Highway Safety Improvement Program" was developed and

issued. Under this FHPM, a systematic process for organizing a highway
e afatis Ammanuiaran A e i . o

salety mprovement program was prescribed. This process was refined in
FHPM 8-2-3 "Highway Safety Improvement Program", which superceded FHPM
6-8-2-1,



CHAPTER III

HIGHWAY SAFETY STANDARDS AND GUIDELINES

The National Highway Safety Act of 1966 (Public Law 89-564) resulted
from a national concern to reduce traffic accidents and fatalities. It
was enacted by Congress in September, 1966, and was based on the concept
that a coordinated approach by all levels of government was the best way

to solve the highway safety problem. The Act contains three major
provisions:

@ Accelerating highway safety programs in each state
@ Increasing highway safety research and development
@ Establishing the "National Highway Safety Advisory Committee!

The Act requires each state to have an approved program to reduce
traffic accidents and the resulting deaths, injuries, and property damage.

Each state is required to meet the following conditions to obtain approval
of their safety plan: .

1. The governor of the state shall be responsible for administering
the program.

2. Political subdivisions of the state are authorized to carry out
Tocal highway safety programs within their jurisdictions,
provided that their programs are approved by the governor and in
accordance with uniform standards and the state comprehensive
plan.

3. At least forty percent of Federal funds under this section shall
be expended by political subdivisions in carrying out local
programs.

4, The state and its political subdivisions shall maintain their
level of expenditures for highway safety programs.

5. Development and operation of comprehensive driver training pro-
grams are required by the state.

Highway Safety Program Manual

The Highway Safety Program Manual (HSPM) was developed by the U.S.

DOT to provide guidance to state and local agencies in conforming with

. highway safety programs. Volumes comprising the Manual correspond to the
\.Safety Standards and include the following: [1]



- Planning and Administration

- Periodic Motor Vehicle Inspection

- Motor Vehicle Registration

- Motorcycle Safety

- Driver Education

- Driver Licensing

- Codes and Laws

- Traffic Courts

- Alcohol in Relation to Highway Safety

- Identification and Surveillance of Accident Locations
- Traffic Records

Emergency Medical Services

- Highway Design, Construction, and Maintenance

- Traffic Engineering Services (Traffic Control Devices)
- Pedestrian Safety

- Police Traffic Services

- Debris Hazard Control and Cleanup

- Pupil Transportation Safety

- Accident Reporting and Investigation

[N
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The Federal Highway Administration's office of Highway Safety cur-
rently administers the highway-related safety standards, frequently re-
ferred to as the "three-plus standards.” These Standards include:

® Standard 9

Identification and Surveillance of Accident Locations

@ Standard 12

Highway Design, Construction, and Maintenance

@ Standard 13 - Traffic Engineering Services

® Standard 14 - Pedestrian Safety {(the "plus" in the three-plus stan-

dards). The highway related aspects are included in -
Sections II, V, and jointly in Section VII.

Copies of these volumes should be obtained by agency managers and used
routinely as reference guides and as a comparison to their own agency's
practices,

A brief description of the requirements of the three-plus standards
as they relate to state and local governments follow:

P .

@ Standard 9 - Identification and Surveillance of Accident lLocations

This Standard requires the development of a program for identifying
and maintaining surveillance of locations having high accident experience.
After identifying hazardous locations, the state must take appropriate
measures to reduce accidents and to evaluate the effectiveness of safety



improvements at these locations. Also, a program must be developed to
maintain surveiliance of the roadway network for potentially high accident
locations and for correcting problems at these locations. Each state is
required to pericdically evaluate their program and provide FHWA with an
evaluation summary.

@ Standard 12 - Highway Design, Construction, and Maintenance

This Standard requires the development of a highway design, construc-
tion, and maintenance program. The program shall include design standards
relating to safety features for all new construction or reconstruction,
such as sight distance, horizontal and vertical curvature, spacing of
decision points, lane widths, etc. Roadway lighting must be provided or
upgraded on expressways and other major arterials in urban areas and
locations with a high ratio of night-to-day accidents.

Each state must also have a program for resurfacing or other surface
treatment on roadway sections with low skid resistance. The systemmatic
identification and tabulation of all rail-highway grade crossings is
required along with a program to eliminate dangerous crossings. The Stan-
dard also calls for roadsides which are clear of obstacles, with breakaway
signs, special bridge railings and parapets, and gquardrails placed at
locations where c¢bstacles cannot be removed or replaced.

@ Standard 13 - Traffic Engineering Services

This Standard requires the application of modern traffic engineering
principles and uniform standards for traffic control to reduce the likeli-
hood and severity of traffic accidents. Each state shall have a compre-
hensive manpower development plan to insure necessary traffic engineering
capability to local jurisdictions and provide for upgrading of skills of
traffic engineers, subprofessionals, and technicians. A plan should be
developed to inventory and maintain traffic control devices according to
Federal Standards. An implementation schedule should be developed to
utilize traffic engineering manpower to review "operational difficuities®,
install safety-related improvements, and evaluate the effectiveness of
specific traffic control measures.

& Standard 14 - Pedestrian Safety

This Standard requires the development of a statewide inventory of
pedestrian-motor vehicle accidents including location, age of pedestrian
and other statistics. Procedures shouid be developed for improving pedes-
trian protection through development of safe school route handbooks, fami-
liarizing drivers with pedestrian problems, and conducting engineering

studies at high hazard locations., The Standard also requires programs to



provide training and education for the general public concerning pedestri-
an safety on or near roads.

The responsibility for Standard 14 (Pedestrian Safety) is shared
between FHWA and NHTSA (National Highway Traffic Safety Administration).
FHWA is responsible for the highway-related aspects of Volume 14. NHTSA
%ﬂmigigters the safety program standards pertaining to the automobile and

he driver.




CHAPTER TV
FRAMEWORK AND OVERVIEW OF THE

HIGHWAY SAFETY IMPROVEMENT PROG

The structure of the Highway Safety Improvement Program (HSIP) was
established in FHPM 8-2-3 in terms of components, processes, subprocesses,
and procedures. Such terms may be defined as follows:

Components - refer to the three general phases of the HSIP: (1) Plan-
ning, (2) Implementation, and (3) Evaluation.

Processes - refer to the sequential elements within each component.
For 1instance, the four processes within the Planning Component in-
clude; (1) Collect and Maintain Data (2) Identify Hazardous Loca-
tions and Elements, (3} Conduct Engineering Studies, and {4) Esta-
blish Project Priorities.

Subprocesses - refer to specific activities which are contained with-
in certain processes. For example, under Process 3 of ‘the Planning
Component ("Conduct Engireering Studies") the three subprocesses are;
(1) Collect and Analyze Data at Hazardous Loctions, (2) Develop Can-
didate Countermeasures, and (3) Develop Projects.

Procedures - refer to the possible ways in which each of the process-
es or subprocesses may be attained. For instance, the procedures for

identifying hazardous locations and elements (Process 2) include the
Frequency Method, Rate Method, Rate Quality Control Method, etc.

An overview of t

-l

ghway activitie
n

he HSIP 1is given in Figure 1 with respect to the to-
"

4] of a highway agency. These basic highway activi-

® Planning and Design

e Construction

@ Safety

e Operation and Maintenance

The safety aspect of highways should be ha

died by maintaining an
effective HSIP, consisting of the following three compo

.
ents:

n
c llp nCII
@ Planning

® Implementation

@ Evaluation
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Figure 1. Overview of the Highway Safety Improvement Program.



Ihe relationships between the three components are illustrated in Figure
. where the arrows indicate the necessary flow of data and information.

Note that safety improvements should first be planned, then implemented,
and finally evaluated.

The evaluation of highway safety improvements is an essential step in
the highway safety program for any highway agency. The results of the
Evaluation Component provide necessary information into the planning and
implementation of subsequent highway improvements. Beside providing input
back into the HSIP, the Evaluation Component provides basic information
for use in administrative decisions of a highway agency in terms of:

Goals of the agency for the future

Specific agency objectives

The continuation or modification of local design standards

The efficiency of various personnel and/or equipment

The validity of past estimates of required resources for various
activities

Indications of where limited funding should be spent

Such administrative decisions can be used to periodically update and im-
prove total plans for the highway system,

The HSIP at the process level is given in Figure 2, which illustrates
the inter-relationships between the six processes. Four processes are
defined in under the Planning Component, and the Implementation Component
and Evaluation Component each contain one process. The arrows indicate
the necessary flow of data and information in order to properly conduct
the HSIP.

The subprocess level of the HSIP is shown in Figure 3, where 14 spe-
cific subprocesses are defined. The necessary sequence of subprocesses is
also illustrated within each process. For example, in Process 3 ("Conduct
Engineering Studies"), the collection and analysis of data (Subprocess 1)
should be performed before accident countermeasures are developed (Subpro-
cess 2). Projects can be finalized or developed for each highway location
(in Subprocess 3) only after the first two subprocesses are completed.
The final listing of safety improvement projects is then used as the input
into Process 4 ("Establish Project Priorities)

A listing of procedures under each process and subprocess was
developed based on:

@ Widely accepted practices currently in use by various highway agen-
cies

@ Procedures developed and/or used by one or more highway agencies
which may offer a useful method under certain conditions

10
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@ New or untested concepts reported in the literature which may offer
a worthwhile alternative to existing procedures and deserves fur-
ther testing for possible future use.

A total of 64 specific procedures are listed in Figure 4, as they pertain
to the processes and subprocesses of the HSIP.

In this User's Manual, specific categories of highway safety
improvements will be discussed on the basis of their complexity and level
of aggregation. Highway safety improvements may be arranged 1in the
following hierarchy.

® A countermeasure is a specific activity or set of related activi-
ties designed to contribute to the solution of an identified safety
problem at a single location. Examples of countermeasures are: (1)
an advance warning sign installation, (2) an impact attenuator
installation, or {(3) left-turn prohibition during peak traffic
periods at a signalized intersection.

e A project is one or more countermeasures designed to reduce identi-
fied safety deficiencies at a highway location. For example, pave-
ment deslicking may be selected as a single countermeasure to re-
duce wet-weather accidents at a site, and is termed as a project.
Also, the combination of countermeasures at a site, such as
shoulder stabilization, edgelining, and fixed-object removal is al-
so considered as a project.

e A program is a group of projects, countermeasures, and/or activi-
ties which are implemented to achieve a common highway safety goal.
A program may be applied to numerous locations and may include
several types of countermeasures which serve the same purpose. For
example, a program to reduce wet-weather accidents may be imple-
mented by an agency at five different locations and include various
combinations of:

e Improved signing
e Longitudinal grooving
o Deslicking overlay

The combination of all projects resulting from the HSIP
planning component is another example of a program.
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PLANNING COMPONENT
Process 1 - Collect and Maintain Data
Subprocess 1 - Define the Highway Location Reference System

Procedyre 1 - Milepost Method
Procedure 2 - Reference Point Method
Procedure 3 ~ Link Node Method
Procedure 4 - Coordinate Method
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Subprocess 2 - Collect and Maintain Accident Data

Procedure 1 - File of Accident Reports by Location
Procedure 2 - Spot Maps
Procedure 3 - Systemwide Computerization of Accident Data

Subprocess 3 - Collect and Maintain Traffic Data

Procedure 1 - Routine Manual Collection of Systemwide Traffic
Data

Procedure 2 - Use of Mechanical Volume Counters

Procedure 3 - Permanent Count Stations

Procedure 4 - Maintenance of Traffic Data on Maps or in Files

Procedure 5 - Systemwide Computerization of Traffic Data
Subprocess 4 - Collect and Maintain Highway Data

Procedure 1 - Systemwide Manual! Collection of Highway Data
Procedure 2 - Photologging and Videologging

Procedure 3 - Maintenance of Highway Data on Maps or in Files
Procedure 4 - Systenwide Computerization of Highway Data

Process 2 - Identify Hazardous Locations and Elements

Procedure 1 - Frequency Method

Procedure 2 - Accident Rate Method

Procedure 3 - Frequency Rate Methed

Procedure 4 - Rate Quality Control Method
Procedure 5 - Accident Severity Method

Procedure & - Hazard Index Method

Procedure 7 - Hazardous Roadway Features Inventory

Figure 4. Procedures used in the various processes
and subprocesses.
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Process 3 - Conduct Engineering Studies

Subprocess 1 - Collect and Analyze Data at Identified Kazardeous
Locations

Procedures 1-5 - Accident Studies
Procedures b6-14 - Traffic Studies
Procedures 15-20 - Environmental Studies
Procedures 21-24 - Special Studies

Subprocess 2 - Develop Candidate Countermeasure(s)
Procedure 1 - Accident Pattern Tables
Procedure 2 - Fault Tree Analysis
Procedure 3 - Multi-Disciplinary Investigation Team

Subprocess 3 - Develop Projects

Procedure 1 - Cost-Effectiveness Method
Procedure 2 - Benefit-to-Cost Ratio Method
Procedure 3 - Rate-of-Return Method
Procedure 4 - Time-of-Return Method
Procedure 5 -~ Net Benefit Method

Process 4 - Establish Project Priorities

Procedure 1 - Project Development Ranking
Procedure 2 - Incremental Benefit-to-Cost Ratio
Procedure 3 - Dynamic Programming

4 - Integer Programming

Procedure

IMPLEMENTATION COMPOKENT
Process 1 - Schedule and Implement Safety Improvement Projects
Subprocess 1 - Schedule Projects
Procedure 1 - Gantt Charts
Procedure 2 - Program Evaluation and Review Technique (PERT)
Procedure 3 ~ Critical Path Method (CPM}
Procedure 4 - Multiproject Scheduling System
Subprocess 2 - Design and Censtruct Projects

Subprocess 3 ~ Conduct Operationai Review

EVALUATION COMPONENT
Process 1 - Determine the Effect of Highway Safety Improvements
Subprocess 1 - Perform Accident-Based Project Evaluation
Subprocess 2 - Perform Non-Accident-Based Project Evaluation

Subprocess 3 - Perform Program Evaluation
Subprocess 4 - Perform Administrative Evaluation

Figure 4. Procedures used in the various processes
and subprocesses {continued).
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PURPOSE

The purpose of the Planning Component is to produce the list of
highway projects to be implemented.

DESCRIPTION

The Planning Component is the first of the three components in the
Highway Safety Improvement Program (HSIP) and involves all activities
necessary to determine which safety improvement projects should be
implemented. The four processes within the Planning Component are:

Process 1 - Collect and Maintain Data

Process 2 - Identify Hazardous Locations and Elements
Process 3 - Conduct Engineering Studies

Process 4 - Establish Project Priorities
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Within these four ?rocesses are specific subprocesses and procedures
necessary to successtfully complete the processes.

COMPONENT INPUTS AND OUTPUTS

Management Input

® Goals and objectives for the total highway and transportation net-
work
e Goal
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Resource Input

& Funding
o Manpower
¢ Equipment

Data or Informational Input

e Federal, State, and local design standards and guidelines

e Information from the Evaluation Component concerning the effective-
ness of prior specific safety projects and programs

o Information from the Evaluation Component concerning past admini-

strative evaluations

Output

o A list of the specific highway projects to be implemented
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CHAPTER V

| PROCESS 1
COLLECT AND MAINTAIN DATA

PLANNING COMPONENT

PROCESS 1

COLLECT AND MAINTAIN

s s
ALA

| PROCESS 2 |

| PROCESS 3 H

]
| process s |

PURPOSE

The purpose of this process is to supply the necessary data base for
the total highway system for use in identifying hazardous locations and
elements.

DESCRIPTION

Four subprocesses have been defined within this process as follows:

Subprocess 1 - Define the Highway Location Reference System
Subprocess 2 - Collect and Maintain Accident Data
Subprocess 3 - Collect and Maintain Traffic Data

Subnrocess 4

- Collect and Maintain Highway Data

Within each subprocess are procedures which may be selected by a highway
agency to successfully accomplish that subprocess. A description of each

subprocess, and the corresponding procedures, is provided in the following
pages.
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PROCESS 1, SUBPROCESS 1

DEFINE THE HIGHWAY LOCATION
REFERENCE SYSTEM

PLANNING COMPONENT

.PROCES
1
[///SUBPROCESSI

DEFINE THE
HIGHWAY LOCATION
REFERENCE SYSTEM /

7/ SUB- SUB-
PROCESS PROCESS
2 3
i
[~ _process 2z |
Y
[ process 3 |
|
I proceEss 4 |

PURPOSE

The purpose of this subprocess is to assign meaningful locational
information to highways in the system. This 1s essential to merge acci-

dent, traffic, and highway data to identify and analyze hazardous locaticns
and elements.

DESCRIPTION

According to Volume 9 of the Highway Safety Program Manual [1]: "Each
state, in cooperation with county and other local governments, shall have a

program for identifying accident locations and for maintaining surveillance
of those locations having high accident rates or losses."

The proper identification of such hazardous locations can be accom-
plished by use of one of several highway location reference systems and
methods. A Tocation reference system includes all of the office and field
procedures necessary to facilitate highway-related activities, such as
planning, safety, and maintenance. A location reference method is a part
of an agency's total reference system [2].

The specific methods {procedures) in this subprocess are:
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Procedure 1 - Milepost Method
Procedure 2 - Reference Point Method
Procedure 3 - Link Node Method
Procedure 4 - Coordinate Method
Procedure 5 - Loran-C-Based Method

A single highway location reference wmethod is generally adopted
throughout a state highway system for practical reasons, However, alfer-
native methods may be used in large cities or by county highway agen-
cies,

RANGE OF COMPLEXITY AMONG PROCEDURES

The milepost method, reference point method, and link node method are
all currently in use and are generally not difficult to implement or
utilize. However, the coordinate method and the LORAN-C-Based method are
not used widely due to their complexity. The LORAN-C-Based system, in
particular, requires considerable investment and manpower training and is
appropriate only for large land areas.

MANAGERIAL CONCERNS

@ What is the accuracy of accident reporting using the method?

® What is the manpower required for the method?

® Are adequate funds available for implementing a new method?

@ What are the equipment requirements?

® Will growth of the highway system create significant problems in
re-numbering of the location reference system?

SUBPROCESS INPUTS AND QUTPUTS

Management Input

® A knowledge and understanding of various highway location reference
systems

Resource and Equipment Input

& Manpower

® Equipment (LORAN-C receivers or equipment for installing highway-re-
ference signs)

@ Funding

Data or Information Input

& Highway maps or files containing the appropriate location reference
values
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QUTPUT

® A code that uniguely identifies the location of any given spot or
section of the highway system

Vs = A
SUBPROCESS 1
DEFINE THE HIGHWAY LOCATION
REFERENCE SYSTEM

A

/ PROCEDURE 1 - MILEPOST METHOD

[ ProcEDURE 2

| PROCEDURE 3

i
!
PROCEDURE ¢ ]
i

{
\ | PROCEDURE 5

PROCEDURE 1 - MILEPQST METHOD

DESCRIPTION

The milepost method uses a numerical value to represent the distance
from a base point to any location. This is usually accomplished using
milepost markers which indicate the mileage to the point of interest from
some zerc point on the highway. To identify a location in the field, the
distance to the nearest milepost marker is determined and added or sub-
tracted from the number on the milepost. Some states, such as Missouri,
utilize a milepost system but without field markers (paper map system).
Maps are provided to police officers which identify the milepoint for their
use in Tocating accidents.

Several specific characteristics of the milepost method have been
identified by TRB as follows [2]:

® Signs may be placed at any spacing (usually one mile or greater)

® S5igns contain the actual milepoints or approximate mileages to the
location from a known point (county line, etc.)

® /ero points are usually assigned to route beginnings, at county

PP =

1ines, or at control section limits

@ The message on the signs may or may not be readable from a moving
vehicle. When readables, they provide useful distance information
to motorists. Guides for milepost signs are given in the Manual on
Uniform Traffic Control Devices (MUTCD) [3]. A typical milepost
marker is shown in Figure 5.
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Figure 5. Milepost markers from the MUTCD.

PROCEDURE APPLICABILITY

The milepost method is generally applicable to highway systems with
the following characteristics:

@ Rural or suburban highways. In urban areas, intersections are too
frequent and street names are more commonly used than route num-~
bers. Also, in urban areas adjacent intersections could have the
same milepost number and this could cause confusion in establishing
locations of accidents,

o Virtually any size of highway system

e Highway systems which are fairly well established. In growing and
newly developing areas, changes in highway lengths and alignments
(due to construction or reconstruction) will necessitate changes

(or discrepancies) in milepost markers for the routes.

RESOURCE REQUIREMENTS

e Manpower - A field crew is needed for routine maintenance of mile-
post signs. Also, office personnel may be required to maintain and
modify the maps and/or files to keep the reference system current.

e Funding - A minimum of about $100 per mile is required for the
installation of milepost markers (assuming one milepost marker per
mile in each direction at about $50 per marker). Also, maintenance
funds are needed to maintain and replace damaged markers. Funds
are also needed for occasional updating of reference maps or

files.
e fquipment - A Sign truck and/or other equipment s needed to

install milepost markers.
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PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages (2]

The method can be easily learned by police officers and highway

agency personnel,

Milepost signs provide a chart of progress for motorists along a
highway.

There is usually uniform spacing of milepost markers, so the user
(police officer) does not have to proceed more than some fixed
distance {such as one-half mile) to find a reference marker.

The numerical sequence of mileposts provides easy orientation, and
many highway users (particutarly, truck drivers and other users of
CB radios) report accidents, vehicle breakdowns, or other
emergencies with reference to posted milepost markers.

Disadvantages [2]

e Changes in route length due to highway construction and incorrect

sign placement will result in inaccuracies.

Where concurrent routes exist (one highway section with two or more
route numbers), the numbers on the signs reflect mileage for only
one of the routes and this may cause confusion.

The placement of milepost signs along a rcad can create maintenance
problems; they can also be hit by vehicles.

Milepost markers which are spaced infrequently (several miles
apart, as is common on non-interstate routes) can cause confusion
and inaccuracies in the reporting of accident locations by police

investigators.
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PROCEDURE 2 - REFERENCE POINT METHOD

DESCRIPTION

The reference point method uses a fixed, identifiable feature, such
as an intersection, railroad crossing or bridge, from which a location can
be measured or referenced. Reference point signs may be placed at any
spacing, and placement may be at major intersections and jurisdictional
boundaries, at fixed uniform intervals, or a combination of these two and
at special roadside features.

The true reference point must be recorded in central office records,
and such reference numbers do not usually provide highway location infor-
mation in terms of miles. :

2] Following are important characteristics of the reference point method
2]: ' :
@ Signs may be placed at any spacing
@ Central office records containing the true milepoint of reference
post signs must be kept
@ Signs ordinarily contain numbers that are not related to a
milepoint. The signs may also include route number and
jurisdiction information
e The signs may or may not be in numerical sequence along a route
e The messages on the signs may or may not be readable from a moving
vehicle

PROCEDURE APPLICABILITY

The reference point method is generally applicable to highway systems
with the following characteristics:

® Rural or suburban highways. In uban areas, intersections are too
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frequent and street names and intersections are more commonly used
than route numbers,
e Virtually any size of highway system

@ H1ghway systems that are not in newly deve1op1ng areas. For newly
developing areas (more than 5 percent growth expected in the next
10 years) reference points may be assigned after firm plans are

developed and approved for new roads.
o For highway systems where inventory information is available con-

cerning the exact location of roadway features/bridges, intersec-
tions, changes in number of lanes, etc.

RESOURCE REQUIREMENTS

; 0f-

N
fice personnel are required for occasional modification of refer-
ence system on maps and/or files.
® Funding - Funds are necessary to develop, maintain, and update the
roadway inventory, and maintenance costs for reference signs are
required.
# Equipment - Sign installation equipment
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PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages [2]

@ Changes in route lengths due to construction do not affect the sign
p]acement or the va1id11y of the numbers on them.

o e Py R B R

@ The signs apply to all uvcllapp|ng routes.

@ Spacings of the reference signs are normally of sufficient frequen-
cy that users will encounter a sign without travelling great dis-
tances.

Disadvantages [2]

@ Most reference point signs do not permit mectorists to chart their

progress along a road.
The placement of the reference signs on a highway may cause mainte-

nance problems.

The signs are roadside obstacles which can be hit by motorists.
There is variability in the accuracy of accident locations, depend-
ing on distance from the reference point.

®

& @
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PROCEDURE 3 - LINK NODE METHOD

DESCRIPTION

The link-node method (a]so referred to as the nodal method) is based
on assigning node numbers to highway intersections or other selected n1gn—
way points. It is a document-oriented method, since no signs are in-
stalled in the field {(in most cases). General]y, the intersection of two
major streets (state highways, arterial-collector streets, etc.) is
defined as a node. The "1ink" or highway segment between two nodes may or

may not be assigned a unique number.

To use the link-node method, selected intersections are assigned a

node number on office maps and/or files. Locations in the field may be
identified hv Y‘Qr‘nr‘dlnn the name of the street or h1r|hm;n: of concern and

T PR 7R S e g P TGy Wi LT T . Qi

the name of the nearest intersecting street. The d1stance to the nearest
intersecting street is also norma11% recorded. Appropriate node {(or link)
numbers can be assigned either in the field or in the office, using a file

or map of node numbers.

Another application of the link-node method involves recording the
street names and addresses of the locations of interest. Office personnel
then assign the appropriate node number or 1ink number to the 1location
based on this information. While node numbers are normally assigned to
intersections, other specific elements (identifiable on maps) may also be
assigned node numbers, such as [4]:

® Road ends

& Railrpad crossings
-y AL Wl o Jd IIISJ
& Bridges

® %90-degree turns

¢ County boundaries

@ Ramp terminals

@ Grade separated structures
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Examples of node maps are given in Figure &, as developed for Iowa by
Goalsby and Yu [4]. These node maps were develcped for identifying state-
wide accident locations based on the U.S. Public Land Survey method for
subdivision of land [4].

PROCEDURE APPLICABILITY

The link-node method is generally applicable to highway systems with
the following characteristics:

&

Urban, suburban, or rural highways. Can easily conform to various
population and highway densities.

Virtually any size of highway system

Highway systems with any rate of growth. The link-node method
works well, regardiess of the increase in highway mileage, since
new node numbers can be assigned to new intersections.

Where detailed updated maps are available, which include all inter-
sections and possibly other observable physical features.

RESOURCE REQUIREMENTS

Manpower - Office crews are needed for developing, maintaining and
updating the link-node numbers on maps and files.

Funds - Funds are needed for establishing detailed mapping and
roadway inventory (if not already available). Nominal funds are
then needed for updating the system.

Equipment - Mapping and drafting equipment for developing system-
wide link-node maps.

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

Generally inexpensive to implement, since field referencing signs
are not required

Good correlation can be established with other reference methods in
preparing a cross-referencing index

Relatively easy to understand, since node numbers usually corres-
pond to actual intersections

Short start-up time for implementation

Very flexible in complex highway systems, such as interchanges and
channelized intersections

Disadvantages

Generally undesirable for rural areas, where major intersections
are several miles a&part, because reporting accuracy may be Tess
than desirable when reporting locaticns which are not close to any
node
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@ If the node (or link) numbers are coded in the field for an acci-
dent location, the user {police officer) must have a log of ncde
numbers and understand the system

® Entails a cumbersome filing system -- different users may identify
the same Tlocation in varying ways; more difficult to identify
clusters of accidents
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PROCEDURE 4 - COORDINATE METHOD

DESCRIPTION

The coordinate system involves Tlocating an accident site with a
unique set of plane coordinates. The system relies on a complete set of
grid coordinate maps and may be applied in several ways. The first may
involve printing and distributing a large number of maps to police offi-
cers systemwide. The officer must then determine the coordinates of the
accident site while he is investigating the accident and directly record
these coordinates. The pre-coding of coordinate points on maps would
allow the officers to pick such points on the maps while at the site and
code them on the report.

The coordinate system is currently in use to only a limited extent,
but is in the planning and development stages for possible use by several
agencies. The method generally uses U.S. Geodedic Survey (USGS) topo-
graphical maps as a base. In most states, such maps are available at a
scale of 1 inch = 4000 feet, which corresponds to 50 feet represented by
0.01 inch. In some states, USGS maps are now available at a 7-1/2 min.
scale, or 1 inch = 2000 feet (50 ft. 1is represented by 0.02 inches) [5].
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In a few western states, grid-oriented networks of local roads are
being used as a basis for a coordinate method. Such roads normally follow

section lines and divide the state into squares. Based on some zero point
at the southestern corner of the state, a location is identified in terms
of the miles east and north of the zero point.

The Indiana Traffic Accident Record System (INTRACS) was intended to
be a major statewide effort to geographically locate accidents on highways
throughout the state. It is based on a USGS map scale of 1 inch = 2000
feet. The road network file describes the X-Y coordinates of all inter-
section and alignment points to describe the street and roadway network.
The X-Y coordinates are found for each highway point using an eijectronic
digitizer (as shown in Figure 7) for use in a computerized data file. A
sample matrix map for the system is shown in Figure 8 [6].

PROCEDURE APPLICABILITY

The coordinate method is generally applicable to highway systems with
the following characteristics:

@ Any type of highway system (urban, suburban, or rural) where appro-
priate maps are available

® lLarge highway systems and land areas, such as statewide highway
systems

@ A highway system with any growth rate, as long as new unmapped
roads are added to the coordinate maps. The predetermined coordin-
ate identification numbers are permanent.

@ Manpower - Office personnel are needed to develop and maintain
coordinate maps, and also to interpret the coordinate numbers in
terms of the actual highway location.

® Funds - Funds are necessary to develop appropriate coordinate maps.
Assuming that base maps (USGS) are available, the cost of
modification was estimated (in 1969) to be approximately $30 per
mile, excluding the costs for modifying the maps to make them
useful in urban areas [5].

® Cquipment - Appropriate mapping equipment for developing and/or
modifying coordinate maps

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages [5]

@ A point on the highway identified by coordinates is permanently
located in a two-dimensional plane space. Thus, the coordinate
number is not affected by changes in the length of the highway.

® The coordinate numbers can easily be correlated with either the
milepoint method or the link-node method.

9 The use of coordinates to locate accidents may simplify and encour-
age the use of mechanical plotting equipment.
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Figure 7.

Electronic digitizer.

(Source: Reference No. 6)
3 g g 5
% MAATRIX § PAATRIX ] a a
z T8 a5 wm.@(ﬂi aa ‘_\
R \ S8 \ '
N T A % PaREAX
L] L4 [ad L= o 350,400 . . %_‘\‘J A__i
SEEDE B “odclo b
=2 S YA B
I I YY) ’E’-'ifzJﬁr\h feza] -
R & L& HR @2 S
&0 @ DIEEE ) e
- L = L
Y
ol [0
<2

Figure 8. Sample matrix map.
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Disadvantages [5]

® The quantity of data required to uniquely identify a location is
considerably more than with other methods. Fourteen digits are
currently used to express the coordinate Tlocation (plus two or
three additional digits for the route numbers). This greater
quantity of information results in greater processing costs and is
more susceptible to errors in reporting and coding, and such errors
are more difficult to detect.

s The availability of costly maps (USGS or other) for sufficient
accuracy

& Due to the complexity of the method, the typical accident investi-
gator may have difficulty locating his position on a map and read-
ing the coordinates to the desired accuracy. Under adverse condi-
tions (darkness, rain, snow, fog, in rural areas with few land-
marks, etc.) accurate readings may be a problem. Detecting and
correcting such errors by office personnel will be very difficuit
or impossible without supplemental locational information (such as
the precise distance and direction from a known intersection, etc.

e A considerable amount of start-up time is required to complete the
necessary map work, the printing and distributing of maps, and
trafn;ng the police officers and other users of the coordinate
method.

® The cost of modifying and updating maps is expected to be quite

high.
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PROCEDURE 5 - LORAN C-BASED METHOD

DESCRIPTION

The LORAN-C methcd is actually a specific application of the coordi-
nate method. It is an electronic, LQng RAnge Navigation system currently
operated by the U.S. Coast Guard for marine navigation in U.S. coastal
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waters. Incidental coverage is provided to over 2/3 of the land area of
the continental U.S. ‘LORAN-C can locate a point within one-fourth mile of
jts true geographic location and will allow a person to return to within
about 50-300 feet of that same spot in most cases. By recording readings
at locations, the area may be "calibrated" to the 50-300 feet repeatable
accuracy. LORAN was developed by the Department of Defense in the 1940's
as an aid to marine and aeronautical navigation over large areas of water,
and further refined to become the LORAN-C system in the early 1960°'s.

The LORAN-C system is considered to be a radio system, but is not
similar to commercial radio stations. Commercial stations transmit a
continuous radio wave from a single antenna, whereas, LORAN-C systems
consist of chains of transmitting stations (a master and two or more sec-
ondary stations), which are located about 500 miles apart. By broadcast-
ing a group of low- frequency radio pu]ses LORAN signa]s can be transmit-

o

ted up to 2000 miles with a high degree of accuracy [7].

To apply the LORAN-C system for highway location referencing, a LORAN
receiver automatically measures and displays the numerical time difference
of arrival between the master its secondary stations. ‘These time differ-
ences describe hyperbolic lines of position, the intersection of which
describes the exact position of the receiver., Coverage of LORAN-C 1in the
United States is approximately 73 percent as of 1980. Complete coverage
of the continental United States will soon be achieved by the installation
of three more stations - proposed for Montana, New Mexico, and Texas. All
U.S. LORAN transmitting stations are operated and maintained by the U.S.
Coast Guard [7].

PROCEDURE APPLICABILITY

The LORAN-C based method is generally appiicable to highway systems
with the following characteristics:

® Rural or suburban highways. Distortion in electronic waves can
result arcund tall buildings in urban areas, which can reduce accu-
racy. However, LORAN-C referencing can be easily cross-referenced
with any of the other referencing methods.

@ A very large highway system or a large land area. For example, the

£ 1 0D 1 3
use of LORAN-C is most pract1ca1 on a statewide basis. LORAN-C can

be tested or implemented in smaller jurisdictions (one county at a
time), but an individual c¢ity or county should not implement LORAN-
C alone, unless it will eventually be part of a statewide system.

@ Any rate of system growth, since a LORAN-C number is a permanent
unambiguous number, {(as are other coordinate numbers) and are not
influenced by changes in a highway's length.

# Where accuracy in location referencing is emphasized, the LORAN-C

method is desirable, particularly in rural areas.

RESOURCE REQUIREMENTS

@ Manpower - Electronics maintenance personnel are needed for repair
of LORAN-C receijvers. Also, an office crew is necessary for
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deve]0p1ng and updating the mapping system as new highway sections
are added.

® Funding - Funds are needed for purchase of LORAN-C receivers and

also an appropriate mapping system. The basic receiver unit (with

no spec1a1 options) can cost between $425 to $5000, depending on

+
he size of production, as determined by the total available market

and tne complexity of the receiver (see Table 1) [7].
The cost of amending existing maps (USGS maps, for example)}, would
be about $200 for the initial calibration of a 450-square-mile area

[5]. Subsequent modifications wouid be.less expensive. Office
training costs would also be involved.

Table 1. Estimated LORAN~C receiver costs ($).

RECEIVER CosT PRODUCTION RUN UANTTIES

OPTIONS RANGE 10 100 1,000 310 OOO.‘ 20,000 1002000

Basic Low 4,000 { 1,500 {1,200 600 540 425
High 5,000 2,500 1,500 1,000 870 600

Basic With

Coordinate Low 6,000 t 3,000 | 1,700 850 765 £00

Conversion High | 10,000 | 3,500 | 2,000 1,500 1,300 00

Including

A1l Of N o

Desired Low 7,300 | 3,500 | 2,300 ¥ 1,150 1,035 815

Options High 20,000 5,000 j .2,800 1,720 1,480 1,035

(From Reference No.7)

@ Cquipment - LORAN-C receivers for all police officers or other
personnel who would need to routinely didentify location reference
points.

PROCEDURES ADVANTAGES AND DISADVANTAGES

Advantages

@ Accurate referencing coordinates can often be obtained when compared
with other methods, particularly in rural aresas.

® The use of f1e1d markers is not needed, so no sign instaliation and
maintenance activities are reguired.

@ The method can be easily applied to other highway-oriented or loca-
tional uses, such as:
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Location of emergency medical service needs
Highway inventories

Traffic enforcement surveillance

A guide for conducting aerial photography

® The recording of location information is very simple, since a
numerical code number is recorded from the LORAN-C receiver, and the
lTocation can be quickly determined from the LORAN-C-based maps.

® The exact Tocation can be found easily within about 50 feet, if a
follow-up site visit is needed.

@ The LORAN-C equipment may also be used in conjunction with locating
emergency vehicles.

Disadvantages

® Some distortion in the radio waves may result, particularly in
urban areas, but may be compensated for. This could reduce the
accuracy of the reference number,

& Although a highway location may be located again within about 50
feet, the reference number (with respect to its true geographic
location) may be up to 0.25 miles in error until proper calibration
is conducted.

< ink-Node==

oordinate m. m
<04> 'Re%:fence
4 - ‘?dm"r
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PROCESS 1, SUBPROCESS 2

COLLECT AND MAINTAIN
ACCIDENT DATA

PLANNING COMPONENT
PROCESS
sUB- 1
PROCESS
1
SUBPROCESS 2
sus- SUB-
PROCESS PROCESS
COLLECT AND 3 4
MAINTAIN ACCIDENT
DATA

PURPOSE

The purpose of this subprocess is to collect, sort, and process police
accident reports for use in the identification and subsequent analysis of
high-accident locations.

DESCRIPTION

One of the basic data sources for any agency's traffic record program
is the accident data base. The primary source of such accident data is
from police-reported accident reports. Supplemental drivers! reports may

be used in addition to the police reports.

The reporting level for accidents varies considerably by state. For
example, in some states, all traffic accidents must be reported, regardless
of cost. In other states, only injury accidents must be reported. Typi-
cal accident reporting levels are from $100 to $300 per accident.

The data items on each report form should be carefully selected
through cooperation between the police department and highway agency to
insure that all necessary data items are included. A uniform statewide
report form is currently used by most state highway agencies. Examples of
desirable information for an accident report form is shown in Table 2, as

given in the ANSI Data Element Dictionary for Traffic Records Systems [1].
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Table 2.

Recommended data items for an accident

report form.

