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FOREWORD

This report presents the results of two research studies, one sponsored by the
Federal Highway Administration (FHWA) and the other by the Transportation Research
Board (TRB). The FHWA study was conducted under NCP Program Area AS - Design, and
the TRB study was conducted as part of the study on "De51gn Practices for ‘
Resurfacing, Restoration, and Rehabilitation (3R) Projects." The FHWA study dealt
with the cross-section elements of lane width, shoulder width and type, and
sideslope, while the TRB study dealt with the condition of the roadside and
roadside obstacles such as trees. To assist the reader, the results of these two
studies were combined into a single report.

A model was developed which relates accidents to traffic volumes (ADT), lane
width, shoulder width (both paved and unpaved), a measure of the condition of the
roadside, and type of terrain (flat, rolling, and hilly). Using the model,
accident reduction factors were developed for lane w1den1ng, shoulder widening,
and improving the roadside.

Sufficient copies of Report No. FHWA/RD-87/008 are being distributed to provide a
minimum of one copy to each region office, divisicn office and State highway
agency. Direct distribution is being made to the division offices. Additional
copies for the public are available from the National Technical Information
Service (NTIS), Department of Commerce, 5285 Port’ Royal Ibad, springfield,

Virginia 22161
%m ™
Stan‘iey R. Byington, Director

Office of Safety and Traff1c
Operations R&D
Federal Highway Administration
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 the contents or use thereof.

The contents of this report reflect the views of the contractor, who is
responsible for the 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 essential
to the objective of this document.
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EXECUTIVE SUMMARY

The purpose of this study was to determine the effects of lane width,
shoulder width, shoulder type, sideslope, and roadside condition on acci-
dents for two-lane roads in the U.S. Also, the expected accident reduc-
tion benefits and construction costs were quantified for lane and shoulder
widening, shoulder surfacing, sideslope flattening, and roadside improve-
ment projects. '

The study first included a review and critique of past accident
research related to Tlane width, shoulder width and type, and roadside
condition. Based on data and accident relationships from previous research
studies, an accident predictive model was developed which represented the
best available information prior to 1986, and was considered to be a use-
ful first approximation of the effects of lanes and shoulders on accident
rates. Overall trends from the literature were also summarized regarding
the effects of roadside features on accident frequency and severity.

The development of accident relationships with geometric and road-
way features involved the collection and analysis of detailed accident,
traffic, roadwhy and roadside data from 1,944 roadway sections, covering
4,951 miles of two-lane roads in seven States (Alabama, Michigan, Montana,
North Carolina, Utah, Washington, and West Virginia). Innovative vari-
ables were developed to characterize the roadside environment for each
roadway section, including (1) roadside recovery distance (i.e., distances
) from the edgeline to the closest fixed objects or steep slopes), (2) road-
side hazard rating (i.e., a rating of roadside hazard from 1 to 7 from a
pictorial scale, where a 1 is the safest, and a 7 presents the most danger
to a run-off-road vehicle), and (3) actual counts of 20 specific types of
point and continuous roadside objects and the lateral distances from the
road of each type.

Accident data were coded by type (e.g., run-off-road, head-on, side-
swipe, rear end), severity, weather conditions, type -of obstacle struck,
-and other varjables. Detailed sideslope data were also included for
ana1ysis based on field measurements in three States for 1,776 miles of



rural two-lane roads. Detailed information was also collected on drive-
ways, traffic volume, terrain, curvature, and numerous other roadway fea-
tures. Data sources included State.computer accident files, State roadway
inventory files, photolog film of the selected sections, and the HPMS data
base. A total of 325 data variables were coded into a computer file for
each of the 1,944 roadway sections. Extensive data checking and quality
control measures were used to maximize data reliability.

A comprehensive analysis was conducted of the data base to quantify
accident relationships with traffic, roadway, and roadside features.
Statistical tests included the Chi-square analysis, analysis of variance
and covariance, and development of log-linear and other predictive models.
Expected accident reductions were determined due to various types of acci-
dent countermeasures. Construction cost data from several States were
used to develop a cost model for such projects.

The following are the key study results: /

1. The types of accidents found to be most related to cross-section
features (i.e., lane width, shoulder width, shoulder type, and
sideslope) and roadside characteristics included:

e Single-vehicle (i.e., fixed-object, rollover, plus other
types of run-off-road accidents)

e Related multivehicle (i.e., head-on, plus sideswipe opposite
direction, plus sideswipe same direction).

The combination of these accident types listed above were termed
related accidents (or A0 accidents).

2. The traffic and roadway variables found to be associated with a
reduced rate of single-vehicle accidents were: wider lanes,
wider shoulders, greater recovery distance, lower roadside hazard
rating, flatter terrain, and flatter sideslopes.

3. The effects of lane width on related accidents were quantified.
The first foot of lane widening (i.e., two feet of pavement
widening) corresponds to a 12 percent reduction in related (AO)
accidents; two feet of widening (e.g., widening lanes from 9 to
11 feet) results in a 23 percent reduction, three feet results in
a 32 percent reduction, and four feet of widening would result in
a 40 percent reduction. These reductions apply only for lane
widths between 8 and 12 feet.



The effects of shoulder widening on related (AO) accidents was
determined for paved and unpaved shoulders. For shoulder widths
between 0 and 12 feet, the percent reduction in related accidents
due to adding paved shoulders is 16 percent for 2 feet of widen-
ing, 29 percent for 4 feet of widening, and 40 percent for 6 feet
of widening. Adding unpaved shoulders would result in 13 per-
cent, 25 percent, and 35 percent reduction in related accidents
for 2, 4, and 6 feet of widening, respectively. Thus, paved
shoulders are slightly more effective than unpaved shoulders in
reducing accidents.

The effects of general roadside improvements on related accidents
were also determined. Using the seven-point roadside hazard
scale, a reduction of one rating value (e.g., a 5 hazard rating
to a 4 rating) due to a roadside improvement will result in a
19 percent reduction in related (AO) accidents. Other reductions
include a 34 percent reduction for a two-point reduction in haz-
ard rating, 47 percent reduction for a three-point decrease in
roadside hazard, and a 52 percent accident reduction due to a
four-point decrease in hazard rating. Similar accident effects
were found due to increasing roadside recovery distance using a
different predictive model. Reductions in related accidents were
found to be 13 percent, 25 percent, 35 percent, and 44 percent,
due to increasing the roadside recovery distance (as measured
from the outside edge of shoulder to the nearest roadside obsta-
cles or hazards) on a section by an additional 5 feet, 10 feet,
15 feet, and 20 feet, respectively.

The effects of sideslope on accident experience was determined
using a sample of 595 rural roadway sections (1,776 miles) in
Alabama, Michigan, and Washington where field sideslope measure-
ments were taken. Based on log-linear modeling which controlled
for the effects of ADT, lane width, shoulder width, and roadside
recovery distance, increased rates of single-vehicle accidents
and rollover accidents were found for steeper sidesiopes. The
rate of single-vehicle accidents decreases steadily for side-
slopes of 3:1 to 7:1 or flatter. However, only a slight reduc-
tion in single-vehicle accidents was found for a 3:1 sideslope,
compared to a sideslope of 2:1 or steeper. Expected reductions
in single-vehicle accidents due to sideslope flattening ranged
from 2 to 27 percent, depending on the sideslope in the before
and after condition. For example, flattening sideslopes of 2:1
or steeper to 3:1, 4:1, 5:1, 6:1, or 7:1 or flatter would be ex-
pected to result in reductions in single-vehicle accidents of
2 percent, 10 percent, 15 percent, 21 percent, and 27 percent,
respectively. Improvements to existing 3:1 sideslopes would
reduce single-vehicle accidents by 8 percent, 19 percent, and 26
percent due to flattening them to 4:1, 6:1, and 7:1 or flatter,
respectively. A more detailed analysis was also conducted on the
effects of specific roadside features on accident experience.
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For each type of roadside obstacle tested (i.e., utility poles,
mailboxes, culverts, signs, guardrail, fences, and trees), the
specific types of fixed-object accidents-per-mile-per-year in-
creased for (1) increasing ADT, (2) closer obstacle distance from
the road, and (3) increasing numbers of obstacles per mile,
Average accidents were computed for various categories of fixed
object by these factors but this information was not sufficient
for determining the effectiveness of tree removal, utility pole
relocation, and other specific roadside treatments.

The rate of guardrail accidents increases with an increase in the
percent of the section covered by guardrail for all terrains.
However, no significant difference was found in the overall rate
of single-vehicle or rollover accidents or in accident severity
due to the presence of guardrail. This finding could be due to
the fact that numerous roadway factors interact with guardrail
presence in terms of affecting single-vehicle and rollover acci-
dents. A data base containing details on each guardrail section
compared to similar sections without guardrail would allow for
more accurately quantifying accident effects of guardrail.

Roadside objects associated with the highest percent of severe
(injury plus fatal) accidents include culverts, trees, utility

.and light poles, bridges, rocks, and earth embankments. Those

with Tower percent of severe accidents include signs, mailboxes,
fire hydrants, and fences.

Overall, trees and utility poles are the roadside fixed obstacles
most often struck, while guardrail, signs, mailboxes, and bridge
ends are less frequently struck. On roads with ADT's of 4,000 or
less, trees are the most often struck obstacle, while utility

poles are the most frequently struck obstacle on roadways above
4,000 ADT.



CHAPTER 1 - INTRODUCTION

Background

In the U.S. today, there are an estimated 3.1 million miles of rural
two-lane highways, which represents 97 percent of the rural mileage and 80
percent of all highway miles. Approximately 80 percent of rural two-lane
roads have an average daily traffic (ADT) of less than 400, while 38
percent have an ADT of Tess than 50. Rolling terrain accounts for 58.9
percent of rural two-lane roads, with 31.5 percent on flat terrain, and
9.6 percent in mountainous areas. The most common lane width for the two-
Tane rural highway system is 10 feet (32.5 percent), with 40.5 percent of
the mileage having 11 to 14 foot lane widths and 27 percent with lane
widths of 9 feet or less. Only 16.2 percent of such highways have shoul-
der widths of 7 feet or more, with 47.8 percent having shoulder widths of
3 to 6 feet, and 36.1 percent with shoulders of 2 feet or less. Only 12.4
percent of rural two-lane roads have paved shou]ders.[lj

The accident rate on two-lane rural highways is higher than on all
other kinds of rural highways, except four-lane undivided roads. Two-lane
rural highways also -have a higher percentage of head-on collisions and
single-vehicle accidents than any other type of rural highway. However,
overall accident severity for rural two-Tane highways is about the same as
for other types of rural roads.[l]

This accident experience for rural two-lane roads is particularly
noteworthy in 1light of the high mileage of travel. Of the estimated
4 billion daily vehicle miles of travel on all U.S. highways in 1980, 2.2
billion (55 percent) was on urban streets and 1.8 billion (45 percent) was
on rural highways. 0f the 1.8 billion daily vehicle miles of rural
travel, 1.19 billion daily vehicle miles, or 66 percent, was on two-Tane
rural roads. Thus, even though rural roads typically have much Tower
traffic volumes than urban streets, the total travel mileage on rural two-
lane roads is a substantial portion of the nation's travel.[l]

In recent years, there has been increased concern by highway offic-
ials and the public regarding the deterioration of the U.S. highway net-



work, particularly on two-lane rural roads. Efforts have continued by
highway agencies to maintain the structural integrity of highways through
various improvement programs, such as 3R (resurfacing, restoration, and
rehabilitation). Considerable controversy has resulted regarding the ef-
fects of such pavement maintenance activities on highway safety and the
most appropriate designs for improved roadways.

Faced with upgrading the existing two-lane rural highway system,
highway officials need 'accurate information on the relationships between
accidents and various geometric and roadside designs. Previous research
studies have found widely differing results, and little is known about
the combined effects of both geometric and roadside features on accident
frequency and severity. Thus, there is a need to better gquantify the
accident effects of alternative geometric and roadside designs. Also,
there is a need to develop a method for estimating accident reduction
benefits and project costs which would result from various roadway
improvements on two-lane rural roads.

Study Objectives and Scope

The major objectives of this study were to:
1. Develop a method of quantifying roadside hazards.

2. Determine the effects of lane width, shoulder width, shoulder
type, sideslope, and roadside condition on accidents.

3. Determine the expected benefits and costs of 3R improvements re-
lated to lanes, shoulders, and -the roadside environment.

This study is concerned with cross-section and roadside design of
two-lane roads in the U.S. Although primary emphasis of the study was on
rural two-lane roadways, urban two-lane streets were also included in the
study. The study did not address problems related specifically to indi-
vidual intersections or bridges on two-lane roads.



The study included a review and critique of past accident research
related to lane width, shoulder width and type, and roadside condftion.
The development of accident relationships involved the collection and
analysis of detailed accident, traffit, roadway, and roadside data from
4,951 miles of two-lane roads in seven U.S. States. An accident predictive
model and detailed statistical tests were used to determine expected acci-
dent reductions related to various geometric improvements. Construction
cost data from several States were used to develop a cost model for such
projects.



CHAPTER 2 - REVIEW OF LITERATURE

A review and critique of literature was conducted of previous acci-
dent research related to Tlane width, shoulder width, shoulder type, and
roadside condition. Details of this review are presented 1h appendix A,
and a brief summary is given below.

Effects of Lanes and Shoulders

More than 30 articles and reports were reviewed relative to effects
of lane and shoulder width and shoulder type. Criteria used to determine
the major strengths and weaknesses of each source are listed in table 1.

Basic principles outlined in the Federal Highway Administration's (FHWA)
~ "Accident Research Manual" (1980) and the User's Manual on "Highway Safety
‘Evaluation® (1981) were also considered in the critical review.[2’3]

Initial review of the 30 articles found numerous major flaws in many
of the accident studies, and only nine of them survived preliminary
screening. Of these nine, the study by Rinde (1977) dealt with shoulder
widening, while studies by Dart and Mann (1970), Shannon and Stanley
(1976), and Zegeer, Mayes and Deen (1979) involved analyses of both lane
and shoulder widths (see references 4,5,6,7). Studies by Heimbach, Hunter,
and Chao (1974), Turner et al. (1981), and Rogness, et al. (1982) involved
only shoulder type, while studies by Foody and Long (1974) and Jorgensen
(1978) analyzed lane width, shoulder width, and shoulder type (see refer-
ences 8,9,10,11,12).

The studies by Rinde (1977) and Rogness, et al. (1982) were before/
after studies of completed shoulder widening projects in which the authors
controlled for external factors.[4’10] The remaining seven studies
were comparative analyses, which developed accident relationships with one
or more geometric variables. Of these seven, three used regression analy-
sis to develop predictive accident models.

To select the most reliable and complete information available, data
and information from the nine studies were carefully analyzed. Data were
desired which covered a wide range of lane- and shoulder-width and shoul-
der-type combinations. Also, data showing accident experience for the
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Table 1. Criteria for critically reviewing literature.

Criteria Related to Data Reliability

1.
2.

Is the study data reasonably current or is it outdated?

Did the author collect a sufficient sample for establishing reliable
results? \

Was adequate detail maintained in the collection of important data
variables?

Did the author adequately control for possible data errors?
What data biases exist in terms of State, geographic region, section

lengths, roadway class, etc.? (It should also include' the zero-
accident sections). '

Criteria Related to Data Analysis and Results

6.
7.

10.

Were adequate control variables used?

What accident types (rear end, run-off-road, etc.) and units (fre-
quencies, rates, etc.) were used in the analysis? Were they proper-
1y handled?

What assumptions were madé in conducting the analysis and were they
valid?

Were appropriate analysis techniques and statistical tests applied?

Did the author correctly interpret the analysis results?



specific accident types most related to Tane and shoulder deficiencies was
considered most useful,

Although no satisfactory quantitative model was found within the pub-
Tished literature relating accident rate to lane and shoulder conditions,
prior research has established the general effects of these elements on

highway accidents. Qualitatively, these effects can be summarized as fol-
Tows:

e Lane and shoulder conditions directly affect run-off-road (ROR)
and opposite-direction (0OD) accidents. Other accident types, such

as rear-end and angle accidents, are not directly affected by
these elements.

¢ Rates of ROR and 0D accidents decrease with increasing lane width.
However, the marginal effect of lane-width increments is diminish-
ed as either the base lane width or base shoulder width increases.

e Rates of ROR and 0D accidents decrease with increasing shoulder
width. However, the marginal effects of shoulder-width.increments
is diminished as either the base lane width or base shoulder width
increases.

¢ For lane widths of 12 feet or less, each foot of lane widening has

a greater effect on accident rates than an equivalent amount of
shoulder widening.

® Nonstabilized shoulders, including Tloose gravel, crushed stone,
raw earth, and turf, exhibit larger accident rates than stabilized

(i.e., tar with gravel) or paved (i.e., bituminous or concrete)
shoulders.

These qualitative relationships served as the basis for developing a
quantitative accident mbde1 from previous Tliterature (see appendix A).
Data for calibration of the model was extracted from the 1979 Kentucky
study (by Zegeer, Mayes, and Deen) and the 1974 Ohio Study (by Foody and
Long).[7’11] Adjustments were made to the model 1in an attempt to re-
move unwanted effects of other confounding variables -- such as curvature,
ADT, roadside condition, etc. -- and to assure appropriate consideration
of shoulder width effects for roadways having wider lanes. This log linear
model included terms of lane width, width of total shoulder, and width of
stabilized shoulder and model-coefficients, which could be used to compute
the rate of related (i.e., ROR and 0D) accidents. Many assumptions were

necessary in developing this model, including reliance on available data
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bases from two states. However, fhe model was based on the best informa-
tion available prior to 1986, and was considered to be a useful first

approximation of the effects of lanes and shoulders on accident rates.
This previous model was the starting point for modelling in the current
study. Details of that model are given in appendix A.[13:I

Effects of Roadside Features

In general, considerable research has been conducted in the past on
the effects of roadside characteristics and the factors associated with
the frequency and severity of run-off-road accidents. Studies of safety
effects of utility poles and/or other types of poles were conducted by
Zegeer and Parker (1983), Mak and Mason (1980), Jones and Baum (1980) and
Graf et al. (1976) (see references 14,15,16,17). Effects of more general
types of roadside objects were studied by Foody and Long (1974), Newcomb
and Negri (1971), Rinde (1979), Hall et al. (1976), and Perchonok, et al.
(1978) (see references 11,18,19,20,21).

- Studies dealing with other aspects of roadside safety include a 1982
analysis by Graham and Harwood on the effects of clear recovery zones and
a 1976 study by Weaver and Marquis on the safety of various roadside slope
designs.[22’23] Attempts to model accident frequency and/or severity
of single-vehicle accidents were reported in articles by Edwards, et al.
(1968), Glennon and Wilton (1974), Cleveland and Kitamura (1978), Zegeer
and Parker (1983), and Deacon (see references 24,25,26,14,27). While some
of the models may be useful for certain applications, none of them pro-
vides a means to accurately predict run-off-road accidents for a variety

of traffic, roadway, and roadside conditions.

Based on an investigation of past research on roadside features and
safety, some overall conclusions may be reached as follows:

¢ The frequency of run-off-road accidents generally increases with
higher traffic volumes, obstacles closer to the roadway (particul-
arly within about 10 feet), greater numbers of rigid obstacles,
steeper sideslopes (particularly 3:1 or steeper), and poor roadway
geometrics (i.e., on sharp horizontal curves and/or on narrow
roadways) ..

11



e The factors related to increased severity of run-off-road and
fixed object accidents include high vehicle speeds, rigid fixed
objects, (i.e., trees, utility poles, bridges, culverts, and em-
bankments in particular), and steep sideslopes (which are asso-
ciated with greater numbers of rollover accidents).

e Types of roadside obstacles most often struck include trees, util-
ity poles, and earth embankments, due to their relatively high
frequency of occurrence and closeness to the roadway Others
struck with relative frequency include gquardrail, sign posts, and
bridge structures.

Relevance of Past Research to Current Study

The Tliterature review revealed that although considerable research
has been conducted in the past on the effects of roadway and roadside de-
sign on accident experience, much of the research presents conflicting or
inconsistent results. Also, no study to date provides a means to accur-
ately predict accident experience for a variety of traffic, geometric, and
roadside conditions. In fact, there is a need for concise definitions or
measures to better describe roadside conditions for highway safety pur-
poses. The data collection and analysis discussed in the following chap-
ters was structured to address these and other issues related to accident
effects of geometric and roadside designs on two-lane roads.

12



CHAPTER 3 - PLANNING AND COLLECTION OF DATA

Analysis Issues

Prior to deciding the types and amount of data to be collected, a
clear understanding was needed of the specific issues. The key issue ad-
dressed in this study was:

Determining the relationships between accidents and various combina-
tions of Tane width, shoulder width, shoulder surface types, side-
siopes, and roadside condition on two-lane roads. ‘

In addressing this overall analysis issue (i.e., macrolevel analy-
sis), there was a need to first determine what traffic and roadway vari-
ables have a significant influence on accidents. Then, appropriate mathe-
matical models could be developed which could be used to predict accident
experience as a function of related traffic and roadway variables. Such
models would allow for estimating the expected accident reduction for
inprovements on two-lane roads such as lane widening, shoulder widening,
shoulder surfacing, sideslope flattening, and roadside improvements for
various traffic and roadway conditions. For this macro level of accident
analysis, there is a need to develop measures, ratings, or hazard scales
which could be used to quantify roadside characteristics for purposes of
data collection, analysis, and improvement considerations.

A more detailed level of analysis (i.e., a microlevel analysis) was
also planned, which would focus on the effects of specific roadside char-
acteristics on accident frequency and severity. - This detailed roadside
analysis was structured to determine the accident frequencies and severi-
ties associated with trees, guardrails, culverts, signs, fences, utility
poles, and other types of roadside objects. Analysis issues also involved
the accident effects of sideslopes, in conjunction with various geometric
conditions and roadside obstacles.

In addition to accident issues, there was also a need to quantify
construction costs associated with various geometric and roadside improve-
ments. Thus, this study also involved compiling project cost information
from several State highway agencies. This included the development of a
procedure for computing costs and benefits for various roadside and cross-
section improvements under a variety of traffic, accident, and roadway
conditions. The data collection procedures discussed below were developed
with these ideas in mind.

13



Study Design

As discussed previously, the key issue of this study is aimed at de-
termining the effects of various combinations of lane width, shoulder
width, shoulder surface type, sideslope and roadside condition on accident

experience. Two basic analysis approaches were considered for addressing
this issue:

1. A before and after study with control sites.

2. A comparative analysis (i.e., comparative parallel study), of ac-
cident relationships with various combinations of geometric and
roadside conditions.

While the before and‘after with control site analysis may be used for
determining countermeasure effectiveness in some cases, numerous problems
prevented its use in this study. First of all, sites with each of the
cross-sections of interest in this study along with each roadside improve-
ment would have to be found for numerous traffic and highway conditions in
each of several states. Furthermore, projects would have to be found for
which no other improvements were installed. This would have been unlike-
1y, since many widening projects, for example, are done in conjunction
with such improvements as drainage, resurfacing, delineation, and/or
bridge improvements. Also, the use of control sites (i.e., site similar
to the project sites for which no improvements were made) are needed to
minimize data bias. In short, suitable control sites are usually diffi-.
cult to find.

The comparative analysis does not utilize accident data before and
after projects are implemented. Instead, it can be used to develop rela-
tionships between accidents and the traffic and roadway features of con-
cern. This study design does not rely on locating suitable project and
control sites, but instead is based on large randomly selected roadway
sections. In comparative studies, however, care must be exercised to col-
lect and control for the variables which have important effects on acci-
dent experience in addition to the variables of interest. It should also
be mentioned that nearly all of the major accident research studies on
roadway geometrics utilized comparative analyses instead of before and
after with control sites. For this study, the comparative analysis was

14



used for determining the effects of various geometric and roadside im-
provements on accidents.

Selection of Data Variables

The data variaﬁ]es needed for this study included traffic and roadway
variables (lane width, shoulder width, shoulder type, sideslope,) roadside
obstacle variables, accident variables, (e.g. by type and severity) and
other traffic and roadway features which have a proven or logical rela-
tionship with accidents.

Traffic and Roadway Variables

Accident experience on rural highways is a complex function of many
factors including not only those associated with physical aspects of the
roadway, but also a multitude of others related to driver, vehicle, traf-
fic, and environmental conditions. One 1978 study estimated that at least
50 roadway-related features could have an effeét on accidents.[lz]
However, in typical accident analyses, there are often relatively few of
the more important traffic and roadway variables which individually show
significant relationships with accidents. )

The selection of variables for use in this study was based on a lit-
erature search of past research to determine the ones that are important
on two-lane roads in rural, suburban, or urban areas. The collection of
every possible roadway, traffic, and accident variables would have been
both unnecessary and impractical.

For each of the selected roadway sections, the fo]]oWing traffic and
roadway variables were collected:

1. Section identification number (where the four digits denote the
state number, data source, sequencing number, and subsection num-
bers).

Area type (urban or rural).
Type of development (rural, rural dense, urban CBD, etc).

Terrain (flat, rolling, or mountainous).

Section Tength (in miles and hundredths of a mile).

S o BwWw o

Average annual daily traffic (AADT).

15



10.

11.
12.
13.
14.
15.

16.
17.
18.

19.
20.

21.
22,
- 23.

24.

Speed limit,

Horizontal curvature (i.e., seven different data variables indi-
cating percent of the section within curvature groups of <2.5
degrees, >2.5 degrees, >5.5 degrees, >7.0 degrees, >14.0 degrees,
>19.0 degrees, and >28.0 degrees). Horizontal curve data was not
‘available for some Sections.

Vertical grade (four different data variables indicating the per-
cent of the section with percent grade of <2.5 percent, >2.5 per-
cent, >4.5 percent, and >6.5 percent). Vertical grade data was

not available for all sections.

Sideslope ratio (i.e., 2 to 1 or steeper, 3 to 1, 4 or 5 to 1, 6
or 7 to 1, and 8 to 1 or flatter), which is expressed as the
ratio of the lateral distance to the vertical drop of the side-
slope. For each section, sideslope measures were recorded for
each side of the road, from field measurements and/or photolog
techniques, and expressed as minimum sideslope, maximum side-
slope, average sideslope, 20 percent sideslope value, median
sideslope value, and 80 percent sidesiope value.

Lane width,

Average paved shoulder width.

Average gravel shoulder width.

Average earth or grass shoulder width.

Ditch type (vee, flat bottom, rounded, rounded with flat bottom,
no backslope, or no ditch).

Length of slope.
Pavement type (concrete, bituminous, or a combination of both).

Delineation (centerline and edgeline striping, centerline strip-
ing only, no centerline or edgeline, or edgeline striping only).

Parking (not permitted, permitted with restrictions, or allowed
any time).

Parking side of street (not allowed, permitted one side, permit-
ted both sides).

Number of signalized intersections.

Number of stop sign intersections.

Number of other or no control intersections.

Number of bridges.

16



25. Number of overpasses.

26. Number of structures.

27. Number of railroad crossings.

28. Number of residential driveways.

29. Number of commercial; recreational, and industrial driveways.

30. Number of total driveways.

31. Cross-section design of the section, where each section is clas-
sified as one of the following: (1) Single smooth paved surface
for lanes and shoulders (separated by edgeline), (2) Paved shoul-
ders separated from lanes by a visible joint, (3) Shoulder partly
paved and partly gravel, (4) Gravel or stabilized gravel shoul-
der, (5) Grass or dirt shoulder, (6) No shoulder, (7) Curb adja-
cent to travel lanes.

Roadside Obstacle Variables

Individual Obstacle Data: Data were collected for specific types of road-
side obstacles and also in terms of overall roadside hazard, as described
later. For each roadway section, an inventory was taken of every point
obstacle within 30 feet of the road, as measured from the edgeline or the
outside edge of the travel lane. Of the 38 specific types of point obsta-
cles inventoried, the first nine listed in table 2 were designated for

analysis purposes. The others were grouped into a category of other point
objects. '

The inventory involved classifying each point object into the appro-
priate category of distance from the travel lane: 0 to 1 foot, 2 to 3
feet, 4 to 6 feet, 7 to 10 feet, 11 to 15 feet, 16 to 20 feet, 21 to 25
feet and 26 to 30 feet. : I

In addition to point objects, an inventory was also taken of 18 dif-
ferent tyﬁes of continuous objects for each roadway section in terms of
their longitudinal length and offset from the roadway (0 to 1 feet, 2 to
3 feet, etc.) The first nine types of continuous objects in table 2 were
designated for analysis and the others were grouped into other continuous
objects.

AN

The inventory of point and continuous objects in this manner allowed
for matching the frequéncy, length, and p]acemént of specific -obstacle
types for a section with the corresponding types of obstacles struck on
each section. ' h
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Table 2. Listing of roadside obstacle types.

PRIMARY OBJECTS

Point Objects Continuous Objects

—
.

Trees (4-inch diameter or larger) Continuous Trees (>8 in 150
Sign and Delineator Posts feet)

Utility Poles and Luminaires Guardrail (Steel Beam or Cable)
Multiple/Massive Mailboxes/ Bridge Rail

Newsboxes Rock Cuts/Wall

Culvert Headwalls Concrete Wall/Barrier

Bridge Columns Fences/Gates

Bridges and Bridge Ends Earth Embankment

Fire Hydrants Railroad Tracks/Curbs

RR Crossbuck/Signal Pole Large Ditch

WONOYOTPWN

OTHER OBJECTS

(Grouped Together for Analysis)

Point Objects Continuous Objects
Woodpile : 10. Waterfront:
Rocks/Boulder 11. Tombstones
Electrical Box 12. Brick Wall

Tombs tone 13, Junk

Buildings ‘ ' 14. Building

Gas Pumps/Service Island 15. Electric Tower
Wood Post '16. Parking Lot/Parked Cars
Lawn Ornaments 17. Tunnel

Gate Posts/Pillar 18. Cement Stairs
Dumpster

Barbeque (Brick)
Cement Steps
Guide Wire
Gas Tanks
Junk
Fence
Pipe
Brick Sign
Electric Tower
Cattle Guard
Phone Booth
Concrete Wall Perpendicular to Road
Flag Pole
Concrete Gate
Water Tower
Billboard
Gate
Tree Stump
Playground (equipment)
18



Roadside Hazard Ratings: While a detailed inventory was conducted of
roadside obstacles on each section, there was also a need to develop one

.or more measures of roadside hazard which would be representative of the

overall roadside hazard for the section. However, very little research
has been performed to characterize roadside condition.

_ A roadside hazard scale was developed based on the literature review
and the results of a workshop involving 13 highway and roadside safety
professionals. At the workshop, hundreds of photographs of roadside situ-
ations in both rural and urban areas (from more than 15 States) were or-
ganized and shown to workshop participants. These participants rated
situations in each photograph in terms of the potential ffequency and the
potential severity of accidents and also in terms of overall hazard (or a
combined scale). A two-dimensional rating scale, involving a 3 x 3 matrix
~with frequency on the horizontal axis and severity on the vertical axis,
was then tested at the workshop. In general, workshop participants con-
sidered the use of the matrix difficult and confusing. It was also found

out that a two-dimensional rating scale would make analysis difficult.

Three ordinal, 7-point scales were later tested'individua11y by work-
shop participants. One scale was based on frequency and one on severity.
The third, referred to as a hazard scale, considered both frequency and
severity. The purpose of the tests was to determine whether the hazard
scale or separate frequency and severity scales provided the most consis-
tent results. The workshop participants were asked to use the scales in
the following way:

Hazard: Rate each roadside according to the accident damage likely
to be sustained by errant vehicles on a scale from one (low
likelihood of of f-roadway collision or overturn) to seven
(high likelihood of accidents resulting in fatality or sev-
ere injury).

Frequency: Rate each roadside according to the frequency with which er-
rant vehicles are Tlikely to become invoived in off-roadway
accidents (that is, collide with fixed objects or overturn)
on a scale from one (low 1ikelihood of involvement) to seven
(high likelihood of involvement).
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Severity: Rate each roadside according to the likely severity of
off-roadway accidents on a scale from one (low likelihood
of fatality or severe injury) to seven (high likelihood of
fatality or severe injury).

The 13 observers were asked to rate 141 rural photographs and 78
urban photographs (64 without on-street parking, 14 with on-street park-
ing), based on the above instructions. The ratings were collected and
descriptive statistics were examined to determine which scale(s) produced
the most consistent ratings. The standard deviations and ranges of the

ratings for each photograph were used to measure the rating consistency.

In summary, the hazard scale was the most desirable scale for rural
areas, while the separate frequency and severity scales were best-suited
for urban areas. For statistical analysis purposes (including model de-
velopment), the hazard scale was highly desirable, compared to the other
two scales. Therefore, the seven-point hazard scale was selected for this
study. Pictorial seven-point roadside hazard scales were developed separ-
ately for rural and urban areas. The photographs that were included in
the final urban and rural hazard rating scales are provided in appendix B
of Volume I. Note the large obstacles close to the roadway for a hazard
rating of 7 and the clear, level roadside for a hazard rating of 1. A more

detailed description of the testing between rating scales is provided in
appendix E of Volume II.

For data collection purposes for each section in this study, roadside
hazard ratings were recorded each tenth of a mile on each side of the road
or a total of 20 measurements per mile. For each roadway section, the
following roadside hazard rating variables were coded:

1. Type of scale used for roadside rating (i.e., did the roadside
appear more like the rural scale or urban scale).

2. Number of roadside ratings of each rating level (i.e
ratings of 1, 2, 3, 4, 5, 6, and 7).

., number of
3. Median (50 percentile) roadside rating.

4. 20 percentile roadside rating.

5. 80 percentile roadside rating.
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Roadside Recovery Distance: In addition to the subjective roadside hazard
rating, a measure termed "roadside recovery distance" was also developed.
This measure was defined as follows:

The roadside recovery area is a flat unobstructed, and smooth area
adjacent to the outside edge of the travel lane (i.e., edgeline)
within which there is reasonable opportunity for safe recovery of an
out-of-control vehicle. The width of the roadside recovery area is
the lateral distance from the edgeline to the nearest of the follow-
ing: :

e A hinge point where the slope first becomes steeper than 4:1;

o A longitudinal element such as a guardrail, bridge rail, or
barrier curb;

¢ An unyielding and hazardous object;

¢ The ditch line of a non-traversable side ditch (considering
as an approximation that a ditch is traversable if both fore-
slope and backslope are 4:1 or flatter) or;

¢ Other features such as a rough or irregular surface, loose

rocks, or a watercourse that pose a threat to errant vehi-
cles.

In this study, the roadside recovery distance was measuked from the
edgeline (or outside edge of the lane), although it could have been mea-
sured from the shoulder edge.

Measures of roadside recovery distance were taken from the photolog
film at 0.1 mile intervals (i.e., every tenth frame of film) for each sec-
tion on both sides of the road, or a total of 20 measurements per mile. A
series of calibrated grid overlays (with lines of lateral distances from
the edge of the travel lane) were used on the photolog film to measure the
clear recovery distance at the selected frames. Since an observer could
view about 0.1 mile down the road in each frame and measurements were tak-
en every 0.1 mile, the measurements of roadside recovery distance repre-
sented a nearly 100 percent sampling of roadside on both sides of the
road.

For each section, the roadside recovery distance measurements were
summarized and the following values were computed: minimum, average,
maximum, and percentile values (e.g., 20, 50 and 80 percentile). Separate
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variables were also computed which provide the percent of the section with
recovery area of <5 feet, <10 feet, <15 feet, <20 feet, <25 feet, and 230
feet.

Accident Variables

For most of the selected roadway sections, accident data were col-
lected for a five year period from the State's computer records. For ap-
proximately five percent of the roadway sections, accident data for two to
three years were used, to exclude time periods where roadway characteris-
tics changed or where accident data were not readily available. Nonuniform
variables and definitions between the seven States had to be considered in
re-defining the accident variables for the analysis. While dozens of acci-
dent variables could have been chosen, only those.necessary for the analy-
sis were selected. For each roadway section, the following accident in-
formation was selected:

1. Number of years of accident data (five years in most cases).
2. Total number of accidents on the section.

3. Number of accidents by severity category (property damage only,
injury, or fatal).

4. Number of people injured.
5. Number of people killed.

6. Number of accidents by injury category (A-type, B-type, and C-
type injury accidents).

7. Number of people injured by injury category (A-type, B-type, and
C-type injuries).

8. Number of accidents by light conditions (daylight, dawn or dusk,

dark with lights, dark without 1lights, and unknown 1light condi-
tion).

9. Numbeg of accidents by pavement condition (dry, wet, icy, or un-
known).

10. Number of accidents by type (fixed object, rollover, other run-
of f-road, head-on, opposite direction sideswipe, same direction
sideswipe, rear end, backing or parking, pedestrian or bike or

moped, angle or turning, train-related, animal-related, other or
unknown).

22



11. Number of accidents involving fixed objects by object type
(trees, signs, utility or 1light poles, mailboxes, culverts,
bridge columns, bridge ends, fire hydrants, railroad signals,
guardrails, bridge rails, rocks, barriers or walls, fences, earth
embankments, other fixed object accidents). '

Site Selection Plan

To fulfill the study objectives, a comprehensive data base had to be
developed and analyzed. Thus, a careful plan was needed to select the
most appropriate State highway agencies ahd suitable data collection
sites. The following explains the site selection procedure.

v

Selection of State Highway Systems for Data Collection

State highway systems which best satisfied the following criteria
were chosen: |

e Criterion 1 - State highway agencies should have a willingness to
cooperate in the study by providing available accident data,
photolog film, and roadway information, since such data are needed
for the analysis.

e Criterion 2 - A variety of geographic regions, terrain, climate
conditions, and roadway design practices must be available within
the selected State highway systems.  Although a data base cannot
totally represent all situations in the U.S., the selection of
seven States with different conditions was thought to lead to re-
sults that would be more generally applicable to a wide range of
highway situations.

e Criterion 3 - The selected State highway agencies must all have
reasonably low accident reporting thresholds (i.e., $500 or less
per accident). This would allow the data to be consistent, and
also help to avoid using States with a low portion of property-
damage-only (PDO) accidents. If this criteria is not met, biased
information could result.

e Criterion 4 - State highway agencies must have adequate and rea-
sonably consistent coding of specific accident types and injury
levels. -Since the study will analyze specific accident types
(i.e., run-off-road, fixed-object, etc.) and injury levels (i.e,
fatal, and A, B, and C-type injuries), such information must be
reliable to insure reasonable consistency in developing a seven-
State data base.

o Criterion 5 - Five years of computer accident data must be readily

available by the State highway agencies for specific sites. This
will help to insure adequate accident sample sizes.
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Criterion 6 - State highway agencies must have accurate and reli-
able locational information which has been converted to a mile-
point base and coded appropriately on a computerized system. This
is essential to allow for reasonable accuracy in matching accident
experience on each section with corresponding traffic and geomet-
ric conditions.

Criterion 7 - State highway agencies must be able to produce a
computer tape or printouts of accidents for each of the selected
roadway sections for analysis purposes (to minimize costly manual
data handling and processing).

Criterion 8 - A reliable computerized roadway inventory must be
maintained by the State highway agencies containing key physical
and cross-sectional roadway features for their rural, two-lane
roads and urban-suburban streets. Such inventories are important
for data checking purposes.

Criterion 9 - State highway agencies must have accurate, current
traffic volume (ADT) data for a large sample (i.e., several hun-
dred miles) of rural and urban two-lane roads, since ADT informa-
tion is a necessary variable for computing accident rates.

Criterion 10 - Photolog film must be available for collecting
roadside and other information accurately and efficiently.

To apply these criteria for selecting State highway agencies, avail-
able information was compiled from the literature and other sources and
discussions were held with TRB and FHWA representatives in this regard.

After applying the 10 criteria, the following seven State highway
agencies were selected for study purposes.

Alabama
Michigan
Montana

North Carolina
Ut ah
Washington
West Virginia

Highway systems in these States provided a wide distribution of geographic

“characteristics, climate conditions, roadway designs, terrain conditions,
traffic conditions, and other factors.
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Selection of Test Sites b

Approximately 5,000 miles of two-lane roads were selected to meet
sample size requirements. Sites were selected using stratified random
sampling based on the following criteria:

e Only two-lane rural and urban-suburban sites were selected.

e Stratified random sampling techniques were used to insure an ade-
quate range of roadway sections within different classes of lane
width, shoulder width, ADT, etc.

e Section lengths ranged from approximately one to ten miles for
rural sections to insure a stable data set for modelling purposes.
Due to more frequent roadway changes in urban streets, shorter
sections of 0.5 miles to 5 miles were selected.

e Selected sections were chosen which were relatively homogeneous
throughout the section regarding basic geometric and operational
features. For example, a section should end when moderate changes
occurred in ADT, lane width changed by one foot or more, shoulder
width changed by more than three or four feet, or a noticeable
change occurred in roadside condition.

The Highway Performance Monitoring System (HPMS) data base was used
as the initial source for site selection purposes in the seven States for
the following reasons:

o The sections are randomly selected, as desired.

e Many of the sections are one mile or greater and homogeneous in
terms of basic cross-sectional elements.

o Several of the needed data items are available on the HPMS file
(i.e., horizontal and vertical curvature data).

Stratified random sampling was used to select sites to fill the following
categories of cross-sectional elements:

e Lane width: 8 and 9 feet
10 feet
11 feet
>12 feet

e Shoulder width: , 0 to 4 feet
’ 5 to 8 feet
29 feet

e Shoulder surface type: paved
stabilized or gravel
earth or dirt
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Selecting from these categories was also expected to produce a var-
iety of roadside conditions for analysis. Samples were selected only on
State numbered or US numbered routes, since accident data was found to be
more accurate and complete on those systems (i.e., investigated by State
police) than on local road systems. Adequate samples were found of 10, 11,
and 12-foot lanes and with gravel or paved shoulders. Considerable effort
was expended to Tlocate sufficient samples of 8 and 9-foot lane widths and
sections with earth shoulders on the State and US routes in the seven
States. State inventory files were used to supplement the HPMS site sel-
ection process to fulfill certain data combinations.