Data Element Name

RCCIDENT CASE NUMBER#

ACCIDENT COUNTYw

ACCIDENT DATE AND TIKE=»

ACCIDENT DAY OF WEEK

ACCIDENT LOCATION INVESTIGATIOR
ACCIDENT HUNICIPALITEw

ACCIDENT RECORD SOURCE

ACCIDENT SEVERITY=

BCCIDENT VEHICLES

BLOOD ALCOHOL CONCENTRATION TEST DATE AND RIME
BLOOD ALCOHOL CONCENTRATION TEST RESULTS
BLOOD ALCOHOL CONCENTRATION TEST TYPE
CAUSE FOR DRIVER/OPERATOR HANEUVER
CONTRIBUTING CIRCUMSTAKCES, DRIVER
CONTRIBUTING CIRCUNSTANCES, ENVIRONMENT.
CONTRIBUTING CIRCUMSTANCES, CTHER .
CONTRIBUTING CIRCUMSTANCES, PASSENGER
CONTRIBUTING CIRCUMSTANCES, ROAD
CONTRIBUTING CIRCUNSTANCES, VEHICLE
DIRECTION OF EXTERNAL FORCE

DIRECTION OF TRAVEL BEFORE ACCIDENT
DRIVER DATE OF BIRTH=x

DRIVER LICENSE JURISDICTIOK

DRIVER LICENSE RESTRICTION COMPLIANCE
DRIVER LICENSE NUMBER=

DRIVER LICENSE TYPE COMPLIARCE

DRIVER NAME=

DRIVER SCCIAL SECURITY NUMNBERe
EMERGENCY NOTIFICATIONw

EMERGENCY RESPONSE ARRIVAL TIMEw
ESTIMATED COLLISION SPEED

ESTIXATED TRAVEL SPEED

FIRST HARMFUL EVENT

INJURED TRANSPORTATION

INSURY CLASSIFICATION

INJURY DESCRIPTION .
IKSPECTION STICKER WUMBER, CURRENT#
INVESTIGATING AGENCY TYPE

LIGHTING SYSTEM CONDITION

LOCATION OF FIRST HARMFUL EVENT OR CBJECT

LOGCATION OF SUBSEQUENT HARMFUL EVENT{S) OR OBJECT(S)

HILEPOINT#
GCCUPANT IDENTIFICATION WUMBER
OCCUPANT LOCATION AFTER INPACT
OCCUPANT LOCATION PRIOR 7O IMPACTs
OCCUPARTS INJURED

OCCUPANTS PER VEHICLE

ODOMETER READING AT ACCIDENT=
PASSENGER AGE

PASSENGER RACE RND ZTHNICITY
PASSENGER 3EX :

PEDALCYICLE ACTIOR

PEDALZYCLE LOCATION PRIOR IO IMPACT
PEDALCYCLE VISIBILITY

PEDESTRIAN ACTION

PEDESTRIAN AGE

PEDESTRIAN FATALITIES .
PEDESTRIAN IDENTIFICATION KUMBER
PEDESTRIAN LOCATION PRIOR TG INPARCT
PEDESTRIAN RACE AND ETHNICITY
PEDESTRIAN SEX

PEDESTRIAN VISIBILITY

PEDESTRIANS

POINT OF IMPACT

PCLICE ARRIVAL DATE AND TIME

POLICE CLEARANCE DATE AND TIKE
POLICE KOTIFICATION DATE AND TIME
PORTION OF VEHICLE CAUSING INJURY
PRIMARY CAUSE FACTOR/DRIVER OPINION

. PRIMARY CRUSE FACTOR/POLICE OPINION

PROPERTY DAMAGE AMOUNT
PROTECTIVE/RESTRAINT EQUIPHENT USE
REGISTRATION PLATE JURISDICTIOK-
REGISTRATION PLATE WUMBERw ’
REGISTRATION PLATE YEAR

ROAD SURFRCE CONDITION

ROAD SURFACE DEFECTS -

ROAD VEHICLE/PEDESTRIAN TYPE=
ROADWAYS

SUBSEQUENT HARMFUL EVENT(S)
TRAFFIC CONTROL DEVICE CONDITION
TRAFFIC CONTROL DEVICE TYPE
TRAFFICWAY IDENTIFICATION NUMBER
TRAFFICWAY IDEKRTIFIERw

VEHICLE DAMAGE AREA/DEFORNITY
VEKICLE DAMAGE SEVERITY

VEHICLE DEFECTS OBSERVED

VEHICLE IDENTIFICATION NUMEER
VEHICLE MAKE«

VEHICLE KANEUVER

VEHICLE MODEL=®

VEHICLE MODEL YEARw

VEHICLE REMOVAL

VEHICLE TRAFFIC UNIT NUMBER
VEHICLE YSAGE

VISIBILITY OBSTRUCTION

WEATHER CONDITION

Source:

trators, 1978
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A sample accident report form (State of Michigan) is given in Figure 9.
The specific procedures under this subprocess are:

Procedure 1 - File of Accident Reports by Location
Procedure 2 - Spot Maps
Procedure 3 - Systemwide Computerization of Accident Data

RANGE OF COMPLEXITY AMONG PROCEDURES

Reports by location and spot maps are very easy to use for relatively
small accident data bases. Therefore, these two procedures are more appro-
priate for local agencies than for state safety agencies. For state agen-
cies and large cities, systemwide computerization is usually more desirable
than manual methods. However, many small local agencies currently use

systemwide computerization, if computer facilities are available.

MANAGERIAL CONCERNS

® Are accident reports completed with reasonable care to insure
accurate information?

@ Are enough accidents reported each year to justify systemwide compu-
terization?

What percentage of accidents a

f—
—

b
ol

¥y report
h? Too low?

[}

® Is the reporting level for accidents too hig

@ Can spot maps be produced by computer?

® Should the accident report form be updated or improved to obtain
more needed information?

@ Will the filing systems and data summaries provide the types of
information needed for the identification of hazardous locations?

SUBPROCESS INPUTS AND OUTPUTS

Management Input

@ A plan for processing accident data for identifying hazardous
locations

Resource and Equipment Input

® Funding

@ Manpower (Data Coders)

@ Filing system for accident records

e Computer capabilities for summarizing accident data (Procedure 3 -
"Systemwide Computerization” only)

Data or Informational Input

@ Accident data by location (From Process 1, Subprocess 1 - "Define
the Highway Location Reference System")
@ Maps of the highway system for plotting spot maps
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Output

o__Summqrigs of systemide accident data by Tocation for use in
identifying hazardous Tlocations

SUBPROCESS 2
COLLECT AND MAINTAIN
é ACCIDENT DATA

PROCEDURE 1 - FILE OF ACCIDENT

TICDADTG 1Y Yo

rr .
REFUNRID DY LUACALTIUN

7

| PROCEDURE 2 ]

[ PROCEDURE 3 |

~_

PROCEDURE 1 - FILE OF ACCIDENT REPORTS BY LOCATION

DESCRIPTION

The manual storage and maintenance of accident reports in files is the
most basic method, and may be maintained by the Tocal police department
and/or the traffic engineering department. This system is normally found
ih Jjurisdictions with relatively small numbers of accidents per year.

Accident reports should be filed on a daily basis, if possible, to help
maintain organization.

Instead of filing the accident reports themselves, a traffic accident
location file should be established, as shown in Figure 10, to help keep a
record of high-accident locations. Under each location folder, an accident
Tocation index card (Figure 11) will allow for an. up-to-date listing of

accidents at each site [2]. For each accident, information should
include:

@ Report number

¢ Date

@ Severity (number killed and injured)

@ Type of accident (rear-end, right-angle, pedestrian, etc.)

¢ Lignting condition {day or night)

® Other information of concern

In urban areas, a location file is generally organized by highway
classification (arterial, collectors, local street, alley), or by alphabe-~
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(Source:

Reference No.

I

Typical traffic accident location file.

2}

MawN  STReeT

primary street

)(at Intersection with

FARST STREETY

secondary street

g from to
Report Date Pers.} T11,
No. Mo.Pay |[Yr. K ([T |D|N {Ace. Type |[Remarks
I
Are92 | Z 1131691011 % ReaAR END | W.B on 157 ST, PaymenyT Ty
A2r48 4| ¢lealoi| | pen.
A6 |2 130/69{0|011 |Fpnen 0BT Hiv Siewsr Poce

Figure 11.

{Source:
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tical street name. Accidents between intersections may then be filed in
proper order between intersections. For rural locations, filing of loca-
tions is normally by route number with intersecting routes or road sections
ordered appropriately.

Use of an accident location file will permit easy selection of high
accident locations for both enforcement and engineering activities. Spot

mane mav alen ha uneed in eondunction with +tha arcident rararde filae
Illu'-l—l lllMJ AL LI AV E N LV pu LWLV § 149 \t\Jl.d“l‘\i‘l LRV AN | Li BN ] LF i M Tl Ll L Nevutruo i |\.—,

will be discussed later. Vertical files, index cards, or punched cards may
be employved to file accidents.

ac
Ko

PROCEDURE APPLICABILITY

The filing of accident reports by location is applicable under the
following conditions:

® Generally small highway systems (less than about 500 miles}. Larger
highway systems will usually require computer processing capabili-
ties to properly maintain accident data. The availability of micro
computers offars an inexpensive means for small to medium sized
communities teo file and readily access accident data.

+ Aat
(¥}

ewvedame IR Y 2 voalativualy emall arride a
UTihL aLda

@ Highwa_‘y' D‘,’JLCHI) WLyl L+ ICIGLIVCi‘y fu 1IN B | Lo LS |
than about 1,000 reported accidents per year)
& Agencies which do not plan to produce periodic systemwide accident

summaries

ase 4 1855

RESOURCE REQUIREMENTS

& Manpower - File clerks for sorting and filing the accident reports
@ Funding - Minimal funds for file cabinets and other material

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

& Yery simple method
@ Suited for small highway systems with relatively few accidents each
year
§ Specially trained personnel and computer facilities are not neces-
sary
Disadvantages

@& Does not allow for routine systemwide accident summaries
@ Cumbhersome for large numbers of accident

@ Does not provide a good overview of accident problems, without hand
sorting and processing of information
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SUBPROCESS 2
COLLECT AND MAINTAIN

ACCIDENT DATA \
'l A

{ PROCEDURE 1 ]

PRCOCEDURE 2 - SPOT MAPS

{ PROCEDURE 3 | /

PROCEDURE 2 - SPOT

LUIRASS AT VoW, LY EE 4

DESCRIPTION

Spot maps (also called pin maps) are often used by police and other
pubiic agencies to provide a quick visual picture of accident concentra-
tions. A street map of the city area is needed and the location of each
accident is identified through “spot® marks or pins. It is usually updated
on a regular (daily, weekly, or bimonthly) basis for the entire year or
analysis period. The cluster of "dots" shows the concentration of accident
locations throughout the city. Simple manual plotting of accidents may be
desirable for small cities with few high-accident locations. Accidents can
usually be placed fairly accurately. However, this method may become quite
involved and time consuming for larger cities with thousands of accidents

each year.

Spot maps are generally kept for one calendar year. At the end of the
year, the map is photographed, and a new map is started. Special spot maps
can alsc be kept for specific accident classes, such as pedestrian acci-
dents, single vehicle accidents, drinking driver accidents, etc.

Computerized spot maps have been successfully used by some agencies to
permit quicker and more efficient cutput, with added flexibility. One such
computerized method was developed t

LU v el L9

o plot accidents on an entire street
network for any size city. The scale of computerized spot maps is user
specified and may be generated in a wide-range of sizes. The entire city
may be plotted or specific areas or corridors could be "windowed" for plot-
ting.” For more detail, wall-sized enlargements of the plots can be easily
obtained, as illustrated in a portion of the plot shown in Figure 12.
Color coding by accident severities (or other accident characteristics) is
also possible for any computerized spot maps.

The computerized spot map relies on the initial coding of intersection
nodes by coordinate, which allows for plotting of the street network.
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Accidents are then plotted at the appropriate locations. For intersections
with numerous accidents, a spiral pattern of dots, circles, or other char-
acters may be used to plot accidents. The locations with the greatest
number of accidents will have the largest near-circular patterns and will
be easily identified.

PROCEDURE APPLICABILITY

Spot maps are applicable under the following conditions:

® For relatively small highway systems {less than about 2,500 miles)
and/or small accident numbers (less than about 5,000 per year)} to
provide an updated visual display of all traffic accidents. {Efforts
should be made to maintain compatibility of accident files between
local agencies and the State agency).

¢ For agencies wanting to supplement their primary systemwide accident
summaries and/or visually illustrate accidents of a severe nature
(fatal and/or injury accidents only) or special accident types (run-
off-road, wet-weather, etc.).

RESOURCE REQUIREMENTS

@ Manpower - Technicians or other personnel to update the spot map(s)
routinely (daily).

® Funding - Little or none

® Equipment - None required, but computerized spot maps may be
produced using computer plotting capabilities,

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

® Provides a visual overview of accidents on the highway system by
lecation

@ Is easy to develop and maintain

® Requires a minimal amount of manpower and funds

Disadvantages

® Does not allow for easy systemwide summaries
® Can be very cumbersome for large numbers of accidents
® Is not generally a permanent data source
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SUBPRCCESS 2
COLLECT AND MAINTAIN-
ACCIDENT DATA

| PROCEDURE 1 1

[ PROCIDURE 2 ]

PROCEDURE 3 - SYSTEMWIDE
COMPUTERIZATION OF ACCIDENT DATA

PROCEDURE 3 - SYSTEMWIDE COMPUTERIZ

LR v VL LY S

DESCRIPTION

A computerized system involves the coding of useful data items for
each accident into a permanent computer file for subsequent analysis
purposes. Accident data should be easily retrievable by location for use
in identifying high-accident spots, intersections, and sections.
Computerized accident storage also allows for the quick computation of
rates, severity indices, and other such statistics for each location for
subsequent priority rankings and further analysis.

Computerized accident storage systems also allow for quick systemwide
accident summaries. After accident data are obtained by an agency for a

specified time period, accident summaries may be computed to determine the

general accident problems for the city, county, or statewide area. Such
tables might include summaries by major categories such as:

@ Type of area (urban, rural, suburban, etc.)

@ Functional ctlassification (state primary, state secondary, county
road, local street, etc.)

e Highway type (two-lane, four-lane divided, freeway, etc.)

® Jurisdiction (city, county, etc.)

For specific categories as given above, further summaries of accidents may
include such details as:

® Accident severity {number of injury, fatal, and property damage
accidents)

Number of people injured (by degree of injury)

Temporal summaries (time of day, day of week, month, etc.)

Weather conditions (rain, sunny, snow, etc.)

Environmental conditions (dark, dusk, light, wet pavement, dry, icy,
construction-related, etc.)
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@ Driver characteristics (age, sex, residence, etc.)

An example of a citywide computer accident summary table (by accident type
and severity) is given in Table 3. In this example, all accidents in the
city (one year only) were summarized by day of the week using the SPSS
{Statistical Package for the Social Sciences) program battery. For each of
the seven days, the absolute frequency is given along with the percentage
and cumulative percentage.

Such systemwide accident summaries can be used for comparison with
site specific accident summaries. For state highway agencies and large
cities, systemwide computerization is strongly recommended for the handiing
of accident records., Numerous computer software packages have been devel-
oped for use in obtaining systemwide accident summaries. Such computer
program packages include DART, RAPID, and others [3,4]. Other general sta-
tistical packages are ava11ah%p and widely used as well for accident analy-
ses. F1gure 13 provides a summary of the available package [5].

PROCEDURE APPLICABILITY

L
—
-
or
—

L]

Cuand monng o ~ mmemraab AT o 3 3
Systemwide computerization of accident data is
f0110w1ng

%
£

fal})
e
<

@ Virtually any size of highway system, except for very small sysiems
{less than about 100 miles) where computer purchase or rental is not
practical

©® Highway systems with more than about 1,000 reported accidents per
year. For example, an agency with only 100 reported accidents per
year could handle them easily without a computer,

@ Highway agencies which plan to produce perfodic systemwide accident

summar1es and/or per10dwc updates of high- arc1dent focations

RESQOURCE REQUIREMENTS

® Manpower - Knowledgeable computer programmer{s) and keypunchers
available for coding of accident information

@ Funding - Funds available for computer rental and operation {range
of about $2,000 to $10,000 per month, depending on the size of the
accident data base}

@ Equipment - Computer facilities

PROCEDURE ADVANTAGES AND DISADVANTAGES

@ Allows for quick and easy systemwide accident summaries for any
need
@ Requires a re]ativeiy small amount of manpower (compared to manual
methods) for a large accident data base.
Disadvantages

@ Requires computer facilities
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Table 3. SPSS summary and histogram by day of week

VAROO4 DAY OF THE WEEK

ABSOLUTE FREQ FREQ FREQ
CATEGORY LABEL ) CODE FREG {PCT) (PCT} {(PCT)
SUNDAY T T 1. 1 2.4 2.4 2.4
LMONBAY e 2. 4 8:5 .. 9.5 11.9
TUESDAY 3 5 11.9 11.9 23.8
"WEDNESDAY T g § 3174 2774 4873
CTHURSDAY e eeteseesroseen S LA 187 18T 1.8
FRIDAY [ 7 16.7 16.7 78.6
“ERFURGAY 7o g 21,4 214 100.9
et b eassess e TOTAL A2 100.0 .. 100.0.
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(1) Biomedical Programs (BMD & BMDP)
Health Sciences Computing Facility

CHS Bidg. AV-111

University of California

Los Angeles, California 90024

(2) Box-Jenkins Univariate, Bivariate Time Series
Program (Batch Version)

David Park

Ohio State University

Columbus, Ohio 43210

(3) Box-Jenkins Univariate, Bivariate Time Series
Programs

(Interactive Version)

National CSS, Inc.

300 Westport Avenue

Norwalk, Cennecticut 06851

{4) Data Text

Rand Corporation

1700 Main Street

Santa Monica, California 90406

(5) Internationial Mathematical and Statistical

Librarian (IMSL) Package
IMSL, Inc.

Sixth Floor, GNB Bldg.
7500 Bellaire Boulevard
Houston, Texas 77036

(6) Osiris IH

Institute of Social Research
University of Michigan

Ann Arbor, Michigan 48105

(7) P-Stat

Princeton University Computing Center
Princeton University

Princeton, New Jersey 68540

(8) Table Producing Language (TPIL)
Bureau of Labor Statistics

441 G Street, N.W. - Room 2518
Washington, D.C., 20212

(9) Statistical Analysis System
SAS Project

Institute of Statistics

North Carolina State University
P.O. Box 5457

Raleigh, North Carolina 27607

{10) Statistical Package for the Social Sciences
{SPSS)

National Opinion Research

University of Chicago

6030 South Ellis Avenue

Chicago, Illinois 60637

Figure 13. Statistical Analyses Programs Available

Source: The Evaluation of Highway Traffic Safety Programs,

UsSDoT, 1977,
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The purpose of this subprocess is to routinely collect and maintain
all types of systemwide traffic-related data needed for use in the
jdentification of hazardous highway locations.

DESCRIPTION

The routine collection and maintenance of traffic data on a system-
wide basis should include any traffic data considered necessary for use in
identifying hazardous locations. The types of data needed from this sub-
process as input into Process 2 ("Identify Hazardous Locations and Ele-
ments”) is basically traffic volume (AADT and traffic mix) information.
Such “information 1is needed to compute accident rates for use in rate
related identification methods. For use in other more complex methods
(Hazard Index method for example), such traffic data as vehicle speeds,
erratic maneuvers, and traffic conflict data may also be needed. The
collection of train traffic data is also important in identifying hazard-
ous rail/highway grade crossings.

The traffic data from this subprocess should be used to establish
systemwide averages. Traffic volume data can be used to compute average
accident rates for specific highway types. Such information is often ksed

for setting criteria to identify high-accident locations. For examp]e
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average accident rate for particular highway types. After hazardous
locations are identified in Process 2 ({"Identify Hazardous Locations and
Flements"), it may be desirable to collect additional traffic data for the
Engineering Studies of Process 3 ("Collect and Analyze Data").

-

The procedures defined under this subprocess include:

Procedure 1 - Systemwide Manual Collection of Traffic Data
Procedure 2 - Use of Mechanical Volume Counters

Procedure 3 - Permanent Count Stations

Procedure 4 - Maintenance of Traffic Data on Maps or in Files
Procedure 5 - Systemwide Computerization of Traffic Data

RANGE OF COMPLEXITY AMONG PROCEDURES

This subprocess involves two types of activities related to traffic
data:

@ Field Data Collection
e Data Storage, Maintenance and Retrieval

The first three procedures center on data collection. Systemwide
Manual Collection of Traffic Data (Procedure 1) and Use of Mechanical
Volume Counters (Procedure 2) are relatively simple to conduct. More
detailed information is normally collected at Permanent Count Stations
(Procedure 3) often these data are used for systemwide traffic projections
-- e.g., determining seasonal factors for computing ADT data, detailed
vehicle classification counts, lane distribution counts, vehicle volumes
by time of day, etc.

The other two procedures refer to the storage, maintenance and
retrieval of traffic data. The Maintenance of Traffic Data on maps or 1in
files (Procedure 4) is the simplest method; Systemwide Computerization of
Traffic Data (Procedure 5) is generally more compléx, although it can
provide an excellent means for managing large quantities of traffic data.

MANAGERIAL CONCERNS

® Is manpower being wasted needlessly on the manual collection and/or
storage of traffic-related data?

o Is the traffic data of sufficient accuracy for use in identifying
hazardous locations?

e Is traffic data being collected at enough {or too many) locations?

® Are the proper types of traffic data being collected routinely?
e Can existing computer facilities be utilized to store and retrieve
traffic data?

SUBPROCESS INPUTS AND OUTPUTS

Management Input

@ An understanding of traffic data needs for use in identifying
hazardous locations
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. Resource and Equipment Input

e Funding
e Mechanical data collection equipment
e Trained personnel for data coliection

Data or Information Input

e A defined highway location system {From Subprocess 1 - "Define
the Highway Location Reference System")

oy g R Ponpp—— |

e A listing of traffic data needs

Qutput

e A file of systemwide traffic data needed for use in identifying
hazardous locations

SUBPROCESS 3
COLLECT AND MAINTAIN
TRAFFIC DATA

PROCEDURE 1 - SYSTEMWIDE MANUAL

COLLECTION OF TRAFFIC DATA

L PROCEDURE 2

] PROCEDURE 3

{  PROCEDURE 4

]
]
|
{ PROCEDURE 5 |

PROCEDURE 1 - SYSTEMWIDE MANUAL COLLECTION OF TRAFFIC DATA

DESCRIPTION

This procedure includes the use of technicians or other trained
personnel for collection of traffic-related data at preselected highway
locations. Manual data collection on a systemwide basis can be very
expensive if a large number of sites are chosen. Traffic volume data are
often taken routinely on certain highway sections for use in many highway
agency functions (planning, environmental studies, etc.). Routine traffic
speed data may also be needed for use in various studies. Traffic volume
data should be collected manually by small agencies which cannot afford
mechanical traffic counters. Manual volume counts are often more practi-
cal than mechanical counters for short periods of time (twe hours or
less), or for pedestrian counts.
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| PROCEDURE APPLICABILITY

The use of routine manual collection of traffic data is applicable
under the following conditions:

@ Virtually any size of highway system, except that the gquantity of
data becomes unmanageable for large systems

¢ When mechanical volume counters are not available

@ When an agency has a supply of available manpower for such data
collection

@ When more detailed traffic mix and/or traffic volume data are re-
quired than can be obtained from mechanical counters

nren (5 ¥ ad ud N AIlTNRTTAACR
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@ Manpower - Personnel trained in the collection of traffic data
(particularly volume data, turning movements, and speed data)

® Funding - Funds to purchase radar equipment, counting boards, and
travel costs for data collectors

® Equipment - Radar equipment, counting boards, etc.

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

® Does not require the purchase or maintenance of mechanical volume

_‘counters

@ Does not require the costs of establishing a permanent count sta-
tion

® Provides flexibility in data collection, since data collectors can
be sent to specific sites and can modify the types of data collect-
ed to conform to existing needs and resources

® Allows for the collection of data which are impractical using
mechanical methods such as:

- pedestrian volume data

Al ~aTa Aa s
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- vehicle classification data

Disadvantages

® May require considerablie manpower, depending on number of sites and
types of data collected ) )
@ Not practical for long-term collection of data at a site
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PROCEDURE 2 - USE OF MECHANICAL VOLUME COUNTERS

DESCRIPTION

[P T El
i

The use of mechanical volume counters is often preferred over manual
data collection technigues when data are te be collected over long periods
of time. This is because mechanical volume counters:

e Have a relatively low cost per hour of counting
o Can provide counts for an extended period of time
e Are reliable, when maintained properly

The most commonly used mechanical counters are:

e Battery-operated, with rubber-tube or other detectors
o Magnetic loop detectors

Because of their f1ex1b111ty, the battery operated counters are more wide-

1y used. Mechanical technigues are also availabie to obtain other traffic
operational information, such as vehicle delay and speed.

PROCEDURE REQUIREMENTS

e Manpower - Personnel knowledgeable in the installation and mainte-
nance of mechanical volume counters
s Funding - Funds {$1000 - $1500 per unit) for the purchase and main-

tenance of mechanical volume counters
annmpnf - Mechanical volume counters
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PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

® Takes the place of one or more data collectors and are economical
to use
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® Al IUWS TOr daavd COii1eCLion over exienaed L1
adverse weather conditions

& Some types of counters are portable and can be moved easily

D“i_s_al_c[y_antage_s

@ Initial purchase costs

® Do not provide some types of data which may be desired, such as
pedestrian volumes

SUBPROCESS 2
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PROCECURE 3 - PERMANENT COUNT STATIONS

DESCRIPTION

Permanent count stations generally refer to the long-term monitoring
of traffic data at specific locations of interest either by manual or

mechanical surveys (or both). Permanent count stations are often
established for monitoring of ftraffic volume data and vehicle speeds over
several years. Continuous volume data from these stations can be used to

determine volume fluctuations by time of day, day of week, month, etc.
Then adjustment factors can be developed for computing Average Annual
Daily Traffic (AADT) values at other locations where only short-term
volume data are available. Traffic data may also be obtained where
permanent traffic detectors are installed for computerized traffic signal
systems.

In addition to traffic volume by time, detailed information on the
following items may be available:
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® Volumes by specific vehicle classifications
® Lane distribution data
@ Speeds of various vehicle types

PROCEDURE APPLICABILITY

The use of permanent count stations is applicable under the following
conditions:

® For states or other large highway agencies (over about 500 miles)
wishing to obtain long-term traffic data at a limited number of
sites for use in making projections of traffic data at other sites

® Agencies desiring detailed systemwide traffic data for general or
unspecified uses

RESQURCE REQUIREMENTS

® Manpower - Personnel to establish and maintain long-term count
stations

® Ffunding - Funds to purchase and maintain all necessary equipment

@ Etquipment - Mechanical volume counters, radar meters, and other
data collection equipment appropriate for the desired type of
traffic data

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

® Can provide detailed traffic-related data at a few desired sites
® Important in developing adjustment factors and trends for sites
with limited available traffic data

Disadvantages

® Relatively expensive, compared to other methods
® Can only be applied at a limited number of sites
@ Not portable
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PROCEDURE 4 - MAINTENANCE OF TRAFFIC DATA ON MAPS OR IN FILES

DESCRIPTION

After traffic data are collected, efficient storage and maintenance
of such data is very important. In the absence of computer capabilities,
the systematic filing of information will make the data more readily ac-
cessible. For small highway agencies, volume data can be written directly
on highway maps or filed by location. The use of color-coded ADT maps is
a common practice by many state highway agencies.

PROCEDURE APPLICABILITY

This procedure is generally applicable for:

® Any type or size of highway system
® A highway agency which does not have access to computer facilities

® A highway agency which does not plan to compute systemwide traffic
volume summaries '

RESOURCE REQUIREMENTS

® Manpower - Office personnel to routinely update traffic data files
or maps

® Funding - Funds for purchasing appropriate maps of the highway
system, files, printing ADT maps, etc.

@ Equipment - Drafting equipment and filing facilities
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PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages .

e Does not require computer facilities .
@ Can be inexpensive and easy to use for small highway systems

Disadvantages

ummaries
ay systems
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PROCEDURE 5 - COMPUTER STORAGE AND RETRIEVAL OF TRAFEFIC DATA

DESCRIPTION

Computerized storage and retrieval of traffic data (particuiarly
volume data) is desirable for state and local agencies with a large amount
of such data to maintain. Computerized traffic data systems allow for
quick computations for such purposes as calculating accident rates for
targe numbers of locations. To compute systemwide travel or average ADT's
on particular highway types, a computerized data file is highly
desirable.

PROCEDURE APPLICABILITY

Computer storage and retrieval of traffic data is preferred under the
following conditions:
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e Highway systems larger than about 100 miles, where considerable
traffic volume data are available

e For agencies which plan to compute systemwide summaries of traffic
data by highway type, etc., for integration with accident records

® Agencies which have access to computer facilities

RESQOURCE REQUIREMENTS

@ Manpower - Office personnel for keypunching, and one or more
computer programmers

e Funding - Funds for computer rental and operation (range of $2000
to $10,000 per month, depending on required capabiiities)

e Equipment - Access to computer facilities

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

e Allows for efficient development of systemwide traffic summaries,
with a minimum of manpower

@ Can allow for easy merging with computerized accident information
for computing accident rates

Disadvantages

e Requires computer facilities, which may not be avajlable to some
agencies
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The purpose of this subprocess is to provide a method for the
collection, storage, and maintenance of highway-related information for
use in identifying hazardous locations.

DESCRIPTION
The collection and maintenance of highway-related data is fmportant
for several specific purposes, including:

e Hazardous highway features data is needed as an 1input into
Procedure 7 {"Hazardous Roadway Features Inventory") under Process
2 {"ldentify Hazardous Locations and Flements").

In some cases, hazardous features can be identified by location
or section, such as: :

- Blunt end quardrail terminals
SEﬁpper{ pavement sections
Narrow lanes or shoulders
Non-breakaway sign supports
Rigid light pole supports
Other fixed objects within the clear zone
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-~ Inadequate vertical or horizontal curves
- Poor sight distance
- Non-uniform or inadequate traffic control devices

e Other useful systemwide highway data may provide information needed
in hazard rating formulas. For example, the inputs for the Hazard
Index methed include such factors as sight distance, volume-to-
capacity ratio, driver expectancy rating, and a rating of informa-
tion system deficiencies,

® Highway classification information is needed in order to properly
classify the highway system into similar groupings for use in the
Rate-Quality Control Method (Procedure 4) or other procedures under
Process 2 ("Identify Hazardous Locations and Elements"). Highway
information required for such classifications may include:

- Number of lanes (2,3,4, greater than 4, etc.)

Divided or undivided

Access control (full, partial, none)

Type of area (urban, rural, suburban, etc.)

Functional classification {Urban or Rural; Major Arteriatl,
Minor Arterial, Collector, or Local).

1

Thus, when identifying hazardous locations, specific accident cri-
teria can be established separately for each location type. For
example, the accident criteria {(in terms of accident rates, num-
bers, severity, etc.) for rural intersections should be different
than the criteria for urban intersections.

® Detailed highway-related characteristics data are also very useful
for all sections, intersections, and on bridges within the highway
system. This type of information can be used for several purposes,
including:

- Computation of sufficiency (adequacy) ratings for long-range
planning of improvements

- Consideration of combinations of features which may cause
safety problems. For example, a sharp horizontal curve with
narrow shoulders and numerous roadside obstacles on a rural
road may be a good candidate for further investigation for
possible improvement..

The procedures currently in use for the collection and maintenance of
systemwide highway data include:

Procedure 1
Procedure 2
Procedure 3
Procedure 4

Systemwide Manual Collection of Highway Data
Photologging and Videologging

Maintenance of Highway Data on Maps or in Files
Systemwide Computerization of Highway Data
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RANGE OF COMPLEXITY AMONG PROCEDURES

The first two procedures invelve the collection of highway data and
the Tlast two procedures involve the maintenance, storage, and retrieval of
that data. Thus, an agency which collects systemwide highway data would
need to utilize at least two of the four procedures. The four procedures
can all be relatively simple, depending on the nature of the highway data
collected., However, the computerized storage and retrieval cof highway
data (Procedure 4) requires one or more trained programmers. Photologging
and videologging may be done by the agency or by a qualified consulting
firm.

MANAGERIAL CONCERNS

a an tho ovictinng 1rnhwav Aata ha rammnitavrdizad Fn Ammvavuna Fha neanao
Y Re 1] LITL. AP NIy T FYEiv Gy MULO MO LUIHHPU LT LT L7 BT UV LI Wodude
of the data?

® Are highway data being collected for the most important data varia-

bles?

© Are resources available for the collection of more detailed highway
information?

e Is basic highway classification information available for the total
highway system?

® Are the data of sufficient accuracy?

e Would the use of photologging or videologging provide useful infor-
mation which is not currently available?

#® Can highway information be merged with traffic and/or accident in-
formation to form one comprehensive highway data base?

Management Input

e An understanding of highway data needs for use in identifying
hazardous locations

Resource and Eguipment Input

e Maps or files for data storage

® Appropriately trained personnel for data collection
e Funding

Data or Informational Input

e A defined highway location system (From Process 1, Subprocess 1 -
"Define the Highway Location Reference System")
e A listing of highway data needs

Output

e A file of systemwide highway data needed for use in identifying
hazardous Tocations
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PROCEDURE 1 - SYSTEMWIDE MANUAL COLLECTION OF HIGHWAY DATA

DESCRIPTION

The manual collection of data on a systemwide basis is desirable
for agencies with sufficient manpower to perform such field inventories.
The manpower requirement is a direct function of the highway mileage in
the system Each agency must determine what h1ghway data elements are
needed to properly conduct their mguway improvement program at the appro-
priate level. Virtually every state highway agency currently collects
various highway-related data for use in planning future highway construc-
tion projects, using some adequacy rating scheme. Such a program is
usually the responsibility of a state's planning division, but necessary
highway data can often be made available for use in highway safety pro-
gram.

PROCEDURE APPLICABILITY

The systemwide manual collection of highway data is generally appli-
cable under the following conditions:

® Virtua]]y any size of highway agency, if sufficient manpower are
dVd.I IclUlE IGT‘ SULH Udﬁ.d (UI IELLIUH

@ Where an agency does not need photographic information

@ Where an agency plans to use only a limited number of highway vari-

ables in its highway safety improvement program

RESOURCE REQUIREMENTS

@ Manpower - Field crews for manual data collection
& Funding - Training costs and travel expenses for data collectors.
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If manpower are not availablie for such data collection, funds for
hiring a Consultant (to collect data) are needed.
e Equipment - Little or none in most cases. However, collection of
certain highway-related data variables (skid resistance, for
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PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages
e For most data variables, requires little or no data collection

equipment
e When manpower are available, information of

lected

interest can be col-

Disadvantages

Y Redyires considerable money and manpower for exftensive data collec-
tion programs
o Does not provide a photographic record of the highway system

SUBPROCESS 4
COLLECT AND MAINTAIN
HIGHWAY DATA
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PROCEDURE 2 - PHOTOLOGGING AND
VIDEOLOGGING

l PROCEDURE 3 |

[ PROCEDURE 4 1

DESCRIPTION

Photologging is a technigue that involves taking photographs of the
highway and its environment at equal increments of distance from a moving
vehicle. This results in a visual inventory of the highway and roadside.
A camera is normally used that incorporates the use of a dual lens system.
The primary lens provides a view of the highway, and a secondary lens
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enables the addition of information such as cate, route description,
direction, and milepoint across the top or bottom of each picture.

Many different uses have been made of highway photolog information.
For example, a large state agency might use photologs to review high
accident locations, confirm the location of utility crossings, extract
physical measurements for inventories, or perhaps document the location of
roadside obstacles. A small city agency might be interested in a
computerized inventory system that would r'pmnrp film documentation of the

number and condition of traffic control dev1ces Photoiog data may also
be useful by a highway agency in litigation cases.

Videologging tapes can be substituted for photologging film, but its
suitability depends on the required uses. High quality video equipment is
more expensive than comparable photographic equipment. Also, video tape
pictures are not as sharp as photologs, and do not present as stable an
image when displayed in the "still" mode on the video monitor. However,
video tape can be reused, does not require processing, and sound can be
1ncorporated on the tape at the time of recording.

PROCEDURE APPLICABILITY

The use of photologging and/or videologging for collecting highway
data is applicable under the following conditions:

@ Virtually any size of highway system (except the equipment invest-
ment may not be justified for systems of less than 100 mTles)

® Agencies desiring a comprehensive photographic record of roadway
information for office viewing and/or developing a computerized

roadway inventory

RESOURCE REQUIREMENTS

@ Manpower - Personnel trained in highway photologging and/or video-

Togging
@ Funding - Costs for hiring a consultant to photolog or videolog the
h'lghwa‘y c:ustem and degeln{; the 1nunn+nr‘y f11p or funds to purchase

uuuuuuuuuu
the van, camera, film, develop film, etc.

@ Equipment - Photologging or video]ogging equipment (cameras, van,
etc,

Advantages

® Provides a film record of the highway system for office viewing

® Provides capabilities for development of a computerized highway
inventory system
& Useful in litigation cases
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Disadvantages

o Can be relatively expensive, depending on the number of data items
to be - inventoried, although the filming alone 1is relatively
inexpensive

SUBPROCESS 4
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PROCEDURE 3 - MAINTENANCE OF
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PROCEDURE 3 - MAINTENANCE OF HIGHWAY DATA ON MAPS OR IN FILES

DESCRIPTION

The processing and storage of the highway data can be adequately
handled in most cases with the use of simple data files or special highway
maps. Color-coding of highways is one effective way of presenting some
types of highway data on maps. Systemwide summaries of highway data can
be quite difficult when all data are located on maps or in files, however.
In such cases, the summaries must be developed manually each time changes
are made in the highway system. This can be expensive and may require
extensive manpower. For agencies with larger data requirements, the use
of computerized data files may be more efficient.

PROCEDURE APPLICABILITY

The use of maps or files for maintenance of highway data is
applicable under the following conditions:

e Highway systems with Tess than about 2500 miles, since large
gquantities of highway data can generally be handled more efficient-
ly by using a computer

e Highway agencies with no plans to produce routine systemwide
summaries of highway data

e Agencies with a need fo simply maintain an organized record or file

of highway information
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RESOURCE REQUIREMENTS

e Manpower - Office clerks or technicians for maintaining data on
maps or in files

® Funding - Funds to purchase maps, files, etc.

@ Equipment - Little or none

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

® Requires no computer facilities

® Can be handled by technicians or file personnel
® Inexpensive for small quantities of data

Disadvantages

® Does not allow for systemwide highway data summaries

SUBPROCESS 4
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PROCEDURE 4 - SYSTEMWIDE COMPUTERIZATION OF HIGHWAY DATA
DESCRIPTION

Computerization of highway information is warranted when it is
necessary to process a large amount of data. For state, large city, or
county agencies, highway data on capacity, sight distance, lane width,
etc., may be handled more efficiently in this manner. A number of ade-
quacy rating programs utilize computerized storage and retrieval of high-

way data. Some agencies have developed computerized files which integrate
highway, traffic, and accident records.

PROCEDURE APPLICABILITY

The computerized storage and retrieval of highway data is applicable
under the following conditions:
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® Agency has access to computer facilities

@ Agency has a desire to utilize highway data for systemwide
summaries of geometric and/or deficient highway features for
Procedure 7 ("Hazardous Roadway Features Inventory"} of Process 2
("Identify Hazardous Locations and Elements")

RESOURCE REQUIREMENTS

@ Manpower - Computer programmers

e Funding - Funds for computer rental and operation (approximately
$2000 to $10,000 per month, depending on required capabilities)

e Equipment - Access to computer facilities

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

e Permits systemwide summaries of highway information (such as num-
bers of miles of each highway type)
e Permits summaries of deficient highway features

Disadvantages

e Requires computer facilities and programmers
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PURPOSE

The purpose of this process is to identify hazardous spots, sections,
and elements based on the accident, traffic and highway data obtained from
Process 1 ("Collect and Maintain Data").
DESCRIPTION

This process includes the following procedures:

Procedure 1 - Frequency Method

Procedure 2 - Accident Rate Method

Procedure 3 - Fregquency Rate Method

Procedure 4 - Rate Quality Control Method

Procedure 5 - Accident Severity Methods

Procedure 6 - Hazard Index Method

Procedure 7 - Hazardous Roadway Features Inventory Methods

Hazardous highway locations may or may not be high-accident loca-
tions.  M™Many locations with narrow bridges, slick pavements, numerous
rigid roadside obstacles, etc., have a high accident potential but may not
yet have a history of high-accident occurrence. Therefore, it is import-
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ant for a highway agency to also consider the identification of Tlocations
with a potential for high-accident numbers or severity.

Of the seven procedures listed above, the first five involve the use
of accident data for ijdentifying high-accident locations. The Hazardous
Roadway Features Inventory primarily involves the use of physical roadway
information (i.e., non-accident data) for identifying potentially hazard-
ous locations, and the Hazard Index method may involve the use of both
accident data and physical roadway information.

Time Considerations

A period of time must be established for the analysis period. Cur-
rent practice includes a wide range of time periods. The following should
be considered when selecting the appropriate time period [1]:

e The time period should be as short as possible to identify loca-
tions where sudden changes in accident patterns have occurred.

o The time period should be Tlong enough to assure reliability in
identifying hazardous locations., It has been shown that reliabili-
ty increases with longer time periods, up to about 3 or 4 years.

e Multiples of one year are preferred to avoid seasonal influences on
accident patterns.

The first two items are contradictory and care should be taken to try
to account for both. Dual analysis using different time intervals may be
used, with one shorter period to "insure responsiveness to sudden changes
in accident patterns,” and one longer period to "insure maximum reliabili-
ty" [1]. If a single time period is used, three years of data have been
found to be desirable [2].

Segment Length Considerations

Segment Tengths must also be specified prior to the identification
process. Each segment length may be defined as:

e Spot (short roadway length)
e Section (long roadway length)

Whether the segment is a spot or a section, it should have consistent
characteristics of [3]:

e Geometrics
e Traffic volumes
e Condition

Several items need to be considered to determine the appropriate spot
(short roadway) length. The appropriate spot length should [1]:

e Be no smaller than the minimum distance increment for reporting
accident locations. For example, if accidents are reported toc the
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nearest 0.1 mile, the minimum spot length can be no less than 0.1
mile.

e Accommodate errors that occur in reporting accident locations due
to the locations of reference markers. Accidents should be located
accurately to the nearest 0.1 mile (or batter) whenever possible.

e Be capable of accounting for the area of influence of the roadway
hazard, since the hazard may contribute to accidents occurring over
a range of several hundred yards.

e Attempt to maximize reljability of identifying hazardous locations.
It has been shown that reliability increases as spot length in-
creases, although too large a spot Tength may create difficulty in
jdentifying the specific hazard.

Spots may be considered as either fixed or floating locations. tor
example, if the spot length is taken as 0.3 mile, one spot would be iden-
tified as the interval along a route from 9.0 to 9.3 miles from the refer-
ence point. The next spot would then be located from 9.3 to 9.6 miles,
and so on. Hazards located near the boundaries of these fixed spots may
create locational problems, with some related accidents being assigned to
one spot and some assigned to another spot. This problem can be alleviat-
ed by the use of floating locations instead of fixed locations. Spots
would then be defined as 0.3 mile segments beginning at points 9.0, 9.1,
and 9.2 miles from the reference point.

Section (long roadway) lengths vary widely in current practice, al-
though a section length of one mile appears to be an accepted minimum. It
is recommended that the sections [1]:

e Have a constant section length to avoid complications in the inter-
pretation of accident data which may arise from the use of a varia-
ble length

e Be allowed to "float" to minimize the incompatibilities between
section designation and the physical features of the roadway

For some agencies, the section length is defined as within the range of
two to five miles.

Early Warning Techniques

As a supplement to the identification process, short-term analyses
may be conducted to aid in identifying locations which might require fur-
ther investigation. Early warning analysis should be conducted routinely
to identify locations which have a sudden increase in accidents or acci-

dent potential. Sudden increases in accident potential may be noticed by
observing a rash of skid marks, erratic maneuvers, dents in guardrail, or

other such indicators at a location [4].

RANGE OF COMPLEXITY AMONG PROCEDURES

The seven procedures vary widely in complexity. The Number Method is
the simplest to use and requires the least amount of data (only accident
numbers by location}. The most complex method is the Hazard Index Method,
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which requires numerous data items and
cost to examine a large number of highw

MANAGERIAL CONCERNS

may involve extensive manpower and
ay locations.

What it
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at p a accigents are being reported?
re th ports complete and accurate?
What additional information, if any, 1is needed?
Are some hazardous locations being overlooked?
What section (or spot) length is most appropriate?
What analysis time period is most appropriate?
What costs are going to be incurred?

What is the avaiiability of data and manpower?
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and capabilities of the agency?
Is the procedure ap
being applied?

L

PROCESS INPUTS AND QUTPUTS

Management Input

Is the complexity of the procedure appropriate for the size,

type,

propriate for the highway type to which it is

¢ An understanding of the appropriate identification procedure for
the agency size, manpower, data availability, available funding,

and other constraints
e Goals of the agency in terms of

types of locations and elements to

be included in the identification process

Resource and Equipment Input

e Manpower

e Computer Facilities (Optional)

e Funding
Data Input

Procedure
Rate Haz.
Acc. | Freq. | Qual.l Acc. | Haz. | Road.
Freq.} Rate | Rate | Con. | Sev. |Index| Feat

Accident Summaries X X X X X X
Traffic Volume Data X X X X
Accident Severity X Y
Avg. Accident Experience X X X X X X
Statistical Constants X
Uther [ocational Data X
Roadway Features X
Output

e A listing of hazardous locations and elements for futher analysis
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PROCEDURE 1 - FREQUENCY METHOD

DESCRIPTION

The Frequency Method is used to identify and rank locations on the
basis of the number of accidents. The location with the highest number of
accidents will rank first, then the location with the second highest num-
ber of accidents, and so on. This method is the easiest to apply and does
not require the use of traffic volume data. Many agencies use the fre-
quency method to select an initial group of high accident locations for
further analysis. Theh some other method is often applied to rank the
locations in order of priority.

A critical value must be established for location selection (such as
9 or more accidents per year). If the number cf accidents at a location

equals or exceeds the critical value, the Tlocation is designated as a

high-accident site. The critical value should be set such that the number
of locations identified can reasonably be studied by the agency.

PROCEDURE APPLICABILITY

This procedure is generaily applicable for agencies with:

e Highway systems of 2500 miles or less (larger systems need more

comprehensive methods)
¢ Systemwide accident data available {as a minimum)
e Technician level personnel (as a minimum)
@ Objective of reducing accident numbers

This procedure is most applicable and efficient for street systems in
small cities and local street systems within larger cities [5]. These
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systems are normally low volume and are not monitored for traffic volumes

on a regular basis.

RESQURCE REQUIREMENTS

¢ Manpower - Requires minimum manpower. Technicians and/or engineers
for listing hazardous Tocations based on accident frequencies

e Funding - Relatively low cost

o Equipment - None (Computer may be used to select hazardous loca-
tions from computerized accident files)

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

e Effective as a tool for providing continuous monitoring of the
accident situation in an area

e Provides a simple, direct method for identifying hazardous loca-
tions

Disadvantages

e No consideration of exposure (i.e., traffic volumes) to the hazard

@ Does not account for accident severity

o Does not give consideration to Tocations with a high potential for
accidents, but with no past accident experience

PROCESS 2
IDENTIFY HAZARDOQUS LOCATIONS AND ELEMENTS

i PROCEDURE 1 ]

PROCEDURE 3

PRCCEDURE 4

PROUCEDURE 5
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]

L

L PROCEDURE &

PROCEDURE 7

PROCEDURE 2 - ACCIDENT RATE METHOD

DESCRIPTION

This method combines the accident frequency with the vehicle expo-
sure, 1i.e., the volume of traffic. The accident frequency is divided by
the exposure factor to provide “accidents per million vehicles" for
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intersections (and other spots) or "accidents per million vehicle- miles
of travel" for highway sections. The locations are then ranked 1in
descending order by accident rate.

he equation for computing accident rate for a spot location is as
1 .

A = Number of accidents for the study period,
T = Period of study (years or fraction of years),
v

= Average Annual Daily Traffic (AADT} during the study period.
For intersections, V equals the sum of the entering volumes on

211 a2
all approach legs.

A spot location is generally defined as a location about 0.3 miles or less
in length,

For roadway sections, length becomes a consideration, and the equa-
tion becomes:

Ree = (A)(1,000,000)/{365)(T)(V)(L)

Where: Rg, = Accident rate of the section in accidents per million ve-
hicle miles of travel,

n mi
PR

L = Length of the section (i
d not

es
than one-haif mile shoul e

CF -

PROCEDURE APPLICABILITY

This procedure is generally applicable for agencies with:

Highway systems of 10,000 miles or less (1arger systems need a more
comprehensive method)

® Technician level personnel (as a minimum)

e Agencies with systemwide traffic accident and volume data available
¢ Objective to reduce accident rates

RESQURCE REQUIREMENTS

@ Manpower - Requires very 1ittle manpower per location. Technicians
and/or engineers for computing accident rates, and listing hazard-
ous locations based on accident rate. A programmer may also be
necessary if computer is used.

e Funding - Higher cost than frequency method due to manpower and/or
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computer time necessary to compute accident rates, but less expen-
sive than most other methods in Process 2.

e Equipment - None required. Computer is optional for comput ing
accident rates.

PROCEDURE ADVANTAGES AND DISADVANTAGES
Advantages

e Combines the use of an exposure factor (traffic volumes) and a
frequency factor
e Remains a relatively simple, direct method

Disadvantages

o May overrepresent hazard at Jlocations with very Jlow traffic
volumes

e Requires additional data (i.e., traffic volumes) compared to the
frequency method

e Does not account for accident severity

e Does not give consideration to locations with a high potential for
accidents, but with no past accident experience

PROCESS 2
IDENTIFY HAZARDOUS LOCATIONS AND ELEMENTS
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METHOD
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PROCEDURE 3 - FREQUENCY RATE METHOD

DESCRIPTION

The Frequency Rate Method s normally applied by first selecting a
Targe sample of high accident locations based on a "number of accidents"
criteria (i.e., the Frequency Method). Then, accident rates are computed
and the locations are priority ranked by accident rate.

A somewhat different procedure was developed to compare the dual
influence of frequency and rate in a matrix pattern [6]. Using this
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procedure, accident frequency is plotted on the horizontal axis and acci-
dent rate on the vertical axis for use in ranking high accident links and

intersections. Each accident location can be categorized by this methed
into matrix cells representing a given level of accident frequency and
accident rate. Each cell includes two-dimensional boundaries. An example
of a frequency-rate matrix is given in Table 4.

Listed in each cell of a freguency-rate matrix is the number of in-
tersections or links with the particular cell characteristics. The upper
right-hand corner denotes the more hazardous locations. As one proceeds
downward and to the left, decreasing levels of hazard are indicated.

This procedure is generaily applicable for agencies with:

e Highway systems of any size

@ Technician level personnel (as a minimum)

@ Systemwide accident and volume data must be available
® Objectives to reduce accident numbers and rates

® Manpower - Technicians and engineers are required for the purpose
of computing rates, and developing the freguency-rate matrix. A
programmer may be necessary if a computer is used (recommended).

® Funding - Manual methods may require considerable funding, depend-
ing on the size of highway system.

® Fquipment - None required. Computer is optional {recommended)

Advantages

® Alleviates the need to calculate rates at every accident location
o Uses both frequencies and rates to assess hazard
® Reduces the exaggerated effect of the accident rate on low volume

roads and the exaggerated effect of high frequencies at high-volume
intersections

Disadvantages

® May require considerable funds and manpower for manual application

® More complex than frequency method or rate method. May require
personnel with experience in highway safety

& Does not account for accident severity

e Does not give consideration to locations with a high potential for
accidents, but with no past accident experience
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Table 4, Freqguency/Rate matrix,

MULTIDIMENSIONAL AcCIDENT DATA ANALYSIS MATRIX
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PROCEDURE 4 -~ RATE QUALITY CONTROL METHOD
DESCRIPTION

This method utilizes a statistical test to determine whether the
accident rate at a particular location is significantly higher than a pre-
determined average rate for locations of similar characteristics. The
statistical tests are based on the commonly accepted assumption that the

occurrence of accidents approximates the Poisson distribution. 1In this
method. the accident rate at a location is compared to a "critical rate",

T UiV e B wa LT Qe LA iGN VT e kb o

which is based on the average systemwide accident rate for the highway
type. The equation for calculating the critical rate is as follows [71:

RC = Ra + K Ra/M + 1/(2M)
Where,

Re = Critical accident rate for a spot (accidents per million vehi-
cles) or section (accidents per million vehicle-miles).

Ry = Average accident rate for all spots of similar characteristics
or on similar road types.

M = Millions of vehicles passing over a spot in the study period, or
million vehicle miles of travel on the section during the study

period.

K = A probability factor determined by the desired level of signifi-
cance for the equation.

The K value is determined by the probability, P, that an accident
rate is sufficiently large that it cannot be reasonably attributed to
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random occurrences. Selected values of K are:

P (Probability) .005 0.00675 0.0b .075 .10
K - value 2.576 1.960 1.645 1.440 1.282

The most commoniy used K values are 2.576 (P = .005) and 1.645 (P = .05).
Two sets of curves were developed for using this method in Kentucky.
A set of critical rate curves is given for rural highways in Kentucky for

each hichway claceification [(?-lane A-Tlana divided ate YV din Fiauvra 14
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Hazardous locations were also identified based ‘upon their critical acci-
dent rates as related to the AADT and city population in Figure 15. For
example, a location with an AADT of 10,000 in city population group 6
( 2500~-5000 population) would be considered hazardous if the accident rate
is 1.5 or higher, as shown in Figure 15. The location would be considered
safe if the accident rate is iess than . 1.5. This example is based on
average accident rates on urban streets in Kentucky and may not represent
highway accident levels in other states.

PROCEDURE APPLICABILITY

This procedure is generally applicable for agencies with:

® Highway systems greater than about 2500 miles (smaller systems need
less complex methods)

¢ Junior level engineers on staff {minimum)

& Systemwide accident rates by highway classification available

@ Objectives to reduce rates and compare locations to syst
average

~ . Arovaa o
vLal iui> LU >y W U

RESOURCE REQUIREMENTS

& Manpower - Requires more manpower than methods described previous-
1y, particularly for wanual application. At Teast one or more
junior engineers are needed for computing actual and critical
rates, and developing listings based on a comparison of actual vs.
critical rate. Programmer may also be required if computer is used
(recommended ).

& funding - Relatively moderate cost, Manual methods may require
considerable funds.

e Equipment - Computer is optional (recommended for large numbers of
Tocations to be processed).

ADVANTAGES AND DISADVANTAGES

Advantages

¢ Reduces the exaggerated effect of the accident rate on low-volume
roads and the exaggerated effect of high freguencies at high-volume
urban intersections

@ Flexible enough to accommodate changing accident patterns

® Allows for statistical reliability in identifying locations
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Figure 14. Rate gquality control curves for rural
roads in Kentucky.
(source: Reference No. 1)
Hazardous

Group 1 (Cities over 200,000 population)
Groups 2 and 3 (Cities of 20,000 - 200,000 pop.)
Groups 4 and 5 (Cities of 5000 - 20,000 pop-)
Group 6 (Cities of 2500 - 5000 pop.)

Non-Hazardous
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Figure 15.

Rate guality control curves for urban
streets in Kentucky.

{Source: reference No. 8)
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Disadvantages

& Relatively complex

@ Manual application is time consuming and expensive

@ Does not take severity of accidents into account

@ Ooes not give consideration to locations with a high potential for
accidents, but with no past accident experience
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PROCEDURE 5 - ACCIDENT SEVERITY
METHOD
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PROCEDURE 5 - ACCIDENT SEVERITY METHOD

DESCRIPTION

Accident Severity Methods are used in various states to identify
and priority-rank high-accident locations. Some states consider only in-
Jury and fatality accidents in identifying hazardous locations. Other
states apply weighting factors to accidents based on their severity and
then compute some form of Severity Index or Severity Number.

by the National Safety
3

@ Fatal Accident - One or more deaths

® A - Type Injury Accident - Bleeding wound, distorted member, or
person carried from scene {incapacitat-
ing)

@ B - Type Injury Accident - Bruises, abrasions, swelling, limping,
(non-incapacitating)

® C - Type Injury Accident - Involving no visible injuries but com-
plaint of pain (probable in

® PDO Accident - Propery damage only accident
One of the many severity methods is called the Equivalent Property

Damage Only (EPDO) Method. The equivalency factors vary by state -- the
formula given below is used in Kentucky [1]:
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EPDO = 9.5{F+A) + 3.5(B+C) + PDO

Where:
F = Number of fatal accidents
A = Number of A-type injury accidenis
B = Number of B-type injury accidents
¢ = Number of C-type injury accidents
PDO = Number of PD0 accidents

To be included in this equation, each accident is classified by the
most severe injury which occurred, and an accident is counted only once in
the equation. Locations are then ranked based on their computed EPDO
number.

Another severity method involves the determination of an average
Relative Severity Index (RSI) for each location [9]. RSI values for vari-

ous accident types (Table 5) are dependent on accident type, area Ltype
(urban, rural) and accident cost by severity, i.e.,

The following steps should be used to determine average RSI values
for each individual location:

1. Classify each accident at the location under one of the categor-
jes listed in Table 5.

2. Multiply the total accidents under each category {type of acci-
dent) by its corresponding cost {unit RSI value) to determine the
total RSI values for each accident type occurring at the loca-
tion.

3. The total RSI value for the location is obtained by summing the
total RSI values for each accident type at the Tocation.

4. The average RSI value is determined by dividing the total RSI
value for the location by the total number of accidents at the
location.

6. Repeat steps 1 through 4 for each location.

6. Rank the hazardous locations by average RSI value.

As an example, suppose location A is an urban intersection where
there were five opposing left-turn, three right-angle, and two rear-end
accidents. Location B is a rural intersection with three right-angle and

two run-off-the-road accidents. The total RSI value for Location A would
be:

5(4,400) + 3(4,300) + 2(3,800) = $42,500
Similarly for Location B, the total RSI value 1is:

3(14,400) + 2(12,300) = $67,800
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Table 5. Sample relative severity index values.

Type of Accident RS1 Iype of Accident #S1
Multi-Vehicle, At Intersection Urban Rural Single Vehicle, Non-Intersection Urban Rural
Entering at angle $4,300  $14,400 Collision with train $26,700  $39,100
From same direction -- both going straight 2,800 5,100 Collisfon with bicycle 13,100 31,900
From same direction -- one turn, one : Injury in vehicle, jacknifed 5,200 2,000
straight ’ 2,500 5,100 Collision with fixed dbject in road 6,300 9,200
From same direction -- one stopped 3,800 5,200 Overturned in road 10,000 9,400
From same direction -- all others 2,000 6,300 Left road at curve 7.600 12,400
from opposite direction -- both going teft road on straight road 5,200 10,500
straight 4,000 20,000 |
From opposite direction -- one Teft turn, Other One Motor. Vghic‘le, At Intersection
one straight ’ 4,400 15,400 and Non-Tntersection
From opposite direction -- all others 2,700 3,800 -, )
Not stated 3,800 5,200 Fell from moving vehicle $15,000 $57,200
. : Collision with animal 4,800 1,800
Multi-Vehicle, Non-Intersection Collisjon with other. object 4,700 4,400
A1l others 5,200 2.000
Going opposite direction -- both moving % 4,400 $19,600 Hot stated 3,200 3,400
Going same direction -- both moving 2,500 8,100 ’
One car parked 1,600 2,400
One car stopped in traffic 4,200 6,800
One car entering parked position 1,900 2,300
One car Teaving parked position - 1,200 2,700
One car entering alley or driveway 3,400 6,000
One car leaving alley or driveway 2.000 4,400
A1l others ' 1,700 7,600
Not stated 3,400 6,000
Motor Vehicle with Pedestrian, At Intersection
and Non-Intersection
Vehicle going straight 420,000 £49,000
Yehicle turning right 13,600 11,200
Yehicle*turning left 17,100 11,200
Vehicle backing 20,600 11,200
A1l others 14,500 11,200
Not stated 11,200 11,200
Single Vehicle, at Intersection
Collision with train $26,700 $39,100
Collision with bicycle 13.100 31.900.
Injury in vehicle, jacknifed 5,200 2,000
Coitision with fixed object in road 5,500 7,000
Overturned in road 9,200 7,500
Left road ' 5,200 12,300

(Source: Reference No. 9)



The corresponding average RSI values become:

42,500
Average RSIp = = $4,250
10
67,800
Average RSIp = =memewew = $13,560
5

Location B would be considered more hazardous than Location A (using the

RSI method) despite the fact that twice as many accidents occurred at Lo-
cation A.

PROCEDURE APPLICABILITY

This procedure is generally applicable for agencies with:

Highway systems of any size

Junior level engineers on staff (minimum)
Systemwide accident severity data
Objectives to reduce accident severities.

o9 o0

This procedure is perhaps more applicable in rural areas, where the per-
centages of severe accidents is high (relative to those in urban areas).

RESOURCE REQUIREMENTS

« Manpower - May require considerable manpower for manual methods,
including at least one or more junior Tevel engineers to develop
Tistings of hazardous locations based on EPDO number or RSI. Pro-
grammer may be necessary for computerized systems.

e Funding - Relatively moderate to high cost.

e Equipment - None. Computer is optional.

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages
e Accounts for the severity of accidents
e Highly applicable to rural areas, where high percentages of severe
accidents occur

Disadvantages

e The severity of an accident is highly dependent on many factors
which are unrelated to the highway location (i.e., age and health
of passengers, type of vehicles involved, use or non-use of seat
belts, etc.). However, the RSI procedure compensates somewhat for
this disadvantage.

e Does not consider locations with a high potential for accidents
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PROCEDURE 6 - HAZARD INDEX METHOD

DESCRIPTION

The Hazard Index Method employs a formula to develop a rating index
for each suspect site. It was developed by Taylor and Thompson under con-
tract with the FHWA to rank spot locations on a common basis [9]. Factors
used in the formula are:

Number of accidents per year
Accident rate

Accident severity

Sight distance

Volume/capacity ratio

Traffic conflicts

Erratic maneuvers

Driver expectancy

Information system deficiencies

e O 6 O s e

The raw data value for each factor is converted to an indicator value
through the use of a conversion graph. The indicator value is then multi-
plied by a weighting factor. The weightings are based on a survey of pro-
fessionals 1in the traffic safety field. The resulting partial hazard
indices (one for each factor) are summed to obtain the hazard index for
the locations. Locations are then ranked by magnitude of the hazard
index. The tabulated summary of the hazard indices of one location is
given in Figure 16.

PROCEDURE APPLICABILITY

This procedure is generally appiicable for agencies with:
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Site Number Date
Type Rural Intersection
Indicator - Partial
Indicator Data Value Value Height H.I.'s
Number of Accidents _7.67 acc/yr -+ 59 x 0.145 = 8.6
Accident Rate _2.87 acc/MEV 49 x 0.199 = 9.8
Accident Severity  $12,850 dollars 70 x 0.169 = 1.8
Volume/Capacity
Ratio 0.17 . 22 x  0.073 = 1.6
Sight Distance
Ratio >2.0  (wt.avg.) 0 X 0.066 = 0.0
Traffic Conflict _-==_conf/hr.)  _ == X  B:883 = -~
Erratic Maneuvers _~==_ e.m./hr. -- X 0-66% = -
Driver Expectancy 2.19 (wt.avg.) 37 S x 0,132 = 4.9
[ 1Info. System
Deficiencies 2.79 (wt.avg.) 47 x  0.102 = 4.8
Sums: 0.886 * 41.5
HoI. = Sum of Partial H.I.'s __M!.5 - 47

= Sum of Applicable Weights ~ 0.886

Relative Strength of Evaluation

n

Sum of Applicable Weights x 100 89 ¢

*0o not include weights for indicators not used at this site.

Figure 16. Hazard Index Method - example.

(Source: Reference No. 9)
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® Highway systems of less than 2,500 miles (the collection of re-
quired data may be too expensive for large systems with numerous

locations to be studied)
o Experienced highway safety engineers, and possibly human factors

experts
¢ Systemwide accident, volume, severity, and hazardous features data

available and
e Objectives to reduce accident numbers, rates, severities, and ha-

zardous features

RESOURCE REQUIREMENTS

® Manpower - Requires considerable manpower. Several experienced
highway engineers are required to collect and maintain data and to
Tist hazardous locations based on the hazardousness index computed
from these data sources. Human factors experts may also be re-
quired. Programmer may be necesssary if a computer is used.

@ Funding - Collection and analysis of data can be guite expensive

@ Equipment - Computer is optional.

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

e Comprehensive use of numerous factors related to locational hazards
e Highly adaptable. Factors which do not apply or are not available

may be deleted from analysis
o Considers both accident data and variables which indicate a high

potential for accidents.

Disadvantages

e Large amounts of information are necessary to use this procedure

properly
@ Deletion of too many factors from the analysis reduces its effect-

iveness
® Requires considerable expertise in highway safety and human fact-

ors
e May require data that is not readily available: i.e., additional

data may need to be collected
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PROCEDURE 7 - HAZARDOUS ROADWAY FEATURES INVENTORY

DESCRIPTION

The identification of hazardous roadway features is one method of
selecting sites with a potential for high-accident severity or numbers.
This procedure is based largely on the comparison of existing roadway
features with safety and design standards. Several different programs
have been developed for identifying such roadway safety hazards. Many of
Eheie types of safety hazards are identified in the AASHTO "Yellow Book"

10

Examples of such hazardous features include:

Blunt-end guardrail barrier terminals
Narrow bridges

Steep roadside slopes

Rigid roadside objects

Narrow lanes and shoulders

Unprotected bridge overpass structures
Slippery pavements

Sharp radii on horizental curves and ramps
Hazardous highway-railroad grade crossings

2 00 @ 0080

The identification 6f such hazardous roadway features can be per-
formed in many different ways. For example, information from systemwide
highway inventories can be used to select specific hazardous features for

Finvthoawv vaud ow Alecn cenmn et atac havn hazard wvanawrt Favme whisrh
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pleted by local police officers when they observe a highway site or condi-
tion which they perceive as hazardous. Other agencies utilize routine
preventative surveillance of their highways to attempt to locate sites
which may be hazardous to the driving public. Another method may be to
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identify hazardous locations as those where any roadside object accident
has occurred which results in at Teast one fatality [11,12].

PROCEDURE APPLICABILITY

This procedure is generally applicable for agencies with:

Highway systems of any size

Experienced highway safety engineers on staff
Systemwide roadway features data available
Objectives to reduce hazardous roadway features

¢ Qoo

RESOURCE REQUIREMENTS

® Manpower - May require considerable manpower, including several
experienced highway safety engineers to interpret and analyze all
pertinent data and prepare a listing of hazardous locations based
on an inventory of roadway features.

@ Funding - Relatively high cost of operation _

e Equipment - Little or none required (Computer is recommended)

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

e Considers Tlocations that are potentially hazardous {even though
large numbers of accidents may not have been observed); i.e.,

rane ddare man_arcsdand dod o

LU TUCTE > NIV = GLLIUCHL ddta

® Considers locations {e.g., railroad grade crossings, roadside
hazards) which have a potential for high-severity accidents

Disadvantages

® Can reguire large amounts of data, including data that may not
be readily available (additional data collection}

o Requires personnel with experience in highway safety, particularly
in the analysis of hazardous roadway features

L] Improvement expenditures must be Just1f1ed on some basis other than

reduction in accident experience
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CHAPTER VII

PROCESS 3

. T T Y N T IENT

CONDUCT ENGINEERING

STUDIES

(11

PLANNING COMPONENT

| PROCESS 1 |

i PROCESS 2 |
¥

PROCESS 3

CONDUCT ENGINEERING
STUDIES

[ “rrocess 4 |

PURPOSE

The purpose of this process 1is to collect and analyze data at identi-
ed hazardous locations, and then to select appropriate safety improve-
nt

.
nt projects.

f‘

.i
!Ile

DESCRIPTION

This process is conducted after a listing of hazardous locations and
elements is developed (from Process 2). The output of this process will
be a list of specific safety improvement projects for which implementation
is theoretically justified. Those for which actual funding is recommended
will be determined through in Process 4 -- "Establish Project Priori-

ties."
This process includes the following subprocesses:

Subprocess 1 - Collect and Analyze Data
Subprocess 2 - Develop Candidate Countermeasures

Subprocess 3 - Develop Projects

A 4-day training course entitled "Highway Safety Engineering Studies"
is currently being developed by FHWA, which provides a detailed descrip-
tion of all activities within Process 3 [1].
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MANAGERIAL CONCERNS

e Which procedures are most applicable for the agency?

e Are adequate resources (i.e, manpower, equipment and funding)
available to satisfy the resource requirements of the procedures?

e What types of input data are needed?

] %s thg available data sufficient or should additional data be col-
ected?

e Are there any time constraints involved?

PROCESS INPUTS AND QUTPUTS

Management Input

o A knowledge of highway safety design standards

A knowledge of warrants for traffic control devices

A basic understanding of engineering studies

A basic undprqfand1nn of available safety improvements which are

effective in reduc1ng accidents
A basic understanding of economic evaluation methodologies

Resource and Equipment Input

® Manpower to collect and analyze necessary data at each hazardous
location

@ Funding

@ Computer capabilities (optional)

Data or Informational Input

e A listing of hazardous locations (from Process 2 - "Identify
Hazardous Locations and F'lpmpn‘l'c")
Qutput

e A listing of safety improvement projects for each site which should
be priority ranked before implementation.
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PROCESS 3, SUBPROCESS 1

NI TECT AND ANATVZE NYATA

LAV I LW e VT ) ¥ Ve VA Fio YIFE QF 5 Way & /e W W e

AT HAZARDOUS LOCATIONS

PLANNING COMPONENT
[ PROCESS 1 |

I pﬁocr*fssz |
[

SUBPROCESS 1

COLLECT AND
ANALYZE DATA

PURPOSE

The purpose of this subprocess is fto perform specific studies which
involve the collection and analysis of all types of data required as input
for Process 3, Subprocess 2 - "Develop Candidate Countermeasures.” This
subprocess should follow the completion of Process 2 - "Identify Hazardous
Locations and Elements.”

DESCRIPTION

After the hazardous locations and elements have been identified, it
is necessary to collect and analyze all pertinent information required to
develop countermeasures for each location. There are numerous procedures,
or studies, which can be used to obtain and analyze the necessary informa-
tion. These studies may be classified inmto four general categories [i]:

Procedures 1-5 - Accident-Based Studies
Procedures 6-14 - Traffic Operations-Based Studies
Procedures 15-20 - Environmental-Based Studies
Procedures 21-24 - Special Studies
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A total of 24 procedures (studies) have been identified within these
categories, including five accident-based studies, nine traffic opera-
tions-based studies, six environmental-based studies, and four special
studies. These 24 procedures are as follows:

ACCIDENT-BASED PROCEDURES (STUDIES)

Procedure 1 - Accident Summary by Type

Procedure 2 - Accident Summary by Severity

Procedure 3 - Accident Summary by Contributing Circumstances
Procedure 4 - Accident Summary by Environmental Conditions
Procedure 5 - Accident Summary by Time of Day

TRAFFIC OPERATIONS-BASED PROCEDURES (STUDIES)

Procedure 6 - Safety Performance Studies

Procedure 7 - Volume Studies

Procedure 8 - Spot Speed Studies

Procedure 9 - Delay and Travel Time Studies

Procedure 10 - Roadway and Intersection Capacity Studies
Procedure 11 - Traffic Conflict Studies

Procedure 12 - Gap Studies

Procedure 13 - Traffic Lane Occupancy Studies

Procedure 14 - Queue Length Studies

ENVIRONMENTAL -BASED PROCEDURES ({STUDIES)

Procedure 15 - Roadway Inventory Studies
Procedure 16 - Sight Distance Studies
Procedure 17 - Roadway Serviceability Studies
Procedure 18 - Skid Resistance Studies
Procedure 19 - Highway Lighting Studies
Procedure 20 - Weather-Related Studies

SPECIAL PROCEDURES (STUDIES)

Procedure 21 - School Crossing Studies
Procedure 22 - Railroad Crossing Studies
Procedure 23 - Traffic Control Device Studies
Procedure 24 - Bicycle and Pedestrian Studies

The proper selection and use of these studies will provide the infor-
mation needed to determine the specific safety deficiencies at each loca-
tion. Countermeasures can then be developed to eliminate or alleviate the

hazardous condition.

RANGE QF COMPLEXITY AMONG PROCEDURES

The procedures within this process cover a wide range of complexity.
The procedures include simple studies requiring very little training
(e.g., traffic volume and spot speed studies), as well as those which re-
quire considerable experience and training, (e.g, traffic conflict
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studies). The range of complexity of some precedures, particularly the
accident-based procedures, becomes even more varied with the application

of either manual or computer techniques.

MANAGERIAL CONCERNS

e Are adequate resources (manpower, funding, equipment) available to
satisfy the resource requirements of these procedures?

e What types of input data are needed?

e Is this data sufficient or should additional data be collected?

® Are any time constraints involved?

SUBPROCESS INPUTS AND QUTPUTS

Management Input

@ A knowledge of highway safety design standards
e A knowledge of warrants for traffic centrol devices
o A basic understanding of engineering studies

Resource and Equipment Input

o Manpower
o Funding
e Computer capabilities (optional)

Data or Informational Input

o A listing of hazardous Tlocations (from Process 2 - "Identify
Hazardous Locations and Elements®)

Qutput

@ The results of analyzed data from appropriate engineering studies
for use in countermeasure development
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SUBPHROCESS 1
COLLECT AND ANALYZE DATA FOR
IDENTIFIED HAZARDOUS LOCATIONS

PROCEDURES 1-5 - ACCIDENT-BASED
ENGINEERING STUDIES

[ PROCEDURES 614 ]

[ PROCEDURES 1520 |

| PHOCEDURES 2124 ]

PROCEDURES 1-5 - ACCIDENT-BASED STUDIES

DESCRIPTION

Traffic accidents provide the major indication of safety problems at
a Tocation. Accident-based engineering studies are utilized to identify
the Eagety deficiencies of the Tocation. The five accident-based studies
are [1]:

Procedure 1 - Accident Summary by Type

Procedure 2 - Accident Summary by Severity

Procedure 3 - Accident Summary by Contributing Circumstances
Procedure 4 - Accident Summary by Environmental Conditions
‘Procedure 5 - Accident Summary by Time of Day

Accident-based studies involve the development of statistical summa-
ries of the accident data by various characteristics {(Table 6) to detect
abnormal accident trends. The accident data reguired for these summaries
may be obtained manually from hard copy accident reports or by computer
techniques from computerized accident files. Safety deficiencies are then
identified based on a comparison of the frequency of occurrence of a spe-
cific characteristic to a "standard" frequency. Overrepresentations are
identified by a disproportionately high percentage of a certain accident
characteristic when compared to similar locations. An adequate sample of
data at comparable sites is necessary to identify an accurate overrepre-
sentation of accident characteristics.

The statistical summaries of accident data may be developed either
manually or by computer techniques, as shown in Table 7. Several statis-
tical packages are available for computer application, including the Sta-
tistical Package for the Social Sciences (SPSS), Data Analysis and Report-
ing Techniques {DART), Michigan Dimensional Analysis System (MIDAS), and
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Table 6. Typical accident characteristic categories.

Description

Cateqgories

-

Summary by Type

— 1O Q0 ~F GV (N P QU PN bed

Left-turn,
Right-angle
Rear-end
Sideswipe

Pedestrian-rel

Run-off-road
Fixed ohject
Head-on

Parked vehicle

head-on

. Other

Summary by Severity

=

. Fatal
. Personal Injury

- incapacitating
- nonincapacitating
- possible injury

. Property Damage

o=
.

5 W P

i

of alcohol or d rugs

Reckless or careless driving
IT1, fatigued or inattention
Failure to comply with 1i-
cense restrictions

Obscurred vision

. Defective equipment

tributing}

. Lost control due to shifting

load, wind, or vacuum

Summary by Environmental
Conditions

. Weather (clear,

cloudy, rain,
fog, snow)

2. Ambient |;g||t (.E‘i'ght, ~da‘r‘|\,
dawn, dusk, street lights)

3. Roadway surface (dry wet,
snowy, icy)

Summary by Time of Day 1. 12:00 m1dn1ght - 1:00 AM.

2. 1:00 A.M, 2:00 A.M.