Data Collection Methods

The data collection methods are discussed below in terms of the (1)
coordination with the seven State agencies, (2) sampling requirements, (3)
data sources and uses, and (4) creation of the data base.

Coordinations with Agencies

States were initially contacted by FHWA representatives, and then
visits were made by the project team members to:

o Meet with State personnel and discuss the project purpose.

o Get a first-hand view of the various data files and photologs.

o Select candidate sites.

e Obtain basic file formats and discuss needed accident, traffic,
and roadway files.

e Obtain project cost data, if available.

o Make field visits to several candidate sites for a first-hand Took
at local geometric designs and to drive the roads to get a
driver's perspective. ’

In each State, computerized roadway inventories were obtained for use
in final site selection. Also, calibrated grid overlays had to be devel-
oped for photolog viewing machines in each State for use in extracting
lateral placement data for roadside obstacles. After all qata collection
procedures were finalized, cooperation was provided by the States in al-
lowing data collection teams to use their photolog films.
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Sampling Requirements

The primary focus of this study was on rural two-lane roads, so a
sufficient sample was needed of two-lane rural highways for model-building
purposes. Also, a limited sample of urban and suburban two-lane streets
was desired, primarily for roadside analysis purposes. The overall data
sample was desired which covered not only a variety of geographic condi-
tions, but also included a sufficient range of lane width (i.e., <9 feet,
10 feet, 11 feet, and >12 feet), shoulder width (i.e., 01, 2-6, 7-9, and
10-12 feet), shoulder type (paved, gravel or stabilized; and earth or
dirt), ADT (50-400, 401-750, 751-1,000, 1,001-2,000, 2,001-4,000, 4,001-
7,500, and >7,500), terrain conditions (flat, rolling, and mountainous),
and area type (rural and urban). A variety of roadside conditions was
also expected to result from such sampling (e.g., clear roadsides, road-
sides cluttered with trees and other obstacles, steep slopes, guardrail
along roadside, utility poles next to roadway, sidewalks and front yards
in residential areas). It should be noted that due to real-world consid-
erations, many. combinations of geometric and traffic features do not nor-
mally exist (e.g., roads having 8-foot lane widths with 12-foot paved
shoulders). ‘

Estimates of minimum sample sizes were made based on the following
factors: '

o Sample sizes considered necessary for sufficient reliability for
accident modeling purposes.

e Sampling requirements based on expected accident differences and
normal confidence levels for statistical testing.

o Data collection costs.

A sampling of 4,000 to 5,000 miles was considered to be more than
adequate for both meaningful analysis and for accident modeling purposes.
Based on these considerations and project cost considerétions, a final
sample of 4,950 miles of data were collected.

Data Sources

The data sources for the accident analysis included field data col-
lection, photologs, State agency records (i.e., maps, ADT listings com-
puterized roadway inventories), police accident records (either computer
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accident tapes or computer accident summaries), and the HPMS (Highway\Per-
formance Monitoring System) computer data base. As summarized in table 3,
most of the roadway information was extracted from photologs. This in-
cluded roadside data for individual obstacles, roadside hazard ratings,
and measures of roadside recovery distance.

Analysis Group, Inc., under a separate contract with FHWA, collected
field data on sideslope and cross-sectional elements (i.e., lane width,
shoulder widths and types, ditch information) for sample sections in
Alabama, Washington, and Michigan. This field data collection process in-
cluded approximately 2,400 miles of rural roadway. State records were
used as a primary source for ADT data and vertical and horizontal curva-
ture data for many of the sections (i.e., non-HPMS sections). The HPMS
data base was used for initjal site selection and also as a secondary
source for ADT data and horizontal and vertical curvature data for much of
the rural sample. Police accident records were the source of all accident
data in the seven States, and project cost data were obtained directly
from nine States from recent cost tables and documents.

For many of the most important data elements, two or three sources
were used for verification. For example, independent field measurements
and photolog measurements were taken of sideslopes, lane width, shoulder
widths and types, and cross-section design for approximately half of the
rural sample. For many data variables, the photolog measurements were the
primary data source, but checking was made with state inventory data and/

or HPMS data. Inconsistencies of measurements of key data variables were
resolved,

Data Collection Methods

Homogeneous roadway sections were identified from the HPMS data tape
and from computerized state roadway inventories. Samples of approximately
500 to 1,000 miles were desired from each state. Sections were selected
independently of accident data to avoid any accident bias of the data
base. Therefore, some zero-accident sections resulted. Stratified random
sampling was used to select sections within certain needed categories of
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Table 3.

Data sources.

Data Sources

Data Variables

Field
Data
Collection

Photologs

State
Agency
Records

Police
Accident
Records

HPMS
Data
File

Area Type

Type of Development

Terrain

(%l

Section Length

wv|vov|T]|o

ADT

Speed Limit

©

Horizontal Curvature

Vertical Curvature

vlvo|wn|o

Sides lope

Lane Width

wv

Paved Shoulder Width

Gravel Shoulder Width

w |

[Ve R ¥

Earth or Dirt Shoulder Width

h=dia-Finclineclin-]

Ditch Type

Length of Slope

wv|o|vo|P|o|T|O

Pavement Type

Delineation

Parking Allowed

Parking Side of Street

No. Signalized Intersections

No. Stop Sign Intersections

No. of Other Intersections

No. of Bridges

No. of Overpasses

No. of Structures

No. of Railroad Crossings

No. of Residential Driveways

No. Com./Res./Ind. Driveways

No. Total Driveways

Cross-Section Design

V(OO0 |V | T(U{O{O{ O[O T O

Specific Obstac1e Data

o

Roadside Hazard Rating

Roadside Recovery Distance

Accident Data

Primary data source
Secomdary data source
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ADT, lane width, and shoulder width and type. This was necessary since a
data base of nearly all 11 and 12-foot lanes, for example, would not allow

for determining effects of varying lane width (i.e., 9 to 12 feet) on ac-
cidents,

Detailed roadside data and roadway information were recorded from
state photologs. The photologs were 35mm photographs taken from a moving
vehicle in equal distances of 100 frames per mile (52.8 feet between
frames). Locational information was given at the bottom of each frame of
film, and typically included route number, milepost, county, direction of
travel, and date of filming. Teams of technicians viewed frames consecu-
tively for preselected sections and recorded information directly onto
data forms. Three data forms used with photolog film included those for
basic roadway data (Form A), cross-section data (Form B), and detailed
~roadside obstacle data (Form C), as shown in figures 1, 2 and 3.

For data involving lane and shoulder widths and lateral placement of
roadside obstacles, a calibrated grid was placed over the photolog viewing
screens (see figure 4) for each photolog frame. This process allowed for
coding each roadside obstacle by type (tree, sign, utility pole, etc.) and
lateral distance category (0 to 1 foot, 2 to 3 feet, etc.) on Form C. For
continuous obstacles, such as guardrails, the number of photolog frames
was recorded for each obstacle type by offset categories. Since each
photolog frame corresponded to 52.8 feet, the total length of continuous
obstacles along each section was later computed. '

SidesTope and related field data were collected and coded by Analysis
Group, Inc. under a separate contract with FHWA. This data collection
process was conducted in three States and involved two-person field crews
who were given maps showing preselected sections. Each team travelled to
assigned sections and collected measurements of roadside slopes, lane
width, shoulder widths, ditch information, length of slope, and cross-
section type. Also, information was collected on total roadway width, and
width between joints and edgelines. A slope angle instrument was developed
to measure the angle of s1opé to the nearest degree. The field data were
coded and keyed, and a computer tape was provided for merging with the
other data variables.
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Form A - ROADWAY INFORMATION FORM

661D. o002 State porth Carel,ng. County Anson Route
CoderImm JTmB Date Coded }0-3-FS Beginning MP 23.% inding WP R€. RS
Film Beginning MP 23.9¢  Fon Ending MP 26,3  Section Length 2.45

Film 1D _@cgl 147 Control Section # —_—
Verify (Check) Number of Intersections
2-lane v~ Signal O

2-way [ Stop Sign o

No Median v Other or no control 77

Paved v

Total 6’

Number of Structures

Pavement Type (Circle One)

Concrete
Bituminous Kumber of Bridges o
3 Combination of both Number of Overpasses o©

Total [)

Terrain {Circle One)
: Number of RR Crossings ©
1 Flat
Rolling
Mountainous Number of Driveways

Direction Mervhu

Type of Déve]opment {Circle One) Residential oy \
Commercial/Recreationa
@Rura] 4 Urban Fringe Industrial gy
R

ural Dense 5 Urban 0BD
3 Urban CBD 6 Urban Residential Direction Sp ok

) Residentia‘.mummu QIL )
Commercial fRecreationa
Delineation {Circle One) Industrial sy (22
Total g 3

Centerline and edgeline striping
Centerline striping only
3 No Centerline or edgeline striping
4 Edgeline striping only

Parking (Urban or Dense Rural) (Circle One)
(Dot Permitted Speed Linit 5 G

2 Permitted with restriction (peak periods)
weekdays, etc.)
3 Allowed any time Notes

Parking-Side of Street (Circle One)

G}iot allowed

2 Permitted one side
3 Permitted botn sides

Figure 1. Roadway information data collection form (Form A).
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For sections in the other four States where field sideslope data were
not collected, an alternative procedure was used. Color photographs were
taken of a range of sideslopes (i.e., 1:1, 2:1, 3:1, 4:1, 6:1, 8:1, etc.)
on two-lane sections in several States. A pictorial chart was developed
which showed 10 categories of sideslopes and/or roadside situations as
follows:

o
o
o
12

Situation

Guardrail: no sideslope

Level slope or slight upgrade
Driveable sideslope
Non-driveable sideslope

Mixed Slopes

2:1 sideslope or steeper

3:1 sideslope

4:1 sideslope

6:1 sideslope

8:1 sideslope

OW OO WM

—

After considerable training, photolog personnel recorded one of these
codes at each 0.1 mile (every tenth photolog frame) in each direction.
Such subjective photolog sideslope data were collected for all rural sec-
tions in five states and portions of Washington. For approximately 300
sections in Alabama and Washington, both fixed sideslope measures and
photolog‘sides1ope codes were taken for comparison purposes. (As discussed
later, there was reasonable agreement in the two measures.)

Creation of the Data Base

Close data quality control was practiced throughout the data collec-
tion process. All data was double-keyed into a computer file for analysis

purposes. A series of software check programs were written which read
data for each section and checked the following items:

¢ Each data variable against allowable Tower and upper limits;

e The logic of accident totals (i.e., total accidents had to equal
PDO + injury + fatal);

e The computed accident rates by accident type; and

e The match of lane width, shoulder width, speed limit, area type,
and other variables to insure agreement for all data sources
(HPMS, photolog, State records, and field measurements).
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A1l data "outliers" were printed and corrected either manually (by
reviewing the raw coded data) or by computer program (to eliminate any
pattern of data inconsistency).

Data were processed from six different files:

Curve and ADT data

Field sideslope and cross-section data
Form A: Basic Roadway photolog data

Form B: Cross-Section photolog data

Form C: Detailed roadside obstacle photolog data
Accident data from seven States.

SOl B W)=
1

Extensive data checks were performed on the Master File prior to pro-
ducing the Condensed Master File. This final file contained 325 data
variables corresponding to 868 characters for each roadway section, or
record. With 1,944 records (roadway sections) and 868 characters per
record, the'data base cohsisted of 1.69 million data characters,
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CHAPTER 4 - RESULTS OF DATA ANALYSIS

The data analysis was structured to address the analysis issues list-
ed in chapter 3. This involved the development of an accident predictive
model and the use of various statistical tests. The analysis topics dis-
cussed in this chapter include:

Data Base Characteristics

General Accident Characteristics
Determination of Important Variables
Selection of Traffic and Roadway Variables

Accident Relationships with Key Variables

Data Base Characteristics

The data base contained data on 4,785.14 miles of rural roadway
(1,801 sections) and 166.14 miles of urban streets (143 sections), for a
total of 4,951.28 miles (1,944 total sections). The average section
length was 2.66 miles in rural areas and 1.16 miles in urban areas and
2.55 miles overall. Data were collected on approximately 1,033 miles from
Alabama, 699 miles from Michigan, 547 miles from Montana, 746 miles from
North Carolina, 525 miles from Utah, 737 miles from Washington, and 665
miles from West Virginia.

Data were collected entirely on two-lane roads, but covered a wide
range of traffic and geometric conditions. Shoulder widths ranged from 0O
to 12 feet and lane widths varied from 8 to 14 feet, as summarized in
table 4. In terms of traffic volume, approximately half of the mileage
(2,392 miles) had an ADT between 1,000 and 4,000, while only 387.7 miles
(7.8 percent) had an ADT above 7,500 and 938.4 miles (19 percent) had
ADT's of 750 or less (table 5).

A summary of the number of sections and mileage (in parenthesis) of
the data base by area type and speed limit is presented in table 6. Of
the 4,785 miles of rural highway, 4,119 miles (or 86 percent) had speed
1imits of 55 mph; 544.5 miles (11.4 percent) had speed limits of between
40 and 50 mph; and 121.6 miles (2.5 percent) were in built up rural areas
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Table 4,

lane width and shoulder width.

Descriptive statistics for the total data base --

Number of Sections, With Total Mileage in Parentheses

Lane Width (ft)

Shoulder

Width (ft) 8 9 10 11 12 13-14 Tot al

0-1 0 20 45 38 . 87 42 232
- (50.8) | (125.9) (108.9) (241.6) | (126.5) (653.8)

2 -3 6 58 89 72 73 23 321
(8.7) | (151.3) | (206.5) (191.4) (171.2) (56.0) (794.7)

4 -5 3 127 117 172 122 26 567
(10.2) | (347.8) | (279.2) (394.4) (272.3) (72.6) | (1,376.7)

6 - 7 40 57 80 68 17 262
- (80.0) | (143.1) (219.9) (171.6) (37.8) (652.2)

8 -9 0 18 36 113 99 8 274
- (47.8) | (100.2) (298.2) (248.7) (24.8) (719.8)

10 - 13 0 15 29 92 152 288
- (43.0) (72.6) (244.7) (347.5) - (707.8)

Total 9 278 373 567 601 116 1,944
(28.5) ) (722.2) | (936.7) }(1,483.3) | (1,462.9)| (317.6) | (4,951.3)
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Table 5.

Descriptive statistics for the total data base --
ADT and lane width.

Number of Sections, With Total Mileage in Parentheses

Lane Width (ft)

ADT 8 9 10 11 12 13-14 Total
——y
1-250 1 6 10 12 16 7 52
(5.0) | (19.8) | (28.6) (36.5) (45.2) | (21.1) | (156.2)
251 - 1 22 13 14 20 15 85
400 (3.6) | (71.9) | (35.3) (42.8) (67.7) | (54.2) | (275.6)
401- 2 47 36 24 32 10 151
750 (5.0) | (154.1) | (118.0) (93.4) | (109.0) | (27.0) | (506.6)
751- 40 26 23 30 5 124
1,000 - | @a21.5) ) (70.2) (78.0) (95.7) | (14.7) | (380.2)
1,001- 4 69 78 106 99 21 377
2,000 | (11.9) | (188.4) | (225.7) | (310.0) | (282.4) | (66.7) |(1,085.2)
2,001~ 1 59 99 116 182 23 530
4,000 | (3.0) | (112.3) | (245.2) | (a50.5) | (428.4) | (67.3) |(1,306.7)
4,001- 28 |. 64 151 133 27 403
7,500 - (45.3) | (130.0) [ (337.2) | (290.7) | (49.9) | (853.1)
7,501 0 7 47 71 89 8 222
and - (9.0) | (83.4) | (134.7) | (143.8) | (16.8) | (387.7)
higher
Tot al 9 278 373 567 601 | 116 1,944
(28.5) | (722.2) | (936.7) | (1,483.3) | (1,462.9) | (317.6) | (4,951.3)
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with speed 1imits of 25 to 35 mph. The predominance of 55 mph speed limits
for sections in the rural data base prevented an in-depth analysis of the
effects of speed 1imit on accident experience. Of the 166.14 miles of
urban roads, 52.19 miles (31.4 percent) had a speed 1imit of 35 mph, with
89.05 miles (53.6 percent) above 35 mph and 24.9 miles (15.0 percent)
below 35 mph. Data were included from 1,946.7 miles in flat terrain,
2,134.0 miles in rolling terrain, and 870.5 miles in mountainous areas,
as summarized in table 7. The data base also included sections with wide
ranges of speed limits (25 to 55), roadside conditions, sideslopes, cur-
vature, and other factors. Detailed descriptions of the data base for
numerous factors are given in appendix F.

General Accident Characteristics

There were 62,676 total reported accidents on sections in the data
base including 38,857 property damage only abcidents (62.0 percent),
22,944 injury accidents (36.6 percent), and 875 fatal accidents (1.4 per-
cent), as shown in table 8. A review of the accident data by type re-
vealed that the most frequently reported accidents were angle and turning
(23.5 percent), rear end (19.8 percent), run-off-road fixed object (19.3
percent), animal (8.3 percent) and rollover (6.8 percent). The average
accident rate was found to be 266.35 accidents per 100 million vehicle
miles (100 MYM), or 3.69 accidents per mile per year.

Of the 1,944 sample sections in the data base, 1,468 were from rural
areas, and the remaining 476 were from urbanized areas (i.e., areas with
populations of 5,000 or more). Of those 476 sections, 143 were classified
as havihg an urban appearance (designated as urban sections) by the data
collectors and 333 appeared rural to the data collectors (designated as
U/R sections). Total single-vehicle accident rates were computed for the
three types of rbadways, as shown in table 9 for different lane widths.
The total accident rate in rural areas was 219 per 100 MVM, compared to
330 for the U/R sections, and 603 for the urban sections. The single-
vehicle accident rate for the U/R sections was similar to urban sections
for lane widths of 10 feet or less. However, for lane widths of 11 feet
or more, the rate of single-vehicle accidents was relatively similar for
rural sections, U/R sections, and urban sections.
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Table 7.

Descriptive statistics for the total data base --
State and terrain.

Number of Sections, with Total Mileage in Parentheses

Terrain

State Flat Rolling Mountainous Total

Ala. 134 294 9 437
(239.2) (760.1) (33.6) (1,032.9)

Mich. 242 40 0 282
(583.7) (115.4) - (699.1)

Mont. 76 56 36 168
(220.4) (211.4) (114.8) (546.6)

N.C. 124 112 39 275
(350.0) (277.7) (117.9) (745.6)

Utah 96 78 29 203
(238.9) (212.9) (73.1) (524.9)

Wash. 92 110 29 231
(282.9) (348.8) (105.1) (736.8)

W.V. 16 115 217 348
(31.7) (207.7) (426.0) (665.4)

Total - 780 805 359 1,944
(1,946.8) (2,134.0) (870.5) (4,951.3)




Table 8. Summary of accident statistics for the total data base.

% of
Variable Name ‘ No. of Accs. | Acc/100 MVM | Acc/Mi/Yr | Total Accs.

Total Accs. 62,676 266.35 3.69 100.0
PDO Accs. 38,857 167.48 2.37 62.0
Injury Accs. 22,944 94.60 1.28 36.6
Fatal Accs. 875 4.28 0.04 1.4
People Injured* 37,321 150.63% 2.07* N/A
People Killed* 1,068* 5.16% 0.05* N/A
Daylight Accs. 37,402 157.62 2.31 59.7
Dawn or Dusk Accs. 2,888 11.94 0.16 4.6
Dk. with Lights 2,770 10.88 0.21 4.4
Dk. w/o Lights - 19,496 85.05 1.00 31.1
Unkn. Light Cond. 120 0.87 0.01 0.2
Dry Accs. 41,957 180.84 2.48 66.9
Wet Accs. 13,487 54.37 0.83 21.5
Snow/Ice Accs. 6,657 28.15 0.34 10.6
Unkn. Pvt. Accs. 575 2.99 0.04 0.9
ROR - Fixed Object 12,091 55.14 0.60 19.3
ROR - Rollover 4,245 24.50 0.18 6.8
ROR - Other 2,840 15.14 0.16 4.5
Head-0n ‘ 2,113 8.40 0.12 3.4
Sideswipe - Opp. Dir. 2,997 13.09 0.18 4.8
Sideswipe - Same Dir. 2,288 10.29 0.16 3.7
Rear End 12,420 39.89 0.83 19.8
Parking 1,155 5.66 0.08 1.8
Ped./Bike/Moped 655 2.50 0.04 1.0
Angle & Turning 14,730 56.32 1.02 23.5
Train 47 0.31 0.002 0.1
Animal 5,212 25.37 0.22 8.3
Other or Unknown 1,883 9.75 0.11 3.0

*These variables represent the number of people injured or killed, and not
the number of accidents.

N/A = Not Applicable.
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For purposes of the predictive model, only the "pure" rural sections
were used (i.e., U/R and urban sections were excluded). For analyses in
which urban and rural sections were analyzed separately, the U/R sections
were included with the rural sections, since the appearance and total
accident rates of the U/R sections were more similar to the rural sections
than the urban sections. In such cases, the 1,468 "pure" rural sections
were grouped with the 333 U/R sections to result in the 1,801 so-called
rural sections. The remaining 143 urban sections were analyzed as a sepa-
rate group.