3. Z:00 A.M. - 3:00 A.M.

4, 3:00 AM. - 4:00 A.M,

24. 11:00 P.M. - 12:00 Midnight

97




Table 7. Computerized accident summary (SPSS) - example.

JVAROTT  TWO VEHICLE ACCIDENT CODE s
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ABEGUUTE T EREQ T UFREQ FREQ
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SIDESWIPE-MEETING 3. 3 4.5 4.5 37.3
R
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OPP LEFT TURN 7. 15 22.4 22.4 97.0

Table 8. Computerized cross tabulation (SPSS) - example.
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e e N R L N N
T

35.8 22.4 3.0 100.0

TOTAL 3.C 29.9 4.5
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and Organized Set of Integrated Routines for the Investigation of Social
Science Data (OSIRIS IV).

The accident procedures may be combined to provide more detailed
analyses. Cross-tabulations are often quite useful for representing sta-
tistical analysis of two or more variables. An example of a cross-tabula-
tion from computer application (SPSS) is given in Table 8. Collision dia-
grams are also used extensively as a graphic representation of the acci-
dent summaries and may include all of the information covered by the five
accident-based procedures. In addition, these schematic drawings provide
locational information that is not provided by statistical summaries.
Therefore, collision diagrams often yield more effective information to
the engineer than do statistical summaries.

The following items are essential to the development of any collision
diagram [2]:

1. ATl important elements of each accident should be noted, such
as:

e The direction of travel of involved vehicles and pedestrians
prior to impact {(collision)

e Driver and pedestrian intent (i.e., going straight, making
left-turn, stopping, etc.) prior to impact

® Date, day of week, time of day

e Ambient light conditions (daylight, dawn or dusk, dark with

- street lights, dark without street Tights)

Adverse weather conditions (rain, snow, fog, etc.)

Adverse pavment conditions (wet, icy, etc.)

Unusual operational conditions (control devices not operating

properly, construction area, etc.)

e Accident severity (fatal, personal injury, property damage

only)

2o

2. Standard symbols should be used to indicate driver or pedestrian
intent, direction of travel, accident severity, fixed objects,
etc.

3. Non-involved vehicles or pedestrians (no physical contact) con-
tributing te individual accidents may be included on the diagram.
However, this may not be applicable in many cases due to the
inconsistencies in the level of reportings of such items.

4. For intersections, all intersection-related accidents should be
indicated. Intersection-related accidents are all accidents in
which the physical characteristics or operating conditions of the
intersection contribute to the accident. These include many of
the accidents on each approach to the intersection within several
hundred feet.

A typical collision diagram is given in Figure 17. .
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Figure 17. Typical collision diagram.

100




The use of computerized collisicn diagrams has been developed in re-
cent years [3] for quick and easy production of such information. Acci-
dent types are plotted on the proper intersection legs and may be color
coded by severity. Collision diagrams may be quickly produced in any
size, depending on the need.

After a particular category of an accident characteristic has been
identified as predominant, a list of possible causes or safety deficien-
cies can be developed. For example, at a signalized intersection, left-
turn, head-on collisions comprised 37 percent of all accidents, compared
to a citywide average of 20 percent for similar intersections. This
overrepresentation of left-turn, head-on accidents may have as - possible
causes [4]: '

® Restricted sight distance due to the presence of left-turning traf-
fic on the opposite approach, and improper channelization and geo-
metrics

e Too short amber phase

e Absence of special left-turning phase when needed

¢ Excessive speed on approaches

Further analysis might be necessary to determine which of the possible

causes would be most probable. After the most probable cause has been
identified, a 1ist of specific countermeasures can be developed.

SUBPROCESS 1
COLLECT AND ANALYZE DATA FOR
IDENTIFIED HAZARDOUS LOCATIONS

[ PROCEDURES 15 |

PROCEDURES 6-14 - TRAFFIC-BASED
ENGINEERING STUDIES

I pROCEDURES 1520 |
[ procEDURES 2124 |

~_

PROCEDURES 6-14 - TRAFFIC OPERATIONS-BASED STUDIES

DESCRIPTION

Traffic operations-based studies at identified hazardous locations
can provide essential information to assist in the selection of the most
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appropriate safety improvements at each location. The nine traffic opera-
tions-based studies are: :

Procedure 6 - Safety Performance Studies

Procedure 7 - Yolume Studies

Procedure 8 - Spot Speed Studies

Procedure 9 - Travel Time and Delay Studies

Procedure 10 - Roadway and Intersection Capacity Studies
Procedure 11 - Traffic Conflict Studies

Procedure 12 - Gap Studies

Procedure 13 - Traffic Lane Occupancy Studies

Procedure 14 - Queue Length Studies

The need for any of the above mentioned studies is determined from an
analysis of the list of existing and potential safety deficiencies which
are identified through the accident-based procedures. By identifying the
traffic stream characteristics, a more specific list of safety problem(s)
can be identified and a more reliable selection of candidate countermea-
sures may be obtained. The following is a brief description of each of
the traffic operations-based studies.

Safety Performance Studies

A safety performance study is an organized program of field observa-
tion and inspection of highway facilities and traffic to detect deficien-
cies in the operational and environmental conditions at a location. This
study provides a review of a hazardous location or situation under field
conditions and serves to verify or supplement the findings of the acci-
dent-based procedures. Checklists [5] and lists of questions [6] have
been developed for the purposes of performing these studies. An example
guestion list is given in Table 9.

Volume Studies

Traffic volume studies are conducted to determine the number and
movement of vehicles and/or pedestrians within, through, or at selected
points in an area. Volume data are used as basic input in all operations-
based procedures. Its use is as a basic study procedure describing the
exposure {vehicular or pedestrian) at each hazardous Tocation.

Volume counts may include peak hour counts, 24-hour counts, continu-
ous long-term counts, or short-term counts (5 minutes, 15 minutes, etc.).
Volume counts may include only total vehicle movements or may specify
turning movements (at intersections or driveways).. Vehicle classification
counts and pedestrian counts may also be performed within the scope of
volume studies.

Spot Speed Studies

Spot speed studies are used to obtain an indication of the speed of
traffic at one point on a roadway. They serve to estimate the speed dis-
tribution of the traffic stream during the observation period. Spot speed
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Table 9. Typical question list for field observations.

10.

11.

... Are the accidents caused by physical conditions of the road or adja-

cent property. Can the conditions be eliminated or corrected?

Is a blind corner responsibie? Can it be eliminated? If not, can ade-
quate measures be taken to warn the motorists?

Are the existing signs, signals, and pavement markings doing the job
for which they were intended? Is it possible they are contributing to
accidents rather than preventing them?

Is traffic properly channelized to minimize the occurrence of acci-
dents?

Would accidents be prevented by prohibiting any single traffic move-
ment, such as a minor left-turn movement?

Can part of the traffic be diverted to other thoroughfares where the
accident potentials are not as great?

Are night accidents far out of proportion to daytime accidents (based
on traffic volume) indicating a need for special nighttime protection,
such as street Tlighting, signal control or reflectorized signs or
markings?

Do conditions show that additional traffic laws or selective enforce-
ment are required?

Is there a need for supplemental studies of traffic movement, such as
driver observance of existing contrel devices, or speed studies of ve-
hicles approaching the accident location?

Is parking in the area contributing to accidents? If so, are reduc-
tions in the width of approach lanes, or sight obstructions (caused by
parking), causing the accidents?

Are there adequate advance warning signs of route changes so that the
proper lanes may be chosen by approaching motorists well in advance of
the area, thus minimizing the need for lane changing near the accident
location.

{(Source: Reference No. 6)
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data are usually necessary when accident summary information indicates
safety problems that may be caused by high speeds or unusual speed distri-
butions. Spot speed studies may also be conducted upon completion of the
safety performance studies if field observations indicate a possibie vehi-

cle speed problem.

Travel Time and Delay Studies

Travel time and delay studies are used to obtain data on the amount
of time it takes to traverse a specified section of roadway and the
amount, cause, location, duration, and frequency of delays. Travel time
and delay characteristics are indicators of the level of service that is
operating along a facility and can be used as a relative measure of the
efficiency of the traffic. Information from these studies can also be
used to identify problem locations where safety improvements may be re-
quired to increase mobility and provide improved safety conditions.

Travel time and delay studies are useful for obtaining information on
locations where accident patterns relating to congestion-type accidents
exist; i.e., a significant number of rear-end, right-angle, or left-turn
accidents. Intersection delays may be handled in a fashion similar to the
travel time and delay studies.

Roadway and Interséction Capacity Studies

Highway capacity studies are conducted to measure the ability (sup-
ply} of a highway facility to accomodate or service the existing or pro-
jected traffic volumes (demand). Capacity is defined as the maximum num-
ber of vehicles that can pass over a section of a lane or roadway {or
through an intersection), during a given time period (one hour unless
otherwise specified), under prevailing highway and traffic conditions.
The purpose of conducting a capacity study for traffic engineering safety
projects is to provide a measure of the adequacy and quality of service
being provided by the facility. Highway capacity studies are useful for
obtaining information on locations where accident patterns relating to
congestion-type accidents exist.

Traffic Conflict Studies

Traffic conflict studies can assist in the diagnosis of safety and
operational problems at a highway location, and in the evaluation of the
effectiveness of improvements at a location. These studies are believed
(by many safety engineers) to be useful in determining the accident po-
tential at a site. Defined relationships between conflicts and accidents,
however, have not yet been clearly established. Traffic conflict studies
can be a supplement to routine field inspections of high-accident Tloca-
tions, or they can be conducted at suspected hazardous sites.

A traffic conflict occurs when a driver takes evasive action, such as
braking or weaving, to avoid a collision. Some conflict and event types
include weave conflict, abrupt stops, slow for right-turn conflict, oppos-
ing left-turn conflict, pedestrian conflict, etc.
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Conflicts may be counted based on type and severity. Erratic maneuvers,
such as turns from wrong lane, run-off-road, etc., may also be counted
during the conflict study. The Traffic Conflict Technique (TCT) was ori-
ginally developed by the General Motors Laboratories in 1967 as a systema-
tic method of observing and measuring accident potential at intersections
[7,8]. Since then, it has been modified and used by various U.S. highway
agencies, particularly in the States of Ohio, Virginia, Kentucky, and
Washington [9,10,11]. A modified traffic conflicts technique was recently
developed in an NCHRP study by Midwest Research Institute f121.

e

Lo S
gap >Tudies

Gap studies measure the time headway or gap between vehicles along a
highway section f{or at a point), and to analyze the gap acceptance
characteristics where a minor or alternate traffic stream intersects a
major traffic stream. The need for gap analysis in highway safety studies
is determined by the locational characteristics and the accident (or
conflict) patterns occurring at the study location.

Traffic Lane Occupancy Studies

A traffic Tane occupancy study can provide a measure of the traffic
performance of a highway facility as a function of vehicle lengths,
volumes and speeds, The occupancy factor is related to density and
measures the percent of time a point on a roadway is occupied by a
vehicle. Lane occupancy is defined as:

Time vehicles are present at a point on a roadway

Lane Occupancy =
Total specified time period

Based on an established relationship between lane occupancy and traffic
volume, the occupancy at various intervals can be determined. Lane occu-

; PO e
pancy studies are useful for obtaining information

gestion-type accident patterns exist.

T and 3 A

on locations where con-

Queue Length Studies

Queue length studies identify the number of vehicles that are stopped
in a traffic lane behind the stop line at an intersection. They can also
be used to determine the vehicular back-up at other locations, such as
lane drop sections, railrcad crossings, freeway incident locations, and
other bottleneck situations. However, the primary purpose of gueue fength
studies is to measure the performance of an intersection.

Queue lengths are usually observed at the beginning of the green
phase, and at the end of the amber phase for signalized intersections. A

comparison of the queue lengths at these two distinct time points is used
to assess the level of traffic flow as a measure of the “expected® delay
to the vehicles. Queue length studies are useful in acquiring information
for locations where congestion-related accidents (particularly rear-end

accidents) occur frequently.
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PROCEDURES 15-20
ENVIRONMENTAL-BASED ENGINEERING
STUDIES
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PROCEDURES 15-20 - ENVIRONMENTAL-BASED STUDIES

DESCRIPTION

Environmental-based engineering studies include the collection and
analysis of all information related to the physical features of the road-
way for specific spots, sections, and elements. The six environmental-
based procedures are:

Procedure 15 - Roadway Inventory Studies
Procedure 16 - Sight Distance Studies
Procedure 17 - Roadway Serviceability Studies
Procedure 18 - Skid Resistance Studies
Procedure 19 - Highway Lighting Studies
Procedure 20 - Weather-Related Studies

t

An analysis of the accident data will provide hints as to which environ-
mental studies should be conducted. Another consideration involves the
types of highway features to be inventoried and analyzed. It would be
unnecessary and virtually impossible to collect all highway information
for all identified hazardous locations. Therefore, it 1is important to
determine the data items needed for each location. The following is a
brief description of each of the environmental-based procedures.

Roadway Inventory Studies

Roadway inventory studies are used to obtain a survey of the physical
roadway environment at a location. Included are such items as:
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Traffic requlations
Traffic control devices
Speed limits

Visual obstructions
Driveway location

e Roadway characteristics
e Roadside characteristics
¢ Geometrics

@ Street names

e Functional class
e Parking conditions
™

.

i ifi ocations
Road surface irregularities

A1l pavement markings

28 Q0900

Corner radii
Sidewalk locations

These information items are usually included in the condition diagram,
which provides a scaled, pictorial representation of the area, as shown in
Figure 18,

It is recommended that roadway inventory studies be conducted for
each specific location under analysis. These studies are not to be con-
fused with the safety performance studies. Safety performance studies are
used to review specific roadway items based on their effect on the safety
and operations of a study location. Roadway inventory studies, on the
other hand, are used to obtain a direct measurement of the roadway fea-
tures and produce a record of the locaticn environment.

Sight Distance Studies

Sight distance studies are conducted to review the sight distance
characteristics at or along a roadway facility to obtain an assessment of
the adequacy of sight distance conditions at the location. The purpose of

these studies is to determine if sight distance conditions are a causative
factor in accidents at a defined hazardous location. Sight distance stud-

ies are useful for:

® Reviewing "NO PASSING" zones

e Determining traffic control needs at an intersection
e Identifying sight obstructions

e Accident review

Roadway Serviceability Studies

Roadway serviceability studies identify the properties of the roadway
pavement surface and are typically used when a field review of the study
site indicates a highly irregular pavement surface, i.e., potholes, bumps,
etc., which may have an effect on safety at the site. Another indicatiocn

i A 3 h3 144 +u1d i
that a roadway serviceability study may be necessary is the occurrence of

a pattern of traffic accidents in which "vehicle out of control" or “poor
pavement conditions" were noted as causes or contributing circumstances.

Skid Resistance Studies

Skid resistance studies are conducted to measure the traction proper-
ties between the vehicle tires and the pavement surface. These studies
are useful in identifying any excessive "slipperiness" of the pavement
surface at a site.
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The need for performing skid resistance studies is dictated by the
occurrence of a pattern of accidents under "wet-weather" or “wet pavement"

conditions. Skid tests are conducted based on ASTM (American Society of
Testing Materials) standards which develops skid numbers. These measured
skid numbers are compared to areawide averages or standards. Measured
values lower than the standard indicate inadequate skid resistance.

Highway Lighting Studies

Highway lighting studies are used to assess the adequacy of existing
lighting facilities or the need for new, additional, or improved Tighting
facilities. These studies are necessary where a high nighttime accident
rate (percentage) occurs or a possible nighttime accident problem is ob-
served in the field review, Existing lighting conditions are compared to
design standards to determine if lighting facilities should be installed
or improved. Design standards are set forth in the Roadway Lighting
Handbook (U.S. Department of Transportation, Federal Highway Administra-
tion, December, 1979) [13].

Weather-Related Studies

Weather-related studies are used to determine the existing or poten-
tial hazardousness of a location under certain weather-related conditions,
such as fog or ice. Although these conditions may have an impact on a

site for only a limited period of time, appropriate countermeasures can
still be developed to reduce the safety deficiency.
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SUBPROCESS 1
COLLECT AND ANALYZE DATA FOR
IDENTIFIED HAZARDOUS LOCATIONS

[ PROCEDURES I-5 |

| PROCEDURES 614 )

| PROCEDURES 1520

PROCEDURES 21.2¢ - SPECIAL
STUDIES

el
<

PROCEDURES 21-24 - SPECIAL PROCEBURES

DESCRIPTION

There are several engineering studies which may be required in spe-

cial situations and are not classified as either accident-based, traffic
operations-based, or environmental-based., These studies are:

]

Procedure 21
Procedure 22
Procedure 23
Procedure 24

School Crossing Studies
Railroad Crossing Studies
Traffic Control Device Studies
Bicycle and Pedestrian Studies

A brief description of each of these special procedures is given in the
following. ‘

The purpose of these studies is to provide optimal safety conditions
for school-age pedestrians within the roadway environment in and around
school areas. These studies must not only evaluate the relative hazard at
the site based on the physical and operational conditions, but must also
account for the student's level of understanding of the situation. School
crossing pedestrian accidents are relatively rare events. Available pedes-
trian accident data at such locations are usually non-existent or insuffi-
cient for most study purposes. Other forms of data need to be collected
to facilitate the assessment of school crossing locations. This data may
include pedestrian volumes, pedestrian delay, roadway width, types of
traffic control devices, etc. [14].
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Railroad Crossing Studies

Railroad crossing studies are used to determine the hazardousness of
an at-grade crossing situation. This hazardousness can be determined
through the collection and analysis of inventory and accident data at each
crossing location. The Railroad Crossing Inventory Form, as recommended
by the U.S. DOT is given in Table 10 [15]. A1l signs, pavement markings
and signals must conform to the MUTCD. Hazard indices are often deter-
mined, as part of the analysis, through numerical methods. Recently,
several hazard indicies have been developed and tested and evaluated in a
study conducted by the Transportation Systems Center, U.S. DOT [16].

Railroad crossing studies may be necessitated through accident exper-

fence, the occurrence of a recent fatal accident, citizen complaints, or
continous monitoring.

Traffic Control Device Studies

Traffic control device studies are used to determine the effective-
ness of existing traffic control devices. Included under this classifica-
tion of studies are inventories, signal warrant studies, stop-yield sign
studies, and law observance studies. The inventories are conducted to re-
view existing signs, signals, and pavement markings, and evaluate their
quality, standardization, and application. The other three studies are
conducted to evaluate the application and/or compliance of the various
traffic control devices,

Bicycle and Pedestrian Studies

Bicycle and pedestrian studies are conducted to evaluate the safety
and operational characteristics of bicycle- and pedestrian-related
activities. Bicycle studies may include the following data items:

o Capacity of bicycle facility

® Bicycle speeds

@ Bicycle-related accidents

® Bicycle volumes

® Sight distances

® Use and compliance of traffic control devices

Pedestrian studies may include the following data items:

® Pedestrian volumes

® Pedestrian delay times at crossings

® Pedestrian-related conflicts

@ Pedestrian use and compliance of traffic control devices
® Behavioral information

® Pedestrian-related accidents

The decision to conduct these studies may develop from accident experi-
ence, citizen complaints, or field reviews,
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Table 10.

UsDOT - AAR crossing inventory form.,

U.s. DOT —

-~
G,

OMB-004- 4039

(A, INITIATING AGENCY

AAR CROSSING INVENTORY FORM

ERAT A DAL S 8t s e

FPCMOUN FUHN UFDUAETED

D CHANGES IN EXISTING CROSSING DATA D. EFFECTIVE DATE

D RAILRCAD [ISTATE
01 NEW CROSSING

B. CROSSING NUMBER ] | L 111131} D CLOSED CROSSING

Part | Location and Classification of Al Crossings {Must Be Completed)
1. Railroad Operating Company 2. Railroad Division or Region
Lt vt gal NENEENNEREENEREE

i -

Lo d b bl
M D Y

3. Railroad Subdivision or District

I T T T T S TR T N S T T

4, State 5. County 8. County Map. Ref, No, |00 NOT WRITE IN THIS SPACE
Looa v e b bov o pnea s oo b Lu g1 g o il swe County
7. City 8. Mearest City 9. Highway Type and No,
l I T WO T T O O O l i I [ T Y T T I I I Y I i City Nearest Caty
10. Street or Road Name 11, RR 1. D. No.
L! | T S TS W I T O O ’ o I I | .“RCME‘F‘"‘?'"‘"S““‘W_
12. Nearest RR Timetable Station 13, Branch or Ling Name 14, Raiiroad Mile Post BRI EN
1 .81 8 1 & § 1 ¢ {1 F 4 | I S O I T O I I | L I |
15. Pedestrian Crossing 16. Private Vehicle Crossing 17, Public Vehicle Crossing
Ot atgrade A. 01 Farn 012 Residentisl [0 3. Recreationsl [ 4. Industrial 3 1. at grade
D 2. AR under B. 005 atgrade C.0 8. signs-specity . s it v aaiald 0 2. RA under
D 3. RR over 06 RRunder OO signabspecity L0 318419413411 ¢! D 3. AR over
3 7. RA over 0 0. none

COMPLETE REMAINDER OF FORM ONLY FOR. PUBLIC VEHICLE CROSSINGS AT GRADE

Part || Detailed Information for Public Vehicular at Grade Grossing
! ¥ ! 2. Bpeed of Train et Crossing
4. Typical Number of Deily Train Movements 1B, Check i Less A Maximum ti

Dylight (B AM to & PM) Night 16 PM 10 8 AMIT Than One Movemant toble speed B. Typicel Speed Range Over Crossing
thry tretns | switching thru trains | switching Per Day M. .. fromi P IIO{ [ I mph
et . [ NS SR 2 3
I 1 i‘ I. 1_]2 L,_I_EJ E. 1 l-l

3. Type and Number of Tracks

maini_J othevLLJ!fnlherspecifyi_li NN ENEP
T
4. Does Another HR Operaie a Separate Track ot Crossing?
DYes tDONo Specifty: RRI_L 1 0 8 ¢ ¢ 4 ¢ 41 404 1}

6. Does Ancther RR Operate Over Your Track st Crossing?

O Yes +UINo Specity: RRL_L ¢t § |4 1 1)
8. Tvpe of Warning Device et Crossing

Il!liz

A, Signs
Crosshucks f Other Signs: Specit:
- - “ H_'W" Other Stop Signs o Stne: i I
reflectorized tor-rafioctorized Stop Sign o5 oLt % 5 1 1 los
B I v o Numger E .
Loy tJoz Lo LJos or Lot 3 001030 dos
Number Numbaer N urniver Nurbar Numner
B. Troin Activated Devices
Getet Cantilovered Flashing Lighis Mast Mounted Other Highway
rad & white | other aver nOt aver Elashing Lights Flashing Tealfic ‘Wigwaps Bells
roflactorized | colored § | teaffictome | trefiic lens Lights  gpecity Signats
Ldoe | Ll L L L Ll s as s e hsl Lhs Ll Ll
humbar et Humber Furnbar wmiber Mumpar N umber Number Nurnbse

C. Specify Specist Warning Device not Trein Activated ! N
D. No Signs or Signals ] 20
7. s Commercist Powar Avaiishle? D¥es [ No 8. Does Crossing Signa! Provide Speed Selection for Trains? D) Yes ONo D N/A
9. Method of Signslling for Train Operstion: s Track Equipped with Signals? O Yes £1 No

P80 iz b3 1t st btk ude

Part |ii Physical Data E. !¢ Highway Paved £ Yes 0 No 8. Does Track Run Down A Street?
1. Type of Development D31, OpenSp. D2 Kes B, Pavement Markings LOYes UNe
03 Comm,. 04 Ind, 5. Inest. D Stoplines O RR Xing Sym. T None 19, Nearby Intersecting Highway#
2. Smaltest Crossing Angle 7. Are RR Advance Warning Signs Presani? DYe: UINo
006°-29° Da0°-s9° 0O60°.90" DvYe 0ONo
B. Croming 3y goe Timber (32 Full Wd. Piank [ 3. Aaphoht 3¢, Concrote St

3. Nurnber of Traffic Lanes Crossing Railrcad L J
Mumbor
4. Are Truck Pullout Lones Present? O Ya O No
Part IV Highway Department {nformation

Surface D5 concrote e,
013, Unconmolideted

16 Rubber 07 M Sectioms T B Cobhar Metal
0. Othar Soocity

1. Highway Systemn l_l....!
2. 1t Crossing on State Highway Systom? 0 Yes 13 No. 4. Estimate AADT L.L....I_.LJ_LJ

3. Functionsi Classification of Road over Crossing L.l_.l 8. Eavimate Percent Trucks Ll_!

i D. Number

{Source: Reference No. 15)
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PROCESS 3, SUBPROCESS 2

DEVELOP CANDIDATE
COUNTERMEASURES

PLANNING COMPONENT

|  »rocESS 1 |
X
I procEss 2 |

SUBPROCESS 2

DEVELOP CANDIDATE
COUNTERMEASURES

PURPOSE

The purpose of this subprocess is to develop candidate countermea-
sures for the identified hazardous locations. Specific candidate counter-
measures should be developed on the basis of the known deficiencies of the
location. This subprocess should be carried out upon completion of
Process 3, Subprocess 1, "Collect and Analyze Data".

DESCRIPTION
This subprocess consists of the following three procedures:

Procedure 1 - Accident Pattern Tables
Procedure 2 - Fault Tree Analysis
Procedure 3 - Multi-Disciplinary Investigation Team

For each of these procedures, candidate accident countermeasures should be
selected carefully based on a knowledge of the effectiveness of similar
improvements in the past. Results of past project and program evaluations
(Evaluation Component) are very important inputs to this subprocess. If a
past improvement type has been found to resull in favorable safety bene-
fits at similar locations {and traffic conditions), then such improvements
would 1ikely be considered as candidate improvements. Several candidate
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jmprovements can be proposed for the same Tocation, since they can all be
included in the analyses in the next subprocess (based on expected acci-

dent benefits and project costs).

T L L TT a3 e g -
1ne IUliUWIlIg SIuu
countermeasures [17:

¢ A1l practical improvements, from the "do nothing" alternative to
ultimate alternatives, should be identified and considered such
that no feasible alternative is overlooked

e All practical combinations of improvements shouid be identified

e The potential effect of each alternative improvement should be
defined

The identification of all candidate improvements (and their expected
effects on accidents) will serve as input to Process 3, Subprocess 3,
"Develop Projects”.

FLARTAR M R TR TS R BRSNS LM LAV I e

RANGE UF CUMPFLEALIY AMUNL FRUUEUURES

The degree of complexity of the procedures in this subprocess depends
on the amount of information available and the actual location under
study. For example, a location with 80 percent wet-weather accidents and
poor pavement skid properties should Tead directly to a recommendation
that a non-skid pavement overlay be included in the Tlist of candidate
countermeasures. On the other hand, a high-volume, multi-legged intersec-
tion may be a very complex problem and require extensive analyses to

nt rontavmoaciiroc
L LUWITLCT TGO Ul wd e

A e

At . 4+l
UJELZHHNInG Lig s

rﬂnﬂt anmmwmnarne T ad ~rmh 3"

approprigie COmbIna

MANAGERTAL CONCERNS

o How complex is the safety problem at the location?
e What is the objective of the agency's HSIP in terms of reducing
- accidents, severity, etc.? '
e Are the available manpower and operating funds sufficient to per-
- form these procedures?
e Are the problems being identified correctly?
@ Is more information needed?
e Are there any peculiarities at the Tocation that may cause improve-
ments to produce non-typical results?
@ Are proposed countermeasures consistent with the budgetary con-
straints?

SUBPROCESS INPUTS AND OUTPUTS

Management Input

e A basic understanding of the available safety improvements which
are effective in reducing accidents

114




_Resource and Equipment Input

e Manpower for selection of candidate countermeasures
e Funding

Data or Informational Input

e A file of data from engineering studies for further analysis of
hazardous ‘Yocations (from Process 1, Subprocess 1, "Collect and

Analyze Data")
e Evaluation information regarding previous countermeasures of the

same type (from Evaluation Component or previous studies reported
in the literature)

Qutput

e A listing of candidate accident countermeasures for each identified
hazardous Tlocation and element

DEVELOP CANDIDATE
) COUNTERMEASURES

PROCEDURE 1 - ACCIDENT PATTERN
TABLES

] PROGCEDURE 2 |

j PROCEDURE 3 |

PROCEDURE 1 - ACCIDENT PATTERN TABLES

DESCRIPTION

Based on accident patterns and Tocation types, tables have been
developed to suggest possible accident countermeasures which are likely to
be most effective in accident reduction. These accident pattern tables
are used primarily as an aid in the selection of candidate countermea-
sures, Countermeasure should not be selected without consideration of
supporting data, such as traffic volumes and field observations [1].
Accident pattern tables are developed on the assumptions that [2]:

e Patterns of accident types are associated with probable causes of

accidents
® The need for specific improvements can be inferred from analysis of
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probable causes of accidents
An example of an accident pattern table is shown in Table 11.

PROCEDURE APPLICABILITY

This procedure is generally applicable for:

.3
- Tlead  F¥ 1 iy Wi OSAE 7 PR Wl e RS e

perience
e Locations with relatively obvious safety problems for which the se-

lection of appropriate countermeasures can be made with little dif-

ficulty
e Agencies with the objective of reducing the numb
specific locations

PROCEDURE REQUIREMENTS

e Manpower - At least one or more traffic or safety engineers. Ex-
perts in such areas as highway safety, human factors, police, etc.,
will also be helpful.

® Funding - Funding requirements will range from very little time or
ta velatively large amounts of time and money, depending on

FﬁOﬂE“y’ [FLY ) P I1aL PV oy QA Yy RALATE T
the number of sites to be studied and the complexity of the analy-
ses,

PROCEDURE_ADVANTAGES AND DISADVANTAGES

Advantages
e Provides a method which is inexpensive and easy to use

Disadvantages

e Not complete or conclusive
e Not applicable to locations with complex safety problems
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Table 11.

Sample accident pattern table.

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERMEASURE

Right-angle collisions ot
unsignalized intersec-
tions

Remove sight cbstructions

Restrict parking near corners
tnstall stop signs (see MUTCD)
Install warning signs (see MUTCD)
install/improve street lighting
Reduce speed limit on approoches*
Install signals (see MUTCD)
install yield signs (see MUTCD)
Channelize intersection

Large totel intersection
volume

Install signals (see MUTCD)
Reroute through traffic

High approach speed

Reduce speed limit on approaches?
Install rumble strips

Right-angle collisions at
signalized intersec~
tions

{Continued)

Poor visibility of signals

(Continued)

Install advanced waming devices (see MUTCD}
install 12-in.signal lenses (see MUTCD)
Instal! overhead signals

instail visors

Install back plates

¥ Spot speed study should be conducted to justity speed limit reduction.

(source: Reference No. 9)




SUBPROCESS 2
DEVELOP CANDIDATE
COUNTERMEASURES

| PROCEDURE 1 |

PROCEDURE 2 - FAULT TREE ANALYSIS

I PROCEDURE 3 ]

PROCEDURE 2 - FAULT TREE ANALYSIS

DESCRIPTION

This analysis utilizes logic in an attempt to trace all events and
combinations of events which may result in an accident. The events are
analyzed in a reverse sequence, beginning with the collision and working
backwards until all relevant events are covered. Probabilities may be
assigned to the 1ikelihood of the occurrence of each event.

Fault trees are similar to_ the decision and probability trees used in
business and management [4,5,6], except that the sequence of events is
analyzed in a reverse direction. Fault tree analysis is based on the
assumption that [ 2]:

® The cause and effect relationships of accidents follow a logical
flow that can be documented,

@ A probability may be assigned to each event in the logical flow of
accident causation.

The identification of the possible causes of an accident can then serve to
indicate the most appropriate countermeasures.

The steps to follow in developing fault trees are [2]:

1. Identify the final occurrence or consequent event (i.e., the
collision).

2. Identify all possible events immediately preceding the colli-
sion.

3. Determine the events as dependent or independent of other
events.

4. Analyze each event, determining which require further development
of cause (non-basic events) and which do not (basic events).
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5. Identify and analyze all possibie events preceding all non-basic
events until all basic events are covered.

(Optional) Assign probabilities to each basic event.

(Optional) Calculate the probabilities of subsequent events, add-
ing the probabilities of events leading directly to an "OR" gate
and multiplying the probabilities of events leading directly to
an "AND" gate.

8. (Optional) Determine the influence of candidate countermeasures
by reducing the probabilities of events affected by the counter-
measure and recalculating subsequent events.

~

Steps 6, 7, and 8 are optional based on the availability of estimated pro-
babilities for basic events. An example fault tree 1is given in Figure
19.

PROCEDURE APPLICABILITY

This procedure is generally applicable for:

@ Agencies with a very knowledgeabie safety engineer on staff
® Locations with very compiex highway safety problems

@ Agencies with HSIP objectives to reduce accident frequencies
@ Highly unusual accidents or situations.

RESOURCE REQUIREMENTS

@ Manpower - At least ore or more traffic or safety engineers. Ex-
perts in such areas as highway safety, human factors, police, etc.,
may also be needed.

@ Funding - Relatively moderate to large amounts of time and funding
required.

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

@ Includes behavioral factors affecting accident experience.
e Effective for analyzing specific accidents, such as fatal acci-

---------- 5 24T aLd

dents.

Disadvantages

® Difficulty in determining probabilities of occurrence for the cri-
tical events. ) )

® The occurrence and sequence of events used in the analysis must be
based on engineering judgement rather than on more objective sour-
ces.

¢ Usually requires considerable amounts of manpower, time, and fund-

ing to provide meaningful results.
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VEHICLE HITS TREE

P =0,00026

AND

P=0.013

X |
TREE 1IN VEHICLE LEAVES ROADWAY
TRAJECTORY -
/;\
P =0.02 | {5 )
DRIVER INTENTIONALLY SWERVES P = 0.008

DRIVER
LOOSES
CONIRCL

ECHANICAL
FALURE f

P =0.003 P = 0.002
ACCIDENT JPEDESTRIAN ¥ cgﬂﬁfxgm
AVEAD. oD o e
P=0.001 P =0.006 P =0.001
Name Symbol Definition

Rectangle Event

Circle Event

Diamond Event

> (ol

House Event

AND Logic Gate

x )

OR Logic Gate

An effect of consequence
event produced by other events,

A basic event requiring no further
development of its cause,

A terminal event not developed
further due to lack of information
or fack of significonce.,

A normal event that is usually
expected in operation of the system.

All inputs ore required to produce an
oufput event whose probability is
equal to the product of the proba~
bilities of the input avents.

Any input will produce an output
event whose probability is equal to
the sum of the probabilities of the

input events.,

Figure 19.
{Source:

120

Reference No.

Sample fault tree.

2)




SUBPROCESS 2
DEVELOP CANDIDATE
COUNTERMEASURES

r LY
| PROCEDURE 1 ]

| PROCEDURE 2 !

PROCEDURE 3 - MULTI-DISCIPLINARY

INVESTIGATION TEAM
]

~ yd

\______/

PROCEDURE 3 - MULTI-DISCIPLINARY INVESTIGATION TEAM

DESCRIPTION

The multi-disciplinary investigation team approach to the development
of candidate countermeasures for hazardous locations is based on the be-
1ief that accidents rarely occur because of any single causal factor.
These factors are usually 1ntpract1ve and it may be desirable to analyze

Ll L andemas FEumvAam
these factors from not only the highway or traffic engineering standpoint,

but from others as well. The multi-disciplinary investigation team
attempts to do this by assembling a team of individuals from a variety of
disciplines to analyze and form a consensus opinion on the causal factors
and methods of correcting hazardous locations [7].

In addition to highway and traffic engineers, the multi-discipliinary
team may also include:

Human factors experts {psychologists, sociologists, etc.)

[ ]

o Law enforcement off1cers

e Automotive engineers (mechanical engineers)
e Physicians

e Lay persons

Three criteria must be met for an effective multidisciplinary inves-
tigation team [7]:

1. The team should be small enough to be manageable and easily or-
ganized, yet Tlarge enough to incorporate all desired disci-

plines.
2. The professional disciplines should cover the areas of roadway,

driver, and vehicie aspects of highway safety fo obtain a compre-
hensive AnaTuc1q of the location,

o L4 A
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3. There should be a variation in the degree of familiarity with the
location.

In addition, it is recommended that the investigations be conducted
individually by each team member, with the results combined later to form
the consensus opinion [7].

The investigation team does not restrict its analysis and countermea-
sure development solely to the use of traffic data and accident reports
and summaries. The team conducts extensive, in-depth analyses of all
causal factors which may have led up to an accident. A typical investiga-
tion of a high-accident intersection would follow these steps:

1. Conduct a briefing session of team members, with the team leader
supplying all pertinent data on the location (volume data, colli-
sion diagrams, condition diagrams).

2. Conduct individual site investigations, driving each approach to
the intersection, noting sight distances, signs, markings, ob-
structions, etc.

3. Determine the predominant accident types, causal factors, and
possible countermeasures.

4. Submit individual reports to the team leader, documenting all
findings of the investigation.

5. Conduct a meeting of all team members to form a consensus opinion
on the predominant accident types, causal factors, and possible
countermeasures for the location.

PROCEDURE APPLICABILITY

This procedure is generally applicable for:

e Agencies with a team of experts available from a variety of back-
grounds, including a highway safety engineer, psychologist or hu-
man factors expert, poiice officer, etc.

e Locations with very complex safety problems

RESOURCE REQUIREMENTS

@ Manpower - A team of experts from a variety of disciplines is re-
guired, including highway and traffic engineers, human factors ex-
perts, and law enforcement officers.

® Funding - Reguires relatively large amounts of time and money.

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages
e Attempts to view hazardous locations from the standpoint of human
factors, law enforcement, etc., as well as from the highway and
traffic engineering standpoint.
o Provides extensive, detailed, in-depth analyses.

Disadvantages
e Requires large amounts of time, effort, and funding.
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PROCESS 3, SUBPROCESS 3
DEVEIL.CP PROJECTS

PLANNING COMPONENT
| wrocess 1 ]
1
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]
PROCESS;
3
SUBPROCESS 3
m%‘zé‘é’ss DEVELOP
' PROJECTS

PURPOSE

The purpose of this subprocess is to determine the most desirable
improvement alternatives at a location, using estimates of expected pro-
ject costs and accident benefits for each alternative. This subprocess
should be carried out directly after the development of candidate counter-
measures (Process 3, Subprocess 2 - "Develop Candidate Countermeasures").

DESCRIPTION

This subprocess can be accomplished through the use of one or more of
the following procedures:

Procedure 1 - Cost-Effectiveness Method
Procedure 2 - Benefit-To-Cost Ratio Method
Procedure 3 - Rate-0Of-Return Method
Procedure 4 - Time-Of-Return Method
Procedure 5 - Net Benefit Method

These procedures involve the econocmic evaluation of 1improvement alterna-
tives to develop effective improvement projects from the candidate alter-
natives. All of these methods allow consideration of the aconomic feasi-
bility of projects at a particular location.
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While some highway agencies may evaluate candidate countermeasures
based on ‘"engineering Judgment“ or "intuition", economic evaluation
methods are preferred. This is because "intuition" is Tikely to be incor-
rect or based on the way things have been done in the past, without regard
to current state-of-the-art knowledge. Economic analyses may provide
results based on a common unit {dollars) for both benefits and costs, and
provide objective information from which tc make important project selec-
tions. All benefits and costs for a highway improvement project need not
“ecessar1}y iu: ovprocsed 1n dn]]nr +owmc Hnmnunr gnnpra]]u arrpnfpd
procedures have been developed for the quant1f1cat1ons of the major
factors included in most safety projects. Consideration of non-quanti-
fiable factors must be included in arriving at final project implementa-
tion decisions.

Input into all five of the economic analysis procedures consists of
some form of accident benefits and project costs. Benefits are generally
assumed to include benefits to the road user, such as accident savings.
Costs are generally understood to include costs to the highway agency,
such as construction costs and maintenance costs.

Factors which affect the calculation of accident benefits include:

AAAAAA

f“\b\- IUC[IL l.'Ubbb

Interest rates

Project service life
Accident reduction factors
Traffic growth rates

2090 D

Much care should be taken in establishing values for these items, since
they will have considerable impacts on the determination of the recom-
mended alternative improvements. A discussion of these items is given

Accident Costs

The selection of accident cost values is of maJor 1mportance in com-
puting the expected accident benefits for the economic analyses. The two
most commonly used sources of accident costs are:

& National Safety Council (NSC)
& National Highway Traffic Safety Administration (NHTSA)

NSC costs include wage losses, medical expenses, insurance administrative
costs, and property damage. NHTSA includes the calculable costs associat-

ed with each fatality and injury plus the cost to society (i. consump-
+-=0n Togses of 'tnrl‘l\l'!dn:]c and cnr"ln'l'\.r at hwrm rauca'! h\l 1nqcpc. 'm pro-

duction and the inability to produce) Recent accident cost values for
the two methods are shown in Table 12 [1, 2].
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Table 12
Sample Accident Costs

Cost Per Fatality, Injury

Source/Acc1dent Severity Or PDO Accident
]
NSC(1980) Fatal $170,000
Nonfatal disabling injury 6,700
Property damage (including
minor injuries) 980

Cost Per Involvement

NHTSA(1975)/ Fatality $287,175
Critical ?nju"'}’ 192’ 240
Severe injury - life
threatening 86,955
Severe injury - not life
threatening 8,085
Moderate injury 4,350
Minor injury 2,190
Average injury 3,185
Property damage only ] 520

Interest Rates

It is necessary to adopt an interest rate in all of the procedures

P =
except the rate-of-return method. For the other methods, the selection of

an interest rate may have a significant effect on the economic evaluation
of alternative improvements. The selection of an inappropriate interest
rate could easily result in inappropriate project costs and benefits. 1In
a time of rapidly fluctuating interest rates, it is imperative that a sen-

sitivity analysis be conducted to assess the effects of project feasibil-
ity.

Project Service Life

The service life of an improvement should be taken as equal to the
time pericd that the improvement can reasonably be expected to affect
accident rates [3]. Both costs and benefits should be calculated for this
time periocd. Therefore, the expetted service 1ife should reflect the time

Y-S L | nA mAsAC o AT se 1l EEE P B P

period and is not necessarily the physical life of the improvement. The
selected service life can have a profound effect on the economic evalua-
tion of improvement alternatives.

Accident Reduction Factors

Accident reduction factors (AR factors) are numerical estimates of
the percent reduction in particular types of accidents which may be
expected from a particular roadway improvement. Such AR factors should be

125




generated as a result of evaluations from similar projects and programs.
Many states generate their own tables of accident reduction factors based
on formal project evaluations and then update those factors as additional
evaluation results become available. An example of an accident reduction
factor would be a 25% reduction expected in opposing left-turn accidents
due to the instaliation of a separate left-turn signal phase. Various
lists of accident reduction factors may be found in published and unpub-
lished documents. One recent publication by the Federal Highway Admini-
stration entitled "Accident Reduction Factors” provides estimates of
potential accident reductions for a wide range of highway safety improve-
ments based on available published and unpublished Tliterature [4].

Traffic Growth Rates

In additigon to the above mentioned items traffic
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also warrant consideration. If a significant growth in traffic is antici-
pated, it may have a substantial effect on project service lives, mainte-
nance costs and the subsequent accident reductions associated with the

improvement.

Besides factors related to accident benefits, several factors must
also be considered in the computation of project costs. These factors
include:

® Initial project costs

® Salvage value
® Maintenance costs

A brief discussion of these items is provided bhelow.

Project Costs

The initial cost and maintenance costs of projects are of major
concern in economic analyses. Care should be taken to consider high-cost
as well as low-cost improvements. The selection of only ilow-cost improve-
ments does not necessarily provide the mcst appropriate improvements. The
costs used should be obtained from the most recent sources available and
should reflect the costs that are most applicable to the immediate geo-
graphic area of the agency.

Salvage Value

The salvage value is defined as the dollar value of a project at the
end of its service life and is therefore dependent on the service life of

the project. For highway safety projects, salvage values are generally
very small, particularly for those with relatively long service lives.

Since this value is usually guite small, the difference in the economic
analysis, whether a salvage value is used or not, is often insignificant.

Therefore, a salvage value of zero is considered appropriate for most
highway safety improvement projects [5].

126




Maintenance Costs

The change in expected maintenance cost due to a highway improvement
is alsc a cost consideration that should be included in an economic analy-
sis, in many cases. For example, assume that a traffic signal is proposed
for an intersection which is currently controlled by stop signs on the
minor street approaches. There would be an expected increase in mainte-
nance costs at the location (due to servicing signal malfunctions, replac-
ing signal bulbs, etc.) compared to the small cost of maintaining the two
stop signs. Some types of improvements invoive little or no consideration
to chan?es in maintenance costs (i.e., removal of trees along a highway
section).

B gy

RANGE OF COMPLEXITY AMONG PROCEDURES

A1l the procedures in this subprocess are moderately complex and can
be applied using either manual or computer calculations.

MANAGERIAL CONCERNS

@ Are available resources (manpower, funds, equipment) sufficient to
satisfy the resource requirements of the procedure(s) selected?

Is a computer facility available to perform these procedures?

What are the most appropriate accident costs, interest rates, ser-
vice lives, etc., for the improvement?

@ Have all appropriate candidate countermeasures been identified?

@ Does the agency wish to assign dollar values to human life?

SUBPROCESS INPUTS AND QUTPUTS

Management Input

® A knowledge of the economic evalu

i L1

for project development

Resource and Equipment Input

é Manpower for developing projects
® Computer capabilities (Optional)
@ Funding

Data or Informational Input

& A listing of candidate accident countermeasures at each hazardous
spot location, section, and element (from Process 3, Subprocess 2 -
“Develop Candidate Countermeasures"

i i veamnant aldaim ot Io; .
@ Project costs for each improvement alternative

av
® Reductions in various accident types which are expected after im-

provements, with factors to convert these reductions to dollar val-
ues.,
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@ Relevant information to perform the economic analyses inc1udin? (1)
initial project capital cost, (2) project 1ife, (3) project salvage
value, (4) interest rates, {5) future maintenance costs, (6) traf-
fic growth rates, etc.

Qutput

@ A list of the most appropriate countermeasures for implementation
at each identified hazardous location.

SUBPROCESS 2
DEVELOP PROJECTS

PROCEDURE 1 - COST-EFFECTIVENESS
METHOD

PROCEDUREZ |

PROCEDURE 2

]
PROCEDURE 4 ]
PROCEDURE & |

v

PROCEDURE 1 - COST-EFFECTIVENESS METHCD

DESCRIPTION

This procedure is based upon the computation of a cost for the
achievement of a given unit of effect (a given reduction in accidents).
Some researchers have considered it analogous to the benefit-to-cost ratio
technique, in that it attempts to compute an average cost per unit of be-
nefit, and the project with the least cost to attain a given level of be-
nefit is generally considered the most cost-effective. The prime differ-
ence between the two methods is that accident savings are not converted to
an equivalent dollar value with the cost-effectiveness analysis.

The foliowing steps should be performed for the cost-effectiveness
technique [6]:

1. Determine the initial cost of design, construction, right-of-way,
and other costs associated with project implementation.

2. Determine the annual operating and maintenance costs for the
project.

3. Select units of effectiveness to be used in the analysis. The
desired units of effectiveness may be:
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& Number of total accidents prevented,

& Number of accidents by type prevented,

® Number of fatalities or fatal accidents prevented,

® Number of personal injuries or personal injury accidents pre-
vented, and/or

® Number of EPDO accidents prevented.

4. Determine the annual benefit for the project in the selected
units of effectiveness (i.e., total number of accidents pre-
vented).

5. Estimate the service life.

6. Estimate the net salvage value.

7. Assume an interest rate.

8. Calculate the equivalent uniform annual costs (EUAC) or present
worth of costs (PWOC).

9. Caiculate the average annual benefit, B, in the desired units of

effectiveness.

10. Calculate the cost-effectiveness (C-E) value using one of the
following equations:

@ C-E = EUAC/B
or i
@ C-E = PWOC (CRFnj/B
Where
.i
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A sample C-E worksheet 1is given in Figure 20.

PROCEDURE APPLICABILITY

This procedure is generally applicable to agencies which do not wish
to directly assign dollar values to human injuries and fatalities,

® Manpower - Requires minimal manpower. Technicians or junior engi-
neers can perform analysis.

® Funding - Relatively low cost.

@ Equipment - None required. Computer is optional,

PROCEDURE ADVANTAGES AND DISADVANTAGES

n

pu |
Advdn LdSEb
® Does not require assigning a dollar value to losses from injuries

or fatalities,
® Considers the optimization of benefits on a systemwide basis.
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Evaluation Nao:

Project Wo:

vate/Evalunator:

1. Initial Implementation Cost, I:

2. Annual Operating and Maintenance
Costs Before Project Implementation:

3. Annual Operating and Maintenance
Costs After Project Implementation:

4. Wet Annual Oﬁerating and Maintenance
Costs,K (3-2}:

§. Annual Safety Benefits in Number of
Accidents Prevented, B:

Rccident Type

Total

Actual =~ Expected =

1]

<

<

Annual Benefit

6. Service Life, n: ¥rs.

7. Salvage Value, T: §

8. Intzrest Rate:

|

9. BUAC Caleulation:

CRp =

SFE =

EUAC = I (CRp) + K - T {5F5}

10.

11.

Annual Benefit:
B (fram 5) =

C~§ = EUARC/E =

12.

13.

14,

PWOC Calculation:
Pwi=

SPWn=

PHOC= I + K (SPWL) - T (PWD)

Annuval Benefit
n (from 6) =
B (from 5) =

C-E = PWOC (CR1)/g

¥yrs.

accidents prevented per year

Figure 20.

Sample Cost-Effectiveness analysis worksheet




Disadvantages

® Results are often difficult to interpret in terms of when an im-
provement is justified.

SUBPROCESS' 3 \\\\\\

7 DEVELOP PRQJECTS

/ [ PROCEDURE 1 i

PROCEDURE 2 - BENEFIT-TQO-COST
RATIO METHOD

merrr—c———_

| PROCEDURE 4

[ PROCEDURE 3 ]
:
|
|

| PROCEDURE 5

~_

PROCEDURE 2 - BENEFIT-T0-COST (B/C) RATIO METHOD

DESCRIPTION

The Benefit/Cost ratio is the monetary accident savings divided by
the improvement cost. Using this method, costs and benefits may be ex-
pressed as either an equivalent annual or present worth value of the pro-
ject. Any project with a benefit-to-cost (B/C) ratio greater than 1.0 can
be considered economically sound.

i
.i

It is commonly the practice of many state and Jocal agencies to rank
projects on the basis of their respective B/C ratio to select the most
viable project. However, it is argued by some economists that this
approach is inappropriate for selecting projects, because of the added
costs of each more sophisticated project. They suggest the use of an
incremental benefit-to-cost ratio analysis to select the best project.
This technique is discussed in the next section.

The B/C techni
1. Determine the initial cost of implementation of the safety im-
provement being studied.

Determine the net annual operating and maintenance costs.
Determine the annual safety benefits derived from the project.
Assign a dollar value to each safety benefit unit (NSC, NHTSA
or states own costs).

oo
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5. Estimate the service life of the project based on patterns of
historic depreciation of similar types of projects or facil-
ities.

6. Estimate the salvage value of the project or improvement after
its primary service life has ended.

7. Determine the interest rate by taking into account the time value
of money.

8. Calculate the B/C ratio using equivalent uniform annual costs
(EUAC) and equivalent uniform annual benefits (EUAB).

9. Calculate the B/C ratio using present worth of costs (PWOC) and
present worth of benefits {PWOB)

A sample worksheet for the B/C analysis is given in Figure 21.

PROCEDURE APPLICABILITY

This procedure is generally applicable to:

@ Highway systems of all sizes

@ Agencies which have no objection to placing a dollar value on
losses due to human injuries or fatalities

The benefit-to-cost method may be applied using either manual or computer
techniques.

RESOURCE REQUIREMENTS

€ Manpower - Personnel should include engineers experienced in high-
way safety and/or economic analysis.

® Funding - Relatively Tow cost

@ Equipment - None required. Computer is optional,

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

® Provides a straight-forward, familiar method for performing econo-
mic evaluations

® Useful for situations where accident severity is an important
measure of effectiveness

Disadvantages

® Results are often affected considerably by the accident cost values
{NSC, NHTSA, states' cost) selected, particularly when fatal acci-
dents are being considered.

©® Relies on the placement of a dollar value on a human losses.

® Relies on an assumed interest rate.
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Evaluation No:

Project Fo: .

DQﬁe/Bvaluator:

1. Initiai Implementation Cost, I $

2. Annual Operating and Maintenance
Costs Before Project Implementation: $

3, Annual Opar.ating ‘and Maintenance
Cost After Project Implementation: $

4, Net Annual Cperating and
Maintenance Costs, K (3-2): . s

8.
9.,
10.

Services life n:
salvage Value, T: $

Interest Rate, i:

L= 0,

5. Annual Safety Benefits in Number
of Accidents Prevented:

Severity Actual - Expected = Annual Eanefit

a) Fatal Accidents
(Fatalities)

b) Injury Accidents
{Injuries}

¢) PDO Accidents
{Involvement)

6. Accident Cost Values (Source

Severitxr "'Cost
a) Fatal Accident (Fatality) $‘

%) Injury Accident {Injury) $
¢} PDO Accident (Involyement) $
7. annual Safety Benefits in Dollars Saved, B

5a) x 6a)

5b} x 6b}

i.

.5¢c) x 6¢)

Total = -]

11. EUAC Calculation:
crl -
sel = 7
EUAC = I (cRi) + K - T tsel)
12. EUAB Calculation:
EUAB = B
13. B/C = EUAB/EUAC =
14, PWOC Calculation:
Pw% _
i
SPHL =
PWOC = I + K (SPWp) ~ T (PWp)
15. PWOB Calculation:
PWOB = B(SPWL)
16,

R/C =~ PWOB/PWOC =

Figure 21. Sample Benefit-to-Cost analysis worksheet




SUBPROCESS 3

DEVELOP PROJECTS

4 \
i PROCEDURE 1 |
{ PROCEDURE 2 |

PROCEDURE 3 - RATE-OF-RETURN
METHOD

PROCEDURE 3 - RATE-OF-RETURN METHOD

DESCRIPTION

an investment.
of the investment.

This technique is based upon the computation of the rate of return on

The calculated interest rate is considered as the "yield"
When a number of alternatives are considered for pos-

sible implementation, the project with the highest yield is considered to
be the most desirable, subject to its meeting a minimum value (minimum

attractive rate of return).

There are two assumptions upon which this method is based [5]:

-4 ._.-...._...-..J L .. [y [ R
medsured Dy Le 1Tnierest

@ The relative merit of an improvement is
rate that sets its benefits equal to zero.
@ The costs and benefits remain constant each year.

The rate of return is calculated from the following equations (which

are set equal to zero) [5]:

or

I = (B—K)SPNZ - T(Pwi) . (A)

i
B-K =CR (B)
T n
Where, i rate of return

annual benefit
annual cost

no#aou

-~ R
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Series present worth factor for n years at interest rate i

T = terminal value
Pw; = Present worth factor for nth year at interest rate i
I = Initial cost
CR; = Capital recovery factor for n years at interest rate i

Equation (B) is used for improvements with no terminal value or a
perpetual service life. Both equations must be used on a "trial and
error" basis. A mathematical algorithm may be formulated for either manu-
al or computer techniques, with the objective of "converging" to the re-
guired soiution when specific "bounds" of the solution are defined in or-
der to minimize the searching effort.

This procedure is generally applicable for:

® Medium-size highway systems (100 to 10,000 miles)
® Agencies with no objection to assigning doliar values to human
lives

@ Agencies which desire to compare projects based on their rate of
return on their investment

The rate-of-return method may be applied using either manual or computer
techniques. Computer techniques are recommended.

RESOURCE REQUIREMENTS

® Manpower - May require considerable manpower for manual techniques.
One or more engineers experienced in economic analysis are neces-
sary for either manual or computer application.

@ Funding - Moderate cost. '

® Equipment - Computer is desirable.

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

® Does not rely on an assumed interest rate
@ Considers the optimization of benefits on a systemwide basis

® Must be performed on an iterative, i.e., "trial and error® basis.

This can be very time consuming, particularly for manual methods.
® Somewhat difficult to interpret
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PROCEDURE 4 - TIME-OF-RETURN
METHOD
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PROCEDURE 4 - TIME-OF -RETURN METHOD

TN

DESCRIPTION

In the Time-of -Return (TOR) method, expected accident reductions are
forecast using data from previous before-and-after accident studies as
with the other economic methods. A TOR value 1is computed by dividing the
estimated cost of the project by the computed annual benefit. Interest
rates, annual maintenance costs, service lives of all projects, and sal-
vage values are not considered in this anlaysis. Projects with the lowest
TOR values are considered to be the best. An example of a completed work-
sheet for an intersection improvement is given in Figure 22 using the TOR
method. Details of the accident information by type and expected percent
reduction are given on the form. One analysis sheet should be completed
for each improvement alternative.

The following steps should be carried out in this procedure:

1. Dete?mgne the accident types to be affected by the improve-
' ment(s).

Estimate the reduction in . each accident type.

Estimate the change in traffic volume (growth) due to the im-
provement (s ).

Determine the total cost of the improvement(s}.

Determine the total benefit based on the number of years of data
analyzed.

Compute the annual benefit.

Compute the time-of-return.

~ O (S ) w N
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Location. ) Ci_tyi'i‘up; County

The methed of evaluating accident costs, used below, is given on page 67
of Roy Jorgeosen's teport of Highway Safety Improvement Criteria, 1966

-edition,
in the following analysis the costs provided by the National Safety
Council are: 1977 values :
Death - $135,000
Honfatal Injury — $5,500
Property Damage Accident - $800
B = apr = (Q R, 4800 %)
whexe

B = benefit in dollars

location

cicy/Tup. County

Control Section SII &

Type of Improvement Pavement Overlay, Pavement Markings, .Upgrading
Signals, Driveway Signing, Driveway Recohstruction.

ADT_ = Aversge traffic volume after the improvement 719,200

ADTB = Av?rage traffic volume before the fuprovement 7Z,000
RI = Reduction in fatalities and injuries combined 13
12

.Rz = Reduction in properxty damage accidents

@ = 5500 4if no fatal accidents oceurred, and

Q= 135,000 + ('}/r % 5,500) ~ 7,001 if at least I fatality occurred.
1+ I/F

where

I/F = Ratio of injuries to fatalities that occurred statevide
duriag the year 1977

= 166,389 = 85.3
1,950

* Time of Return {I.0.R.) Lased on .#3" }eats'o{ data.

2 yes, B= 1.1 [(5500 ¥¥XX003) 13 +(@o0) 12 3
2 yre, pe 1.1 [(71,500) + ¢ 9660 3] ~ 89,210

Annual B~ 44,605 dollars

€= Total cost of project

T.0.R. =Cw= 42,580 =0.96 yesrs= 11.5-Honths
B 15,655 .

' Anticipated Annual Benefit

PERIOD ACCIDENT TYPES
PEivEE3%eea ) rear Bnd B [°PPEERZmurn |
3, 15 d . 7 P
1977 b 22 13 L= | —
: inja 4 inid 7 Fnid_ 6~ fnid ¥
: 6 10 6
1978 1 9 #3119 () 12 3
Y 25 J13°
TOTALS | 16 7 41 16 25 12
Estimated _50Z rea. is...z Red. N 25 % Red. X Red. Z Red.
Accident 5 4 3 i
Reduction] 8| 35| 6 53| ¢ (5
Remarks

A~ Includes only those accidents at driveéways where improvements are
proposed. Includes left-turns out of driveways, and rear-ends,
sideswipes, and angles caused by right turns into or.out of the
driveways. ’

B- Inclgdes only thase accidents on the approacheg (not drivgway-—re—
lated)

s42,580
§44,605

Estivated Project Cost

Project Amortization (T.0.R.) 0.96 veaxs

Figure 22. Sample Time of Return worksheet




PROCEDURE APPLICABILITY

This procedure is generally applicable for:

@ Small to medium-sized highway systems (up to 2500 miles) - agencies
projects than smaller agencies, and should use a more sophisticated
method.

@ Agencies with no objection to the placement of dollar vaiues on
losses from injuries and fatalities,

@ Agencies desiring to compare projects based on the time in which
project will pay for themselves in terms of accident savings.

RESOURCE REQUIREMENTS

@ Manpower - Requires a minimum of manpower. However, one or more
engineers with experience in highway safety and economic analyses
should be on staff.

& Funding - Relatively low cost.

® Cquipment - None required. Computer is optional.

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

® Results directly in the amount of time required for a given
improvement or set of improvements to pay for itself,
® Can consider the optimization of benefits on a systemwide basis.

Disadvantages

@ A time measure is often misleading or difficult to interpret. For
exampie, a time of return of 5 years may be considered very good
for a highway reconstruction project which has a 20-year service
life but not desirable for a pavement striping project with a
service life of less than two years.

@ Does not normally account for interest rates, annual maintenance
costs, service lives of all projects, or salvage values,
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PROCEDURE 5 - NET BENEFIT
METHOD

PROCEDURE 5 - NET BENEFIT METHOD

DESCRIPTION

This procedure is based on the premise that the relative merit of an
improvement is measured by its net annual benefit[4]. The net annual
benefit of an improvement is defined as:

Net Annual Benefit = {EUAB)-{EUAC)
Where:

EUAB
EUAC

Equivalent Uniform Annual Benefit
Equivalent Uniform Annual Cost

A positive value for Net Annual Benefit indicates a feasible improvement
and the improvement or set of improvements with the largest positive Net
Annual Benefit is considered to be the best alternative.

The following steps should be used to compute the Net Annual Benefit

[3]:

1. Estimate the initial cost, annual cost, terminal value, and ser-
vice 1ife of each improvement.

Estimate the benefits (in dollars) for each improvement.

Select an interest rate.

Compute the Equivalent Uniform Annual Benefit, EUAB.

Compute the Equivalent Uniform Annual Cost, EUAC.

Calculate the Net Annual Benefit of each improvement.

S T W o

This method is used to select improvements that will insure maximum
total benefits at each location. As an example, suppose a location s
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being considered for improvement. The four alternative improvements for
this site are given in Table 13 along with their corresponding B/C ratios
and net benefit values.

Table 13. Comparison of Net Benefit Method to B/C Ratio

Alternative B/C Net Benefit
1. Sign and Stripe 12.0 10,000
2. Pavement Overlay 7.0 20,000
3. Overlay, Sign and Stripe 5.0 25,000
4. Reconstruction 2.0 200,000

Using the Benefit/Cost Ratio methods, Alternative 1, would be select-
ed, while the Net Benefit method would result in the selection of Alterna-
tive 4, The Benefit-to-Cost Ratio will usually allow for the selection of
mostly low-cost alternative improvements which may enhance project selec-
tion on a systemwide basis when safety budgets are limited. However,
these improvements may not offer the optimum benefits for each individual
focation. The Net Benefit method results in the selection of improvement
alternatives that generally offer the greatest safety benefits at each
lTocation. However, these alternatives are often high-cost improvements
which have serious implications on the number of projects which may be
undertaken on the whole system.

An agency should, therefore, be aware of both the expected net bene-
fits and the benefit-to-cost ratio (or cost-effectiveness, rate-of-return,
etc.) for each project under consideration. A combination of two or more
economic methods may also be desirable.

PROCEDURE APPLICABILITY

This procedure is generally applicable for:

@ Highway systems of all sizes

® Agencies with no objection tc assigning dollar values to human
lives

® Agencies whose primary objective is to insure selection of the most
appropriate projects on a location by location basis

RESOURCE REQUIREMENTS

® Manpower - Requires very little manpower. However, one or more

engineers with experience in highway safety and economic analysis
are necessary.

@ Funding - Relatively low cost.
® Equipment - None Reguired. Computer is optional.
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PROCFDURE ADVANTAGES AND DISADVANTAGES
Advantages

® Relative ease of calculation

@ Applicable when the selection of one alternative precludes the
selection of another alternative at the same time

@ Can consider the optimization of benefits for each individual leca-
tion

Disadvantages

© Requires the placement of a dollar value on losses from injuries
and fatalities.

e Often places a low priority on low cost projects compared to higher
cost projects.

vosr T
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CHAPTER VIII

PROCESS 4
ESTABLISH PROJECT PRIORITIES

PLANNING COMPONENT
[ PROCESS 1 ]
1

I PROCESS 2 ]

1
| PROCESS 3 1

PROCESS 4

ESTABLISH PROJECT
PRIORITIES

PURPOSE

The purpose of this process is to establish a priority list of the
countermeasures developed in Process 3, Subprocess 3 ("Develop Projects").
This process should result in the selection of improvements which will
result in the optimal safety benefits per dollar spent.

DESCRIPTION
This process includes the following procedures:
Procedure 1
Procedure 2

Procedure 3
Procedure 4

Project Development Ranking
Incremental Benefit-to-Cost Ratio
Dynamic Programming

Integer Programming

After countermeasures are developed for each hazardous location,
the next step is to establish priorities for implementing these projects.
Priorities should be based on many considerations such as available fund-
ing levels, project costs, and accident benefits for each countermeasure.
This process should be used to select the final list of countermeasures to
be completed at each location under available funding.
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In most cases, there will not be enocugh money available to complete
all needed improvements. Therefore, many improvements may not be imple-
mented and a careful analysis is needed to select improvements which wili
result in optimal safety benefits per dollar spent.

Care should be exercised not to select only very low-cost improve-
ments. These improvements might show very high benefits per dollar spent,
but such low-cost improvements often do not provide for the reduction in
large numbers and severities of accidents over periods of several years.
The engineer should ensure that many of the most hazardous locations are
properly corrected if possible, to help insure that long-term safety
benefits will be provided tc the public.

RANGE OF COMPLEXITY AMONG PROCEDURES

A wide range of complexities is involved among the various proce-
dures. Project development ranking is very simple to use and can be done
manually, wh11e the other three procedures are more comp1ex with the

dynamic and integer programming methods usually requiring the use of a

Icqul ‘IIB Wl ¥ ) M
computer,

MANAGERIAL CONCERNS

® What are the magnitudes and types of funds that are available for
project implementation?
® Are computer facilities available for this process?
PROCESS INPUTS AND QUTPUTS

L

Management Input

¢ An understanding of the available procedures for establishing pri-
orities

Resource and Equipment Input

@® Manpower - Programmers for using computerized methods

® Funding - Funds for computer rental, maintaining qualified person-
nel, etc.

@ Equipment - Computer capabilities (Regquired for Procedures 3 ard 4,
and optional for Procedures 1 and 2)

Data or Informational Input

® A listing of countermeasures (possibly short-range and long-range)
which should be 1mp1emented for each hazardous location (from
Process 3, Subprocess 3 - "Develop Projects")

® The estimated construction costs of projects

® The estimated changes in annual maintenance costs for each pro-
Jject
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@ The accident benefits to be derived from each project alternative
@ The economic indicator (B/C ratio, rate of return, etc.) for each
proeject alternative.
Output

® A recommended list of safety improvement projects to be imp lemented
at specific locations based on available or expected funding
levels,

PROCESS 4
ESTABLISH PROJECT PRIOCRITIES

PROCEDURE 2
PROJECT DEVELOPMENT RANKING

[ PROCEDURE 2z |

L PROCEDURE 3 |

[ PROCEDURE 4 ]

PROCEDURE 1 - PROJECT DEVELOPMENT RANKING

DESCRIPTION

This procedure is a priority ranking based on the output from Subpro-
cess 3 of Process 3 - "Develop Projects." For example, assume that the
net benefit procedure is used to deveiop projects for each hazardous loca-

tion. The locations can be ranked in priority order based on the net

benefit. Then, projects can be selected from the priority listing until

available funds are depleted. Similar rankings could also be made using
cost-effectiveness, rate-of-return, or other economic measures.

PROCEDURE APPLICABILITY

This procedure is generally applicable for agencies with:

@ At least technician level personnel and junior level engineers
@ Desire for final selection of projects based on project ranking

® No access to more scphisticated methods (i.e., dynamic programming)
for establishing project priorities.
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RESOURCE REQUIREMENTS

® Manpower - Requires minimal manpower. Technicians and engineers to
rank projects based on output from Process 3, Subprocess 3 -
"Develop Projects."

® Funding - Very low cost

@ Equipment - None. Computer is optional

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages
® Provides a simple, easy to use method of establishing priorities
for implementing safety projects.
@ Does not require computer facilities.

Disadvantages

® Not effective for establishing priorities for a list of projects
with numerous alternatives at each location

WL Wl RN Vg o T VieGw

® Is not particularly adaptable to revisions in the priority listing

PROCESS 4
ESTABLISH PROJECT PRIORITIES

i PROCEDURE 1 1

PROCEDURE 2
INCREMENTAL BENEFTT/COST RATIO

{ PROCEDURE 3 ]

1 PROCEDURE 4 |

PROCEDURE 2 - INCREMENTAL BENEFIT-TO-COST RATIOQ METHOD

DESCRIPTION

This method can be used to select projects based on whether extra
increments of expenditure are justified for a particular location. It can
also be used to simultaneously determine the optimal level of expenditure
at multiple locations each having more than one possible alternative. The
method assumes that the relative merit of a project is measured by its

increased benefits (compared to the next lower-priced alternative) divided
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by its increase in cost (compared to the next lower-priced alternative).

This may be stated: IB/Cjj = Bj - Bj

i-

Where: IB/Cig = Incremental B/C ratio between projects i and j
J

Bi,
Ci,Cj

The benefits derived from projects i and j
The costs associated with projects i and j

i

The basic input required for using the incremental benefit-to-cost ratio
is similar to that of the simple B/C ratio method.

The steps for using the incremental benefit-to-cost ratio method are

1.
Li]-.

2w N

5.

Determine the benefits, costs and the benefit-to-cost ratic for
each improvement,

List the improvements with a B/C ratio greater than one in order
of increasing cost. :

Calculate the incremental B/C ratio of the second lowest-cost im-
provement compared to the first,

Continue, in-order of increasing costs, to calculate the i
mental B/C ratio for each improvement compared to the next
cost improvement.

Stop when the incremental B/C ratio is less than 1.0,

o—

cre-
ower

PROCEDURE APPLICABILITY

This procedure is generally applicable for agencies with:

® At least one engineer experienced in nighway safety and economic

analysis

® Computer capabilities, particularly for a large number of projects

under consideration

® Desire to select projects based on the additional benefits which

can be gained for a given incremental cost increase

RESOURCE REQUIREMENTS

6 Manpower - Technicians and engineers to develop a priority Tisting

of improvements based on incremental benefit-to-cost ratios. Pro-
grammer may be necessary for computerized analyses.

@ Funding - May require money for computer program development and

application

® Equipment - Computer is highly recommended.
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PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

@ Reduces the impact of very low cost projects
® Enhances consideration of additional improvements which are justi-
fied based on their expected additional benefits

Disédvantages

@ Manual calculations may require considerable time and manpower
® Can be quite compliex to use, particularly without the aid of a
computer

PROCESS 4
ESTABLISH PROJECT PRIORITIES

[ PROCEDURE 1 |

[ PROCEDURE 2z |

PROCEDURE 3

DYNAMIC PROGRAMMING

{” PROCEDURE 4 |

PROCEDURE 3 - DYNAMIC PROGRAMMING

DESCRIPTION

Dynamic programming is an optimization technique which transforms a

multistage decision problem into a series of one-stage decision problems.

The term Dynamic Programming was first used by Bellman [1] to represent
the mathematical theory of a multi-stage decision process. It is used to

allocate money to obtain the maximum possible benefits under a fixed budg-
et. The three possibie levels of dynamic programming are [ 2]:

@ Single-stage (used to evaluate a single project with several
alternatives)

& Multi-stage (involves selection among several projects with several
alternatives each)

® Multi-stage with a time factor (used where several alternatives are
considered and various time periods are involved)
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Basic input into the dynamic programming mode! consist of:

e Initial costs, operating costs and maintenance costs for each
project alternative
@ Accident benefite for

LE AL L [ Vi | VA ]

® Budget available for improvemen

To illustrate dynamic programming, an example of eight projects is
shown in Table 14. The cost estimates and expected benefits are given for
each project, ordered by benefit-to-cost ratio. Assume a budget of
$400,000, and using the benefit-to-cost analysis, Projects A,B,C,D, and E
would be selected in that order. The cost of these five projects totals
$250,000, which leaves $150,000 yet to be spent. Since Project F costs
$200,000, it is skipped and Project G is selected. The $400,000 spent by
this method yields total benefits of $4,440,000.

Using dynamic programming, Projects A,B, and C are also chosen. These
projects total $200,000, leaving $200,000 to spend. Considering all possi-
bilities, it can be seen that by choosing Project F instead of D,E, and G,
greater benefits can be obtained from the remaining $200,000. Therefore,
using dynamic programming, the projects selected are A,B,C, and F. The
total berefit then is $4,900,000, which is $460,000 more than would result

from selection of projects by the benefit-to-cost method.

In some instances, the same projects will be selected whether dynamic
programming or some other method is used. Depending on the number of pro-
jects under consideration, the use of dynamic programming may result in
the selection of projects which yield greater benefits than other proce-
dures. In the above example, the optimal selection of projects was fairly
obvious without using a computer. However, many more projects usually are
involved than shown in this example, and the manual selection of the

optimum listing of orojects becomes infeasible :

sting of projects becomes infeasible. Analysis with the aid of
a computer is then necessary. The dynamic programming concept has already
been applied to highway safety programs in Kentucky and Alabama, and is
expected to also be utilized in other states in the near future [2,3].

PROCEDURE APPLICABILITY

This procedure is generally applicable for agencies with:

rogrammers on staff

Ll o

@ Experienced safety engineers and computer
® Available computer facilities
® A need to obtain quick revisions of project 1istings for any modi-
fications (budgets, cost revisions, etc.)
® A desire to select the optimal listing of projects for any given
p._ 2 Ct..

3 S o P N Y S NN
budget by cen51der1ng all combinations o 5
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Table 14. Dynamic programming vs. B/C ratio example

Benef it/Cost
Project Benef it Cost Rat io

A $ 800,000 $ 20,000 40

B 1,600,000 80,000 20

C 1,300,000 100,0C0 13

D 200,000 20,000 10

E 240,000 30,000 3

F 1,200,000 200,000 6

G 300,000 150,000 2

H 80,000 80,000 1

Projects Total
Method Budget Selected Benefits

Benefit/Cost $400,000 A,B,C,D,E,G $4,440,000
Dynamic . _

Programming 400,000 A,B,C,F 4,900,000
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RESOURCE REQUIREMENTS

@ Manpower - Technicians and engineers to develop the dynamic pro-
gramming model for the system. Programmer tc implement the model

on computer
® Ffunding - Requires funds for application of computer program

® Eguipment - Computer capabilities

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

@ Responsive to changes in budget, inflation rates, cost of materi-

als, etc.

® Useful in the analysis of several different alternatives

@ Allows for the selection of an optimal plan, and therefore guar-
antees the best economic investment {within practical limits)

Disadvantages

@ Complex, requiring computer capabilities

_ PROCESS 4
ESTABLISH PROJECT PRIORITIES

mE 1 1
E 1

I

[
P

1 PRACE
1 PR

PROCEDURE 2 |

[ PROCEDURE 3 ]

PROCEDURE 4
INTEGER PROGRAMMING

PROCEDURE 4 - INTEGER PROGRAMMING

DESCRIPTION

Programming problems in general deal with the use or allocation of
scarce resources in a manner such that costs are minimized or profits are
maximized. An Integer Programming problem is characterized by the follow-
ing conditions [4]:

® The relationship between the dependent variable and independent
variables is linear and is referred to as the objective function
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@ All decision variables of the problem are non-negative
® Some or all of the decision variables are restricted to integer

values
¢ The decision variables are subject to various constraints which can
be expressed as a set of linear equations or inequalities

In short, an integer programming problem is a linear programming problem
in which some or all of the decision variables are restricted to integer
values.