A summary of accident statistics is given for the 1,801 rural sec-
tions and 143 urban sections in table 10. The average rate of total acci-
dents was 603.18 per 100 MVM for urban sections, and 239.61 per 100 MVM
for rural sections. There were 13.51 accidents per mile per year in urban
areas, compared to 2.91 in rural areas. In both cases, the urban rate was
greater than the rural rate. Higher traffic volumes, mofe frequent inter-
sections and denser roadside development are only a few of the possible
factors which may cause higher accident rates in urban areas than rural
areas.

In terms of accident severity, injury accidents comprised 37.5 per-
cent (20,008 of 53,358) of total accidents in rural areas, compared to
31.5 percent (2,936 of 9;318) in urban areas. Fatal accidents accounted
for 1.57 percent of the accidents in rural areas and 0.41 percent in urban
areas. Rates were higher in rural areas than in urban areas for rollover,
run-off-road (nonfixed object), train, and animal accidents. Urban rates
were higher for the remaining accident types, and particularly for angle,
turning, rear end, and same direction sideswipe accidents.

A detailed review of the distribution of the variables in the data
base was made to examine the quality of the data. The minimum, maximum,
mean, and standard deviation were computed for selected variables, as sum-
marized in table 11. Lane widths ranged from 8 to 14 feet and shoulder
widths varied from zero to 12 feet (11 feet for earth shoulders). There
was an average of 2.35 intersections per mile (maximum of 11 on one sec-

tion), 0.20 bridges per mile, and 0.21 structures per mile. There were
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Table 10.

roadway sections.

Summary of accident statistics for rural and urban

No. of Accidents | Accs/100 MVM Accs/Mi/Yr
Variable Name

Rural Urban Rural Urban Rural Urban
Total Accs. 53,358 | 9,318 }239.61 |[603.18 | 2.91 13.51
PDO Accs. 32,513 {6,344 |146.41 |432.8 | 1.81 9.46
Injury Accs. 20,008 | 2,936 88.75 ]168.31 | 1.06 3.99
Fatal Accs. 837 38 4.45 2.02 | 0.04 0.05
People Injured 32,756% | 4,565*% | 141.74* | 262.53* | 1.74* 6.62%
People Killed 1,016* 52* 5.26% 3.97*} 0.05* 0.07*
Daylight Accs. 31,108 | 6,294 |135.94 |430.61 | 1.75 9.39
Dawn or Dusk Accs. 2,535 353 11.31 19.83 | 0.13 0.47
Dk. with Lights 1,863 907 6.78 62.49 | 0.12 1.34
Dk. w/o Lights 17,764 | 1,732 84.97 86.06 | 0.90 2.20
Unkn. Light Cond. 88 32 0.61 4,18 | 0.01 0.10
Dry Accs. 35,783 | 6,174 |162.79 |408.12 | 1.96 9.10
Wet Accs. 11,294 | 2,193 47.02 |146.96 | 0.64 3.27
Snow/Ice Accs. 5,802 855 27.17 40.52 | 0.29 0.97
Unkn. Pvt. Accs. 479 96 2.63 7.58 | 0.03 0.16
ROR - Fixed Object 10,937 | 1,154 54.71 60.54 | 0.54 1.44
ROR - Rollover 4,122 123 25.91 6.72 | 0.18 0.14
ROR - Other 2,621 219 15.36 12.28 | 0.15 0.29
Head-0n 1,858 255 8.01 13.41 | 0.10 0.32
Sideswipe - Opp. Dir. 2,628 369 12.55 19.89 | 0.15 0.50
Sideswipe - Same Dir. 1,925 363 8.74 29.82 | 0.12 0.59
Rear End 9,593 | 2,827 30.12 | 162.95 | 0.58 3.89
Parking 92?2 233 4.51 20.16 | 0.06 0.39
Ped./Bike/Moped 516 139 2.12 7.23 | 0.03 0.18
Angle & Turning 11,415 | 3,315 41.39 | 244.44 | 0.68 5.25
Train 43 4 0.32 0.18 | 0.002 0.004
Animal 5,068 144 26.80 7.34 | 0.22 0.19
Other or Unknown 1,710 173 9.08 18.22 | 0.10 0.33

*These variables represent the number of people injured or killed, and not

the number of accidents.
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13.77 driveways per mile on the average (less than 7 on each side of the
road) with a maximum of 81 per mile on one section. . The number of total

accidents per mile per year ranged from zero on some low volume sections to
71.14 on a high volume section. There was an average of 0.94 single vehi-
cle accidents per mile per year with a range from zero to 11.38. Extensive
data checking was conducted, particularly to confirm the validity of the
extremes.

A comparison was made of accident rates between the seven-State data
base and previous accident studies. The FHWA study by Smith included acci-
dent rates and the percent of injury and fatal accidents for rural roads in
many states by ADT group as shown in table 12.[1:| Corresponding rates
from the seven-State data base revealed close similarities. For example,
rates of total accidents (per hundred million vehicle miles) were similar
for each ADT group, except for ADT's greater than 10,000, where the rate of
244 from the seven-State data base was lower than the rate of 300 from the
Smith study. This may be due to the Tow sample size (only 80 sections) in
that ADT group in the seven-State data base. Percentages of injury and
fatal accidents also compared quite closely between the studies for each
ADT group. ‘

Another comparison was made with the results of the 1979 Kentucky
study on lane and shoulder widths by Zegeer, as shown in table 13.[7]
Accident rates are given for total and single-vehicle accidents for Tlane
widths of 7 to 13 feet. Total and single-vehicle accident rates were
similar between the studies for the 10, 11, and 12 foot lane widths. For
less than 10-foot lanes, the rates were slightly lower for the seven-State
data base for both total accidents and single-vehicle accidents. The
differences are probably the result of wider shoulders for the sections
with 9-foot lanes in the seven-State data base. For 13-foot lane widths,
the Kentucky data base had a lower rate of single-vehicle accidents and a
higher rate of total accidents than the seven-State data base. This may be
the result of smaller sample sizes or other site differences. Overall, the
seven-State data base agrees closely with data bases from the two other
studies.
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Table 13.

Comparison of accident rates between Kentucky study and
rural seven-State data base.*

Rate of Single Vehicle Rate of Total Accidents
Accidents (Acc/100 MVM) (Acc/100 MVM)
Lane
Width Kentucky Seven-State Kentucky Seven-State
(feet) Study Study Study Study
7 196 - 416 -
(396) (396)
8 185 174 366 369
(2,808) (28) (2,808) (28)
9 155 130 303 283
(8,249) (711) (8,249) (711)
10 127 130 287 300
(2,537) (907) (2,537) (907)
11 74 75 206 218
(788) (1,438) (788) (1,438)
12 63 76 197 211
(610) (1,406) (610) (1,406)
13 51 95 217 174
(38) (294) (38) (294)

*Numbers in parenthesis represent mileage of samples in each cell.
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Determination of Important Variables

The development of the best possible accident predictive model re-
quired first determining the types of accidents which were most related to
roadside or roadway elements of concern. For example, widening a narrow
roadway would probably reduce head-on and single vehicle accidents with
little or no effect on pedestrian, animal, and right-angle accidents.
Roadside obstacle removal may reduce certain types of single vehicle fixed
object accidents but not rear end accidents. Thus, there was a need to
determine those types of accidents that have the strongest relationships
to cross-section and roadside variables.

Because of the study design and objectives, the model was expected to
include at least the following traffic and roadway variables: (1) traffic
volume (ADT), (2) lane width, (3) shoulder width, (4) shoulder type, and
(5) one or more measures of roadside condition (i.e., sideslope, recovery
distance, roadside hazard rating). It was also expected that other impor-
tant roadway variables would be included in the model. Thus, prior to the
model building, these traffic and roadway variables of importance also had
to be identified.

The analyses in this section were intended to provide input into the
selection of variables for use in the model building process (i.e., macro
analysis). Thus, the preliminary analyses in this section are not intend-
ed to result in the final accident relationships, since the accident mode
was expected to provide the more complete picture of the relationships be-
tween accidents and combinations of traffic and roadway variables. The
final selection of variables for inclusion in the model was based on (1)
which variables were 1ogica11y related to accidents (e.g., lane width,
shoulder width, shoulder type, and roadside conditions), (2) the Chi-
square analysis, (3) step-wise 1linear regression, and (4) analysis of
variance and covariance.

Accident Variables

A series of Chi-square analyses were conducted to determine the spe-
cific accident types which were most highly correlated with lane width,
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shoulder width, shoulder type (e.g., paved, gravel, or earth) sideslope,
roadside rating, and roadside recovery area (i.e., distance from edgeline

to roadside obstacle). The significance levels were 0.05 or less for many
of the tests, due primarily to large sample sizes and not necessarily to
strong correlations. Thus, the contingency coefficient was used as the
primary measure of association between the geometric elements of concern
and the specific accident types. A matrix of contingency coefficients
produced during the series of Chi-square tests is given in table 14 for
various accident types and roadway features, where values of 0.220 or
greater are circled. The value of 0.220 was selected since it differenti-
-ated the the upper third of the contingency coefficients in this particu-
lar case (although a 0.220 value does not necessarily apply to differenti-
ate the upper third of contingency coefficients in general).

The individual accident types which consistently appeared to be high-
1y correlated with the roadway featureskof concern were fixed object, run-
off-road other, head-on, and sideswipe - opposite direction. Rollover ac-
cidents were highly correlated with shoulder width (coefficient of 0.263).
A coefficient of 0.226 was found between rear end accidents and median
recovery distance, although this relationship is not easily supported.
Single-vehicle, total, and selected multivehicle accidents were found to
be strongly associated with one or more of the roadway variables. Insuf-
ficient samples of pedestrian and train accidents were available for these
analyses. Animal, parking, "angle and turning," and "other or unknown"
accidents were not highly correlated with the roadway variables.

Based on the results discussed above and a review of accident rates
and trends for various accident types, the accident types considered to be
most appropriate and logical for use in a predictive model were:

0 Siﬂg1§-vehic1e (i.e., fixed-object plus rollover plus run-off-road
other).

e Related multivehicle (i.e., head-on plus sideswipe opposite direc-
tion plus sideswipe same direction) plus single-vehicle accidents.

o Total (as a measure of the overall effects of traffic roadway
variables).
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Traffic and Roadway Variables

The most important variables for use in an accident predictive model
were selected using a two-step process. First, since many of the geomet-
ric variables in the data base were interrelated or were derivations of
the same variable, only one form of each variable was considered for use
in the predictive model. For example, 13 different expressions were given
in the condensed master file for the recovery distance, (distance from the
edgeline to the nearest obstacle or hazard) including the maximum, mini-
mum, average, median, 20th percentile, and 80th percentile values. The
percent of the section with recovery distances <5 feet, 5}0 feet, 515
feet, <20 feet, <25 feet, <29 feet, and >30 feet were also recorded.
Thus, the most appropriate and meaningful form of each variable was deter-
mined based on a review of the accident data, a knowledge of the vari-
ables, and the results from the literature.

The selection of some model forms was also based on data availabil-
ity. For example, the candidate measures of horizontal curvature were as
follows:

Percent wit
Percent wit

h degree curve.

h
Percent with

h

h

5

.5 degree curve.

5 degree curve.

0 degree curve.

4.0 degree curve.
9.5 degree curve.
8.0 degree curve.

Percent wit
Percent wit
Percent with
Percent with

~NO OB W

Few sections in the data base had curves of 14.0 degrees or greater.
Thus, the use of variables 5, 6, or 7 above would have been inappropriate
in the predictive model, since nearly all of the sample sections would
have zeros for those variables. The percent with > 2.5 degree curve was
selected as the most useful expression of horizontal curvature based on a
preliminary review of the data distributions.

For the model building process, the only roadside measures considered
were those that represented overall roadside conditions. Detailed data on

trees, guardrail, or other fixed-objects were used for the roadside analy-
sis and not for the modelling.
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Step-wise Tlinear regfession was used to select the most important
traffic and roadway variables for inclusion in the model. For example,

using the rate of single vehicle accidents as the dependent variable, this
analysis selected the following six variables in order of importance:

Shoulder width

Median roadside hazard rating

Lane width

Median sideslope ratio

Percent of section with > 2.5 degree curve
Median recovery area distance

OO B WM

ADT was not included as a candidate independent variable at this stage,
since it was included in the dependent variable (single vehicle accident
rate). It was later added into the model.

A series of Chi-square tests were also conducted to confirm the most
important variables in terms of five different accident measures. Contin-
gency coefficients are given in table 15 for various traffic and roadway
variables for measures of single-vehicle accidents, related multivehicle
accidents and for overall accident severity, where coefficients of 0.25 or
greater are circled (corresponding to the top one-third of the contingency
coefficients). Variables identified as important from the Chi-square anal-
ysis included ADT, terrain, lane width, type of development, shoulder width
(paved and gravel), length of slope, roadside recovery distance, median
roadside hazard rating, number of driveways per mile, and horizontal curva-
ture. This process of variable screening was helpful as an input into the
model building process.

Accident Relationships with Key Variables

Several specific issues were addressed to gain insights into the
mode]—bui]dihg process and the use of variables within the model. These
jssues are discussed below in terms of the rate (i.e., accidents per 100
MVM) of single-vehicle accidents where single-vehicle accidents were con-
sidered to include the number of (1) fixed object accidents, (2) rollover
accidents and (3) other run-off-road accidents. The analysis of covari-
ance was used to compute the adjusted mean rate of single-vehicle accidents
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Table 15. Chi-square results for selected variables for the seven-State
‘ rural data base.

Contingency Goefficient
Variable
SV Acc/ | SV Acc/ | MV/Acc/ | MV Acc/| Injury
No. Name 100 MVWM | Mi/Yr | 100 MVM| Mi/Yr | Ratio*
3 |Type of Development (R/U)|0.048 0.178 0.157
4 | Terrain 0.208 0.222 |0.226
6 |ADT 0.237
7 | Speed Limit 0.038 | 0.228 | 0.082 | 0.198 [0.067
9 | Horizontal Curve > 2.5° 0.206 0.221 10.247
16 | Vertical Curve > 2.5° |0.156 | 0.066 | 0.208 | 0.139 [0.096
21 Average Sideslope Ratio | 0.228 0.226 0.130 0.148
29 | Median Sideslope Ratio [0.230 | 0.224 | 0.099 | 0.136 [Q.37
33 | Lane Width 0.138 0.128 |0.118
34 Paved Shoulder Width 0.203 | 0.087 0.115 {0.121
35 | Gravel Shoulder Width 0.240 | 0.33D 0.236
3 | Earth Shoulder Width 0.153 | 0.152 | 0.191 | 0.123 |0.083
34+35+36| Total Shoulder Width 0.187 0.216 | 0.207
37 Ditch Type 0.194 | 0.172 | 0.110 | 0.126 |Q0.27®
39 | Slope Length 0.162 | 0.108 | 0.149
41 | Pavement Type 0.080 | 0.094 0.173 | 0.097
42 | Delineation 0.097 | 0.174 | 0.162 | 0.169 | 0.119
48/5 | Intersections/Mile 0.130 0.188 | Q.26 | 0.192
49/5 | Bridges/Mile 0.062 | 0.067 | 0.031 | 0.057 | 0.027
51/5 | Structures/Mile 0.060 | 0.058 | 0.028 | 0.032 | 0.025
57/5 | Driveways/Mile 0.175 0.203
67 | Median Roadside Rating @.27D | 0.199 | 0.244
71 Sideslope Configuration | 0.187 0.159 0.210 0.153 | 0.173
72| Median Sideslope Length | 0.183 | 0.244 | 0.164 | 0.168 | 0.195
73 | Sideslope Code 1-10 0.238 | 0.246 | 0.166 | 0.200 | 0.174
86 Average Rec. Distance 0.368 @
87 | Median Rec. Distance .25 | 0.246 | 0.233 | @©.26D
90 | Percent Rec. Area < 5' |(0.38%)| 0.246 0.153 |@.25D
91 Percent Rec. Area < 10' | (0,342 0.228 | 0.205 |Q.26D
92 Percent Rec. Area < 15' |Q0.343 0.231
26 | Best Available Sideslope| 0.193 0.142 | 0.210 | 0.174

*Injury ratio is the sum of injury + fatal accidents divided by the total
accidents on the section for a section.
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for various categories of lane width, shoulder width, shoulder type, ADT,
average roadside recovery distance, median roadside hazard rating, terrain,
and sideslope ratio.

Each analysis involved controlling for the "continuous" traffic and
roadway variables. For example, in the analysis of lane width, the mean
single-vehicle accident rate was adjusted, (by the SPSS computer program)
based on controlling for shoulder width, ADT, average roadside recovery
distance, and sideslope ratio. Each analysis was conducted on the 1,801
rural highway sections. Note that this type of analysis was intended only
to show general accident trends for individual variables, and does not in-
clude consideration of interactions among numerous variables. The results
of the following analyses were used along with other analyses and consider-
ations for selection of data variables for the accident modelling. Detailed
tabular results for this and other issues are given in appendix G.

Lane Width

The analysis of covariance was used to compute the adjusted mean rate
of single-vehicle accidents for various lane width categories. Lane width
appears to have a relatively small and steady effect on the single-vehicle
accident rate in flat and rolling areas. An increase from 8 and 9 foot lane
widths results in a rate decrease from approximately 100 single-vehicle
accidents/100 MVM to approximately 80 for rolling sections and from 100 to
70 for flat sections. In mountainous terrain, however, the direct effects
“of lane width are not clear (probably overshadowed by other variables).

Shoulder Width

A similar analysis of rates of single-vehicle accidents (adjusted for
lane width, ADT, average recovery distance and sideslope ratio) revealed
that wider shoulders were associated with generally lower rates of single-
vehicle accidents for all three terrain conditions. The accident rate in
flat and rolling areas was noticeably higher for shoulder widths of zero or
one-foot than for the two or three feet category but leveled off for shoul-
der widths greater than three feet. In mountainous terrain, four or five-
foot shoulders had a far lower mean rate than narrower shoulders, but the
rate increased slightly for shoulders wider than six feet.
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Shoulder Type

The analysis of covariance was also used to compute the adjusted mean
rate of single-vehicle accidents (accidents per 100 MVM) for rural sec-
tions, as shown below in table 16. Mean rates were adjusted for ADT, lane
width, and average roadside recovery distance.

Table 16. Rates (i.e., single-vehicle accidents per 100 MVM) by shoulder
types for rural sections.

Shoulder Paved Gravel Earth
Width (ft.) Shoulder Shoulder Shoulder
1 to3 119 126 117

(139) (172) (36)
4 to 5 80 96 85

( 93) (180) (224)
6 to 13 77 78 77

(179) (245) (216)

( ) = Number of sample sections.

Note: Rates were adjusted for ADT, average roadside recovery distance,
and lane width.

For shoulder widths from 1 to 3 feet, the rate of single-vehicle accidents
for gravel shoulders (126) was higher than that for paved (119) or earth
(117) shoulders. For shoulder widths of 4 to 5 feet, the rate was lowest
for paved shoulders (80), followed by earth (85) and gravel (96) shoulders.
For shoulder widths of 6 to 13 feet, rates remained constant for the three
shoulder types. Efforts to analyze the data by more detailed groups (i.e.,
for each terrain type, by lane width category, etc.) resulted in low sam-
ples in some cells,

This analysis did not show any strong relationship between single-
vehicle accident rates and the type of shoulder. More insight on the ef-
fects of shoulder type was gained from the model discussed in the next
chapter. In fact, the model did show a slight benefit (i.e., generally less
than 10 percent reduction in accidents due to paved shoulders) when other
variable interactions are included. The grouping of gravel and earth
shoulders into an unpaved shoulder category was made for modelling purposes
due to the subjectivity required by the data collectors who viewed photo-
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logs and had to decide in many cases whether the shoulder had enough rocks
or scattered gravel to be considered as earth or gravel. The presence of a
paved shoulder was usually an obvious distinction from an unpaved shoulder.

Traffic Volume (ADT)

In all three terrain categories, higher ADT's were associated with
lower single-vehicle accident rates. It should be noted that the decline
in the single-vehicle accident rate with increasing ADT does not neces-
sarily mean that the total accident rate would decline. The 1979 Kentucky
study found a similar steady decrease in the rate of the single-vehicle
accidents as ADT increased, but the rate of multivehicle accidents was
nearly constant across the ADT categories.[7]

Recovery Distance and Roadside Hazard Rating

Prior to determining accident relationships with these roadside mea-
sures, an analysis was conducted to determine the relationship between
roadside hazard rating and roadside recovery distance. A summary is given
in table 17 of the 1,801 rural sections by median roadside hazard rating
and average roadside recovery distance.

Table 17. Correlation between roadside hazard rating and roadside
recovery distance in rural data base.

Numbér of Samples

Average Roadside Recovery Distance-{ft)
Median Roadside
Hazard Rating 0 tob 6 to 10 11 to 15 16 to 20 > 20
1 and 2 0 0 2 8 38
3 0 15 99 168 194
4 29 224 318 207 41
5 105 244 57 7 0
6 and 7 36 9 0 0 0
No. of Observations = 1,801 Significance = 0.00
Chi-Square = 1,389 Contingency Coefficient = 0.66

Degrees of Freedom = 16 Kendall's Tau B = -0.646
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A high correlation was found between the two variables, with a signifi-
cance level of 0.00, a contingency coefficient of 0.66, and a Kendall tau
value of -0.646. Note the near-diagonal trend to the table which suggests
that in general, recovery distances are equivalent to roadside hazard rat-
ings in the following way:

Average Roadside Corresponding Range of Most Likely
Recovery Distance Roadside Hazard Rating Rating
0 to 5 4 to 7 5
6 to 10 3 to7 4 or 5
11 to 15 1to5 4
16 to 20 1to5b Jor4
> 20 ’ 1to4 3

There is also a logical correlation between these two roadside mea-
sures, since a roadside with large objects near the road would have a low
average recovery distance and a high roadside hazard rating. During the
model building process, models were tested with either roadside hazard
rating or average recovery distance.

Next, analyses were conducted to determine the effect of roadside
recovery distance and roadside hazard rating on the single-vehicle acci-
dent rate. The adjusted single-vehicle accident rate was generally lower
for sections with greater roadside recovery distances. The mean rate for
rolling terrain sections with average recovery distances greater than 16
feet was about one-third the rate for sections with average recovery dis-
tances of less than 9 feet. The trend for mountainous terrain is unreli-
able since there were only six sections with mountainous terrain and aver-
age recovery distance greater than 16 feet.

The results of one-way analysis of covariance tests on roadside haz-
ard ratings (appendix G) look much 1like the results for recovery dis-
tances. This is not surprising, since the roadside hazard ratings were
shown to be highly correlated with average recovery distances. For flat
and rolling sections, the single-vehicle accident rate was consistently
Tower for less severe hazard ratings. For mountainous terrain, small
sample sizes for lower hazard ratings and the influence of other variables

(i.e., amount of vertical and horizontal curvature) appear to confound the
issue.
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Terrain

In terms of terrain effects on the single-vehicle accident rate, sec-
tions 1in mountainous terrain consistently had higher mean rates than sec-
tions with flat or rolling terrain. Sections with rolling terrain had con-
sistently higher rates than sections with flat terrain, though the differ-
ences between rolling and flat terrain were usually not as great as the
differences between mountainous and rolling sections.

Sideslope Ratio

Sideslopes for 595 sections (1,776 miles) in A]dbama, Michigan, and
Washington were measured in the field by Analysis Group, Inc., under a dif-
ferent contract for FHWA. = For the remaining 1,206 sections in the rural
data base, however, the only sources of data on sideslopes were the esti-
mates made by the viewers of the photolog film. A check was made to verify
the accuracy of these photolog sideslope estimates by comparing the median
sideslope ratio computed from photolog estimates to the median computed
from field measurements for sections with both measured and estimated val-
ues. Table 18 details this comparison for the sample of 261 sections from
Alabama and Washington with both photolog estimates and field measurements.
The contingency coefficient computed for table 18 was 0.363, indicating a
low degree of correlation. Thus, the estimates of the sideslope ratio from
photolog film appear to be of unacceptable accuracy. For further analyses,
only sections where the sideslope ratios were measured in the field were
used. The analysis of the sideslope ratio were quite detailed and are in-
cluded in chapter 6.

Table 18. Comparison of median sideslope ratio computed from field
measurements to median computed from photolog estimates for
sections with both.
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~ Number of Sections

Median Sideslope | Median sideslope ratio computed from field measurements

ratio computed

from photolog 2:1 or 4:1 or 6:1 or 8:1 or

estimates steeper 3:1 5:1 7:1 flatter

_2:1 or steeper 2 1 1 0 0

3:1 4 5 3 1 1

4:1 or 5:1 11 19 42 19 6

6:1 or 7:1 4 19 54 45 19

8:1 or flatter 0 1 2 2 0

Contingency Coefficient = 0.363




CHAPTER 5 - MODEL DEVELOPMENT AND VALIDATION

Selection of Model Forms

The models were developed using 1,362 rural sections (approximately
4,000 miles). Initially models were fit to:

e Accidents per 100 million vehicle miles.

e Accidents-per-mile-per-year.

e Ratio of injury plus fatal accidents to total accidents.
o Injury plus fatal accidents-per-mile-per-year,

Table 19 1lists the candidate independent variables for modelling. After
investigating the distribution of the rural data, examining relationships
between candidate independent and dependent variables, and initial model-
ing, all subsequent models used accidents-per-mile-per-year as the depen-
dent variable.

Table 19. Candidate independent variables for modelling.

Average daily traffic (ADT)

Lane width (W) in feet , ‘

Average paved shoulder width (PA) in feet

Average gravel/stabilized/earth/grass shoulder width (UP) in feet

Median roadside (or hazard) rating (H)

Median recovery distance (measured from the edge of the shoulder)
(RECC) in feet :

Median sideslope rating (SS)

Terrain (TER)

Percent of sections with >2.5 degree curves (CURV)

Percent of sections with >2.5 percent grade (GRAD)

Number of driveways per mile (NDRI)

Number of intersections per mile (NINT)

Certain derived variables (e.g., W + PA)

Selected interactions

It should be noted that the roadside recovery distance used in the model
is measured from the outside of the shoulder and not the edgeline as it
was defined previously. The reason for this is that shoulder width is
also included in the model and 1is, therefore, already accounted for.
Guided both by the previous literature (é.g., Zegeer and Deacon, 1985) and
an examination of the relationships of the important independent variables
with various accident types, models were fit to the fo]lowing:[13]

e Single-vehicle accidents (AS) including fixed object, run-off-road
rollover, and other run-off-road. :
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e Single vehicle plus opposite direction head-on, opposite direction
sideswipe, and same direction sideswipe (AO).

e Total accidents (AT).

Of the 32,417 accidents on the 1,362 sections, 13,105 or 40.4 percent were
AS while 17,155 or 52.9 percent were AO.

Again guided by past work, several general model forms were inves-
tigated, including:

C1 W PA up H
A/M/Y = CO(ADT) (C2) (C3) (C4) (CS), | (Model 1)
_ ADT W PA uP H
A/M/Y = CO(Cl) (CZ) (C3) (C4) (CS) (Model 2)
A/M/Y = Co f ClADT + C2W + C3PA + C4UP‘+ C5H (Model 3)
C C C C C
Ay = ¢ (aom) ) 2 em) ) () > (Mode1 4)
where:
A/M/Y = accidents per-mile-per-year
_ A
TxXT
with: 'L = section length (feet)

T = number of years of accident data
ADT = average daily traffic
W = lane width (feet)

PA

average paved shoulder width (feet)

UP = average gravel/stabilized/earth/grass shoulder width (feet)

H = median roadside (or hazard) rating

Model forms consist of the basic model equation without numerical coeffi-
cients, whereas the equations will include numerical coefficients.
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The above models were tested using AS, A0 and AT per mile per year. In
addition to models with only main effects, several models with interaction
terms were also evaluated. These interaction terms included (lane width x
paved shoulder width) and [(lane width + paved shoulder width) x unpaved
shoulder width]. In no case did the interaction terms noticeably improve
the main effects models and most often the interaction term coefficients

were insignificant. Thus, the final models contain only main effects
variables.

In all cases, Models 1 and 2 appeared to fit the data better than
Models 3 or 4 and also coefficients of Models 1 and 2 were reasonable.
Although Model 2 seemed to fit the data slightly better than Model 1 on
the basis of the RZ2 values (which indicate the proportion of the total
variation about the mean explained by the model), in some cases the rela-
tive effects of W, PA, and UP conflicted with findings in the literature.
For example, for single-vehicle accidents using Model 2, the effects of
PA and UP (paved and unpaved shoulders) are more important than W (lane
width). This, plus the fact that the R2 values were not much different

between Models 1 and 2 Tled to the selection of Model 1 as the recommended
model form.,

A1l models utilized ADT as an independent variable because it was
~highly correlated with accidents-per-mile-per-year. Basic cross-section
elements W, PA, and UP were also included in every model. Other primary
variables examined were median recovery distance from the edge of the
shoulder (RECC), median roadside rating (H) and median sideslope rating
(SS). In addition, certain likely confounding variab]es were studied in-
cluding terrain (TER), percent of section with > 2.5 degree curves (CURV),
percent of section with > 2.5 percent grades (GRAD), number of driveways
per mile (NDRI), and number of intersections per mile (NINT).

It should be noted that a variety of models were examined that uti-
lized alternative definitions of the cross-section variables [e.g., one
model using ADT, W, (W+PA), (W+PA+UP), and (W+PA+UP+RECC) and another
using W2], In no case did models with these various alternatives fit
the data as well as the original or provide coefficients which were as
intuitively acceptable as those derived for models with simpler variables.
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Final Models

Models with the hazard rating were slightly preferred to models in-
corporating recovery distance in that they were more consistent with the
findings from prior research;[13] there was a more Tlogical relation-
ship among the variables in these models as judged by the relative magni-
tudes of the coefficients; the coefficients were more consistently signi-
ficant; and they generally had higher R2's, Since some users might not
be able to utilize the hazard rating, both models (with corresponding R2
values) are presented below. Models with hazard rating include:

as/M/Y = 0.0018(A0T)0 7 293(0.8919)%(0.9262) PA(0.9256) VP (1.3386)"
with RZ = 0.393 ‘ Equation (1)

a0/M/Y = 0.0017(A0T)?*885%(0.8646) ¥(0.9101) PA(0.9233) UP(1.3378)"
with R2 = 0.449 Equation (2)

AT/M/Y = 0.0015(ADT) 211 (0.8897) (0. 9403) PA(0.9602) VP (1.2000)"
with R2 = 0,459 Equation (3)

Models with recovery distance include:

as/M/Y = 0.0122(A0T) 07447 (0.9034)%(0.8878) PA(0.8947) UP (0. 9588) RECC
with RZ = 0.408 | Equation (4)

Ao/M/Y = 0.0054(A0T) 2822 (0. 8378)"(0.8672) PA(0.8848) UP(0.9629) RECC
with R2 = 0,363 Equation (5)

AT/M/Y = 0.0050(A0T)Y 2425 (0.8970)%(0.9157) PP (0. 9400) P (0.9739) RECC
with R2 = 0.465 Equation (6)
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Note that the coefficients are consistently carried out to four deci-
mal places in order to facilitate comparisons both across models and with
previous work in this area.[13] Also, it should be noted that each
of the coefficients is significantly different from zero (X = 0.05) mean-
ing that each of the corresponding factors (e.g., lane width) is important

“in explaining the variation in the outcome variable (i.e., accidents-per-
mile-per-year).

In examining the effects of certain potentially confounding vari-
ables, models incorporating terrain appeared useful and are presented here
for users with available terrain information. The general form of the
model is:

¢

amyy = ¢ (Aom) He (e, PAie,) P e ) TERL e ) TERZ  (oden 5)

Where:

1 if flat

TERL 0 otherwise

_ 1 if mountainous
TeRZ = 0 otherwise

Coefficients (C's) for models using H or RECC with the corresponding R2
values are provided in tables 20 and 21, respectively.

Table 20. Coefficients of models for accidents-per-mile-per-year (A/M/Y)
using roadside hazard rating (H) and terrain (TER).

Coefficient Variable AS A0 AT
Co | Constant 0.0019 0.0019 0.0016
Cq ADT 0.7841 0.8824 0.9638
Co W 0.9039 0.8786 0.8978
C3 PA 0.9281 0.9192 0.9451
Cq up 0.9286 0.9316 0.9657
Cg H 1.2899 1.2365 1.1701
Ce TERL 0.9645 0.8822 1.0111
Cy TER2 1.1723 1.3221 1.1800
R2 0.396 0.456 0.458
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Table 21. Coefficients of models for accidents-per-mile-per-year (A/M/Y)
using average recovery distance (RECC) and terrain (TER).

Coefficient | Variable AS AQ AT
Co Constant 0.0104 0.0076 0.0044
Cq ADT 0.7444 0.8545 0.9394
Cy W 0.9185 0.8867 0.9067
C3 PA 0.8933 0.8927 0.9231
Cq UP 0.9008 0.9098 0.9477
Cs RECC 0.9618 0.9715 0.9763
Ce TERL 0.8849 0.8182 0.9587
Cy TER?2 1.0953 1.2270 1.1316
R2 0.412 0.461 0.463

The final recommended model is given by the following:

0.8824 W PA H

(0.8786)"(0.9192) up

AO/M/Y = 0.0019 (ADT) (0.9316) " x (1.2365)

’ x (0.8822) 'ERL(1,3001)TER2 Equation (7)

This model was selected because (1) it includes head-on and sideswipe
accidents as well as single-vehicle accidents (all of which logically
should be affected by roadway geometric features); (2) the coefficients
~and the R2 value appear to be reasonable and consistent with the litera-
ture; and (3) terrain effects (flat, rolling or hilly) are incorporated
into the model.

Models using accident rates (e.g., A/100 MVM or single-vehicle acci-
dents per hundred million vehicle miles) were calibrated in parallel to
those for accidents-per-mile-per-year. In general, the RZ values were
considerably lower for models using A/100 MVM. Coefficients for Model 1
using accident rates and H are given in table 22. Coefficients for Model 1
using accident rates and RECC are shown in table 23.
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Table 22. Coefficients of models for accidents per 100 million vehicle-
miles (A/100 MVM) using average roadside hazard rating (H).

Coefficient | Variable AS ' AQ AT
Co Constant 505.67 482 .08 419.05
Cq ADT -0.2127 ~ -0.1146 -0.0308
Cy W 0.8970 0.8647 0.8923
C3 PA 0.9235 0.9101 0.9411
Cq up 0.9242 0.9233 0.9615
Cs H 1.3387 1.3378 1.2034
R2 0.242 0.232 0.095

Table 23. Coefficients of models for accidents per 100 million vehicle-
miles (A/100 MVM) using average recovery distance (RECC).

Coefficient | Variable AS AO AT
Co Constant 3534.62 3281.97 1441.30
Cq ADT -0.2602 -0.1521 -0.0613
Cy W 0.9080 0.8666 0.8996
Cs PA 0.8847 0.8741 0.9157
Cq up 0.8932 0.8933 0.9408
Cs RECC 0.9585 0.9642 0.9733
R2 0.261 0.235 0.104

Model Validation

"To validate the model, 75 percent of the data was randomly selected

to calibrate a model for AS/M/Y incorporating H. The following equation
resulted:

As/M/Y = 0.0024(ADT) O 799%(0.8843)%(0.9140) P (0.9248) %P (1.3013)"

with RZ = (.382 Equation (8)
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Note the similarity in the coefficients between equations (1) and (8).
Equation (8) was then used with the remaining 25 percent of the data to
create predicted rates (AS/M/Y)p which were compared with the observed
rates (AS/M/Y)g for this smaller file.

Examination of the observed and predicted rates for each of the 342
sections in the 25 percent sample found reasonable agreement in most cases,
with the largest (absolute and percentagewise) deviations occurring for
sections with very low or very high single vehicle accident rates. The
average deviation between the observed (0) and predicted (P) rates is
given by the following:

342 |
1 l(as/mrv)g - (asmvyp | = 0.3607 Equation (9)
302

T

Since the average single vehicle accident rate for all 1,362 sections was
0.73 accidents per mile per year, the average deviation was just slightly
less than half the average rate.

Residuals were also examined by plotting (AS/M/Y)g versus (AS/M/Y)p.
Deviations of the observed values from the predicted values reflect the
goodness of fit of the model. Again, generally the greatest deviations
percentagewise occur at the extremes. Overall, it is felt that, for the
type and quantity of data, the resulting model is reasonably good.

Other Issues

It was mentioned previously that the effects of certain potentially
confounding variables were examined. Confounding variables are those inde-
pendent variables other than those of primary interest (e.g., lane width,
paved shoulder width) whose effects on mileage accident rates are mixed up
(i.e., confounded) with the effects of the main variables. In this case,
ob§1ous potentially confounding variables include terrain (TER), curvature
(CURV), number of driveways per mile (NDRI), number of intersections per

mile (NINT), etc. Data limitations have precluded examining models 1in-
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corporating a number of confounding variables. However, an attempt was
made to examine the most likely candidate confounding variables.

First, terrain was included in models for AS, A0 and AT and the re-
sults were presented in tables 20 and 21. Comparison of the results shown
in table 20 with equations (1), (2), and (3) show very little change in
the coefficient estimates with the possible exception of H, while com-
parison of the results in table 21 with equations (4), (5), and (6) reveal
relatively minor differences between the coefficient estimates. The po-
tential importance of the remaining candidates 1is reflected in the cor-
relation matrix provided in table 24. A correlation coefficient with a
high absolute value means the two variables under study are closely re-
lated, and a correlation bf 1 or -1 means a perfect Tinear relationship.

Table 24. Correlation matrix for confounding variable candidates.

F::::: GRAD NDRI NINT LAS/M/Y | LAO/M/Y LAT/M/Y
- CURV 46?573 0.064 -0.057 0.195 O.E;gi 0.079
GRAD | -0.055 -0.035 0.005 0.017 -0.043
NDRI 0.425 0.358 0.403 0.421
NINT ~0.182 0.215 0.291
LAS/M/Y 0.971 - 0.892
LAO/M/Y 0.927
where:

LAS/M/Y = In [AS/(LxT)]

LAO/M/Y = 1n [AQ/(LxT)]

LAT/M/Y = In [AT/(LxT)]
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Possible problems involving multicollinearity between two or more in-
dependent variables were investigated. Multicollinearity occurs when in-
dependent variables are highly correlated making it difficult to separate
the effects of these variables in the analysis. For example, paved shoul-
der width and unpaved shoulder width would be expected to be highly nega-
tively correlated; i.e., wide paved shoulders would be expected to be
accompanied by narrow unpaved shoulders resulting in a fairly constant
total shoulder width . If so, it could be difficult to isolate the inde-
pendent effects of paved shoulder width and of unpaved shoulder widths on

accidents-per-mile-per-year due to this problem of multicollinearity.

To examine possible multicollinearity problems in the data, correla-
tion coeffficents were divided for all pairs of candidate independent
variables as shown in table 25.

Table 25. Correlation matrix for independent variables.

PA up RECC H ADT CURV | GRAD | NDRI | NINT
W |0.367 | -0.264 | 0.224 |-0.280 | 0.166 | -0.360 | -0.083 | -0.296 | -0.092
PA -0.513 | -0.070 [-0.153 | 0.184 | -0.193 | -0.094 | -0.210 | -0.095
up -0.128 | -0.126 | 0.130|-0.121 | 0.107 | 0.263 |. 0.309
RECC | -0.618 | -0.217 | -0.336 | -0.065 | -0.208 | -0.050
H -0.040 | 0.494 [ 0.192 | 0.071 | -0.084
ADT -0.162 | -0.121 | 0.349 | 0.267
CURV | | 0.373| 0.064 | -0.057
GRAD -0.055 | -0.035
NDRI 0.425
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It is seen, for example, that PA and UP are highly correlated (Pearson

r = -0.513). To try to factor out the effect of PA, a model was fit on

the 886 sections for which PA was 0. First Model 1 with PA = 0 was calib-

rated to produce a coefficient C4 for UP. Then, a model was fit to pro-
vide the remaining (adjusted) coefficients for the full model.

Table 26 presents the coefficients derived in this two-stage fashion
compared with those derived pfevious]y. _There 1is Tittle difference be-
tweeh the estimates, suggesting that the reasonably strong relationship
between PA and UP may not be very important in formulating the model. The
only variables showing a higher correlation are H and RECC and these are
~not utilized together in any of the models. Thus it would appear that

muiticollinearity may not be very important in this particular applica-
tion.

Table 26. Comparison of coefficients between models developed with a
two-stage process where PA = 0 and equations (1), (2), and (3).

AS/M/Y AO/M/Y AT/M/Y
Coeffi-

cient | Variable | 2-stage | Eqn. (1) | 2-stage| Eqgn. (2)| 2-stage | Eqgn.(3)

Co Constant | 0.0018 0.0018 | 0.0018 0.0017 | 0.0016 0.0015

C1 ADT 0.7944 0.7903 | 0.8986 0.8854 | 0.9823 0.9711
Co W 0.8960 0.8919 | 0.8629 0.8646 | 0.8890 0.8897
C3 PA 0.9240 0.9262 | 0.9074 0.9101 | 0.9373 0.9403
Cq up 0.9170 0.9256 | 0.9106 0.9233 | 0.9494 0.9602
Cs H 1.3302 1.3386 | 1.3226 1.3378 | 1.1899 | 1.2000
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Accident Reduction Factors

Several models were generated to predict single-vehicle accidents-
per-mile-per-year (AS), single-vehicle plus opposite direction head-on and
sideswipe along with same direction sideswipe (AO0) and total accidents
(AT). A1l of the final models have similar RZ values and reasonable
coefficients. The model that was used in the development of accident
reduction factors and predicted accidents is as follows from Model 5 and
table 20:

AO/M/Y = 0.0019(A0T)°-882%(0.8786)(0.9192)PA(0.9316) P

« (1.2365)7(0.8822) TERL (1.3221) TER?