Integer programming is a valuable operations research tool and has
potential in highway system applications. Considerable theoretical re-
search has been conducted in the past, but limited progress has been made
in the computation of large-scale integer programs for highway safety use.
The solution of the integer programming problem usually requires the use
of a computer, particularly for large-scale problems. The standard form
of the integer programming problem is [4]:

T
Maximize Xo = 2= cjXj
j=1
n
Subject to ;% ajjX; < b; i=1,2,...,m
i=1
Integer Xj >0 i=1,2,...,n
Where:
Xo = Benefits resulting from lives saved or costs reduced
Xj = Decision variables
Cj = Cost coefficient ($ per unit of variabie X)
ajj = Structural coefficients
b; = Resource constraints (i.e. the amount of money, time or equip-

ment available

In the standard form shown above, the objective is to maximize the
profit (Xy) which is a linear combination of a number of decision varia-
bles (Xj). The objective function is subject to the following condi-
tions:

® There is a limited amount of resources available (bj)

& The decision variable (project alternative X5) must be 0 (not
selected) or a positive integer (totally selected)
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PROCEDURE APPLICABILITY

@ Experienced safety engineers and computer programmers who are know-
ledgeble in the use of linear programming

® Computer facilities available

e A need to obtain quick revisions of project listings for any modi-
fications

® A desire to select the optimal listing of projects for any given
budget by considering all possible combinations of projects

RESQURCE REQUIREMENTS

@ Manpower - Engineers to formulate the integer programming problem.
Programmer to implement the formulation on the computer system.

® Equipment - computer facilities

® Funding - Mconey to develop and/or apply the computer program

PROCEDURE ADVANTAGES AND DISADVANTAGES

Advantages

® Accounts for the various restraints upon the independent factors,
i.e., budget restraints, material costs, etc.

@ Has capabilities for quick updates and revisions of prioritized
Tisting

8 Will result in the optimal selection of projects (within limits)

Disadvantages

® Complex - requires computer solution techniques and personnel with
experience in solving linear programming problems

® Limited progress has been made in the solution of large-scale high-
way safety problems using linear programming
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IMPLEMENTATION
COMPONENT

HSIP

——={ PLANNING COMPONENT ]————-—-‘

[

IMPLEMENTATION
COMPONENT

¥
L ] EVALUATION COMPONENT  Je——

PURPOSE

The purpose of the Implementation Component is to design, schedule,

construct, and make necessary final adjustments to the highway safety
improvements which were selected in the Planning Component.

DESCRIPTION

The Implementation Component consists of one process, according to
FHPM 8-2-3, which is designated as Process 1 - "Schedule and Impliement
Safety Improvement Projects." The Implementation Compconent is situated
between the Planning and Evaluation components of the HSIP. Projects are
selected for implementation in the Planning Component based on the availa-
bie funds and estimated accident reduction. After projects are implement-
ed, they should be evaluated to determine their effectiveness. Results of
the project evaluations can be used to improve the future planning and
impiementation practices of a highway agency.

INPUTS AND OUTPUTS

Managerial Inputs

. Guidance of personnel and/or contractors throughout the construc-
tion of projects
A knowledge and understanding of design standards, construction
practices, and scheduling techniques
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Resource Input

@ Funds - Money to complete the improvement projects

@ Manpower - Agency or contractor personnel to schedule, design, con-
struct, and review the improvements
Equ1pment - Equipment for implementing projects

Data or Informational Input

& A list of projects to implement along with cost information for
each

Qutput
® Implemented highway safety projects

CONSTRUCT /o ]
sy ZOAE s
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CHAPTER IX

PROCESS 1

SCHEDULE AND IMPLEMENT
SAFETY IMPROVEMENT
PROJECTS

IMPLEMENTATION COMPONENT

PROCESS 1

SCHEDULE AND IMPLEMENT SAFETY
IMPROVEMENT PROJECTS

PURPOSE

The purpose of this process is to conduct the necessary subprocess of
project implementation in the most efficient possible manner.

DESCRIPTION

Safety improvements may be completed by contractors or by agency work
forces, Large projects are usually performed by contract, while minor and
low-cost projects are usually performed by the agency whenever possible.
Some improvements are relatively simple and require little design work
such as pavement striping, installation of signs and signals, removal of
roadside obstacles, etc. Considerable design and study may be required
for such projects as intersection design, grade separation, channeliza-
tion, and complex signal systems. The extent of the required design work
should be defined, and appropriate methods should be identified within the
agency or from outside sources for performing the required tasks.

The three subprocesses under this process are:
Subprocess 1 - Schedule Projects

Subprocess 2 - Design and Construct Project
Subprocess 3 - Conduct Operational Review

155




PROCESS 1, SUBPROCESS 1
SCHEDULE PROJECTS

IMPLEMENTATION COMPONENT

SUBPROCESS 1

SCHEDULE PROJECTS

PURPOSE

The purpose of this subprocess is to plan and schedule the safety im-
provement projects to insure the most efficient use of time and resources.

DESCRIPTION

Project scheduling must be undertaken after accident countermeasures
are developed and selected. This involves determining when each improve-
ment should be started and completed under real-world constraints. For
example, weather conditions are a constraint to paving activities and
pavement striping, since temperatures must be high enough to permit proper
drying conditions.

Funding availability is another constraint since enough money is seil-
dom available to complete all needed improvements by an agency. Manpower
constraints are also important 1in project scheduling and completion.
Existing traffic conditions also pose a major constraint to highway im-
provements. For example, on high-volume urban streets, major projects
involving lane closures are often conducted at night or during off-peak
times to prevent massive traffic congestion.
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There are five basic steps in project scheduling which include the
following [1]:

1. Estimate costs, required time, and other resources for the pro-
ject's work activities.

2. Determine the time duration of each phase, lead times between

each phase, and the priority of each project, arranging the pro-

ject phases on a time scale so as to efficiently use the funds as

they become available.

Estimate manpower requirements, summarize them for specific time

periods, and project the future manpower situation.

4, Summarize other resources (materials, equipment, facilities) and
evaluate appropriate solutions as necessary. '

5. Balance the types of construction whenever practical.

(¥ ]
M

To properly schedule a project or a group of projects, several proce-

dures are available. Four of the scheduling procedures currently in use
include:

Procedure 1
Procedure 2
Procedure 3
Procedure 4

Gantt Charts (bar charts}

Program Evaluation and Review Technique (PERT)
Critical Path Method (CPM)
Multiproject Scheduling System (MPSS)

RANGE OF COMPLEXITY

The degree of complexity of these procedures depends upon the size of
the project or the number of activities involved. Projects {(or Programs)
with a large number of activities with several restraints will require
considerable expertise and most likely computer application (for the PERT,
CPM, and MPSS techniques).

MANAGERIAL CONCERNS

® Are accurate estimates available for the manpower, cost and equip-
ment requirements of each project?

@ How accurate are the estimated time requirements for each project?

® How will the weather affect the scheduie?

@ What projects are critical in terms of completion dates?

@ MWhich projects should be completed by agency forces, and which
should be let to contract?

INPUTS AND OUTPU

Management Input

@ An estimate of the physical, monetary, weather, time, and other
constraints which may affect scheduling

157




Resource and Equipment Input

e Project funding
¢ Manpower to plan the implementation scheduling

Data or Informational Input

® A recommended list of safety improvement projects to be completed
at specific locations, based on available funding

]
® A priority list of projects in order of importance

Output
@ A time schedule for impiementation of all recommended safety
improvement projects

o

SUBPROCESS 1
SCHEDULE
PROJECTS

PROCEDURE 1
GANTT CHARTS

! PROCEDURE 2 H

| PROCEDURE 3 |

' PROCEDURE & |

PROCEDURE 1 - GANTT CHARTS

DESCRIPTION

A Gantt Chart (bar chart) provides a visual picture of the project
activities with the corresponding time periods for each activity. - The
format of a Gantt Chart will depend primarily on the nature of other
documents used by the highway agency. Some agencies use such manual
graphical aids as their sole scheduling device, while others (with greater
volumes of work) use computer assisted scheduling techniques. An example

of a Gantt Chart is given in Figure 23 [1]

APPLICABILITY

Gantt Charts are generally adaptable to Tong-range scheduling where
projects are classified into three or four major activities.

158




66T

ROADWAY WIDENING PROJECT - GANTT CHART

ACTIVITY

DESCRIPTION

Weeks

10

11

12

Locate Survey Stakes

Roadway Grading

Daliver Materials

Lay Roadway Subbase

Subbase Compaction

Subbase Leveling

Prepare Surface
for Overlay

Lay Roadway Pavement

Install Pvmt. Markings

~Regrade shoulders

Pt . TTem
Liliedll Jp

Site Inspection

Figure 23. Example of a Gantt Chart.




RESOURCE REQUIREMENTS

e Requires at least one qualified person to develop the charts.

ADVANTAGES AND DISADVANTAGES

Advantages

an be used in multiproject scheduling

e C
® Easy to prepare and understand
@ Can be adanted to detailed scheduyles

Qp vt e G

Disadvantages

¢ Not pract1ca1 for comp1ex projects where careful control is needed

of critical activities
e Does not show interrelationships between activities
e Does not indicate "critical" activities (or the critical path of

activities)
SCHEDULE
//’ PROJECTS \\\

/ i  PROCEDURE i I

{ PROCEDURE 2
PROGRAM EVALUATION AND
REVIEW TECHNIQUE

i PROCEDURE 3 ]
[ PROCEBURE 4 i

PROCEDURE 2 - PROGRAM EVALUATION AND REVIEW.TECHNIQUE (PERT)

DESCRIPTION

PERT is a network diagrammatic technique used for scheduling and
controlling many activities throughout a project. It generally consists
of activity blocks which are connected by activity arrows. The activity
blocks represent events in the sequence of a logical plan. They indicate

work completed to a specific event. The activity arrows contain numbers

corresponding to the expected completion time. An example of a PERT chart
is given in Figure 24 [1]. For each activity of a project, input includes

an estimate of the:

160




19T

Time 01

1-3-6

Project 2-4-6

ROW 1-2-11

341

Started2| 4.0

Cleared 3 174

Surve -
Y 6-%

Stakes
Located 4

Roadway

1.'\0 Grading
Statted B
]
<
p 4\6, '
W ;
Materisls

Delivered 6

. Britige Bridge
, B”dd“‘.’ 3-B-10 | Foundations L2813, 1 Superstructure X
Eun ﬂtm‘;]s 8.1 Formed and 7.8 Formed and o,
xcavate Poured B Poured @ N
N
Roadway Roadway B Readwsay
258 Subbase 2519 Subbase 5-6-8 Pavement [z
5o Laig  11] %3 Completed 12| &1 Laid 13
J”
Roadway
Grading
Completed 10
Ciean Up
-1‘%‘3 Completed 16
1-3-1 Lighting 1-3-6 Raillngs 5.0
3.3 Instslied T4 31 Evected 15 % i
EPIY 1-2-5 -
-0 Traftic
Moved Out 17 23 Opened 18

Figure 24.

(Source:

Legend Pert System
Pessimistic FEollowling
Time Estimats Event

Most Likely

Time Estimstp

2510

Preceding Optimistic
Event Time Estimate

Roadway
Subbase
Completed 12

Roadwav

Subhase
Laid 11 1

Activity Activity
Number Arrow

Critical Path Arrow

o, 8t4am+ E
li 8 \ Pessimistic

*Expected Time (Weeks)

Time
Expected Most
Time Likely
Optimistic Tlme
Time

Example of a PERT diagram.

Reference No.

1)




e Optimistic time estimate
o Most likely time estimate
o Pessimistic time estimate

APPLICABILITY

e [s most applicable for projects where a range of time estimates is
preferred for each event

RESOURCE REQUIREMENTS

& A'computer program is an optional way to produce PERT charts if
desired, particularly for complex projects
& Manual methods require manpower resources

ADVANTAGES AND DISADVANTAGES

Advantages

e Allows for developing schedules in terms of optimistic, most tike-
ly, and pessimistic time

Disadvantages

e May be more compiex to utilize than other methods

SUBPROCESS 1
SCHEDULE
PROJECTS

| PROCEDURE 2 i

P PROCEDURE 2 ]

PROCEDURE 3
CRITICAL PATH METHOD

{ PROCEDURE 4 i

PROCEDURE 3 - CRITICAL PATH METHOD (CPM)

DESCRIPTION

The CPM is alsc a network diagramming technique. It assumes that
time estimates are readily obtainable from past experience and that the
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network is a progression of activities arranged in logical paths to the
ending node. Given a network with times assigned for each task, it is

possible to calculate all beginning and ending dates, the slack time
available to activities not on the critical path, and the ending date of
the entire project. A sample of a CPM chart is given in Figure 25 [1].

With CPM, the emphasis is placed on the completion of activities
between nodes in contrast to PERT, which 1is concerned with reaching the
events. The numbers at the nodes can be used to identify the activities
taking place between the nodal points. The beginning node of an activity
is known as the "i" node, and the end node is called the “"j" node. Esti-
mated times for each activity are made by the people responsible for per-
forming the specific activity.

® To most types of highway projects where past experience is availa-
ble to estimate the duration of activities

e Manpower - personnel to manually develop CPM diagram, or computer
programmer to obtain CPM output on computer
o Equipment - Computer or desk calculator

ADVANTAGES AND DISADVANTAGES

Advantages

s Appiicable to most types of highway projects
e Easily applied using the computer
e Works well for very complex projects

Disadvant ages

e May not be fully effective to give a clear picture of the effect on
the project by intermediate changes or activity revisions

e When and how to apply personal judgement by project managers may
not always be clear
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I PROCEDURE 1 i
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PROCEDURE 4

MULTI-PROJECT
SCHEDULING SYSTEM

N

PROCEDURE 4 - MULTIPROJECT SCHEDULING SYSTEMS (MPSS)

DESCRIPTIOQN

Muitiproject scheduling provides the necessary information to control
a group of projects by a highway agency. MPSS includes resource balancing
and is a formal method of scheduling and monitoring the status of highway
preconstruction and construction activities. One of the primary purposes
of MPSS is to achieve optimum utilization of all available financial and
manpower resources. It combines the methodology of CPM and the simplicity
of Gantt Charts. It can also handle the problem of a sudden lack of a

particular resource (money or marnipower) by shifting resources where they
are needed the most.

To operate effectively, multiproject scheduling requires the input of
planned projects within the next 5 to 10 vears. Also, the estimated cost
of each project phase must be reasonably matched with expected benefits in
the appropriate future time period. As project priorities change, the
work program must be updated. Management support is a prerequisite for
success of the operation of the system [1].

~ APPLICABILITY

® A group of projects within a highway agency

® Individual projects which are complex or consist of numerous acti-
vities

& For controlling an agency's total resources over a long period
time

RESOURCE REQUIREMENTS

@ Computer facilities and programmers to handle routine monitoring,
rescheduling, and revising of multiple projects
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ADVANTAGES AND DISADVANTAGES

Advantages

€ Allows for the scheduling of resources for a highway agency over a

5 to 10 year period
® Well-suited for scheduiing numerous projects

¢ Allows for detecting future scarcities in certain types of re-

a ni rtinane ran ha +
- managemel'b a\: LIVITID WUl Wi

o

o o
Sources, s¢ approp

Disadvantages

@ It is more complex than other scheduling methods

® The use of a computer is needed in most cases

e To operate effectively, it requires a work program which includes
all projects to be constructed within the next 5 to 10 years
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PROCESS 1, SUBPROCESS 2

DESIGN AND CONSTRUCT
PROJECTS

IMPLEMENTATION COMPONENT

SUBPROCESS 2

o DESIGN AND
| CONSTRUCT PROJECT

PURPOSE

‘ The purpose of this subprocess is to design and construct all highway
safety projects which were selected in the Planning Component according to
the schedule developed in Subprocess 1 (Schedule Projects).

DESCRIPTION

Project design and construction involves performing the selected
safety improvement. All improvements should meet current design stand-
ards. Some projects will involve major costs for design, such as highway
reconstruction projects. Many safety improvement projects, however,

require a minimal amount of actual design work. Examples of such projects
include:

® Pavement striping projects

@ Highway signing

® Traffic signal modification and installation
@ Removal of roadside obstacles

@ Installation of flashing beacons

The construction of a highway safety project can be carried out by
local {city, county, etc.) or state forces, or by private contract. The
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manpower availability and project costs play an important role in the de-
cision of how a project should be constructed. Project design and con-
struction should be started as soon as possible for most projects, since a
delay of a few months could result in considerable cost increases of both
labor and materials, particularly for large-scale construction projects.
Unnecessary delays in projects could alse -allow for traffic accidents,
injuries and deaths which may have been prevented if the countermeasures

were completed in a more timely manner.

MANAGERIAL CONCERNS

e Does the project design conform to accepted standards and to the
Manual on Uniform Traffic Control Devices (MUTCD)?

e Which projects should be completed by agency personnel, and which
should be conducted by contract?

o Is sufficient personnel available to properly monitor all projects
simuitaneously?

e Which projects involve the acquisition of additional right-of-way?

e Which projects will involve Environmental Impact Statements (EIS‘'s)
and Public Hearings?

e What is the status of agency supplies and egquipment which wili be
needed to construct some of the projects, which might include:

- Sign truck

- Striping machines, paint, glass beads, etc.
- Graders and other heavy equipment

- Supply of appropriate signs and posts

- Traffic signals and electrical equipment

- Guardrail sections and posts

~ Light poles and luminaries

- Paving equipment, asphait, etc.

INPUT AND QUTPUT

Management Input

o The guidance of projects through completion

Resource and Equipment Input

o Equipment for completing improvements
# Materials to be used for completing improvements
@ Funding for project design and construction

Data or Informational Input

® A time schedule for implementation of all recommended safety im-
provement projects

Qutput

e The completed highway safety improvement projects

168




PROCESS 1, SUBPROCESS 3
CONDUCT OPERATIONAL REVIEW

IMPLEMENTATION COMPONENT

SUBPROCESS 3

AW conpuCT

PROCESS }={ PROCESS OPERATIONAL
REVIEW

PURPOSE

The purpose of an operational review is to inspect a location shortly
after a safety improvement has been made to determine whether the improve-
ment is working up to expectations. Medifications are then made as re-
quired.

DESCRIPTION

An operational review involves the informal observation and possible

. : . . !
adjustments in a highway improvement to help finsure the smooth and safe

flow of vehicles through the location after an improvement 1is completed.
Operational reviews can also be made in stages as a project progresses to
help correct possible construction problems at the earliest point in the
project.

0ne exampie of operational review would be field observations shortily
after the installation of a new traffic signal at arn intersection. A
slight modification in the signal timing may be needed due to excess backup
on one particular approach. This may be a result of recent shifts in traf-
fic volumes which were unexpected.

For each highway improvement, the manager mist determine what types of
considerations to use before conducting an operational review. For exam-
ple, the following considerations might be used when reviewing two specific
improvements:

169




Improvement Type Possible Review Considerations

New traffic signal at an o Is vehicle backup excessive on any
intersection approach?
@ Are many vehicles running the red sig-
nal phase?

@ Can the signal be seen from necessary
vantage points?

o Does the signal timing handle traffic
flow in all directions?

Re-design of horizontal curve | e Does water drain properly from curve
during rainy conditions?

e Do many vehicles run onto shoulder as

they negotiate the curve?

Does the new curve conform to design

standards within allowable limits?

While such a list of considerations should be developed before each
operational review, there may be other problems detected by the review
team during the actual field inspection which should be noted and cor-
rected.

Specific guidelines have been established by FHWA for conducting
operational reviews. One FHWA publication in 1973 discusses operational
reviews in terms of an organized and continuing program of field observa-
tions and inspections of highway facilities and traffic [1]. A later

report by FHWA in 1979 updates the guidelines for safety reviews in terms
of [2].

& Office review activities
@ Field review activities

A report format is recommended which summarizes information for each
compieted highway project, as given in Figure 26. Individual project
reports should refiect observations with respect to standards and
policies, as well as the intended final product [2].

It is also recommended that the review team should include the
following types of perscnnel:

@ Traffic Engineer from the Central Office DOT
@ Design Chief or representative from the appropriate district.

@ FHWA Divisiaon Safety Program Engineer

e State or division person knowledgeable about the AASHTO Barrier
Guide

A representative from the local office of the highway patrol can also
provide valuable information with regard to the operational charac-
teristics of the highway facility under review [2].
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REPORT FORMAT

Part 1

Project History

Froject Description:

Facility Type/Na.

FAP Ho. Lanes
ftocute Posted Speed
Lecation. Length
Dotes:

PSIE Approval

Completed

Cpened to Traffic
Widths:

Lanes Median

Shoulders Clear Zone.
Satfety Upgrading Work Completed To Date:
Beneral Statement Describing Terrain
Accident Data:

Before After

AADT

Tetal Accidents (Ne./Rate)

Cmdm + A Sty

- Arrmidomte
[~ BN S R AL iUTCil Lo AN sy Nna L g

Injury Accidents (No./Rate)

Skid Number (Desirable)

Dates Evaluated

Part 11 - Project Revieuw

This section should contain review team ob
recommendations, as well as, Division OFfFi
agency response and proposed actions for e
covered in the review guidelines.

servations and
ce and State highuay
ach major finding

Figure 26.
Review.

(Source: Reference No.
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Part JII - General! Comments

This section should contain any general project-related
""""" tions omments the revieu teanm,

observations or ¢ Division or State,
wish to include in the report.

Members of Reqieu Team: Date

~State

Figure 26. Recommended Report Format for Operational
Review (Continued).

(Source: Reference No. 2)
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Specific guidelines for operational reviews have been described by
FHWA in terms of ten major categories, or parts, as follows:

@ Part A - Accident Data

e Part B - Pavement Surface

e Part C - Traffic Barriers

® Part D - Roadway Discontinuities

o Part E - Bridges

® Part F - Roadside Obstacles

® Part G - Signing

e Part H - Pavement Marking and Delineation
e Part T - Pedestrians and Bicycles

e Part J - Maintenance

The following information is provided which includes many of the
jmportant considerations for conducting an operational review as taken
from the "Highway Safety Review Guidelines", published by FHWA in 1979

2.

GUIDELINES

Part A ~ Acrident Data

The review tean's primary objective in the ares of data
collecticon 2nd analysis is to assess how accident repeorts and
expariences are being used by design and traf¥ic engineers,
and maintenance personnel to evaluate the per¥ormance of
highuay systems and their appurtenances. The review tean
shauld report the following:

o Describe any advantsges or shortcomings of the accident
reporting and analysis system. Which rosadwuay classes are
included in the data base?

o Is data available to evaluate the performance of specific
types of safety improvements? If so, are evaluations being
conducted, and results coordinated with design, traffic,
and maintenance personnel to effect change in design and
maintenance policy? '

o 15 dats for a particular project readily retrievable in a
useful format —-- by number, accident rate, severity,
accident types, and location? Have collision diagrams been
prepared?

o Is the accident data used to prioritize high hazard

locations? If so, describe the process and estimate the
time for corrective action.
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Part B — Pavenent Surface

The paved portion of any highway facility provides thz usable
widths of lanes and shoulders, the traction necded For
maneuvers on both wet and dry pavements, and the struvctural
stability to accommedate traffic. Fyll pavement and shoulder
widths have been very safety-cost effective in reducing '
accident rates and should be consistently maintained
throughout the roadway cross—-section including bridge
structures. While roadway elemants such as alignment, grade,
superelevation, and drainage affect zecident frequency, a skid
resistance pavement is the key factor providing the traction
essential for reducing wet weather accidents. During the
office review, the team should report the following:

o Has the State developed a skid resistance inventory for all
roads? If so, is this information used to identify
locations with a3 high frequency of uet usather accidents?

o MWhat method(s) does the State vse to provide surface
texture on asphalt and concrete pavements? How are
pavement edge dropofis avoided on overlay projects? What
height of drop-tff does the State consider unsafe?

o When resurfacing, does the State carry the skid resistance
coarse across bridge decks? If not, are bridge decks
retextured? Are pavement design performance records
related to skid resistance?

© Does the State permit the use of studded tires? If so, has
their use been evaluated with respect to pavement
performance and service life? If the State has banned
studded tires, have they analyzed their total winter
accidents to determine impacts on safety?

o Does the State use rumble strips? I¥f so, to what extent
and has theilr effectiveness been evaluated?

During the field review, the team should report the Fellouwing:

o Are consistent lane and shoulder widths provided? Is the
pavernent smooth riding?

o Is the surtace texture uniform, or are variations observed
on roaduay sections, intersections:; gore. areas, and bridge
decks?

0 Are pavement edges tapered during resuvrfacing projects, or
do pavement dropoffs (lou shoulders) exist?
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o Does the pavement show signs of wear or distress --
bleeding, polishing, rutting, ravelling, pot holes,
ponding, etc.?

6 Do maintenance practices such as longitudinal patching
cavse differential traction?

Part C — Traffic Barriers

Jo improve highuay safety, emphasis has to be placed on the
elimination of hazardous roadside ctonditions. Providing
warranted traffic barriers —— guardrail, impact attenuator,
New Jersey median barrier ~- and upgrading existing barriers
is one of the most cost effective methods of eliminating
hazardous conditions. For fixed objects and hazards slong the
.roaduay, the following rules have generally been applied:

4. Removal is the first alternative considered.

2. If it is not possible to eliminaté or relocate, make the
hazard yielding or collapsible.

3. Shield the traffic from non-removable or non-breakauway
hazards only if the traffic barrier creates less of a
hazard than object it is to shield.

Usirg barriers where needed is only part of the solution:
sclection of the appropriate system and proper location,
installation, and maintenance are also critical to its
performance. During the office review, the team should report
the follouwing:

o Has the State adopted AASHTO's "Guide for Selecting,

: Locating, and Designing Traffic Barriers"™ (GSLDTBI? IF
not, which guides or standards are being used, have they
been approved by FH{A, and do they reflect current
technology with respect to deflection criteria, post
spacing, height, end treatments, end post connections,
etc.? Identify any significant deviations from the GSLDTB.
Does the State's standards include performance criteria?

o What criteria or priorities are used for selection of sites
for barrier treatment? Are the high hazard locations
periodically identified, and then field revieued during the
design stage? Is actual accident experience used to
identify those nazards which, if protected, yield the
highest potential for reducing accident severity?

175




What is the State's maintenance policy and practice with
respect to priority of timely replacement or damaged
barrier systems? Are damaged systems replaced "in-kind"” or
upgraded? Is cable tension adjusted periedically? Do
maintenance personnel report problem locations to design
for slternate solutions? Does the State let contracts for
maintenance of guardrail? :

What is the State's policy for safety upgrading projects?
Are barrier systems raised when resurfacing is required?
Is guardrail replacement on upgrading projects limited to
terminal sections? Are rail delineators used to improve
night visibility, and aid in sncwu-maintenance cperations?-

During the field review, the team should report the Tollowing:

D

Do any unprotected hazards exist? Can they be eliminated,
or made yielding? Are traffic barriers uarranted,; or do
they present a more severe hazard? Has sufficient barrier
length been provided to satisfactorily shield the hazard
from impact? Are all nearby secondary hazards shielded as
well?

Are traffic barriers being installed per plan? Identify
any deviations observed -~ post spacing, block-puts,
height, anchorage, etc.

Can the barriers perform as intended? Are sufficient
deflection space and devzlopment length provided to
withstand impact? Do adjacent curbs, grades, pavement
dropoffs, or snows/ice buildup compromise the effectiveness

. 0f the system?

Are gvardrail end sections turned back and buried in cut
slopes uwhere possible? Are short gaps left between
adjacent sections of rail? Are clear 2ones behind BCT
terminal sections provided?

"Are bridge end post connections susceptible to pocketing or

snagging s vehicle? Has bridge rail been upgraded to
current standards? Are bridge piers adequately shielded?

Has maintenance repasired damaged barrier systems in a3
timely manner especially at critical locations? How long
before damaged sections observed will be repaired? Are
barrier systems being repaired per original design?

Does the sequence of construction events permit substandard
installation of guardrail? For example, if guardrail is
piaced before base and pavement, inadequate guardrail
height may result.
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Part D - Roaduay Discontinuities

For the purpose of this review, roaduway discontinuvities
include intersections, interchanges, merge and gore areas,
short radius curves, construction zones, and abrupt
transitions from new sections of highuway to old. These
sections must be carefully designed so that the driver,
especially the unfamiliar motorist, has time to adjust to
reduced standards or changed conditions thereby avoiding "last
second™ hazardous maneuvers. Appropriate signing and
delineation, as well as a skid resistant surface and forgiving
roadside, must be provided and maintained in these critical
areas. Often times, discontinuities on non-Interstate
roaduays receive little attention -- even though traffic
volumes and posted speeds are similiar to those of Interstate
rovtes. MWhere these conditions exist and improvements are not
economically feasible, the obvious alternative is to post a
lower and potentially safar speed, and enforce it. During the
office review, the team should report the following?

o Does design policy emphasize route consistency and uniform
. treatment of interchanges, intersecticns, merge and gore
areas, clear roadside, etc.?

o Are accident experience/maintenance records used to
identify high hazard recaduay discontinuities?

o MWhat are the factors for determining posted speeds? Is
enforcement in construction zones for example, coordinated
with the Police?

[lo]

Have formal policies for cressroad construction and
maintenance responsibilities been established? Are
intersections and grade separations upgraded as part of a
safety project?

o What standards are used for upgrading toll roads?

w

During the field review, the team should report the following:

o Are roaduway discontinuities designed to current standards?
Are adequate signing, delineation, transition length, sight
distance, and clear roadside recovery area provided and
maintained especially in critical sections?

design consistency practiced at interchanges, at grade
intersections, lane drops, etc.? Are unexpected
discontinuities compensated by additional signing,
delineation, and clear roadside?

[n}
-
N
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o Comment on the degree of access control and any
encroachments. Are railroad crossing, drivewmays, and
at-grade inters=2ctions signed appropriately? Are
crossroads upgraded to current standards?

¢ Is the posted speed consistent with existing hazards and.
roadside geometrics? Is this speed enforced? Does the
posted speed reflect bicycle and pedestrian activity?

o Are gores traversable, and free of curbs and other ftixed
objects? Are signing and delineation adequately
maintained? Are advisory ramp speed signs visible and - do
they provide adequate warning?

o0 Are smooth transitions to construction zones and to old °

sections of highuay uwith reduced standards provided? Are

traffic control devices adequately maintained?

Part E — Bridqes

Bridges pose 5 significant threat to errant vehicles because
of their restricted roadside recovery areas and because some
bridge widths are narrower than their approach lanes and
shoulders. MWhen it is not econamically feasible to widen a
narrouw structure, adequate signing, striping and approach
barriers should be provided and maintained until a more
permanent improvement can be made. During the office révieu,
the team should report the Following:

o Are accident experience, ADT, and sight distance used to
prioritize bridge uidening or replacement candidates? What
other criteria does the State use for project selection?

o Hhat is the State's policy for narrouw bridge treatment when
widening is not economically feasible?

o During upgrading projects, are bridge and approach rails
upgraded to current standards? Are protruding curbs
eliminated? MWhat is the State's median barrier policy to
prevent vehicle encroachment between parallel structures
{elephant traps)?

¢ Does the State allow construction projects to terminate at
er near a beginning of a bridge? If so, what transition
treatment is used?
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During the field revieu, the team should report the following:!

¢ Is bridge and approach rail installed per-plan? Identify
any deviations from current standards. Does the approach
rail have the potential to pocket or snag on vehicle
impact? Are barrier systems adequately maintained?

o Are sufficient signing and striping provided and
maintained? Are Objects/Hazard markers used on all bridges

with protruding curbs or less than full width shoulders?

o 1Is sufficient median guardrail provided to prevent vehicle
encroachment betuween parallel structures?

o Are overlays continuous over bridge decks and approach
slabs?

Part F - Rosdside QObstacles

Roadsides must be negotiable and grading should be such that a
recovery area is available to the driver. The recovery ares
must be clear of fixed objects: those that must remain should
be made yielding, or shielded. Desirably, additienal clear
distances should be obtained where feasible at other critical
lccations (outside of 2 tight curve, toe of a steep slopel even
though the fixed object may very uell be situated outside the .
minimum clear distance required. During the office revieu,

the team should report the follouwing:

o Has the State adopted the 30-ft. clear zone as an absolute
standard, or is the State's policy sensitive to providing
additional clear distance at critical lecations and where
it can be accommodated? 1Is the policy flexible enough so
that formidable hazards just beyond established clear zone
limits are made forgiving?

o Has the State adopted formal policies concerning the width
of clearing for trees and the diameter of small trees that
can remain uynshielded?

o Does the State's maintenance policy provide for the removal
of large trees close to the travelled way, pruning where
sight distance or sign visibility is critical, and for the
clearing of seedlings?

o Does policy provide that rock cuts be shielded nith a

protective barrier or does State policy permit adequate
excavation for a clear recovery area?
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o Does the State have uniform standards for the placement of

mailboxes? Do the standards include a proximity to travelled

way?

o Dces the State have permit procedures for driveuays? Are
drivewaj sxdesloper made traversable° '

o Does policy indicate that flat slopes be provided and

dra!nage inlets, ditches, etc. be made traversable? MWhat
is the State's pollcy concerning headwall location and
‘heignt? o

o MWhat is the State's policy on lighting? Is 1|ght|ng only
provided at critical locations such as gore areas or
intersections? Do light poles have breakaway qualities?

ia

(¥}

o Does the State coordinate with the ap encie
formalize policy on the location of u

railroad crossing signals, etc.?
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Buring the field review, the team should report the follouwing:

o Has a clear/forgiving roadside recovery area been provided?
Have all unnecessary roadside obstacles been eliminated?

Does the proximity of existing fixed objects -- trees,
utility poles, rock outcrops, curbs, mailboxes, headuwalls,
etc. -- compromise safety effectiveness?  Are obstacles

that remain delineated?

o Are the formal policies determined in the office review
ing practiced? Is a lack of clear roadside uniformity
vident? Identify any deviations from pelicy or standards.

n o
(2]

o Are drainage grates, ditch slopes, and headwalls _
traversable? Are existing curbs especially in gore areas
necessary for drainage, or can they be eliminated?

o Can rock cut faces in narrow medians, and isclated outcrops
or boulders be eliminated? If not, are. they shielded? Is
pavement edgeline striping adequately maintained adjacent

to rock cuts? Are cut areas free of fallen rock

ua

Since signing constitutes s major portion of roadside
obstacles and because of its other safety concerns such as
message clarity, it warrants the separate discussion presented
in the following section.
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Part 6 - Signing

Traffic'éontrol devices represent the largest qroup of
hardware items placed along our highway systems. They are
certainly a necessary part of the design process for safety

mn ol L H + R -] H . H
and effeciency of operations. Signs must not only cominunicate

effectively, but they should be located to present the least
possible hazard to the motorist. During the office revieuw,
the team should report the following: '

e Has the State adopted the MUTCD? Have they supplemented
the MUTCD with State standards? Have these standards been
approved by FHUHA? - :

o

Hhat is the State's policy with respect to traffic control
dovices with breakaway features and their distance from
edge of travel lane? What i1s their interpretation of the

clear zone as related to sign supports?

o Does the State keep records of the safety performance of
their sign hardware? Are sign posts overdesigned for sign
panel size?

o Do the plan sheets and signing quides include performance
standards and criteria for various sign supports?

o Do standard plans for breakaway features address proper
installation techniques so performance is not sacrificed?
A o e Do b o i i e e m e e Al mrimm el dhomn A liim § i o s
Are idildifnlteEndliceE TUurueEgs: Hdug didi e U Lwile LELHITI Jue s oitu
performance features of the breakaway supports?

o Evaluate State standards relative to drilling and slotting
policy for timber posts., 1Is maintenance kept informed of
this policy?

¢ During the widening or upgrading of arterials, does the
State also upgrade signing on intersecting crossroads? IF.
not; who does the upgrading and ts it monitored by the
State? ‘

o Are dirty signs cleaned as warranted?

During the site review, the team should report the following:

o Evaluate sign illumination, reflectivity, placement,
visibility, adequacy, and maintenance.

¢ Do driver cues in the form of signs provide enough advance

information for nonlocal drivers to safely negotiate their
intended route.
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¢ Review installations to see if sighs are placed outside the
recovery zone and are breakaway. Can signs be relocated
onto nearby sitructures or to non-critical areas?

© Review breakaway sign features for proper installation
including panel heights, hinge points, buried slip bases,
overheight footings, etc. Are timber posts drilled or
notched to meet breakaway criteria? '

o Do signs that are vulnerable to traffic in more than one
direction have a multidirectional breakaway feature?

o Review intersecting crossroads for adequate sight distance
and advance warning.

© Do advisory speed signs on ramps, curves, etc. provide
encugh advance warning? Are the signs blocked by light

poles and other signs etc.? Are they visible at night?

o Are signs in conformance with the MUTCD with respect to
size; height, reflectivity, location etc.? :

Part H - Pavement Marking and Delineation

The driver receives visual cues from the pavement and edge of
roadway that assist him in the driving task. The fact that
over hal¥ of the national fatality toll occurs during hours of
darknesss points out the need for good rcadway delineation.
Both day and night revieuws are necessary to observe the
adequacy of lane and pavement edge delineation. During the
office review, the team should report the follouing:

o Are the pavement Markings and delineation policies in
conformance with the MUTCD?

o that is the States policy concerning the striping of no
passing zones?

o bMhat is the State's policy concérning unnecessary pavement
marking eradication? What is the State's policy concerning
maintenance of roadside delinestion?

o MWhat is the State's policy concerning restriping of lane
lines, edgelines, and gores? Are night reviews and wear
rates considered in developing restriping schedules?

¢ MWhat is the State's policy relative to installation of
delineators on the Interstate? Are raised pavement
markers used?

Buring the field review the team should report the follouwing:

© Are pavement markings and delineation appropriate for the
particular location or de they cause driver confusion?
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o Are lane lines, edgelines, and delineators adegquately
maintained and in cenformance with the MUTCD?

o Are sufficient visual cues provided in critical areas such
as tight curves, narrow bridges:. gores, transitions, ete.?

o Are pavement markings and delineation effective at night?
Have misleading and old markings in construction zones been

eradicated?

Part I — Pedestrians and Bicycles

Pedestrian and bicycle safety is a serious national and local
problem. Each year about 10,000 pedestrians and 1,100
bicyclists are struck and killed by vehicles. The problem is
especially serijous in urban aress. Good highuay design must
accommodate both the pedestrian and bicyclist, and uhere
warranted, provide refuge and separation from vehicular
traffic. Care must also be taken toe insuvre that highuay
features do not prove toc be hazardous obstacles to pedestrian
traffic. During the office revieuw, the team should report the
following:

o Review the States policy with respect toc the accommodation
of pedestrians and bicycles on new and upgrading projects.
Are pedestrians and bicycles a consideration during design
and construction of the project?

o Are pedestrian accidents analyzed separately? Does the
State have warrants for pedestrian accammodaticns?

o Is there a statewide policy on sidewalk construction and a
requirement to evaluate pedestrian movements in urban
areas?

o Do State laus or policy prohibit or restrict the
construction of sideuwalks, wheelchair ramps, or bikeway
facilities?

o Is pedestrian accident data readily available and is it
being used to establish needs for pedestrian accommodation?

o Are sidewalks and wheelchair ramps provided in school
zones?