R2 = 0.456 Equation (7)

This model was chosen because: (1) it includes head-on and sideswipe
accidents as well as single-vehicle accidents, (2) the coefficients and
the R2 value appear to be reasonable, and (3) a variable for inclusion
of terrain effects is included.

To illustrate the accident prediction model, A0 accidents-per-mile-
per-year were calculated for several lane width, shoulder width, hazard
rating, and ADT combinations, as shown in table 27. Values shown in the
table range from 0.08 AO/M/Y (for 12 foot lanes with 3 foot shoulders with
a hazard rating of 1, and an ADT of 400) to 3.53 AO/M/Y (for 10-foot lane
width, no shoulder, hazard rating of 7, and ADT of 4,000). Logically, the
number of related accidents-per-mile-per-year increases as lane and shoul-
der widths decrease and as ADT's and roadside hazard ratings increase.

The combined effects of lane width and paved shoulder width on re-
lated (A0) accidents are illustrated in figure 5 for ADT's of 1,000 and a
roadside hazard rating of 5 on a rolling terrain. Note that widening a
road with 9-foot lanes and no shoulder to 1l-foot lanes with a 4-foot
paved shoulder should reduce the related (A0) accidents nearly in half
(i.e., from 0.77 to 0.40 per-mile-per-year). Another illustration of the
predictive model is shown in figure 6 for an ADT of 4,000, and other con-
ditions similar to the previous figure. In this case, a roadway with an
11-foot lane width and a 4-foot paved shoulder would yield an expected
value of approximately 1.4 related accidents-per-mile-per-year. This com-
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pares with the value of 0.4 related accidents-per-m11e-per-year shown in
figure 5 for a similar section having an ADT of 1,000. Another graphical
illustration of the predictive model is given in figure 7 for ADT's of
400 to 8,000 and for three types of terrain: flat, rolling, and mountain-
ous (having roadside hazard ratings of 2, 4, and 6, respectively). This
figure shows the expected difference in related accidents for these three
conditions, assuming lane width of 11 feet, and unpaved shoulder widths of
4 feet in each case. These are only three of the many possible graphs
which could be developed to illustrate the interactions of traffic roadway
variables on related accidents based on the selected predictive model.

In order to determine the peréent of related accidents that would be
reduced due to lane or shoulder widening projects, accident reduction (AR)
factors were developed using the model. These values of AR factors were
determined by computing the difference in related accidents between the
before and after conditions (from the model) and dividing that value by
the predicted accidents 1in the before condition. Accident reduction
factors for lane widening only are shown in table 28. Table 28 reveals
that as the amount of lane widening increases, the percent reduction in
related accidents also increases. Accident reduction factors for shoulder
widening and surfacing are shown in table 29. This table reveals that
wider shoulders are associated with a reduction in related (A0) accidents.
Paving a shoulder results in a slightly higher AR factor.

AR factors for various combinations of lane and shoulder widening are
shown in table 30. AR factors in this table range from 4 percent (paving
an existing shoulder and no lane widening) to 78 percent (adding a 12-foot
paved shoulder while widening lanes by 4 feet). To determine the number of
related accidents-per-mile-per-year that would be reduced due‘to lane or
shoulder widening, multiply the number of related accidents-per-mile-per-
year before the improvement (from the model) by the appropriate AR fac-
tor.

To illustrate the use of these tables, assume an existing two-mile
section with an ADT of 1,000, a lane width of 10 feet, no shoulder, and a
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Table 28. Percent accident reduction of related accident types for
lane widening only.

Amount of Lane

Widening (ft.)

Percent Reductioh in Related
Accident Types (percent)

1
2
3

12
23
32
40

Table 29. Percent accident reduction of related accident types for
shoulder widening only.

Amount of Shoulder

Percent Reduction in Related
Accident Types

Widening (ft.) per Side :
Paved " Unpaved
2 16 13
4 29 25
6 40 35
8 49 43

79



Table 30. Accident reduction factors for related accident types for
various combinations of lane and shoulder widening.

Percent Related Accidents Reduced
Existing Shoulder Width Future Shoulder Width (After Condition)
{Before Condition)
Amount of Lane | Shoulder | Surface 0 ft shoulder | 3 ft. shoulder [ 6 ft. shoulder |9 ft. shoulder] 12 ft. shoulder
Widening (ft.) Width Type " Faved [ Unpaved | Paved | Unpaved | Paved ] Unpave ave npaved
4 0 N/A 40 54 52 64 61 72 68 78 74
3 Paved - 40 -- 54 -- ] -- 72 -
3 Unpaved -- 43 40 55 52 65 61 73 68
6 Paved -- -- -- 40 -~ 54 -- 64 --
6 Unpaved -- -- -- 45 40 57 52 67 61
3 0 N/A 32 47 45 59 56 68 64 75 71
3 Paved -- 32 -- 47 -- 59 -- 68 --
3 Unpaved -- 35 32 49 45 61 3 69 64
6 Paved -- -- -- 32 -- 47 -- 59 --
6 Unpaved -- -- -- 37 32 51 45 62 56
9 Paved -- -- -- -- -- 32 -- 47 --
9 Unpaved -- -- -- -- -- 40 32 53 45
2 0 N/A 23 40 8 53 49 64 59 72 67
3 Paved - 23 -- 40 -- 53 -- 64 --
3 Unpaved -- 26 23 42 38 55 49 65 59
6 Paved -- - - 23 -- 40 -- 53 --
6 Unpaved -- -- -- 29 23 45 38 57 49
9 Paved -- -- -- -- -- 23 -- 40 --
9 Unpaved -- -~ -- -- -~ 32 23 47 38
1 0 N/A 12 32 29 47 43 59 54 68 62
3 Paved -- 12 -- 32 -- 47 -- 59 -
3 Unpaved - 16 12 34 29 49 43 60 54
6 Paved -- -- -- 12 -- 32 -- a7 --
6 Unpaved -- -- -- 19 12 37 29 51 43
9 Paved -- -- -- -- -- 12 -- 32 --
9 Unpaved -- - -- -- - 22 12 39 29
12 Paved -- -- -- -- -- -- - - 12 --
12 Unpaved -- -- -- -- -- D - 25 12
0 0 N/A * 22 19 40 | 35 53 47 84 57
3 Paved -- ¥ -- 22 == 40 - 53 -2
3 Unpaved -- q 3 25 19 42 35 55 47
6 Paved -- - -- * -- 22 -- 40 --
6 Unpaved -- -- -- 8 * 28 19 44 35
9 Paved -- -- -- -- -- * -- 22 --
9 Unpaved -- -- -- -- .- 11 X 31 19
12 Paved -- -- -- -~ -- -- -- X --
12 Unpaved -- -- -- -- -- -- -- 15 *

* No change in roadway.

-- Thése cells are left blank,

since they would correspond to projects

which would decrease shoulder width and/or change paved shoulders to

unpaved shoulders,
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roadside hazard rating of 5. This would correspond to 0.68 related acci-
dents per mile per year x 2 miles = 1.36 related accidents per year.
Widening to 12-foot lanes and 6-foot gravel (unpaved) shoulders would re-
sult in a 49 percent reduction in related accidents according to table 30.
This translates to (0.49 x 1.36) = 0.67 related accidents reduced per year

on the two-mile section.

Based on the AR factors developed from the model, the same percentage
of accidents will be reduced for a specific amount of lane or shoulder
widening, regardless of the lane width or shoulder width in the before
condition. For example, adding 3 feet of paved shoulder to a 10-foot lane
with no shoulder would result in the same accident reduction percentage as
adding 3 feet of shoulder to a 12-foot lane with an existing 6-foot paved
shoulder. However, the actual number of related accidents reduced (per-
mile-per-year) will be‘greater for adding the 3-foot paved shoulder to the
10-foot lane, since the model would also predict a greater number of acci-
dents for the section with the 10-foot lane. Greater overall benefits
would result, then, from adding the 3-foot shoulder to the 10-foot lane.

Table 31 illustrates the differences in related accidents for several
examples of lane and shoulder-widening projects. Widening an 8-foot lane
with no shoulder to an 1l-foot lane with a 3-foot paved shoulder (net °
width increase of 6 feet) would result in a greater reduction in the num-
ber of related accidents (0.84 AQO/M/Y) than widening a 10-foot lane with
no shoulder to a 12-foot lane with a 6-foot paved shoulder (0.55 AO/M/Y)
(net width increase of 8 feet). This illustrates the increased benefits
for widening narrower lanes and shoulders, even though the actual amount
of widening is less.

AR factors were also developed to determine the percentage of related
(AO) accidents that would be reduced due to lowering the roadside hazard
ratings as shown in table 32.
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Table 32. Accident reduction factors due to reducing
roadside hazard rating.

Reduction in Roadside Reduction in Related
Hazard Rating Accidents (%)

19
34
47
52
65

W

The table indicates that a reduction in roadside hazard rating of 1
(i.e., from 7 to 6, 6 to 5, 5 to 4, ... or 2 to 1) due to a roadside im-
provement would be expected to reduce related (A0) accidents by 19 per-
cent. Similarly, larger reductions. in roadside hazard ratings will reduce
a greater percent of related accidents. Thus, a reduction in roadside .
hazard of 5 (i.e., 7 to 2) wou1d‘be expected to reduce related accidents
by 65 percent. ' '

Several questions may be raised regarding the effects of reducing
roadside hazard. First of all, the roadside hazard scale is an ordinal
~ scale and a hazard rating of 4 is not necessarily twice as hazardous as a
rating of 2. Thus, it may be difficult to understand how a change in haz-
ard rating of 7 to 5 would yield a similar accident reduction (34 percent)
as a change from 3 to 1 (i.e., both would reduce hazard rating by 2). This
‘result is due to the nature of the accident model and the equivaient ef-
fect on accidents for each unit of increase in the roadside hazard scale.
It should be mentioned, however, that the model will pfedict a higher
number of accidents with a rating of 7 than for a rating of 3., Thus, a
reduction in hazard ratings from 7 to 5 will result in greater accident
benefits than a reduction from 3 to 1.

Accident reduction factors were also computed for various increases
in the roadside recovery distance (RECC), as shown below in table 33. An
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Table 33. Accident reduction factors due to increasing roadside
clear recovery distance.

Amount of Increased
Roadside Recovery Reduction in Related
Distance (feet) Accidents (percent)

5 13

8 21

10 25
12 29

15 35

20 44

increase in recovery distance (measured from the outside edge of the
shoulder) of five feet would reduce related (A0) accidents by 13 percent.
Providing 20 feet of additional roadside recovery distance (e.g., from 5
to 25 feet) would reduce related accidents by 44 percent, according to the
model.

One of the issues of importance in applying accident reduction fac-
tors in table 32 and 33 above is determining what action is needed to in-
crease the recovery distance. Examples of such treatments may include:

Tree removal

Relocating utility poles

Undergrounding utility lines

Flattening sideslopes and removing obstacles

Providing traversable culverts

Measures to reduce the hazard rating may include all of those cited above
plus others such as:

e Installing guardrail in front of a steep slope or rigid objects
e Providing breakaway bases to light poles and/or sign posts.

ITlustrations are given in chapter 7 of various roadside improvements and

their corresponding costs and benefits.

84



CHAPTER 6 - ROADSIDE FEATURES ANALYSIS

The previous chapter involved analyses of expected accident reduc-
tions due to improving lane and shoulder widths, shoulder surfaces, and
general measures of roadside hazard. More detailed information was desired
of the accident effects of roadside features in urban and rural areas.
This chapter summarizes the results of efforts to address eight specific
issues considered of primary importance relative to roadside features.

Roadside Question 1. What are the relative effects of various roadside
conditions on singie-vehicle accidents?

In general, rates of single vehicle accidents decreased for wider
~lanes, wider shoulders, and increased roadside recovery distance. Flatter
sideslopes were associated with Tower rates of single-vehicle accidents
for roads with ADT's above 1,000,

The first analysis to address this issue involved computing the
single-vehicle accident experience for various ADT groups ana for three
roadside conditions: (1) sections with nonclear zones (assumed to be those
with average recovery distances of 10 feet or less), (2) sections with
reasonable clear zones and sideslopes of approximately 4:1 (includes sec-
tions with average recovery distances of greater than 10 feet and median
sideslopes of 3:1, 4:1, or 5:1) and (3) sections with clear zones of 10
feet or more with sideslopes of 6:1 or flatter. These were considered to
be roughly comparable to the three groups used by Graham and Harwood.[zz]

A summary of results is given in table 34, which shows single-vehicle
accidents-per-mile-per-year increasing with increasing ADT for each group,
as expected. These rates are unadjusted for other roadway factors and the
single-vehicle accident types (i.e., fixed object, rollover, and other
run-of f-road) are the same types included in earlier single-vehicle analy-
ses. Single-vehicle accident rates (accidents per 100 MVM) decrease with
‘increasing ADT, which agrees with the findings of Graham and Harwood and
the Kentucky study by Zegeer.[7] Values of single-vehicle accidents-per-

mile-per-year are roughly double for the sites with nonclear zones, com-
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pared to the group with 10-foot clear zones. The single-vehicle accident
rates are also higher for all ADT groups within the nonclear zone sites,
compared to the others, by a factor of approximately two. '

A comparison of the two groups with clear zones revealed that single-
vehicle accidents-per-mile-per-year were about the same for ADT groups of
2,000 or less. For ADT's of 2,000 to 7,500, single-vehicle accidents-per-
mile-per-year and the accident rates were slightly less for 6:1 clear
zones than for 4:1 clear zones. The rate of single-vehicle accidents
showed no consistent difference between the 4:1 and 6:1 clear zones. How-
ever, the table clearly indicates a lower rate of single-vehicle accidents
associated with flatter slopes for roadways with ADT's above 1,000.

A comparison was made of the single-vehicle accident rates in table 34
with the findings from the clear zone study by Graham and Harwood (1982).
[22] First of all, the mean rates and frequencies of single-vehicle
accidents in the current seven-State study were approximately twice those
presented by Graham and Harwood. This is believed to be partly explain-
able by lower levels of accident reporting of property damage accidents
from one of the States where most of the data were obtained in the Graham
and Harwood (1982) study. Otherwise, the general trends between the two
data bases agreed in terms of higher rates and frequencies of single-
vehicle accidents for sections with non-clear zones. The Graham and Har-
wood (1982) study, however, found more of a difference in accidents be-
tween the 4:1 and 6:1 clear zone sites. This could be due to different
definitions of clear zone used in the two studies. For example, in the
Graham "and Harwood (1982) study, the clear zone was assumed to be the
design policy used by the State for a given section.[22] However, in -
the current study,~the clear zone definition was a median recovery dis-
tance of more than 10 feet.

Single-vehicle accident rates were also computed for various combina-
tions of lane width, shoulder width, and average roadside recovery dis-
tance, as shown in table 35. Rates of single-vehicle accidents were ad-
justed for ADT. Rates of single-vehicle accidents decreased for wider
lanes, wider shoulders, and increased roadside recovery distance. Of par-
ticular note was the low rate of single-vehicle accidents found for most
cases of 17 to 30-foot roadside recovery distances.
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Table 35. Results for lane width, shoulder width, and average roadside
recovery distance using rural sections.

Mean Adjusted Single Vehicle Accidents/100 MVM

Average Roadside Recovery
Distance, ft.
Lane Shoulder

Width, ft. Width, ft. 0-8 9-16 17-30
0-3 203 . 183 87

(130) (47) (20)

8 - 10 4 -5 140 119 70
(95) (80) (58)

6 - 13 144 85 43

(19) (104) (67)

0-3 146 133 58

(100) (95) (92)

11 - 14 4 -5 122 77 46
(92) (121) (86)

6 - 13 96 74 45

(50) (301) (244)

( ) = Number of sample sections given in parenthesis.

~ Note: Control

led for ADT.
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Unadjusted single-vehicle accident rates for urban areas are given 1in
table 36 for various lane width categories. Drastic reductions in single-
vehicle accident rates may be observed for increases in average roadside
recovery distances. These trends are consistent for all three lane width
groups.

Roadside Question 2. What is the effect of sideslope on the rate of
single-vehicle and rollover accidents?

Increased rates of single-vehicle and rollover accidents were found
to be associated with steeper sideslopes, for rural, two-lane roadway
sections having sideslopes of 2:1 or steepef, 3:1, 4:1, 5:1, 6:1, and 7:1
or flatter. The rate of single-vehicle accidents decreases linearly for
sideslopes ranging from 3:1 to 7:1 or flatter. However, only a slight
reduction in single-vehicle accidents was found for 3:1 sideslopes, com-
pared to sideslopes of 2:1 or steeper. These results were based on log
linear accident predictive models which include controls fqr the effects
of ADT, lane width, shoulder width, and roadside recovery distance.
Expected reductions in single-vehicle accidents due to sideslope flatten-
ing ranged from 2 to 27 percent, depending on the sideslope before and
after the improvement. Rates of rollover accidents were significantly
lower for sections with sideslopes of 5:1 or flatter, compared to those
with sideslopes of 4:1 or steeper.

The analysis of sideslope effects on accident experience was based
solely on an analysis of 595 rural roadway sections (1,776.85 miles) in
three States (Alabama, Michigan, and Washington) where field measurements
of sideslope were available. The rural sections were not used where only
photolog "estimates" of sideslope were available, since a previous analy-
sis found that sideslope estimates from photologs were of insufficient
accuracy (compared to field measurements). Thus, even though a reduced
sample of rural sections was used for this analysis, the greater accuracy
of the sideslope measurements was considered desirable and the sample size

was more than adequate for detailed analysis and accident modelling.
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Table 36.

Single vehicle accident rate (acc/100 MYM) by

lane width and

average roadside recovery distance for urban sections in seven States.

Lane Average Roadside Recovery Distance (ft)

?;igh 0tob 6 to 10 11 to 15 16.to 30

<10 105(14) 76(11) 24(10) ‘23(5)
11 130(4) 100(15) ‘54(17) 37(7)

> 12 135(15) 97(15) 74(19) 56(11)

( ) = Numbers of sample sections are given in parenthesis.
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This analysis consisted of fitting log linear regression models to
two different dependent variables: single-vehicle accident rate (Ag) and

rollover accident rate (Ag). The accident rates for Ag and AR were
in terms of accidents per 100 million vehicle-miles. Single-vehicle acci-
dents include three types: fixed object, rollover, and other run-off-road
accidents, and each accident was counted only once. '

For each of the 595 sample sections, the median (i.e., 50 percentile)
sideslope measurement was used as the most representativé sideslope, even
though sideslopes may vary considerably within a given section. Each sec-
tion was then classified into one of the following six sideslope catego-
ries: 2:1 or steeper; 3:1; 4:1; 5:1; 6:1; or 7:1 or flatter.

A series of log linear models were fit to single-vehicle accident
rates starting with simple models containing only sideslope (SS) as an
independent variable, then including other relevant variables, such as
lane width (W), shoulder width (SW), roadside recovery distance (RECC),
ADT, and roadside hazard rating (H). Sideslope was included in two dif-
ferent forms: as a continuous variable with values 1, 2, 3, etc. (indicat-
ing slopes of 1:1, 2:1, 3:1, etc.) and as a categorical variable with six
categories (1:1 and 2:1), (3:1), (4:1), (5:1), (6:1), and (7:1 or flat-

ter). In each model, sideslope was found to have a statistically signifi-
‘cant ef fect, where segments with steeper sideslopes had higher rates of
single-vehicle accidenfs than sections with flatter sideslopes.

The best predictive models for single-vehicle accidents were found to
contain the variables lane width, shoulder width, roadside recovery dis-
tance (as measured from the outside of the shoulder to the nearest road-
side hazard), ADT, and sideslope. Roadside recovery distance was measured
from the outside of the shoulder because the shoulder width is already
accounted for in the model. An examination of the categorical model forms
showed that sideslopes of 3:1 or greater had significantly higher single-
vehicle accident rates than those of 4:1 or flatter. Thus, the form of
log-linear model for single-vehicle accident rate (As) using two cate-
gories of sideslope was as follows:

RECC( ADT(

Ag = 793.58 (1.191)°5(0.845)%(0.974) 0.99994)R0T(0.908)¥ Equation (10)
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where,

As = The rate of single-vehicle accidents (in accidents/100 MVM)

SS = Median (50 percentile) sideslope measure, where SS = 1 if
sideslope is 3:1 or steeper, or 0 otherwise

ADT = Average daily traffic (50 to 10,000)
W = Lane width in feet (8 to 13)
SW = Total shoulder width (paved plus unpaved) in feet (0 to 12)

RECC = Median (50 percentile) roadside recovery distance from the
outside edge of the shoulder to the nearest roadside obstacle
or hazard ?0 to 30 feet).

In the model given above, each of the roadway variables was signifi-
cant (including sideslope), in terms of affecting the rate of single-vehi-
cle accidents. Since SS in this model takes on only values of 0 or 1, it
follows that having a steep (i.e., 3:1 or steeper) slope is associated
with a 19 percent higher rate of single-vehicle accidents than a flatter
slope (i.e., 4:1 or flatter). This is because a factor of 1.191 (i.e.,
1.1911. = 1.191) would be multiplied by the remaining terms for a
steep sideslope, compared to a factor of 1.000 (i.e., 1.1910 = 1) for a
sideslope of 4:1 or flatter.

While the results of this model are based on significant affects of
sideslope (flat vs. steep) on single-vehicle accident rate, there was a
need to further refine the model for more sideslope categories. This
would, for example, allow for determining the incremental effects of side-
slopes of 2:1 or steeper, 3:1, 4:1, 5:1, 6:1, and 7:1 or flatter. Thus,
the best sideslope model of this type was:

Ag = 731.16 (0.839)%(0.99995)A0T (0.975)RECC (0. 909) S¥(1.373) 551 (1.349) 552

(1.238)°°3(1.164)>%*(1.091)>° Equation (11)
where,
SS1 = 1 if sideslope = 2:1 or steeper, or 0 otherwise,
SS2 = 1 if sideslope = 3:1, or O otherwise, \
SS3 =1 if sideslope = 4:1, or 0 otherwise,
SS4 = 1 if sideslope = 5:1; or 0 otherwise,
SS5 =1 if sideslope = 6:1, or O otherwise,
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Note that for a sideslope of 7:1, the last 4 terms of the equation
would each become 1.0. For a sideslope of 2:1 or 1l:1, the last three
terms of the equation become 1.0 and the temm (1.373)SSl = (1.373)1
= 1.373, so the remaining terms of the equation are multiplied by a factor
of 1.373. Likewise, for a sideslope of 3:1, the corresponding factor would
be 1.349, and so on.

This model indicates that the rate of single-vehicle accidents de-
creases steadily for sideslope categories of 3:1, 4:1, .. to 7:1 or flat-
ter, as illustrated in figure 8. Note that the figure shows a ratio of
the single-vehicle accident rate for a given sideslope (e.g., 3:1) to the
single-vehicle accident rate for a sideslope of 7:1 or flatter. These
values are based on the coefficients from the predictive model and using
the 7:1 or flatter category as the basis of comparison. Avreview of
figure 8 shows, for example, that the single-vehicle accident rate is 1.24
times higher on roads with a 4:1 sideslope than on roads with a sideslope
of 7:1 or flatter. Note that 1ittle difference is found for sidesliopes of
3;1; compared to those of 2:1 or steeper. This would indicate that flat-
tening sideslopes from 2:1 or steeper to 3:1 would be of little, if any,
value in reducing single-vehicle accidents.

Based on the model results for various sideslopes, a table was devel-
oped of likely reductions in single-vehicle accidents due to various side-
s]ope‘f1atten1ng projects, as given in table 37 below.

Table 37. Summary of expected percent reduction in single-vehicle
accidents due to sideslope flattening.

Sideslope in After Condition

Sideslope ‘

in Before 7:1 or

Condition 3:1 4:1 5:1 6:1 Flatter
2:1 -2 10 15 21 27
3:1 0 8 14 19 26
4:1 - 0 6 12 19
5:1 - - 0 6 14
6:1 - - - 0 8
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From this table, assume an existing sideslope of 2:1 on a two-lane rural
highway section. A sideslope flattening project would be expected to
reduce single-vehicle accidents by only 2 percent, if flattened to 3:1;
10 percent if flattened to 4:1; and 27 percent if flattened to 7:1 or
flatter. Similarly, flattening of a 4:1 sideslope to 7:1 or flatter would
be expected to yield a 19 percent reduction in single-vehicle accidents.

The R2 value for this model was 0.19, which 1indicates that only
19 percent of the variation in single-vehicle accident rate is explained
by the other variables. While this may appear to be less than desirable,
it should be remembered that high RZ values rarely result from predic-
tive modelling of accident experience, due to random accident fluctua-
tions, imperfect accident reporting systems, effects of driver and vehicle
factors on accidents, etc. Also, accident rates tend to fluctuate widely,
particularly on low volume roads.

In spite of the R2 values, the model was found to be desirable in
terms of reasonableness of coefficients, significance of the model
(0.0001), inclusion of important variables (which each had- significant
effects on single-vehicle accidents), logical relationships between acci-
dents and other variables, and reasonable predictive ability compared with
real-world data.

An example is given in figure 9 of single-vehicle accident rates for
six groups of sideslope and for lane widths of 9 to 12 feet based on the
predictive model. All curves are for sections with. an ADT of 1,000, a
shoulder width of 4 feet, and a 10-foot roadside recovery distance (beyond
the shoulder edge). To illustrate the use of figure 9 for a lane width of
11 feet, sideslopes of 3:1, 4:1, and 6:1 would yield expected single-
vehicle accident rates (accidents/100 MVM) of 72, 66, and 58, respec-
tively.

The curves in figure 9 can also be used to determine trade-offs of
the effects of lane width and sideslope. For example, for a roadway sec-
tion with 1,000 ADT, 4-foot shoulders, 10-foot roadside recovery distance,
10-foot lane width, and a 4:1 sideslope, the expected single-vehicle acci-
dent rate is 79 (accidents/100 MVM). Widening this roadway to 11 feet
would reduce the single-vehicle accident rate to 73, even if the resulting
sideslope were 2:1. Thus, in this example, one foot of lane widening at
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the expense of a steeper sideslope should not adversely affect the rate of
single-vehicle accidents. While other types of comparisons can also be
made from figure 9, the use of the predictive equation would allow for
comparing the effects of sideslope changes on single-vehicle accident rate
versus lane and shoulder widening and roadside improvements.

Similar types of log linear models were tested using the rollover
accident rate (AR) as the dependent variable. The best model for the
rollover accident rate was:

Ay = 192.99 (1.319)°>(0.849)"(0.983)%CC(0.99984)*"T(0.958)>" Equation (12)
Where:

AR = rollover accidents per 100 million vehicle miles

SS = 1 if sidesiope is 4:1 or steeper, or 0 otherwise

This model only has two categories of sideslope, since no consistent
trends were found in rollover rate for more defined sideslope groups.
Note that in this model, a 4:1 sideslope was included with the steep (3:1
- and 2:1 or steeper) group. This could indicate that sideslopes of 5:1 are
clearly more desirable than 4:1 slopes in preventing rollover accidents.
Another explanation is that some vehicle types, such as mini-cars, are
having a rollover accident problem on 4:1 sideslopes as well as on 3:1 and
2:1 slopes, which could partly account for the relatively high rollover
accident rate for 4:1 sideslopes.

It should also be remembered that for each of the sample sections,
the recorded sideslope is the 50th percentile (median value) of all of the
field measurements. A section labelled as having a 4:1 sideslope actually
consists of a range of sideslopes (e.g., 2:1 to 6:1) with 4:1 as the
median value. Thus, in the data base, each section labelled as 4:1 could
have as much as 49 percent of the measurements which are steeper than 4:1
(i.e., 3:1 or 2:1) and the rest 4:1 or flatter. It is, therefore, quite
possible that the "so-called" 4:1 sideslope sections have rollover acci-
dent rates similar to the 3:1 and steeper category because these sections
consist of a substantial portion of 3:1 and 2:1 sideslopes. The so-called
5:1 sideslope sections are more likely to consist of sideslopes primarily
of 4:1, 5:1, and 6:1 and thus, have less likelihood of rollover accidents.
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Another point worth mentioning is that rollover accidents represent
only 23 percent of single-vehicle accidents (and only 8 percent of total
accidents) in the data base, so relatively small samples of rollover acci-
dents could cause less reliability than the use of single-vehicle acci-
dents., Also, the actual density of roadside fixed objects (e.g.; trees)
is generally greater on sections with steeper slopes than on sections with
flat slopes. Thus, if a vehicle runs off the road onto the sideslope, it
may hit a roadside obstacle before having a chance to rollover if the
roadside is covered with trees close to the road. Because of such consid-
erations, it was believed that the rate of single-vehicle accidents was a
better indication of sideslope effects than the rate of rollover acci-
dents.

The single-vehicle accident model discussed earlier (and correspond-
ing accident reductions) for various sideslopes provides perhaps the most
reliable results currently available of sideslope effects on accidents.
However, there still remains considerable uncertainty relative to the
precise rollover potential of various sideslopes (in conjunction with

ditch types, height of fill, shoulder dropoff, etc.) for different vehicle
characteristics.

Roadside Question 3. What are the relationships between various types of
fixed objects and their corresponding accident types?

For each type of roadside obstacle tested (i.e., utility poles, mail-
boxes, culverts, signs, guardrail, fences, and trees), the specific types
of fixed-object accidents-per-mile-per-year increased for (1) increasing
ADT, (2) closer obstacle distance from the road, and (3) increasing num-
bers of obstacles per mile.

As discussed previously, a detailed roadside obstacle inventory was
available for the total data base for specific types of point and contin-
uous objects. Also, accident data by type of fixed object were available
for several of the same obstacle types. However, not‘a11 States record
all of the desired types of obstacles struck. For example, the only types
of fixed object accidents available from Utah were those involving signs,
utility poles, guardrails, and fences, whereas all 15 of the different
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types of obstacles coded for this research were available in the Alabama
accident file. The following analysis includes sections in both urban and
rural areas.

Detailed summaries of specific types of fixed object accidents-per-

" mile-per-year were made for the following: (1) utility poles, (2) mail-

boxes, (3) culverts, (4) signs, (5) guardrail, (6)/fences, and (7) trees.

Sections selected for use in the analysis were only those in which the
corresponding obstacles existed. For example, the guardrail analysis only
considered sections which contained between one and ‘60 percent guardrail

coverage along the road. The analysis of utility pole accidents only in-

cluded sections with five to 100 utility poles per mile. Other ranges of

obstacles used for fnc]uding sections were one to 50 signs per mile, 0.5

or more culverts per mile, one to 40 percent coverage of fences, one to 50
mailboxes per mile, and more than one percent coverage of trees. ‘Thus,

sections with trees but no guardrail were used in the tree analysis but

not in the guardrail analysis. The selection of sections for each type of

obstacle analysis was made independently of accident experience, to avoid

bias. : -

For the summary tables (38-44), the obstacle accidents-per-mile-per-
year are actual means and not adjusted for other factors. Thus, the
values in these tables are more accurate representations of actual values
of accidents by type of obstacle. Note that the values are summarized by
grouping of ADT, number of obstacles, and distance from the road by type
of obstacle so those factors are accounted for. In fact, past research
indicates that these are the factors of most importance in fixed object
accidents. |

The results of the utility pole analysis are summarized in table 38,
for conditions with five to 20 poles per mile (top table), 20.01 to 40
poles per mile (middle table) and 40.01 to 100 poles per mile (bottom
table). Mean numbers of wutility pole accidents-persmile-per-year “are
given for five ADT groups and for éverage pole offsets of zero to 10,
10.01 to 20, and 20.01 to 30, with number of sample sections given in par-
enthesis. Thus, for example, for a section with 60 utility poles per mile

within 10 feet of the roadway, and an ADT of 3,000, the average number .of
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Table 38. Summary of utility pole accidents (per-mile-per-year) by ADT
group, average distance from travel time, and poles per mile.

. ;:;Eﬂ»‘"

2.

"!» i

LR SRS

Utility Poles per Mile 5 to 20
‘Average Distance From Travel Lane (ft)
Gagzp 0 to 10 10.01 to 20 20.01 to 30 Téta1s
50 - 1,000 0.022(7) 0.024(68) 0.011(85) 0.017(160)
1,001 - 2,000 0.023(3) 0.036(81) 0.026(80) 0.031(164)
2,001 - 4,000 0.069(3) 0.051(63) 0.027(132) 0.035(198)
4,001 - 7,500 0.485(6) 0.089(50) 0.031(77) 0.073(133)
> 7,500 * (1) 0.193(19) 0.066(30) 0.113(50)
Totals 0.167(20) 0.057(281) 0.027(404) 0.043(705)
Utility Poles per Mile 20.01 to 40
Average Distance From Travel Lane (ft)
G’:?Lp 0 to 10 10.01 to 20 20.1 to 30 Totals
50 - 1,000 * (2) 0.022(11) £ 0.083(7) 0.048(20)
1,001 - 2,000 0.078(3) 0.068(30) 0.023(16) 0.054(49)
2,001 - 4,000 0.195(8) 0.154(79) 0.052(49) 0.120(136)
4,001 - 7,500 0.574(15) 0.297(56) 0.093(58) 0.237(129)
> 7,500 0.503(4) 0.282(37) 0.063(16) 0.236(57)
Tot als 0.392(32) 0.195(213) 0.068(146) 0.164(391)
Utility Poles per Mile 40.01 to 100
Average Distance From Travel Lane (ft)
Gﬁgzp 0to 10 10.01 to 20 20.01 to 30 Totals
50 -1,000 [ *(0) ©0.022(3) * (2) 0.013(5)
1,001 - 2,000 0:176(3) 0.253(5) * (0) 0.224(8)
2,001 - 4,000 0.233(10) 0.313(23) 0.062(6) 0.254(39)
4,001 - 7,500 0.985(10) 0.362(42) 0.166{14) 0.414(66)
> 7,500 1.346(22) 0.522(49) 0.236(11) 0.705(82)
Totals 0.940(45) 0.404(122) 0.160(33) 0.484(200)

( ) = Numbers of sample sections are given in parenthesis.

* = Accidents not given for cells with less than 3 sample sections,

Note: Sample sections include urban and rural sections in all seven
States for sections with 5 to 100 utility poles per mile within 30
feet of the travel lane.
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“utility pole accidents per mile per year was 0.233. Notice that the acci-
dent experience generally increases as ADT increases, and also for poles
closer to the roadway and for higher numbers of utility poles per mile.

A comparison was made between these utility pole accident Tlevels and
corresponding levels from the utility pole study by Zegeer for FHwA.[14]
Two sets of sample conditions were selected from table 38. The first set
of conditions includes: 20.01 to 40 poles per mile, 2,001 to 4,000 ADT,
and poles 10.01 to 20 feet from the road. |

The average utility pole accidents-per-mile-per-year for those condi-
tions from table 38 is 0.154. Using the midpoint values of ADT, pole off-
sets, and poles per mile, the predictive equation from Zegeer would yield
0.227 utility pole accidents-per-mile-per-year for 30 poles per mile,
3,000 ADT, and 30 foot offsets. The value of 0.154 compares roughly the
same order of magnitude as 0.227 from the Zegeer model. A second case
tested was for an ADT of 4,001 to 7,500, poles 10.01 to 20 feet from the
road, and 40.01 to 100 poles per mile. Table 38 gives a value of 0.362
uti]ity pole accidents-pe?-mile-per-year. The predictive equation yields
a value of 0.559 for midpoint values of 5,750 ADT, 70 poles per mile, and
15-foot pole offsets. Again the value in the table falls -slightly below
the result from the predictive equation. The slightly higher utility pole
accidents from the Zegeer model may be largely due to the selection of
sample sections in the Zegeer study, in which roadway sections were ex-
cluded if the utility poles were blocked by other obstacles, since a
"clear" relationship was desired between utility pole accidents and pole
density and offset. Also, pole density was'expressed in terms of "clear"
poles per mile (not blocked by other objects). In the current data base
many of the utility poles are likely blocked by other obstacles.

Results of mailbox accidents in table 39 are given for one to five,
5.01 to 10, and 10.01 to 50 mailboxes per mile. Mailbox accidents gener-
ally increase with increasing ADT and increasing mailboxes per mile. How-
ever, the offset of mailboxes appears to have Tittle effect on the mailbox
accident experience. This may be due partly to small sample sizes in some
cells, or other factors (i.e., a lower percentage of accidents involving
vehicles hitting mailboxes at closer offsets are reported since many
motorists involved in these accidents may drive away).
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lable 39. Summary of mailbox accidents (per-mile-per-year) for sections
by ADT levels and frequency of mailboxes.

Mailboxes per Mile = 1 to §
Average Distance from Travel Lane (ft.)
Gﬁgzp 1to7 7.01 to 12 12.01 to 30 Totals
50 - 1,000 0.003(39) 0.008(35) 0.007(13) 0.005(87)
1,001 - 2,000 0.018(23) 0.012(65) 0.003(16) 0.012(104)
2,001 - 4,000 0.011(20) 0.012(83) 0.017(45) 0.013(148)
> 4,000 0.027(20) 0.039(80) 0.047(42) 0.040(142)
Totals 0.013(102) 0.020(263) 0.025(116) 0.019(481)
Mailboxes per Mile = 5.01 to 10
Average D{stance from Travel Lane (ft.)
Gﬁgﬂp lto7 7.01 to 12 12.01 to 30 Totals
50 - 1,000 0.007(11) 0.005(10) * (2) 0.007(23)
1,001 - 2,000 0.009(7) 0.019(43) 0.014(5) 0.017(55)
2,001 - 4,000 0.051(13) 0.043(49) 0.032(25) 0.041(87)
> 4,000 0.077(22) 0.063(83) 0.072(33) 0.067(138)
Totals 0.047(53) 0.044(185) 0.050(65) 0.046(303)
Mailboxes per Mile = 10.01 to 50
Average Distance from Travel Lane (ft.)
Gﬁglp lto7 7.01 to 12 12.01 to 30 Totals
50 - 1,000 * (2) * (1) * (0) * (3)
1,001 - 2,000 0.094(4) 0.020(18) 0.000(3) 0.030(25)
2,001 - 4,000 0.201(8) 0.111(25) 0.159(15) 0.141(48)
> 4,000 0.138(21) 0.113(56) 0.234(44) 0.162(121)
Totals 0.140(35) 0.095(100) 0.205(62) 0.137(197)

()

*

Numbers of sample sections are given in parenthesis.

Accidents are not shown for cells with less than 3 sample sections.

Note: Sample includes rural and urban sections in 5 States (Utah and
Montana excluded). Sections having less than 1 mailbox/mile or
more than 50 mailboxes/mile were also excluded.



Culvert accidents (table 40) range from a Tow of 0.002 accidents-per-
mile-per-year for low ADT's (50 to 1,000), low densities (0.5 to 2.5 per

mile) and high offsets (15 to 30 per mile) to a high of 0.075 for high
volumes (>4,000) closer culverts offsets (less than 8 feet) and more than
2.5 culverts per mile. The accident involvement of culverts generally in-
creases with increasing ADT, closer placement to the road, and greater
numbers of culverts per mile. |

Sign accidents (table 41) were only summarized for rural areas, since
only signs with large posts were inventoried in urban areas. The range of
reported sign accidents varied from near zero to slightly above 0.10 acci-
dents-per-mile-per-year, although there are likely to be many fixed object
accidents involving signs which are unreported.

Summary tables for guardrail (table 42), fence (table 43), and tree
accidents (table 44) are given with respect to ADT, offset of objects, and
percent coverage of those objects along the roadway. For guardrail and
fences, the 1ength of these obstacles was computed as (number of photolog
frames) x (52.8 feet per frame). The percent coverage of guardrail, for

example, was computed for each section as:

(Length of guardrail on the section for both directions)

[Section Tength)X(2) x 100 Equation (13)

Since inventory measurements were taken in both directions, two miles of
guardrail for a one-mile roadway would represent 100 percent coverage. For
example, assume that for a two mile section guardrail length is two miles
on one side of the road, (i.e., complete coverage) and one mile on the
other side of the road. This would correspond to a guardrail coverage of:

(ézﬁ?1;s%.2)2 x 100 = 75 percent Equation (14)

Guardrail accidents were summarized for rural areas only in table 42,
for percent coverage levels of one to 10 percent, 11 to 30 percent, and 31
to 60 percent. Guardrail accidents-per-mile-per-year ranged from approxi-
mately 0.01 to 0.486, and generally increased with increasing ADT, closer
guardrail placement to the road, and a greater percent coverage of guard-
rail.
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Table 40. Summary of culvert accidents (per-mile-per-year) by ADT group,
average distance from travel lane, and culvert per mile.

Culverts per Mile = 0.5 to 2.5
Average Distance From Travel Lane (ft)
Gagﬂp 0to8 8.01 to 15 15.01 to 30 Totals
50 - 1,000 0.020(23) 0.005(52) . 0.002(22) 0.008(97)
1,001 - 2,000 0.015(15) 0.017(43) 0.007(26) 0.014(84)
2,001 - 4,000 0.012(14) 0.025(73) 0.010(42) 0.019(129)
> 4,000 0.026(10) 0.035(59) 0.009(40) 0.025(109)
Totals 0.018(62) 0.022(227) 0.008(130) 0.017(419)
Culverts per Mile > 2.5
. Average Distance From Travel Lane (ft) .
GégZp 0 to 8 8.01 to 15 15.01 to 30 Totals
50 - 1,000 * (1) 0.003(21) 0.000(19) 0.002(41)
1,0Ql - 2,000 0.032(10) 0.020(36) 0.015(21) 0.020(67)
2,001 - 4,000 0.025(17) 0.024(85) 0.019(47) 0.023(149)
> 4,000 0.075(25) ) 0.042(108) 0.012(57) 0.037(190)
Totals 0.049(53) 0.029{250) 0.013(144) 0.026(447)

() = Numbers of sample sections are given in parenthesis.
* = Accidents not given for cells with less than 3 sahp]e sections.
Note: Sample sections include urban and rural sections in five States

(excludes Utah and W. Va.) for sections with 0.5 or more culverts
per mile within 30 feet of the travel lane.
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Table 41. Summary of sign accidents (per-mile-per-year) by ADT group,
average distance from travel lane, and percent coverage of signs.