During the site review, the revieu team should report the
following:?

o Evaluate projects to see if sidewalks, uwheelchair ramps,
and bike lanes have been provided in high use areas? Are
sideuwalks continuous and clear of ebstructions? Are curb
zuts provided?

183




o Review grade separations, and access ramps to urban streets
to see if there are provisions for pedestrians. Have
crossualk markings been provided?

© Have pedestrians/handicap facilities been provided?

o Are bike lanes signed and striped properly? Observe bike
iane treatment at intersections.

Part J - Maintenance

Maintenance personnel must be informed and trained on the
safety characteristics and maintenance priorities of various
roaduway elements. Although all roadway features deserve
timely routine maintenance, certain elements require special
attention because of their placement, location, design, or
volume of traffic. Maintenance personnel must be
knowledgeable of how certain designs perform to enhance safety
and reduce accident experience and severity. In addition to
the mointenance activities previcusly discussed, the revieu
team should report the following:

a Does the State have a maintenance program that establishes
maintenance priorities? Does the State maintain an
adequate replacement inventory for replacement of damaged
hardware,; signs, etc.?

o Are signs, and other traffic control devices maintained
- adequately at potentially hazardous locations such as
narrcw bridges, transitions, construction zones,
intersections, etc.?
o Have breakaway signs been repaired with the correct
replascement parts? MWill they sperate as orignially

intended?

¢ Do unnecessary signs such as add-on signs compromise
breakaway performance?

¢ Are pavement marking and delineation adequately maintained?
o Do trees, shrubs, etc. obscure traffic signs?

o Have proper gdjustments and'repairs been made at locations
with BCT?
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MANAGERIAL CONCERNS

e Are operational reviews being conducted for all highway safety im-
provements?

o During the operational reviews, are the investigators aware of the
appropriate kinds of considerations? ‘

e Are the operational reviews being performed concurrently with pro-
ject construction and promptly after an improvement is made to in-
sure that necessary adjustments are made as soon as possible?

INPUTS AND OUTPUTS

Management Input
® A knowledge of the intended results of each improvement

Resource and Equipment Input

e Funding
e Manpower to conduct the Operational Review
e Materials

Data or Informational Input

o The completed highway safety improvement projects (from Subprocess
2 - "Design and Construct Projects"”)

OutEut

@ The completed highway safety improvement projects with appropriate
operational adjustments
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PURPOSE

The purpose of the Evaluation Component is to assess the value of
ngoing -and completed highway safety projects and programs which result
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DESCRIPTION

The Evaluation Component consists of one Process, “Determine the
tffect of Highway Safety Improvements” as specified in FHPM 8-2-3, and
follows the Implementation Component of the HSIP. The ultimate goal of
evaluation is to improve the agency's ability to make future decisions
within all components of the HSIP. These decisions can be facilitated by
conducting formal evaluations of ongoing and completed highway safety pro-
jects and programs. The results of these formal evaluations serve as input
to every component of the HSIP,

Evaluation involves obtaining and analyzing quantitative information
on the benefits and costs of implemented highway safety improvements. The
utilization of estimated benefits and costs reduces the agency's dependence
on engineering Jjudgement and helps in selecting future projects with the
highest probability for success. This allows for the better allocation of
scarce safety funds and minimizes expenditures for projects which are mar-
ginal or ineffective,

186




INPUTS AND QUTPUTS

Managerial Inputs

® Guidance of technical personnel in conducting reliable evaluation
studies

8 A knowledge and understanding of the proper planning and performance
of project and program evaluations

@ A knowledge and understanding of the reliability of data necessary
to conduct the evaluations

Resource Inputs

@ Funds - Money to perform project and program evaluaticns

@ Manpower - Agency personnel to plan and conduct evaluation studies

® Equipment - Standard traffic engineering equipment, including radar
meters, volume counters, and tally boards may be needed. Computer
facilities may be used to facilitate data analysis.

Data or Informational Input

o A Tist of implemented safety improvement projects and programs
@ "Before" and "After" accident data (for Accident-Based Evaluations)
@ Before and after operational and driver behavior data (for Non-Acci-
dent Based Evaluation)
Work Output
@ Evaluated highway safety projects and programs

¢ Data for future planning and implementation activities.
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CHAPTER X.

PROCESS 1

DETERMINE THE EFFECT
OF HIGHWAY SAFETY
IMPROVEMENTS

EVALUATION COMPONENT

PROCESS 1

DETERMINE THE EFFECT OF
HIGHWAY SAFETY IMPROVEMENTS

PURPOSE

The purpose of this process is to perform the appropriate evaluations
(subprocesses) needed to assess the value of implemented highway safety
improvement projects and programs.

DESCRIPTION

There are two types of evaluation which may be conducted in the HSIP:
Effectiveness Evaluation and Administrative Evaluation, Either type of
evaluation may be performed for safety projects or programs. A project is
one or more corrective measure that has been implemented at a location to
correct a hazardous or potentially hazardous condition. A program is
broader in scope and may censist of many projects or project groups imple-
mented throughcut an area to correct a common highway safety problem.
Effectiveness Evaluation consists of:

. Accident-Based Project Evaluation
. Non-Accident-Based Project Evaluation
. Program Evaluation
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Accident-Based Project Evaluation measures the effectiveness of an
improvement project by observed changes in the number, rate, and severity
of traffic accidents resulting from project implementation. Non-Accident-
Based Project Evaluation measures the intermediate effectiveness of a com-
pleted improvement project by observed changes in non-accident safety
measures. Program Effectiveness measures the effectiveness of an improve-
ment program by observed changes in accident number, rate, and severity
resulting from program implementation.

Administrative Evaluation is used to supplement the Effectiveness
Evaluation. It provides guidelines for determining the amounts of manpow-
er, time, money, and material used, the differences between planned and
actual resource expenditures and the productivity of implementing highway
safety projects and programs.

The four subprocess included under this process are:

Subprocess 1 - Perform Non-Accident-Based Project Evaluation
Subprocess 2 - Perform Accident-Based Project Evaluation
Subprocess 3 - Perform Program Evaluation

Subprocess 4 - Perform Administrative Evaluation

INON-ACCIDENT-
BASED PROJECT

EVALUATION

PROGRAM ACCIDENT-BASED
PROJECT
EVALUATION e HIGHWAY SAFETY EVALUATION ==»- EVALUA

ADMINISTRATIVE
EVALUATION
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PROCESS 1, SUBPROCESS 1

PERFORM ACCIDENT-BASED
EVALUATION

EVALUATION COMPONENT

/  suB- SUB-
. { PROCESS ) [ pmOCESs
2 s
suB-
PROCESS
4

SUBPROCESS 1

PERFORM
ACCIDENT-

BASED

EVALUATION

Purpose

The objective of Accident-Based Project Evaluation is to assess the
value of a completed highway safety project.

DescriEtion

Accident-Based Project Evaluation consists of the following seven
functions:

FUNCTION A - Develop Evaluation Plan

FUNCTION B - Collect and Reduce Data

FUNCTION C - Compare Measures of Effectiveness {MOE's)
FUNCTION D - Perform Statistical Tests

FUNCTION E - Perform Economic Analysis

FUNCTION F - Prepare Evaluation Documentation

FUNCTION G - Develop and Update Effectiveness Data Base

FUNCTION A - Develop Evaiuation Plan

The plan addresses such issues as the selection of:

@ Projects for evaluation
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O,Pro%ect purposes

@ Evaluation objectives and measures of effectiveness (MOE's)
@ Experimental plans

® Data requirements

The following factors should be considered when selecting projects for
evaluation:

@ Evaluation should be performed for those types of projects which
have the highest probability of being implemented in the future.

@ Accident-Based Evaluation requires ccllection of accident data for
two- to three-year periods before and after project implementation.
Monthly and seascnal variations can bias the traffic and accident
characteristics of a project site if the study period is less than 2
years.,

® The availability, completeness, and accuracy of accident and traffic
exposure data is essential for conducting an effectiveness evalua-

+41An
LiGhn.

@ During project selection, projects should be chosen where there are
a sufficiently large number of accidents to allow statistical analy-
sis.

® The purpose of the project should also be clearly recognized when
conducting any effectiveness evaluation.

When the before number of accidents is too small to allow the project

to be evaluated using Accident-Based Evaluation, the project may be com-
bined with other similar projects to increase +hp size of the bhefore acci-

e W WA p P g L (Lo ¥ el | B 3

dent frequency. H1ghway safety project files for projects implemented
within the last five years should be reviewed. After grouping all highway
safety projects into similar categories, the evaluator has three options:
& Indi “l"a Project Evaluation - Evaluate a project of particular
interest or randomly seTect a single project.
® Aggregate Proaect Evaluation - When the accident sample sizes are
too small for Individual project evaluations, aggregate projects:
where the number of projects is large enough to permit an evaluation
of the entire category, representative projects can be selected
using a statistical sampling technique. The selected projects can
then be aggregated and/or evaluated as a single project.
@ Program Development For Evaluation - Select completed projects to

form a program for evaluation.

[P ReR )

- Project Purpose
The purpose of a project is defined as the reason that the countermea-

sure(s) was selected for implementation. The most common project purposes
are:
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¢ To reduce traffic accidents ) .
¢ To reduce the severity of traffic accidents
® To reduce hazard potential

e To improve traffic performance (secondary purpose)
Figure 27 illustrates a format for listing project purposes.

Objectives

Five fundamental evaluation objectives should be selected for every

evaluation study. These objectives are "to determine the effect of the
project on:

® Total accidents

@ Fatal accidents

@ Personal Injury Accidents

@ Property Damage Accidents

@ Additional specific objectives related to the purpose of the project

MOE's

Measures of Effectiveness (MOE's) should be stated for each objective
to provide quantifiable units of measurements., MOE's may be expressed in
terms of frequency, rates, proportions, or ratios. If traffic volume or
exposure data are available for the project site, the evaluator may select
a rate-related MOE for each objective. Exposure units are expressed in
terms of either the number of vehicles or the number of vehicle-miles of
travel, depending on the type of project. The cobjectives, along with the
MOE's of the evaluation, should be recorded as shown in Figure 28, and
included in an evaluation study file.

Experimental Plan

. The experimental plan should be the strongest possible experimental
design that is consistent with the nature of the project and the availabil-
ity of data. Four plans have been selected for use in evaluating highway
safety projects:

@& Before and After Study With Control Sites
e Before and After Study

¢ Comparative Paraliel Study

)

Before, During and After Study
A description of each of these experimental plans follows:

A. Before-After Study With Contrel Sites

This plan compares the percent change in the MOE at the project site
(test site) with the percent change in the MOE at similar sites without the
improvement (control sites} for the same before and after time periods.
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Puge of
PROJECTY PURPOSE LISTING

Evaluation No. A-1
Date/Evaluator _2/23/77/00P Checked by __2/28/11/HES
Proiact No., .. P-1

T jwe e i -

Project Description and Locationi{s) Replace four-way stcp sign with

fwo-phased fixed time controller at Broadway and Tih Sireels

Countermeasurels)/Codes Tragfic Signal Tnstatlation (FHA Code 17]

Project Purpose Justificstion

7. To Reduce Right Angle Accidents. | ].. High incidence (32 fox 3 vecrs)

of night angle tupe acciderts

duning pre-project peried.

2. To Reduce Accident Severity. 2. Severity of accidents was great

{F and 1 = 50%) due to high

appfioac.h apeeds.

Figure 27. Sample project purpose listing.
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Page of

OBJECTIVE AND MOE LISTING

Evaluation No.__A’

Date/Evaluator __2/23/77/007

Checked by 2/28/71/HES

Evaiuation Objective

Meacure of Effectivensss (MOE)

Determina the effect of
the project on:
{fundamentai)

Percent changa in:
{check one)

Rate .2 or Frequency
{fundamental)

1. Total Accidants

. Total Accidents/ MV

2. Fatal Accidants

. Fatal Accidents/ MV

Goiiione Aatdouo) KIF
. ITHUTY ACCIOENTS/s ¢

4. PDOQ Accidents

Sty | N -

. PDO Accidents/ MV

{project purpose}

{project purpose)

5. Sideswipe Accddent

5. Sideswipe Accident/MV

Figure 28. Sample objectives and MCE listing,
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This study is considered a strong plan for highway safety project evalua-
tion when "good" control sites can be identified. The use of control sites
aliows the evaluator to control for the influence of other variables on the
study results. A schematic drawing describing the Before-After Study With

X . ’ "
Control Sites is shown in Figures 29 and 30.

B. Before-After Study

This plan is commonly used in the evaluation of highway safety pro-
Jects, if control sites are not availabie. This approach is based on data
collected at two points in time; before and after project implementation
(see Figures 31 and 32). This plan is considered to be a rather weak

design. However, in certain cases the shortcomings of the design may be
minimized.

C. Comparative Parallel Study

This plan is similar to Before-After Study With Control Sites with the
the exceptien that MOE's are not re qu"."ed p‘.";u. to i}r‘GJeut ;IIIjJICIIIClIth;UII,
i.e., the evaluation period specified is after project implementation.
This plan is less desirable than Before-After Study With Control Sites and

in some cases, less desirable than Before-After Study (see Figure 33).

L

Before, During and After Study

This is similar to the Before-After Study with the modification that
measurements are taken at three points in time. This plan is applicable
for temporary projects which are to be discontinued or eliminated after a
period of time (see Figure 34).

Experimental plans should be selected on the basis of their ability to
maximize internal validity and be appl1ed under preva1]1ng practlca] limi-

TN S i P U T

tations. The flow dlagraul shown in rlguft: 35 illustrates the CAper imental
plan selection process when practical limitations are tc be considered.

The selection of the experimental plan aids in the identification and
collection of data and guides the evaluator to the appropriate data analy-
sis and comparison activities.

Data Requirements

Evaluation data needs depend on the following
@ Objectives and MOE's of the evaluation

@ Anticipated impacts from the environment surrounding the project
site

@ Project costs, inciuding implementation, operation, and maintenance
costs

® Anticipated impacts (other than the objectives) on the environment
resulting from the project
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CONSTRUCTION AND

/— ADJUSTMENT PERIOD

EIPECTED: ,

] 'y e
ST CHANGE IN
L MOE
PROJECT SITE ACTUAL
L L R
BEFORE AFTER

Before and after study with control sites.

Figure 29.
CONSTRUCTION AND
/_ADJUSTMENT PERIQD
F
a
- PROJECT AND & _
&
CONTROL  SITES EXPECTE‘D ‘l
L] CHANGE IN
w a HOE
o
ACTUAL
» o—r
1 I 1 4 1 1 .
TIME
BEFORE AFTER
Figure 30. Before and after study with control sites

{trend analysis).
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CONSTRUCTION AND

/_ ADJUSTMENT PERICD

Py EXPECTED
w CHARGE 1IN
g PROJECT SITE ACTUAL MOE
¢ . L i N L N —
BEFORE AFTER

Figure 31. Before and after study

CONSTRUCTION AND

S+ ADJUSTMENT PERIOD

&
PROJECT SITE E’“’ECTE_ -
@ CHANGE IN
wl @ — Hot
E R I UAL |
1 1 E Il 1 [ ] I 1 1 > TIME
BEFORE AFTER

Figure 32. Before and after study (trend analysis).
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CONSTRUCTION AND
ADJUSTMENT PERIOD

&
a EXPECTED a

a O 'y ]-
Y
a CHANGE IN
b MOE
PROJECT SITE
: . h ® TIME
BEFORE AFTER

Figure 33. Comparative parallel study.

COMNSTRUCTION AND
ADJUSTMENT PERIGD

REMOVAL' AND

CHANGE N ADJUSTMENT PERIOD
MOE 4
4 (BEFORE V5. § [/

DURING DURING
......... .........o__ - -
CHANGE IN
MOE
BEFORE (DURING ¥S.
bl sl - chILELEELERETES -/ SRR AFTER)
. |
= AFTER
CHANGE IN
MOE '
(BEFORE V¥S.
AFTER}
» TIME
BEFORE PROJECT AFTER

PERIOD

Figure 34. Before, during ard after study.
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Is Baefore Data
Avagilabale or
Can [t Be Estimated

Sausfan!nrll\l?

omparatwe Parallel
{Plan C}

of a Temporary
Nature (i.e., Construction)?

/! oo

\._,/

oo IJUIU! G,
During, and After
(Plan D) *

IN@

IL

is Control
of independent
Variables Critical? -

g{es

Use Before
and After

W O
oSO

Can Control
Sites
Be identified?

{Plan B)

\_/

(

* Combine with Plan A if control sites

7
N\

Yes

Use Before and After

With Control Sites
{Plan A) /}

are desirable and available.

Figure 35,

Experimental plan selection.
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Depending on the plan used, data sets must be collected at various
locations and” points in time. 'The number of data sets required for the

selected experimental plan should be estimated for the purpose of develop-
ing a detailed data collection scheme. Another consideration in establish-
ing the magnitude of data needs is related to sample size reguirements.

The experimental plans outlined above are based on the assumption that
the number of accidents used in the analysis accurately reflects the number
of accidents for the entire before or after analysis period. Previous
studies have indicated that a three-year accident history is a sufficient
approximation to the long term average for safety analysis. It is recom-
mended that a three-year before and a three-year after period be selected
for a final Accident-Based Project Evaluation.

There are two factors to consider when selecting the length of the
analysis period.

@ Periods should be selected for which there is no significant change
in geometric, traffic or traffic control conditions at the site
(except for the countermeasures) during the entire before and after
study

e It is desirable to evaluate the effectiveness of a project as soon

as possible to determine whether additional countermeasures are
warranted at the site.

FUNCTION B - Collect and Reduce Data

The evaluator should collect all data necessary for an evaluation
study, including:

e Data necessary for selection of control sites

® Before data (accident, volume, and other)

e Data during implementation period

& Accident and other data after project completion

The control sites should exhibit accident patterns similar to those of
the project site. Since the accident frequency and severity can be similar
at two or more different sites due to chance, variables such as horizontal
and vertical alignment, number of lanes, traffic volume, etc., should be
similar. In addition to these considerations, the evaluator should identi-
fy key variables which must be controlled in the evaluation. A rather cri-
tical factor to consider in the data collection process is the delineation
of boundaries for the project site (and control site(s) if applicable).
A1l before data must be collected and reduced to a usable form for subse-
quent analysis, After the project countermeasures have been implemented,
the evaluator must establish a data base of the impacted conditions after
traffic has adjusted to the changed conditions.
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FUNCTION C - Compare MOE's

This function involves determining the effect of the project on the
selected MOE's.

MOE data summary tables should be developed using the data compiled in
FUNCTION B. The MOE Data Comparison Worksheet shown in Figure 36 may be
used to tabulate accident and exposure data used in developing the MOE's.
Figures 37 to 40 illustrate the sample formats to be used for tabulating
MOE's for different experimental plans. The evaluator should calculate the
expected values and percent changes of the MOE's and record them on the
worksheet.

FUNCTION D - Perform Statistical Tests

The evaluator must test the statistical significance of the effective-

ness of the safety project to better understand whether the changes (if
any) observed in the MOE are attributable to the safety project or due to
some other factors unrelated to the project. To perform statistical tests,

W v s 1ok 120

a test statistic and a confidence level must be selected. The choice of a
confidence level should depend on project costs, i.e., a confidence level
of 95% or more should be used for large, expensive projects.

The Poisson Test is appropriate for project evaluation to determine
whether a significant change in the MOE's has occurred. Poisson curves are

given in Figure 41 for use in determining whether a change in accident
experience is statistically significant.

FUNCTION F - Perform Economic Analysis

Fconomic analysis provides an additional perspective of the effective-
ness of the completed safety project. The following methods are appro-
priate for use in the evaluation of completed highway safety projectis.

@ Benefit/Cost Ratio Method - The ratio of the benefits accrued from

accident and/or severity reduction to costs needed to implement the
countermeasures,

@ Cost Effectiveness Method - The cost to the agency of preventing a
single accident or accident type.

CUNCTION F - Prepare Evaluation Documentation

The evaluator now must draw conclusions regarding the overall effect-
jveness and worth of the project and review the appropriateness of all
activities of the evaluation study which lead to the final concliusions.
The evaluation activities and results should be thoroughly discussed and
documented in the study report. The documentation should include a concise
and comprehensive coverage of all evaluation study activities and results,

and should follow a standardized format.
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MOE DATA COMPARISON WORKSHEET

Evajuation No.

Dsta/Evaluator

Expeorimental Plan

Checked by

Controi

Project

|Expectad

Bafors

After

Befors

Afror

After Porcent
Rate _{Raeduction

MOE Data Summary

{Ber)

{Bpp

{ApE

(%}

Accidents:

" (Fundamental}

Total Accidents

Fatal Accidents

Injury Accidents

POO Accidents

(Project Purpose}

Exposure

units;___V,or__VM

MOE Comparison
Rats or Frequancy .

%)

Total Accidents/

Fatai Accidents/

injury Accidents/

PDO Accidents/

Figure 36.

MOE data comparison worksheet,
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MOE DATA COMPARISON WORKSHEET

Evaluation. No. -
Date/Evaluator Checked by — e

Experimental Plan

~ Control Projoct  |[Expected
After
Befora| After |Bofore| After | Rate__ R'::i::;?;m

or ,
MOE Data Summary | BcE) |‘Ack |'Ber) | {ApF) | Freq. 1%

Accidonts:

Figure 37. Illustration of MOE data comparison worksheet
for before and after control sites study plan.

MOE DATA COMPARISON WORKSHEET

Evsiuation No.
Date/Evaluator - _ Checked by

Experimental Plan

Control Project  [Expected
7 Aftor P
BofordulAftor |Before| After R'“—Re:!?:t?;'m
oF (%)

MOE Data Summary R A (Bpg) [{ApE) | Freq.—

Accidents:

Figure 38. Illustration of MOE data comparison worksheet
A for before and after study plan.
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MOE DATA COMPARISON WORKSHEET

Evaluation No.
Date/Evaluator

Checked by
Experimental Plan
Control Project ‘E!POGM
After Percent
o, Aftar After nm:___ R oductiol'w
O
MOE Dats Summary "y (Ack )Fr&ml‘-ﬁ Froq._| '
Accidents:
Figure 39.

Iilustration of MOE data compariéon worksheet
for comparative parallel study pian.

MOE DATA COMPARISON WORKSHEET

Evaiuation No.
Date/Evaluator

Experimental Plan

Checked by

Project During @PF)‘

Control Project 'Expoctod‘
oo ; — — After Borncse
Befor ftor |[Before| After | gate R';""'li"’i‘;"l
: or
MOE Data Summary | (B&E, [(A Bpg) | (Apg) | Freq._| ‘*
Accidents:
Figure 40.

Illustration of MOE data comparison worksheet

(@) 1
for before, during and after study plan.
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FUNCTION G - Develop and Update Effectiveness of Data Base

An effectiveness data base is an accumulation of sound project evalua-
tion results which are directly usable as input to project selection {Pro-
cess 3, Subprocess 2) and project development (Process 3, Subprocess 3)
within the Planning Component. The data base should contain information on
the accident reducing capabilities of a project in terms of average acci-
dent rate reduction. This information is a regquirement for use in economic
analysis of proposed projects. The data base must be continually updated

with new effactivenecs avaluatian inform
¥ 1 waa (RN ) LN I ) ¥ L™ ) A o i U
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Nt e ¥ [ ] W A L Lo [ ] LA
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MANAGERIAL CONCERNS

e What Qrojects should be selected for effectiveness evaluation?
e What is the manpower required for the evaluation?
@ Are adequate funds available?

INPUTS AND OUTPUTS

Management Input

® A knowledge and understanding of Accident-Based Project Evaluation
techniques

Resource and Equipment Input

¢ Manpower
e Funding

Data or Information Input

o Total project cost
@ For the analysis period:
- Numbers of years of accident data
- Total number of accidents
- Number of fatal accidents and fatalities
- Number of injury accidents and injuries
- Number of PDQO accidents and involvements
- Number of vehicles for spot or intersection locations, and
vehicle-miles of travel for roadway section locations.
e Maintenance files, photologs or historic project files or field
reconnaissance for conducting inventory of existing roadway and
environmental features.

Qutput

e MOE data summary tables which explain the effect of the project on
the change of selected MOE's and their statistical significance.

® An assessment of the cost-effectiveness of the project
e Updated data base
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PROCESS 1, SUBPROCESS 2

PEREORM NON-ACCIDENT-BASED
| EVALUATION

EVALUATION COMPONENT
SUBPROCESS
néﬂzﬁ PERFORM péﬁﬁﬁ
NON-ACCIDENT-BASED 8
EVALUATION
T sUB-
PROEE.SS

PURPOSE

The objective of the Non-Accident-Based Evaluation is to provide
guidelines for determining the intermediate effectiveness of a completed

highway safety project based on changes in non-accident MOE's.
DESCRIPTION

Non-Accident-Based Evaluation refers to the method of evaluation using
non-accident measures expressed in terms other than the rate or frequency
of accidents or accident severities. Exampies of non-accident wmeasures
are:

Traffic conflicts
Auto-Pedestrian conflicts
Vehicle speeds

Traffic control violations
Erratic vehicle maneuvers
Other

s 0 0P GI

Non-accident measures are used in much the same way as accident measures 1in
Accident-Based Project Evaluation.
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Although the use of Non-Accident-Based Project Evaluation is suggested
as a’ﬁKﬁﬁﬁ;L6F‘@VETUEfTﬁg*ﬁﬁf@?ﬁ@d?ﬁfé—ﬁ?ﬁjéé%'?ﬁ?@tf??éﬁé§§:"ﬁ??ﬂgf—ﬁﬁf

intended

for use in place of ultimate safety measures (accident and acci-

dent severity reductions) due to the lack of a proven relationship be

Tween accident and non-3ccident measures.

The following two basic differences exist between Accident- and Non-
Accident-Based Evaluation.

1.

When conducting a Non-Accident-Based Project Evaluation, an evalu-
ator addresses the chain of events which leads to observed or
potential accident experience, rather than addressing the purpose
of the project in terms of how it will affect accident experience
at the project site {as related to Accident-Based Project Evalua-
tion).

The chain of events addresses:

@ Major Causal Factors
® Major Contributory Factors
e Safety Problems

Evaluation Timing - This subprocess requires that the evaluation
plan be developed during the Planning Component of the HSIP (be-

fore project implementation) so that before evaluation data can be
obtained.

As in Accident-Based Preoject Evaluation there are seven functions in
Non-Accident-Based Project Evaluation, each containing a series of steps
which lead an evaluator through the activities and decision~-making
activities of a properly designed evaluation study.

The seven functions which comprise Non-Accident-Based Evaluation are:

FUNCTIGON A - Develop Evaluation Plan

FUNCTION B - Collect and Reduce Non-Accident Data

FUNCTION C - Compare Non-Accident Measures of Effectiveness (MOE's)
FUNCTION D - Perform Statistical Tests

FUNCTION E - Prepare Economic Analysis

FUNCTION F - Prepare Evaluation Documentation

FUNCTION G

- Develop and Update Effectiveness Data Base.

Projects which are well-suited to Non-Accident-Based Evaluation

include:

@ Projects implemented to reduce accident potential
e Projects involving staged countermeasure implementation

208



Non-Accident-Based Evaluation can be used to provide information on:

® Project impact on traffic performance

® Project effectiveness, when a quick indication is desired

e The presence of factors which affect "after" accident experience
® The relationship between accident and non-accident measures

FUNCTION A - Develop Evaluation Plan

As in Accident-Based Project Evaluation, five steps are required in
this function:

® Select projects for evaluation

® Determine project purpose

¢ Select intermediate evaluation objectives and MOE's
¢ Select experimental plan

® Determine data regquirements

Intermediate evaluation objectives and MOE's are expressed in terms of
non-accident measures.

Four experimental plans, described in Accident-Based Project Evalua-
tion (Subprocess 1), are appropriate for use in this subprocess:

® Before and after study with randomized control sites
@ Before and after study

® Comparative parallel study
@ Before, during and after study

Data requirements for obtaining non-accident measures are developed
from traffic engineering studies. Information on these studies are con-

tained in many traffic engineering texts and references, such as:

@ Highway Safety Engineering Studies (FHWA training course)

@ Traffic Engineering, Theory and Practice (by Louis dJ. Pignataro)

@ Manual of Traffic Engineering Studies (Institute of Transportation
Engineers)

@ Traffic and Transportation Engineering Handbook (Institute of
Transportation Engineers) :

Examples of traffic engineering studies which can be performed to ob-
tain non-accident measures include:

® Spot speed studies :

® Travel time and delay studie
@ Intersection delay studies
@ Traffic conflict studies
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Sample size requirements for these and other studies are calculated
using sampling techniques which yield the required minimum sample size at a
specified level of confidence.

FUNCTION B - Coilect and Reduce Data

Non-Accident-Based Project Evaluation requires relatively more field
data collection than Accident-Based Project Evaluation. This is due to the
various engineering studies that must be performed to obtain non-accident
measures,

The steps involved in this function are:

® Select control sites (if applicable)
® Collect and reduce non-accident data
® Collect and reduce project cost data

FUNCTION C - Compare Non-Accident MOE's

The methods for computing changes in accident-based MOE's, described
in FUNCTION C of Accident-Based Project Evaluation, are appropriate for use
in this subprocess.

Non-Accident MOE data can be summarized in prepared tables (MOE Data

Comparison Worksheets) similar to those for Accident-Based Project Evalua-
tion. These tables can be wmodified to simplify calculations of percent
changes in non-accident MOE's for a given experimental study plan.

As in Accident-Based Project Evaluation, the percent change in nonac-
cident MOE's involve two computations:

® Compute the expected values of the non-accident MOE's if the project
had not been implemented.

& Compute the percent change between the expected and after non-acci-
dent MOE's.

The methods for determining the expected values may differ for each experi-
mental plan.

FUNCTION D - Perform Tests of Significance

In this function, statistical tests are selected and performed to

determine the effectiveness of the non-accident MOE's, as described for
accident-based procedures.

Several test statistics are appropriate for use in Non-Accident-Based
Project Evaluation, including:
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Chi-Square Test

This technique s used to test whether two discrete variables are
independent of each other. The variables may be nominal or ordinal.
A1l experimental plans are appropriate for testing by Chi-Square.

t-Test

The t-Test is used to test the statistical significance of dif-

ferences in the mean values of two sets of MOE's when the data are

continuous and an assumption of normality in the data can be made.
There are two types of t-Test:

@ Paired t-Test - compared at same loccation, i.e
After

® Student's t-Test - compared at different locations, i.e., Pro-
ject and Control

., Before and

7-Test of Proportion

This test is applicable for continous data which are expressed as
proportions. The analysis question addressed by this test is whether
the proportion of occurrences in one group is significantly different
fro

. thn smimmpmmrddioan An 0
rom the proportion in a second group.
F-Test

This test is applicable for testing the significance of differ-
ences in the variance of two populations.

Results of these statistical tests give an indication of whether chan-
s in MOE's are attributable to chance or are consequences of external
ctors (the project)

=S Y

ge
£a
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FUNCTION E - Perform Economic Analysis

An economic analysis is conducted in order to obtain information on
whether a project is justified in terms of dollars spent. Only one type of
economic analysis method (Cost-Effectiveness technique) is recommended for
this subprocess. Results of the Cost-Effectiveness technique indicate the
approximate agency cost for each single non-accident measure eliminated.
For example, a cost-effectiveness analysis may yield an agency cost of
$30.00 for every MPH reduced for vehicles approaching a warning beacon in
advance of a railroad crossing.

FUNCTION F - Evaluation Documentation

This function involves organizing and reviewing all non-accident eval-
uation activities. Evaluation decisions, assumptions and procedures are
reviewed to determine their appropriateness. From this review, a decision
on the reliability of evaluation resuits can be made.
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AT1 evaluation results (changes in non-accident MOE's) that are deter-
mined to be reliable (changes in MOE's which were affected by the project
only) are entered into an intermediate Effectiveness Data Base (see FUNC-
TION G). A product of this function is a final evaluation report. This
report is a concise description of the non-accident evaluation activities.

In the documentation, it may be necessary to include information rela-

tive to the non-accident measures utilized, to insure the proper interpre-
tation of the evaluation results,

FUNCTION G - Develop and Update Intermediate Effectiveness Data Base

Changes in non-accident MOE's which were found to be reliable {per
evaluation review, see FUNCTION F), are entered into a table format. The

format consists of various project types and their associated changes in
the percent non-accident MOE. Percent reductions entered into this table
are not restricted to the positive effects of a project {i.e., decreases in

non-accident MOE's), but include negative effects (i.e., increases in non-
accident MOE's).

The Intermediate Effectiveness Data Base has two primary uses:

® It provides feedback information useful in planning and implement-

ing future projects for which Non-Accident-Based Evaluation may be
performed.

® It provides information on the relationship between accident and

non-accident measures when Accident-Based Project Evaluation are
performed after sufficient accident data are available.

MANAGERIAL CONCERNS

® What projects should be selected for Non-Accident-Based Project
Evaluation?

@ What are the manpower requirements?

® What 1is the degree of sophistication of engineering studies needed
for the evaluation?

e What degree of manpower expertise or training is required?

® Are adequate funds available?

INPUTS AND OUPUTS

Management Input

@ A knowledge and understanding of Non-Accident-Based Project Evalua-
tion

Resource and Equipment Input

@ Manpower
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@ Funding
@ Equipment required for engineering studies

Data or Information Input

® Total cost

@ For the analysis period(s):
- Size of non-accident measure sample
- Types of non-accident measures to be evaluated

Output

® Percent change in non-accident MOEL's
¢ Economic assessment of project

@ Intermediate effectiveness data base
® Final report
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?

PERFORM PROGRAM EVALUATION

PURPOSE

EVALUATION COMPONENT

SUBPROCESS 3

PERFORM Pi “UU
EVALUATION j
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PROCESS

The purpose of this subprocess is to provide guidelines for assessing
the valuea of a rnmnlnfnri or nnrln‘lnn h'inhw:-au cafetv nraaram.
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DESCRIPTION

SAAT ey

The program evaluation subprocess also consists of seven functions.
Each function contains a series of systematic steps which lead the evalu-
ator through the activities and decision-making processes of a properly
designed evaluation

FUNCTION
FUNCTION
FUNCTION
FUNCTION
FUNCTION
FUNCTION
FUNCTION

A

Mmoo W

-

study.

Develop

Co]Iect

- Compare

Perform
Perform

- Prepare
- Develop

The seven functions are:

Evaluation Plan

and Reduce Data

Measures of Effectiveness (MOE's)
Tests of Significance

Economic Analysis

Evaiuation Documentation

and Update Effectiveness Data Base
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FUNCTION A - Develop Evaluation Plan

During plan development, the evaluator is required to think through
the entire evaluation process and establish a plan to be followed during
the actual evaluation. Prior planning in advance of program implementation
makes it possible to select and utilize a more reliable experimental plan.

Also, data collection activities may be planned in advance of actual data
collection.

Program Goal

The first activity in program evaluation is to determine the highway

safety goal to be evaluated. The %pa1 myst be stated in a brief but con-
cise statement in accordance with the following criteria:

@ The program scope

@ The objective of program activities
® The location type

® The geographic program area

If the stated program goal includes several types of projects imple-

ted at different locations, it is advisabie to stratify the projects

me
in rogram subsets with similar project and location characteristics.

n
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A fundamental step in effectiveness evaluation is the formal selection
of evaluation objectives and MOE's (Measures of Effectiveness).

Objective

An evaluation objective is a brief statement describing the desired
outcome of the evaluation study. Regardless of the safety goals of the
program, four fundamental evaluation objectives should be selected for
every program. These objectives are to determine the effect of the program
on:

Total accidents

CTad al 3
Fatal accidents

L

@

@ Personnel injury accidents

@ Property damage accidents

@ Other objectives related to the goals of the program

One or more MOE's must be assigned to each evaluation objective to
transform the objective into a measurable unit which provides evidence of

v
the effectiveness of the program. These measures may be related to:

@ Accident frequency

® Severity

® Rate

@ Proportion or percentage
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The evaluation objectives and their related MOE's should be recorded
in an objective and MOE listing (mentioned previously in Accident-Based
Project Evaluation). MOE's should alsc be assigned to economic evaluation
objectives.

Experimental Plan

The evaluator must select the experimental plan for comparing the
MOE's selected for each program subset. There are several factors which ,

may threaten the validity of the evaluation study and must be recognized
and overcome, including:

® Changes due to factors other than the program.
® bndnges in the values of the MOE's over time. UDecreases in accident
rate may be a result of the program or it may be that the decrease

is an extension of a long-term decreasing trend in total accident
rates at the program sites.

® Regression to the mean - a tendency of a response variable such as
accidents to fluctuate about the true mean value,
® Random data fluctuation.

(These factors should a]so be cons1dered when select1ng experimental
1? HLLIUUHL- ana nofi- HLQIUE"L Ddhﬂu VFUJELL EVdIUdeUH }

The threats to the validity of the evaluation study can be minimized

through the use of experimental plans which utilize control sites. The

following experimental plans are variations of the four plans mentioned

previously in Accident- and Non-Accident-Based Project Evaluation.

Data Needs

PR o | Y Lha . !\!‘l- oo |

Evaluation data needs must reflect the evaluation MOE and the type
of experimental plan selected for the evaluation. If one of the evaluation
objectives is to determine the economic aspects of the program, cost data
must be collected. The data needs for each subset are recorded in the
appropriate form (Figure 42). The next step consists of organizing the
decisions made in the development plan and the rationale for these deci-

"~ sions along with the Tisting of objectives, MOE's, selected experimental

plans and data needs.

TN n a1l
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This function involives the collection and reduction of the data
required for a project evaluation. Accident and volume data are used most
often as the evaluation criterion on which program effectiveness and con-
trol group selection is based. [Inconsistent, biased, erroneous or incom-
plete accident report information present a s1gn1f1cant problem fc the
evaluator. Again, the exposure data must be taken during the same periocd
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DATA REQUIREMENTS LISTING

Evaluation No. A’

Date/Eveluator _2/23/77/00P Chocked by _2/28/77/HES

Experimental Plan __5¢dore and After
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that the accident data are required. The use of existing volume data
creates a problem in defining accident rates for such MOE's as wet-weather
accident rates and night or day accident rates.

The evaluator may be faced with either selecting control groups for a
completed program or randomly assigning program treatments to a portion of
a group of sites which warrant improvements.

. The first activity in control site selection is to collect data relat-
ed to key variables at all program sites and candidate control sites. Data
should be reviewed and control sites which are not comparable with the
program group should be eliminated. Next, the evaluator should obtain and
critically review accident and exposure data for control sites and program
sites and eliminate the control sites which are not comparable with the
program group MOE's. The remaining control sites constitute the control
group for the evaluation. The evaluator should select a random sampling
technique to select control sites. Accident and exposure data should then
be used to develop the MOE's for the evaluation study.

FUNCTION C - Compare MOE's

This function involves preparation of the MOE summary tables and
calculation of percent changes in the MOE's. MOE data for each program
subset should be tabulated on the appropriate summary table (shown pre-
viously in Accident-Based Project Evaluation) using accident and exposure
data collected and recorded for individual projects in each subset in
FUNCTION B. MOE's for the before and after periods for the program and
control groups are computed for each program subset. Next, the expected
value of the MOE is determimed and compared with the annual MOE value and a
percent difference is calculated for each program subset.

FUNCTION D - Perform Tests of Significance

The evaluator should review the selected evaluation objectives, MOE's
and experimental plan and determine the types of data to be evaluated, The
next step involves listing the hypothesis to be statistically tested for
each evaluation objective and select the appropriate statistical test based
on objectives, the MOE's, experimental plan, and types of statements
listed. The following are the various statistical techniques that may be
appropriate for program evaluation:

@ Poisson Test

& Chi-Square Test
® t-Test

® I-Test

® F-Test
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FUNCTION E - Perform Economic Analysis

The evaluator should determine the need for economic analysis by

assessing whether statistically significant changes occurred in the MOE's.
The economic analysis technigue should be selected on the basis of the
acceptability of assigning dollar values to accident outcomes, availability
of cost data and type of MOE. The next step is to perform the economic
analysis using a Benefit/Cost technique or Cost-Effectiveness technique as
applicable.

FUNCTION F - Prepare Evaluation Documentation

The evaluator must organize the results of FUNCTIONS C, D & E for each
subset and examine the effectiveness of the program in the following way:

@ From FUNCTION C, identify whether each subset reduced the safety
deficiencies for which it was intended

® From FUNCTION D, identify whether each subset resulted in a statis-
tically significant change in the MOE's

® From FUNCTION E, identify whether each subset resulted in benefits
which are considered acceptable when compared to program costs.

The evaluator should next determine the effectiveness of each subset
and appropriateness of all evaluation activities, and the activities asso-
ciated with planning and implementation. Any cbserved deficiencies should
be corrected, if possible, and any non-correctable problems encountered
should be recorded. The next step is to identify evaiuation results for

incorporation into the effectiveness data base, and to write, review and
distribute the final evaluation study report.

FUNCTION G - Develop and Update Effectiveness Data Base

A data base of accident reduction factors should be developed for
projects to provide planning personnel with a useful tool for improving
their ability to estimate expected benefits for projects and programs.
Evaluation data for individual projects within a program or program subset
are required as input to the data base in the form of accident reduction
factors and associated expected ranges.

MANAGERIAL CONCERNS

@ What number of persons are available for conducting evaluations?

@ What are the problems with accident data availability?

® What should be the timing for evaluation plan development; pre-
implementation or post-implementation?

INPUTS AND QUTPUTS

Managerial Inputs

® A knowledge and understanding of program evaluation techniqgues.

219




Resource and Equipment Input

#® Manpower
e Time
® Funding

Data or Information Input

e Data collected for the selection of control groups
e Exposure data conducted for control sites and program sites
& Cost data from project files

Qutput

o Effectiveness of program ‘

e "Data Summary Tables" for each program subset. Percent change in
the MOE's for each program subset can be calculated from the ta-
bles.

e Effectiveness Data Base
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PROCESS 1, SUBPROCESS 4

PERFORM ADMINISTRATIVE
EVALUATION

EVALUATION COMPONENT

SUBPROCESS 4

PERFORM
ADMINISTRATIVE
EVALUATION

PURPOSE

The purpose of this subprocess is to assess implementation activities
and to produce feedback information to all HSIP components. This type of

evaluation is a fundamental part of the Evaluation Component of the HSIP.
It is a supplement to but not a substitute for an Effectiveness Evalua-

tion.

DISCUSSION

Administrative Evaluation is the assessment of project or program
implementation activities exploring three basic issues:

® Actual resource expenditures
e Planned versus actual resource requirements
@ Productivity of implementation activities

In the Evaluation Component, Administrative Evaluation provides cost
information for economic analyses which accompany Effectivenss Evaluation.
Administrative Evaluation also insures that the Effectiveness Evaluation is
being performed on the project or program as it was actually implemented
and not as it was planned.
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Administrative Evaluation is recommended for all projects and pro-
grams.  Also, Administrative Evaluation 1is recommended to be conducted

during project/program implementation. Administrative Evaluation may be
performed at various levels of detail, depending on the amount and type of
information desired. High-cost projects or programs which involve a number
of implementation activities may warrant a detailed level of evaluation.
The least detailed level involves evaluating implementation scheduling,
design, construction and operaticnal review, without regard to specific
activities. The Administrative Evaluation subprocess consists of eight
steps:

Select evaluation subjects
Review project (program) details

Pyt R S a2

Identify administrative issues

Obtain available data sources

Prepare administrative data summary tables
Evaluate administrative issues

Prepare and distribute the evaluation report
Develop and update data base

CO U P Lo py =

STEP #1 - Select Evaluation Subjects

This step involves selecting completed or future projects and programs
for evaluation.

STEP #2 - Review Project (Program) Details

The purpese of the review and information gathering process is to
obtain necessary input to prepare a written description of the project or
projects to be evaluated. The description of the project(s) should be
concise and convey a ciear description of the retrieval of the Administra-
tive Evaluation results data for similar types of projects.

STEP #3 - Identify Administrative Issues

This step presents guidelines for determining the administrative
issues to be evaluated. In this step, the evaluator must specify the man-
power categories, the activities, the milestones, and the material to be
evaluated in each implementation element. The level of detail may vary for
each implementation element. When the level of administrative evaluation
detail has been established, a form such as that shown in Figure 43 should
be used to record specific implementation issues to be evaluated. The
following guidelines may be helpful when completing the form.

@ Manpower categories should reflect only the major types of manpower
involvement required to perform the activities within each implemen-
tation element

® Only major activities should be listed

® As a minimum, time scheduling includes the start date, end date, and
duration of each implementation element
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ADMINISTRATIVE ISSUES LISTING

Implementation Elements

Administrative Issues

SCHEDUL ING

DESIGN CONSTRUCTION

REVIEW

MANPOWER CATEGORY

List categories for

which information s

desired on the Tevel

of effort expended.

ACTIVITIES

List activities for

which information is

desired on the total

cost of achieving the

activity.

TIME SCHEDULE

List the major mile-

stones for which in-

formation is desired

on the start and com-

pletion dates.

MATERIALS

List material items

for which information

ijs desired on cost

and quantity.

PRODUCTIVITY

List productivity

measures to be

evaluated.

OTHER

List other specific

administrative issues

to be evaluated.

Figure 43.

Administrative issues listing.
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® Construction materials should include the specific materials being
placed in the field, i.e., guardrails, signs and supports, etc.

The foliowing questions are recommended as the minimum which need to
be answered for each implementation element.

A. Actual Resource Expenditures

® For each major manpower category, what was the actual level of
effort (number of days, hours, etc.) expended?

® What was the actual cost for performing major activities within the
implementation element?

® What was the actual start date, end date, and duration of each
element and its major activities?

(e LR VR -

B. Actual Versus Planned Resource Requirements

How did the planned manpower categories (job classifications) com-
pare with actual categories?

How did the planned levels of effort for each manpower category com-
pare with the actual level of effort? -

How did the estimated cost compare with the actual costs?

How did the scheduled start date, end date, and duration compare
with actual events and durations?

What was the productivity of output produced per unit of manpower
expended? :
What was the productivity of output produced per unit of cost in-
currad?

® What was the productivity of output produced per unit of time ex-
pended?

& & ¢ e &

When developing the administrative questions, the evaluator should
cocrdinate with those individuails who are most Tikely to use the results of
the evaluation.

STEP #4 - Obtain Avaiiable Data

Data on planned implementation resource expenditures and actual re-
source expenditures may be obtained from several sources including the ones
detailed under "Data or Informational Input®. The data sources should be
thoroughly reviewed and, 1if required, additional data and information
sources myst he ideﬂtif‘iﬂd tn mast tho av -!II +-§nn n d
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STEP #5 - Prepare Administrative Data Summary Tables

This step involves organizing the evaluation data in a format which

allows the evaluator to efficiently conduct the evaluation. _ Manpower,
cost, time, material and other resource information obtained in STEP #4
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should be summarized in a table similar to that shown in Figure 44. Four
summary tables should be prepared for each project to be evaluated; one
each for scheduling, design, construction and operational review. The
manpower categories, activities, milestones, and materials listed in the
Detailed Administrative Issues listing (developed in STEP #3) should be
transferred to the appropriate summary table.

STEP #6 - Evaluate Administrative Issues

Answers to the questions on actual resource expenditures may be taken
directly from the summary table. Issues on planned versus the actual re-
source expenditures may be addressed by computing the percent differences
between planned and actual quantities and costs. Issues relating to the
productivity may be obtained by computing ratios between project output
measures and input measures.

STEP #7 - Prepare and Distribute the Evaluation Report

A brief written report on the evaluation results should be prepared

and copies of the reports should be distributed to the appropriate person-
nel.

STEP #8 - Develop and Update Data Base

An administrative evaluation report provides information on a specific

project or program which is usable in future planning and implementation
decisions.

MANAGERIAL CONCERNS

® What is the manpower required for the method?

® What is the amount of time required to complete specific activi-
ties?

@ What is the quantity of materials required?

@ What are the cost of manpower and materials?

INPUTS AND QUTPUTS

Management Input

@ A knowledge and understanding of administrative evaluation tech-
niques

Resource and Equipment Input

@ Manpower
- @ Time

@ Materials

@ Funding
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Project No.

__Scheduling

Design
Evaluation No. - _Construction
ADMINISTRATIVE DATA SUMMARY TABLE __Op. Review
MANPOWFR
Manpower Involvement
Ca tegory Role ‘Flanhed Actual Differencea Comments
$Persons fPerson Hrs. l#Persons Person Hre. | HIs, 2
ACTIVITY COSTS
o Activity Costs bifferences
Major Activity Flanned Actual 3 ' Comments
TIME SCHEDINE
Event or Milestans P“hnedh“"’-’ mntimnctual ?iigaren:es Conments
MATERIAL
Material Reguirements bifferences
Item Flanned Actual smount] & Coments
PRODUCTIVITY
Input Measure Output Measure Ratio Comments
LOMMENTS

Figure 44.
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Data or Informational Input

OQutput

Data on planned implementation resource expenditures:
- Construction schedules

2w LuL L Sl iina e

Milestone and CPM charts

Bid quotations

Plan, Specification and Estimates (PS and E) documents
Project files

Data on actual resource expenditures:
Invoices

Inspection reports

Progress reports

Data maintained as a funding requirement
As-built drawings

Project files

"Summary Tables" which provide a full description of the actual re-
source and planned resource expenditure and information on implemen-
tation productivity

Administrative Data Base
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CHAPTER XI
GLOSSARY OF TERMS

AASHTO - Ameracan Association of State Highway and Transportation Offi-
cials.

ACCIDENT - Any unplanned event that results in injury, property damage, or
loss.

ACCIDENT-BASED EVALUATION - The assessment of a Highway Safety Project or

program in terms of the extent to which the number and severity of ac-
cidents are reduced.

ACCIDENT CAUSALITY CHAIN - The chain of events (major causal factor - ma-

jor contributor factor - safety problem) which lead to accident experi-
ence or accident potential.

(R RAPLwIR S St PR P v

ACCIDENT POTENTIAL - An impending accident situation characterized by an
unsafe roadway condition.

ACCIDENT RATE - The number of accidents which occur during a specified

period of time, divided by a measure of the degree of vehicular expo-
sure over the same period.

ACCIDENT REDUCTION FACTORS - Valuyes of percent acci ide
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from the observed accident reduction on ane or severa
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ACCIDENT REPORT - A written report containing data concerning an individu-
al accident including time, place, lecation description, property dam-
age, injuries, violations, and possible cause. Such reports are sub-
mitted either by the investigating officer or the involved motorists.

ACCIDENT SEVERITY - A measure of the seriousness or violence of an acci-

dent or all accidents at a highway location. Accident severity may be
expressed in terms of the number of fatalities, injuries, or property
damage accidents or involvements which occur during a specified period
of time.

ACCURACY - The degree of freedom from error by which a measurement is

taken or an operation performed. For example, if a measurement is
stated as 1.02 + 0.05, accuracy is plus or minus five hundredths,

ADMINISTRATIVE EVALUATION - The assessment of project or program implemen-
tation activities exploring such issues as resource expenditures,
planned versus actual resource expenditures, and productivity.
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ADMINISTRATIVE ISSUES - Areas of interest related to project/program im-
plementation, which are subject to administrative evaluation. These
issues are: 1) Manpower Categories,.zg Activities, 3) Time Schedule, 4)
Materials, 5) Productivity, and 6) other specific administrative
issues.

ANALYSIS OF VARIANCE - A statistical technique that tests for significant
differences in the dispersion characteristics between two or more data

o~ o e
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ASTM - American Scciety of Testing Materials.

AVERAGE ANNUAL DAILY TRAFFIC (AADT) - The total yearly volume divided by
the number of days in the year.

BENEFIT-COST RATIQO -~ The economic value of the reduction in fatalities,

injuries, and property damage divided by the cost of the accident re-
ducing measure,

CHI-SQUARE DISTRIBUTION - Distribution of test statistics used to test the
null hypothesis of "independence" for the two classifications of a two-
way table. Also has many other statistical applications.

COLLECTOR STREET - Provides for traffic movement between major arterials
and local streets, with direct access to abutting property.

COLLISION DIAGRAM - A schematic drawing that shows the direction of

travel, prior to contact, of the vehicles and/or pedestrians whose pre-
sence contributed to the collision.

CONDITION DIAGRAM - A scaled drawing of the important physical conditions
of a highway spot or section. It is used to relate the accident pat-

terns on a co]l1s1on diagram to the roadway and operational event at
the hazardous location.

CONTINUOUS DATA - Possi
of values within a d
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CONTROL OF ACCESS - The condition where the right of owners or occupants
of abutting land or other persons to access, Tight, air, or view in
connection with a highway is fully or partially controlled by public
authority. Full control of access means that authority to control ac-
cess is exercised to give preference to through traffic by providing
access connections with selected public roads only and by prohibiting
crossings at grade or direct private driveway connection. Partial
control of access means that the authority to contrel access is expect-
ed to give preference to through traffic to a degree that, in addition
to access connections with selected public roads, there may be some
crossings at grade and some private driveway connections.
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CONTROL SITE(S) - A site or group of sites with similar characteristics
which are not exposed to the same countermeasure as the project site,
used to aid in determining if the results achieved by the treatment
group are a consequence of the countermeasure rather than the result of
some outside influence.

COORDINATE REFERENCING SYSTEMS - Methods for accurately locating individu-
al accidents by grid coordinates.

COST/BENEFIT ANALYSIS - A form of economic evaluation in which input is
measured In terms of dollar costs and output- is measured in terms of
economic benefit of a project as compared to the incurred cost of the
project. '

COST-EFFECTIVE ANALYSIS - A comparison study between the cost of an im-
provement (initial plus upkeep) and the benefits it provides. The
latter may be derived from accidents reduced, travel time reduce, or
increased volume of usage, and translated into equivalent dollars
saved.

CRITICAL PATH METHOD (CPM) - A network diagramming technique in which it
is assumed that time estimates are readily obtainable from past experi-
ence and the network is a progression of activities arranged in logical
paths to the ending node.

COUNTERMEASURE - A specific activity intended to improve one or more as-
pects of the traffic safety or contribute to the solution of a specific
accident problem.

DATA BASE - The document collection or file of collected data which serves
as the basis of an information retrieval system.

DATA COLLECTION - The process of accumulating statistical information re-
lating 1o the empirical effects of a highway safety project.

DATA SET - A set of data pertaining to a single set or a single data col-
ection period.

DATA TABULATION - The process of displaying experimental results in a
table so that the information can more readily be interpreted.

DIVIDED HIGHWAY - A highway with separated roadways for two directional
traffic. '

"DO_NOTHING" ALTERNATIVE - An alternative which refers to the existing
state of the system.

DYNAMIC PROGRAMMING - A mathematical theory of a multi-stage decisign pro-
cess used to allocate money to obtain the maximum possible benefits un-
der a fixed budget.
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EFFECTIVENESS EVALUATION - A statistical and economic assessment of the
extent to which a highway safety project or program achieves reduction
in the number and severity of accidents (accident-based evaluation}, or
the intermediate impact of a project on observed traffic operations and
road user behavior {non-accident based evaluation).

EFFECTIVENESS MEASURES - Indications of the extent to which program objec-
tives are being attained.

EIS - Environmental Impact Statements.

ENGINEERING - Pertaining to highway and traffic engineering, includes de-
sign, cons truct10n, maintenance, and traffic engineering and other
ha

rmamakhas haudn n Fn An wddkh Fhn nhycaaaT

N
ofafncnes uavmg to do with the pri¥siCai n.g.may p:un-

ENVIRONMENTAL BASED STUDIES - A study that involves collection and analy-
sis of all information related to the physical features of the roadway
for specific spots, sections, and elements.

EPDO - Equivaient Property Damage Only (Accidents). A measure of accident
experTence based on attaching weights to accident severity categories
as multiples of property damage only accidents.

ERRATIC MANEUVER - An unusual action by a road user which could Tead to a
traffic accident.

EVALUATION - A comparison process that measures an item of activity
against certain predetermined standards or criteria. A judgement of

value or worth.

EVALUATION COMPONENT (HSIP) ~ The third of three HSIP components. This
component consists of one process and four subprocesses which involves
the determination of the effect of Highway Safety Improvements through
the appropriate use of 1) non-accident based project evaluation, 2)
accident based project evaluation, 3) program evaluation, and 4) ad-
ministrative evaluation.

EVALUATION OBJECTIVE - A brief statement describing the desired outcome of
an evaluation study.

EXPERIMENTAL PLAN - A method of evaluation involving aTternate techn1ques
which will allow for a determination of project impact. The experi-

mental plan selection criteria depends on project characteristics and
data availability.

EXPOSURE - The quantity of vehicles, vehicle miles of travel or other

volume and/or time related factor which measures the degree of vehicu-
Jar exposure to a particular situation.
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EXPRESSWAY - A divided arterial highway for through traffic with full or
~partiar control of access and generally with grade separations at major
intersections,

F-DISTRIBUTION (F-TEST) - Distributicn of test statistic used to compare
variances from twe normal populations. {See ANALYSIS OF VARIANCE).

FAULT TREE ANALYSIS - A technique which utilizes logic in an attempt to
trace all events and combinations of events which may result in an
accident.

FHPM - Federal-Aid Highway Program Manual.
FREEWAY - An expressway with full control of access.

FREQUENCY - Number of observations falling in a cell or classification
category,

FREQUENCY METHOD - A technique that identifies and ranks hazardous loca-
tions on the basis of number of accidents.

FREQUENCY RATE METHOD -~ A technique normally applied by first selecting a
targe sample of high accident locations based on frequency method
followed by ranking based on accident rate.

FUNCTIONAL CLASSIFICATICN - Division of a transportation network into

classes, or systems, according to the nature of the service they are to
provide.

FUNDAMENTAL OBJECTIVES - Four evaluation objectives which should always be
included in Accident-based evaluation. These objectives are to deter-
mine the effect of the project/program on; 1) total accidents, 2) fatal
accidents, 3) injury accidents, and 4) property damage accidents.

GAP_STUDY - A study conducted to measure the time headway or GAP between

vehicles along a highway section (or at a point), and to analiyze the
Gap acceptance characteristics where a minor or alternate traffic
stream intersects a major traffic stream.

GRADIENT - Ratio of vertical to horizontal lengths.

HAZARD - Conditions which exist on the highway system which are conducive
to future accident occurrences.

HAZARD INDEX METHOD - A technigue which employs a formula to develop a
rating index for each suspect site. Factors used in the formula are;
number of accidents per year, accident rate, sign distance, etc.

HAZARDOUS LOCATION - Highway spots, intersections or sections experiencing
abnormally high accident occurrences or potential.
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HAZARDOUS ROADWAY FEATURES INVENTORY METHOD - A technique of selecting
sites with a potential for high accident severity or numbers on the
basis of identification of hazardous roadway features: Narrow Bridges,
Steep Roadside Siopes, etc.

HIGH COST PROJECT - Major highway safety projects which require a signifi-

cant initial cost outlay. Examples include lane additions, bridge re-
placements, roadway alignment changes, constructing highway grade sepa-
rations, etc.

HIGHWAY LOCATION REFERENCE METHOD - The technique used for the identifica-

tion of linear position of a specific point or segment of a highway
either in the field or in the office with respect to a known point.

HIGHWAY LOCATION REFERENCE SYSTEM - The total set of procedures for deter-

mining and retaining a vecord of specific points along a highway. The
system includes the location reference method(s) together with the pro-
cedures for storing, maintaining, and retrieving location information
about points and segments on the highway.

HIGHWAY SAFETY GOAL - Expected safety improvements resulting from a high-

way safety program.

HIGHWAY SAFETY PROJECT -~ One or more remedial countermeasures instituted

to improve specific safety deficiencies on the highway or its envi-
rons.

HIGHWAY SAFETY TREATMENT - A single remedial countermeasure instituted to
improve the overall safety environment of the highway system.

HISTOGRAM - Graphical method for describing a set of data.
HIGHWAY, STREET, OR ROAD - A general term denoting a public way for pur-

poses of vehicular travel, including the entire area within the right-
of-way.

HSIP - Highway Safety Improvement Program, defined in FHPM 8-2-3.

HYDROPLANING - A condition where one or more tires of a moving vehicle are
separated from the pavement by a film of water; usually due to a combi-
nation of depth of water, pavement surface texture, vehicle speed,
tread pattern, tire pressure, and other factors.

IMPLEMENTING COMPONENT (HSIP)} - The second of three components. This com-
ponent consists of one process and three subprocesses which involve; 1)
the scheduling, 2) the design and constructicn, and 3) the operational
review of project(s).
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IMPLEMENTATION SCHEDULE - A 1listing of the events needed to complete a
particutar project activity. The listing is arranged in a chronologi-
cal sequence according to the time for initiating each event and with
an estimated time of completion.

INTEGER PROGRAMMING - A linear programming problem in which some or all of
the decision variables are restricted to integer values. Programming
problems in general deal with the use or allocation of scarce resources
in a manner such that costs are minimized or profits are maximized.

INTERCHANGE - A system of interconnecting rbadways in conjunction with one
or more grade separations, providing for the movement of traffic be-
tween two or more roadways on different levels.

INTERMEDIATE OBJECTIVES - Expected short term improvements in the causal
and contributory factors of a non-accident based project evaluation.

INTERSECTION - The general area where two or more highways join or cross,
within which are included in the roadway and roadside facilities for
traffic movements in that area.

INVENTORIES - Lists of items or occurrences such as roadway and roadside
features, accidents, high accident locations, etc.

ITE - Institute of Transportation Engineers.

LEVEL OF SIGNIFICANCE - Refers to the outcome of specific statitistical
test of hypothesis.

LINK - A highway segment between two nodes.

LINK AND NODE REFERENCE SYSTEMS - Method for accurately locating individu-
al accidents by longitudinal distance down the highway from a referenc-
ed node.

LOCAL STREET OR LOCAL ROAD - A street or road primarily for access to re-
sidential, business, or other abutting property.

LOCATION - The name given to a specific point on a highway for which an
identification of its linear position with respect to a known point is
desired. A location may be where an accident occurred, where a rcadway
characteristic (such as surface width) changes, where an operational
characteristic (such as traffic volume) changes significantly or where
some maintenance activity started or ended.

LONG-RANGE TRANSPORTATION PLAN - A 10- to 20-year plan that has specific
goals, 1is system- and major-project oriented, and includes the highest
priority projects and a funding projection indicating that funds will

probably be available for the plan's completion.
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LORAN-C-BASED METHOD - An electronic, long range navigation system that
allows determination of a position anywhere in the coverage area.

LOW COST PROJECT - Highway safety projects which require low or moderate
initial cost outlays. Examples include pavement edgelining, traffic
signal timing modifications, traffic sign installation, roadway deline-
ator installations, etc.

MAJOR CAUSAL FACTOR - Specific hazardous elements associated with the
highway, environment or vehicle, or actions associated with the road
user which describe why an actual or potential accident problem
exists.

MAJOR CONTRIBUTORY FACTOR - Elements or activities which lead to or in-

crease the probability of a failure in the road user, the vehicle or
the environment.

MAJOR STREET OR MAJOR HIGHWAY - An arterial highway with intersections at
grade and direct access to abutting property and on which geometric
design and traffic control measures are used to. expedite the safe move-
ment of through traffic.

MEAN - Average of a set of measurements. The symbol'Y is used to dencte
the mean of a sample.

MEASURE OF EFFECTIVENESS (MOE) - A measurable unit or set of units assign-
ed to each evaluation objective. The data collected in the units of

the MOE will allow for a determination of the degree of achievement for
that objective.

MECHANICAL VOLUME COUNTER - A mechanical device used for volume data col-
Tection when data are to be collected over long periods of time.

MEDIAN - The portion of a divided highway separating the travelled ways
for traffic in opposite directions.

MILEPOINT - The name given to the numerical value of middle measurement
when a set is ordered according to numerical value.

"MILEPQOINT METHOD - The technique used to represent the distance from a

point to any location.
MILEPOST - A physical entity, ordinarily a sign, placed beside a highway
— and containing a number that indicates the mileage to that point from
some zero point on the highway.

MONITORING - The process of checking and actual progress and comparing it
with the scheduled progress.
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MULTI-DISCIPLINARY INVESTIGATION TEAM - A group of two or more analytical
personnel with at Tleast one representative from the engineering and
enforcement agencies and, if desired, representatives from other agen-
cies assigned to advise and assist in the analyses of crash occurrences
and in recommendations and evaluations of corrective measures.

MULTI-PROJECT SCHEDULING SYSTEMS (MPSS) - A technique which provides the
necessary information to control a group of projects by a highway
agency. MPSS includes resource balancing and is a formal method of
scheduling and monitoring the status of highway preconstruction and
construction activities.

MUTCD - Manual of Uniform Traffic Control Devices.

NCHRP -~ National Cooperative Highway Research Program: an objective
national highway research program supported by participating member
states and the Federal Highway Administration.

NEED - A deficiency which should be corrected in the interests of public
safety.

NET BENEFIT - A measure of cost-effectiveness, gross benefit minus im-
provement cost.

NHTSA - National Highway Traffic Safety Administration.
NODE - An intersection of two major sireets.
NON-ACCIDENT~BASED PROJECT EVALUATION -~ An assessment of the intermediate

effect of a project on observed changes in traffic operations and road
user behavior.

NOM-ACCIDENT MEASURE - A measurable unit of safety which 1is logically
related to accident measures such as traffic performance and operation
(travel time, delay and speeds) and road user behavior (traffic control
violations and erratic maneuvers). :

NON-PARAMETRIC METHOD - A statistical significance test where data points
show marked departures from normality. Examples of non-parametric test
are; 1) Wilcoxen rank sum test, and 2) Mann-Whitney U-Test.

NORMAL DISTRIBUTION - Bell-shaped probability distribution. The curve
possessses a specific mathematical formula. Distribution of Z-
statistic is used as a test statistic.

NSC - National Safety Council.

NULL HYPOTHESIS - The hypothesis, tested in statistical analysis, that
there is no difference between the before and after accident experi-
ence.
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OBJECTIVE - The specific accident or severity measures which are to be

evaluated by the evaluation study. There are two types of objectives;
1) fundamental objectives refer to those measures which must be
evaluated in all studies. They are total accidents, fatal accidents,
personal injury accidents and property damage only accidents, 2)
objectives relating to project purposaes. These objectives may include
one or more of the purposes of the project. {See PURPOSE).

PARAMETRIC METHOD - Statistical significance tests which assume normality

of the parent distribution.

PERFORMANCE MEASURES - Indications of the extent to which programs are

being performed in accordance with standards.

PERMANENT COUNT STATIONS - Stations that refer to the long term monitoring

of traffic data at specific locations of interest either by manual or
mechanical surveys.

PHOTOLOGGING - A technique that involves taking photographs of the high-

gays and its environment from a moving vehicle at equal increments of
istance.

PLANNING COMPONENT (HSIP) - The first of the three HSIP components. This

component consists of four processes {and associated subprocesses)
which involve; 1) identifying hazardous locations and elements, 2) con-
ducting engineering studies, 3) developing candidate countermeasures,
4) developing projects based on the candidate countermeasures, and 5)
prioritizing the developed safety improvement projects.

POISSON DISTRIBUTION - A distribution which often appears in observed

events which are very improbable compared to all possible events, but
which occur occasionally since so many trials occur, e.g., traffic
deaths, industrial accidents, and radicactive emissions. The mean and
variance of the poisson distribution are equal.

POLICY PLANNING - A conscious process leading to a set of coordinated

policy decisions that, in turn, should lead to the achievement of a
defined set of goals and objectives.

POPULATION - The total set of items defined by a characteristic of the

items.

PRE-PROJECT (OR BASELINE) DATA - Data collected or maintained prior to

project implementation for use in describing conditions before an im-
provement.

PRIORITIZING - The overall process of producing a rank order of priority

projects and project sections, using technical and non-technical, quan-
tifiable and non-quantifiable factors as the criteria for ranking.
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PRIORITY RATING - A complex rating for evaluating or comparing projects.

PROBABILITY DISTRIBUTION - Representation of the theoretical frequency
distribution for a random variable.

PROGRAM - A group of projects {not necessarily similar in type or loca-
tion) implemented to achieve a common highway safety goal of reducing
the number and severity of accidents and decreasing the potential for
accidents on all roads.

PROGRAM EVALUATION AND REVIEW TECHNIQUE (PERT) - A network diagrammatic

techninue usad ¥or crhodn‘l'lng and r-nnfv'n‘l'11ng many activities H'nr'n!mh-
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out a project.

PROGRAMMING - The matching of available projects with available funds to
accomplish the goals of a given period.

PROGRAMMED PROJECTS - A highway safety project, formally planned for im-
pTementation at some point im time. Projects contained in the Annual
Work Program (AWP) are programmed projects.

PROGRAM/PROJECT BENEFITS - A measure of the positive effect of a highway
safety program or progect given in terms of accident measure reduc-
tion.

PROJECT - One or more countermeasures designed to reduce identified safety
deficiencies at a highway location. For example, pavement deslicking
may be selected as a s1ng1e countermeasure to reduce wet-weather acci-
dents at a site, and is termed as a project.

PROJECT IMPACT - Project effectiveness in achieving the evaluation
objectiveés; also any unexpected consequences of the project such as
public reaction.

PROJECT JUSTIFICATION STATEMENT - A formal statement of the perceived need
for implementing a particular highway safety project. This statement
is generally submitted to state funding agencies as a request for pro-
ject funding. The statement generally provides a quantitative justifi-
cation in terms of the existing adverse conditions (accidents) as well
as the expected benefits to be derived from the project.

PURPOSE - The reason for which the highway safety project was implemented.
The purpose refers to the reduction or elimination -of a specific high-
way safety deficiency such as a type of accident, a severity ciass, a
hazard potential indicator and/or a traffic performance variabie.

QUEUE LENGTH STUDIES - A study that identifies the number of vehicles that
are stopped in a traffic Tane behind the stop line at an intersection.

RANGE OF A SET OF MEASUREMENTS - Difference between the Tlargest and smal-
—1est members of the set.

TRl MATUIANR A S o L e 2 e e T e S B me d e

E-OF-RETURN METHOD - A form of economic evaluation based upon the com-
putation of the interest rate at which the net present annual worth of
the project minus the improvement cost is equal to zero.
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RATE QUALITY CONTROL METHOD - A technique of utilizing a statistical test
to determine whether the accident rate at a particular location is sig-
nificantly higher than a predetermined average rate for locations of
similar characteristics. _

REFERENCE POINT - A fixed, identifiable feature, such as an infersection,

railroad crossing, or bridge, from which a location can be measured or
referenced.

REFERENCE POINT METHOD - The technique used to identify a specific point
or segment of highway for use in accident reporting.

REFERENCE PQST - A physical entity, ordinarily a sign, placed beside a
highway and containing a number that does not reflect a milepoint, but
is an jdentification number for the point of location of the post. The
identification number is associated with the actual milepoint of the
location in office records.

REPORTING THRESHOLD - The extent of personal injury or vehicle damage at
or above which all accidents are reported.

RIGHT-OF-WAY - A general term denoting land, property, or interest there-
in, usually in a strip, acquired for or devoted to transportation pur-
poses.

ROADSIDE - A general term denoting the area adjoining the outer edge of
the roadway. Extensive areas between the roadways of a divided highway
may also be considered roadside.

ROADSIDE CONTROL - The public regulation of the roadside to improve high-
way safety, expedite the free flow of traffic, safeguard present and
future highway investment, conserve abutting property values, or pre-
serve the attractiveness of the landscape.

ROADWAY {general) - The portion of a highway, including shouiders, for
vehicular use. A divided highway has two or more roadways. (In con-
struction specifications, the portion of a highway within limits of
construction).

ROUGHNESS INDEX ~ A number which provides a measure of roughness developed
from the study of highly irregular pavement surface.

SAFETY PROBLEM {(NON-ACCIDENT BASED EVALUATION) -~ Specific types of acci-
dents or potential accidents which result from the existence of a caus-
al and/or contributory factor.

SALVAGE VALUE - Estimated residual worth of program or project components
at the end of their expected service lives.
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SAMPLE - A subgroup of the population. A finite portion of a popuiation
or universe.

SERVICE LIFE - The period of time, in years, in which the components of a
program or project can be expected to actively affect accident exper-
ience.

SEVERITY INDEX - A number computed from applying weighting factors to in-
Jury and fatality accidents based on their severity.

SHOULDER - The portion of the roadway continuous with the travelled way
for accommodation of stopped vehicles for emergency use, and for
lateral support of base and surface courses. -

SKID NUMBER - The coefficient of friction times 100 (100X} of a tire slid-
ing on wet pavement when tested at 40 mph with a two wheel skid trailer
or equivalent device following the procedures outlined <in ASTM

E274-65T,

SPOT MAPS - Maps often used by police and other public agencies to provide
a quick visual picture of accident concentrations identified through
"spot"” marks or pins on a street map.

STANDARD - One of the 18 Highway Safety Programs Standards promulgated by
the Department of Transportation to implement the Highway Safety Act of
1973, 23 uUsC 402.

} AlInwmA e o
100 Square root o

STANDARD DEVIATION - Measure of data vari »
d deviation. S represents

iance. represents the population standa
the sample standard deviation.

-

SUPPLEMENTAL (BI-LEVEL) REPORTING - A prescribed minimum amount of infor-
mation that would collected on every reportable accident and a supple-
mental report that would include additional data cencerning items of
special interest. The supplemental data are usually collected on a

sample basis.

SYSTEMS PLANNING - A process under which transportation networks and cor-
ridors are defined in a "bottom-up" approach, starting from forecasts
of population and eccnomic growth and continuing through estimates of
person and goods movement to a physical description of the systems re-

] n AmnTltad mande
quired to meet the real or implied needs.

TEST OF PROPORTIONS - A statistical technique based on a contingency table
to test the hypothesis that two proportions are or are not equal. The
Z-Statistic calculated in this test is compared to a tabulated X2.
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THROUGH STREET OR THROUGH HIGHWAY - Every highway or portion thereof on
which vehicular trarfic is given preferential right-of-way, and at the
entrances to which vehicular traffic from intersecting highways is re-

quired by law to yield right-of-way to vehicles on such through highway
in obedience to either a stop sign or yield sign.

TIME-OF-RETURN (TOR) METHOD - A form of economic evaiuation in which ex-
pected accident reductions are forecast using data from previcus be-
fore-and-after accident studies and a TOR value is computed by dividing
the estimated cost of the project by the computed annual benefit. Pro-
jects with the lowest TOR values are considered to be the best.

TRAFFIC CONFLICT - A traffic event involving two or more road users, in
which one user performs some atypical or unusual action, such as a
change in direction or speed, that places another user in jeopardy of a
collision unless an evasive maneuver is undertaken.

CONTROL DEVICE - A sign, signal, marking, or other device placed’
t a

[
on or adjacent to a street or highway by authority of a public body or
official having jurisdiction to regulate, warn, or guide traffic.

TRAFFIC ENGINEERING MEASURES - Engineering procedures for controliing or
reguiating the movement, direction, speed, right-of-way, and parking of
vehicular traffic and, where applicable, pedestrian traffic on streets
and highways. This includes such elements as one-way streets, turn
controls, reversible lanes, crosswalks, etc.

TRAFFIC LANE OCCUPANCY STUDIES - Studies that provide a measure of the
traffic performance of a highway facility as a function of vehicles
lengths, volumes, and speed.
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mation to assist in the selection of the most appropriate safety im-

provements at identified hazardous locations.
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T-TEST (STUDENT'S t)} - A statistical technique for testing the Null
Hypothesis, i.e., that the mean scores from two groups do not differ in
a statistically significant way. Applicable to the test of the hypoth-
esis that a random sample of observations is from a normal population
with the mean and variance unspecified. This test should be used when
the sample size is less than 30.

ULTIMATE SAFETY OBJECTIVES - A significant reduction in the number and
severity of accidents.

A
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VARIANCE - Measure of d
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VIDEOLOGGING - A technique that involves taking video tape pictures of
highways and its environment as a substitute for photologging.

VOLUME - The number of vehicles passing a given point during a specified
period of time.

WARRANTS - The minimum conditions which would justify the establishment of
a particular traffic control regulation or device, usually including
such items as traffic volumes, geometrics, traffic characteristics,
accident experience, etc.

7-STATISTIC - Standardized normal random variable that is frequently used
as a test statistic.
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