Coverage of Signs = 1 to 8 per Mile
Average Distance From Travel Lane (ft)
Gagzp 0 to 10 10.01 to 13 13.01 to 30 Totals
50 - 1,000 0.007(127) 0.004(60) 0.003(44) 0.005(231)
1,001 - 2,000 0.020(57) 0.018(46) 0.017(50) 0.019(153)
2,001 - 4,000 0.021(44) 0.015(44) 0.022(52) 0.019(140)
4,001 - 7,500 0.048(20) 0.039(24) 0.042(24) 0.043(68)
> 7,500 0.099(3) 0.018(10) 0.024(3) 0.034(16)
Totals 0.017(251) 0.015(184) 0.018(173) 0.017(608)
Coverage of Signs = 8.01 to 12 per Mile
Average Distance Fram Travel Lane (ft)
Gégﬂp 0 to 10 10.01 to 13 13.01 to 30 Totals
50 ~ 1,000 0.013(45) 0.004(26) 0.007(13) 0.009(84)
1,001 - 2,000 0.013(44) 0.022(29) 0.000(13) 0.014(86)
2,001 - 4,000 0.051(25) 0.017(31) 0.038(43) 0.035(99)
4,001 - 7,500 0.066(14) 0.069(23) 0.057(22) 0.064(59)
> 7,500 * (1) 0.092(8) 0.041(4) 0.069(13)
Totals 0.026(129) 0.031(117) 0.033(95) 0.030(341)
Coverage of Signs = 12.01 to 50 per Mile
Average Distance From Travel Lane (ft)
Gﬁgzp 0 to 10 10.01 to 13 13.01 to 30 Totals
50 - 1,000 0.012(46) 0.001(25) 0.000(11) 0.007(82)
1,001 - 2,000 0.019(47) 0.027(36) 0.037(28) 0.026(111)
2,001 - 4,000 0.028(33) 0.037(68) 0.039(66) 0.036(167)
4,001 - 7,500 0.061(20) 0.063(32) 0.044(57) 0.053(109)
> 7,500 0.108(5) 0.097(11) 0.135(14) 0.117(30)
Totals 0.027(151) 0.038(172) 0.046(176) 0.038(499)

{ ) = Numbers of sample sections are given in parenthesis.
* = Accidents are not shown for <cells with less than 3 sample sections.
Note: Sample sections include rural sections only in seven States having

1 to 50 signs per mile within 30 feet of the travel lane.
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Table 42. Summary of guardrail accidents (per-mile-per-year)
in rural areas.

Coverage of Guardrail = 1 to 10 Percent
Average Guardrail Distance From Travel Lane (ft.)
o lto5 5.01 to 10 10.01 to 20 Totals
1 - 1,000 0.045(35) 0.012(13) 0.010(4) 0.034(52)
1,001 - 2,000 0.076(38) 0.041(35) 0.014(4) 0.057(77)
2,001 - 4,000 0.064(33) 0.044(55) 0.014(17) 0.045(105)
> 4,000 0.205(38) 0.150(61) 0.084(22) 0.155(121)
Totals 0.100(144) 0.080(164) 0.046(47) 0.083(355)
Coverage of Guardrail = 11 to 30 Percent
- Average Guardrail Distance'From Travel Lane (ft.)
lto5 5.01 to 10 10.01 to 20 Totals
1 -‘J,OOO 0.033(16) 0.046(6) * (1) 0.035(23)
1,001 - 2,000 0.105(22) 0.201{12) 0.084(3) 0.135(37)
2,001 - 4,000 0.356(14) 0.173(27) * (1) 0.230(42)
> 4,000 0.407(27) 0.397(37) 0.155(11) 0.365(75)
Totals 0.238(79) 0.269(82) | 0.123(16) 0.242(177)
Coverage of Guardrail = 31 to 60 Percent
Average Guardrail Distance From Travel Lane (ft.)
a l1to5 5.01 to 10 10.01 to 20 Totals
1 - 1,000 0.189(4) * (2) * (0) 0.149(6)
1,001 - 2,000 * (2) 0.146(7) 0.027(3) 0.167(12)
2,001 - 4,000 0.404(9) 0.389(15) 0.213(3) 0.374(27)
> 4,000 0.486(6) 0.383(8) 0.192(5) 0.365(19)
Totals 0.391(21) 0.314(32) 0.153(11) 0.312(64)

( ) = Numbers of sample sections are given in parenthesis.
* = Accidqnts are not shown for cells with less than 3 sample sections.
Note: Sample sections includes rural sections only in all seven States,

which have guardrail coverage over 1 to 60 percent within 20 feet
of the travel lane.
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‘ Tab]e 43,

Summary of fence accidents (per-mile-per-year) by ADT group,
average distance from road, and percent coverage of fence.

Fence Coverage 1 to 5 Percent

Average Distance From Travel Lane (ft)

Gégzp 5 to 15 15.01 to 25 25.01 to 30 Totals

50 - 1,000 0.000(17) 0.017(30) 0.013(15) 0.011(62)

1,001 - 2,000 0.120(20) 0.015(34) 0.024(18) 0.046(72)
2,001 - 4,000 0.052(29) 0.017(44) 0.018(43) 0.026(116)
~> 4,000 0.198(55) 0.070(72) 0.010(47) 0.094(174)
Totals 0.122(121) 0.038(180) 0.015(123) 0.055(424)

Fence Coverage 5,01 to 15 Percent
Average Distance From Travel Lane (ft)

Gﬁgﬂp 5to 15 15.01 to 25 | 25.01 to 30 Totals

50 - 1,000 0.070(15) 0.013(38) 0.005(27) 0.021(80)
1,001 - 2,000 0.063(21) 0.013(33) 0.011(23) 0.026(77)
2,001 - 4,000 0.103(24) 0.082(48) 0.026(44) 0.065(116)
> 4,000 0.223(43) 0.061(42) 0.042(37) 0.112(122)
Totals 0.140(103}) 0.046(161) 0.024(131) 0.063(395)

Fence Coverage 15,01 to 40 Percent
Average Distance From Travel Lane {ft)

G&gzp 5to 15 15.01 to 25 25.01 to 30 Totals

50 - 1,000 0.151(9) 0.064(31) 0.025(19) 0.065(59)
1,001 - 2,000 0.114(10) 0.020(32) 0.037(18) 0.041(60)

2,001 - 4,000 0.112(5) 0.058(21) 0.015(17) 0.048(43)

> 4,000 0.329(16) 0.188(23) 0.076(10) 0.211(49)
Totals 0.209(40) 0.076(107) 0.034(64) 0.089(211)

( ) = Numbers of sample sections are given in parenthesis.

Note:

Sample sections include urban and rural sections in six States

(N.C. excluded) with fences 5 to 30 feet from the travel lane
covering 1 to 40 percent of the roadside.
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Table 44, Summary of tree accidents (per-mile-per-year) by ADT group,
average distance from travel lane, and percent coverage of trees.

Tree Coverage of 1 to 15 Percent
Average Distance From Travel Lane (ft)
Gﬁgzp 0 to 12 12.01 to 20 20.1 to 30 Tot als
50 - 1,000 0.000(5) 0.036(22) 0.027(20) 0.028(47)
1,001 - 2,000 0.038(9) 0.033(34) 0.040(31) 0.036(74)
2,001 - 4,000 0.192(7) 0.072(50) 0.028(81Y 0.052(138)
> 4,000 0.137(13) " 0.103(112) 0.056(123) 0.082(248)
Totals 0.102(34) 0.078(218) 0.043(255) 0.062(507)
Tree Coverage of 15.01 to 30 Percent
: Average Distance From Travel Lane (ft)

Gcgzp 0 to 12 12.01 to 20 20.1 to 30 Totals

50 - 1,000 0.019(8) 0.090(24) 0.015(30) 0.044(62)
1,001 - 2,000 0.066(10) 0.094(57) 0.040(26) 0.076(93)
2,001 - 4,000 0.010{6) 0.139(77) 0.077(76) 0.104(159)
> 4,000 0.251(14) 0.168(85) 0.143(67) 0.165(166)
Totals 0.116(38) 0.134(243) 0.085(199) 0.112(480)

Tree Coverage of Greater Than 30 Percent
Average Distance From Travel Lane (ft)

Gegzp . 0tol2 12.01 to 20 20.1 to 30 Totals

50 - 1,000 0.288(12) 0.065(.71) 0.035(52) 0.073(135)
1,001 - 2,000 0.109(11) ~0.065(62) 0.077(65) 0.074(138)
2,001 - 4,000 0.265(7) 0.136(59) 0.069(81) 0.105(147)
> 4,000 0.194(9) 0.267(52) 0.135(59) 0.197(120)
Totals 0.212(39) 0.125(244) 0.079(257) 0.110(540)

( ) = Numbers of sample sections are given in parenthesis.
Note: Sample sections include urban and rural sebtions in six States

(Utah excluded) for sections having 1 percent or more of roadside
coverage of trees within 30 feet of the travel lane.
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Fence accidents were summarized for rural and urban sections in
table 43 for six States (excluding North Carolina). Fence accidents-per-
mile-per-year ranged from zero to 0.329. The rate of tree accidents
(table 44) ranged from zero to 0.267 per-mile-per-year for a coverage of
one or more for six States (excluding Utah),

Roadside Question 4. What is the effect of Using guardrail for various
sideslopes and roadside conditions?

The rate of guardrail accidents increases with an increase in the
percent of the section covered by guardrail for all terrains. No signifi-
cant difference was found in the overall rate of single-vehicle or roll-
over accidents or in accident severity due to the presence of guardrail.

The effect of gquardrail on accident rates was investigated with the
current data base. The presence of various amounts of guardrail was tested
against single-vehicle accidents per 100 MVM, rollover accidents per 100
MVM, and accident severity for a number of combinations of sideslope ratio
and recovery distance, with a variety of control variables. In test after
test, however, it was found that the presence of guardrail, for the data
base in this research, had no discernible effect on the overall rates of
single-vehicle or rollover accidents or on accident severity for various
levels of sideslope or recovery distance.

This result may be partly due to the nature of the data base col-
lected for this study. For example, accidents and physical characteristics
were summarized within each of the sample sections, without knowledge of
the presence of guardrail at each accident site. Thus, it was not possible
to analyze accident severity for guardrail accidents, when compared to
nonguardrail accidents occurring on various sidesiopes. Instead, overall
guardrail accidents for sections had to be used in the analysis as a func-
tion of the guardrail coverage of each section.

The effect of guardrail placement from the roadway edge can be seen
from table 42 given previously. Clearly, sections with guardrail place-
ments of 10.01 to.20 feet have fewer guardrail accidents than sections
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with guardrail placed closer to the roadway edge. Sections with guardrail
placed within 5 feet of the travel lanes have the highest guardrail acci-
dents in two of the three data groups.

It was also clear from the data that additional guardrail leads to
additional gquardrail accidents. Table 45 presents the results of an
analysis of covariance on guardrail accidents. The gquardrail accident
rate increases with an increase in the percent of the section covered by
guardrail for each terrain category. Presumably, the guardrail accident
rate for a given amount of guardrail coverage is affected by lane width
and shoulder width in a manner similar to the single-vehicle accident
rate, though there was not sufficient data to explore this assumption.

Roadside Question 5. How do accident severities vary by obstacle type?

Roadside objects associated with the highest percent of severe acci-
dents include culverts, trees, utility and light poles, bridges, rocks,
and earth embankments. Those objects with lower percentages of severe
accidents include signs, mailboxes, fire hydrants and fences.

It was impossible to determine the relative severity of accident
types from the seven-State data base, since data were aggregated by sec-
tions. However, accident daté from the States of Michigan, Utah, and Wash-
ington were available for this analysis. These data include the selected
sections in those States as well as other rural two-lane roads, urban two-
lane roads, and/or multilane Foads. ‘Nonetheless, the analysis afforded a
reasonable look at the relative severity of different fixed object (FO)
accident types. The data are presented in appendix H.

The severity of run-off-road fixed object accidents relative to other
common accident types was investigated and the results are summarized in
table 46. The percentage of FO accidents resulting in injury were 35, 36,
and 44 for Michigan, Utah and Washington, respectively. These percentages
were lower than the percentages for rollover, head-on, and pedestrian/
bicycle accidents; higher than the percentages for sideswipe opposite dir-
ection, and sideswipe same direction; and about the same as the percent-
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Table 45. Relationship of guardrail accidents to the amount of guardrail
present for different rural terrain categories.

Mean adjusted guardrail accidents/100 MVM

~ Percent of section with guardrail
Terrain 0.01-10 10.01-60
Flat 4.5 (203) 16.5 (46)
Rolling 7.1 (179) 16.2 (88)
Mountainous 9.5 (116) 28.7 (105)

" ( ) = Numbers of sections are given in parenthesis,

Note: Controlled for ADT, lane width, shoulder width, and average recov-
ery distance using the analysis of covariance.
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Table 46,

Severity of common accident types in several data bases.

Percent of total accidents resulting in injury or fataTity
Accident Accident Data Base
Type Severity
Michigan Utah Washington
Run-of f-road
fixed object | Injury 35 (10137) 36 (827) 44 (15902)
Fatal 0.8 (228) | 2.0 (46) 1.5 (532)
Run-of f-road
rollover Injury 55 (6587) 55 (1076) 56 (6488
Fatal 1.1 (73) | 3.2 (63) 2.1 (245
Head on Injury 41 (1922) 50 (237) 60  (803)
: Fatal 2.7  (127) |11.9 (56) 20.4  (272)
Sideswipe
Opposite dir.| Injury 21 (27) 30 (162) 41 (1118)
Fatal 2.4 (3) 1 1.9 (10) 2.0 (54)
Sideswipe
Same dir. Injury 13 (42) 11 (87) 20 (2012)
Fatal 1.6 (5) | 0.2 (2) 0.2 (20)
Rear end Injury 27 (2228) 33 (2320) 43 (21239)
Fatal 0.3 (27) | 0.2 (11) 0.2 (96)
Pedestrian or
bicycle Injury 86 (1769) 84  (654) ~ 90 (2007
Fatal 7.0 (144) | 7.8 (61) 9.8 (218
Angle Injury 46 (3145) | 31 (2768) 37 (13272)
Fatal 1.1 (78) | 0.6 (55) 0.5 (174)
Note:

The Michigan daE§7ﬁase consisted of all reported accidents on rural
roads in 1983. The Utah data base consisted of accidents
reported from mid-1980 to mid-1985 on routes which had port ions
chosen as sections for the seven-State data base (and thus, included
Timited amounts of urban and multi-lane road accidents). The Wash-
ington data base consisted of all accidents reported in the State
from 1980 through 1984. ‘

( ) = The total numbers of accidents of the given type are in parenthesis.
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ages for rear end and angle accidents. The percentages of FO accidents
resulting in a fatality were 0.8, 2.0, and 1.5 for Michigan, Utah, and
Washington, respectively. These percentages again ranked FO accidents in
the middle of the eight accident types in table 46. In terms of absolute
numbers of injury accidents, however, FO accidents were the most frequent
of the eight accident types in Michigan, the second most fréquent in
Washington and the fourth most frequent in Utah. FO accidents were also
the accident type most frequently associated with fatalities in Michigan
and in Washington (fifth in Utah). In summary, FO accidents are both
frequent and severe compared to other accident types.

The relative severity of the different types of fixed object acci-
dents is summarized in table 47. FO accidents resulted in from 25 to
55 percent of injuries and from 0.5 to 2.0 percent of fatalities. At the
upper end of the severity ranges are FO accidents involving trees, cul-
verts, bridges (bridge columns .and bridge ends) rocks, utility poles,
and earth embankments, while at the lower end are those involving signs,
mailboxes, fire hydrants, and fences. Trees, utility and 1light poles,
guardrails, and earth embankments are the objects which claim the most FO
injury and fatal accidents.

Roadside Question 6. What types of roadside obstacles are most commonly
struck on roads with various traffic volume conditions?

Overall, trees and utility poles are the roadside fixed obstacles
most often sfruck,'whi1e guardrail, signs, mailboxes, and bridge ends were
hit less frequently. On roads with ADT's of 4,000 or less, trees are the
most often struck obstacle, while utility poles are the most frequently
struck obstacle on roadways abové 4,000 ADT.

The frequency of six types of fixed object accidents has been summar-
ized for different ADT categories in table 48 from six of the States in
the current data base. Utah accident data were not included because very
‘few obstacle types were recorded in that State's accident file. Other
types of fixed object accidents were defined or recorded differently in
different States, making tabulation of those types impossible.
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Table 47. Severity of common run-off-road fixed object accident types
in several data bases.

Percent of total accidents resulting in injury or fatality.
egident | pccidert bata Base
Michigan Ut ah Washington
Utility/Light |
Pole Injury 45 (3385; 39 (163} 47 (2282}
Fatal 0.8 (58 1.2 {5 1.6 (75
Guardrail Injury 35 (1392 42 (130 41 (3403
Fatal 0.7 (28} 4.2 (13; 1.7 (144}
Sign Injury 25 (1397 24 (74 40 (700
Fatal 0.4 (22 1.3 (4; 1.4 (25;
Fence Injury 28 (851 35 (139; 40 (594;
Fatal 0.2 (7 1.0 (4 1.7 (26
Tree Injury 47 (4419; 53 (984
Fatal 1.8 (171 3.4 (64
Culvert Injury 49  (250) 64 (277
Fatal 3.3 (17} 2.1 (9;
Bridge Rail Injury 4] (178; 41 (1060
Fatal 0.7 (3 1.6 (42
Bridge Column{ Injury ‘ 54 (53
g Fatal 6.1 (6}
Bridge End Injur ‘ 53 (72
¢ Fa%aTy 5.2 (7;
Barrier Wall | Injury 4] (908;
‘ Fatal 0.5 (10
Earth Embank- ‘
ment. Injury 53 (1793;
-Fatal 1.6 (55
Rock Injury 49 (891
‘ Fatal , 1.1 (21}
Mailbox Injury ‘ 40 (132
Fa%a'l ' 0.0 (0;
Fire Hydrant | Injury 30 (44
Y Fatal 0.7 (1;

Note: The Michigan data base consisted of all reported accidents (rural
and urban) in 1983 in which a fixfgﬁbject was struck either as the
primary or secondary object hit. The Utah data base con-
sisted of accidents reported from mid-1980 to mid-1985 on routes
which had portions chosen as sections for the seven-State data base
(and thus included limited amounts of urban and multi-lane road
accidents). The Washington data base consisted of all accidents
reported in the State from 1980 through 1984,

{ ) = The total numbers of accidents of the given type are in parenthesis.
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Overall, the most commonly struck obstacles from table 48 were trees
(14.8 percent) and utility poles (14.1 percent). This finding agrees with
Jones and Baum who- cited these two obstacle types as among the most fre-
quently struck fixed objects.[w:| Guardrail (9.6 percent), signs (6.5
percent), mailboxes (4.7 percent), and bridge ends (1.1 percent) were hit
less frequent]y.‘ The "other obstacle" category in table 48 includes all
other obstacle types (including earth embankments being struck) and also
obstacles which were not specifically coded by the police officers.

For roads with ADT's of 4,000 or less, trees are the most common type
of obstacle struck. This may simply be the result of the fact that trees
are generally the most common type of obstacle along low-volume rural
roads. For roads with ADT's of 4,000 or greater, utility poles are the
most frequent type of fixed object struck which indicates that higher

-volume roads are generally in the urban and suburban areas where utility
poles are frequently placed near the roadway. Guardrail accidents ac-
counted for less than 7 percent of all fixed-object accidents on roads
with ADT's of 1,000 or less, but 9.3 to 10.9 percent of fixed-object hits
for roads with ADT's of 1,001 or greater. The values in table 48 represent
only the frequency of accidents and do not account for the frequency or
placement of these roadside objects.

Roadside Question 7. What combinations of roadway and geometric condi-
tions are associated with particularly high rates of single-vehicle acci-
dents (for which roadside treatments are of high potential benefit)7

The highest rates of single-vehicle accidents are found on roads
which are narrow (< 25 feet), combined with recovery distances of less
than 10 feet.

A summary of mean single-vehicle accident rates are given in table 49
for various combinations of roadway (lane plus shoulder) width, terrain,
and average recovery distance. Conditions with the highest rates (i.e.,
150 acc/100 MVM or greater) are highlighted and include all cells with
narrow (5@5 feet) roadways, combined with recovery distances less than 10
feet. Other conditions with high rates of single-vehicle accidents in-
clude mountainous and rolling areas with recovery distances of 15 feet or
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Table 49. Relationship of roadway width, terrain, and recovery distance
to the single-vehicle rate for rural sections.
Single vehicle accidents per 100 MVM
Width of Average Recovery Distance, feet
Lanes Plus
Shoulders (ft) Terrain 0to5b 6 to 10 11 to 15 > 16
Flat « (3) |[23a(9)
<25 Ro1ling | 307(10)] |{ 154(20)] || 152(17)] | 96(25) |
Mountainous || 236(33)]|[ 162(46)] |[ 378(9) * (1)
Flat 126 (11 106(36 68(52) 56(106)
26 to 32 Rolling 144(47 137(100 109(89 66(134)
Mountainous |[174(62) 250(21) | 53(5)
Flat * (1) 80(66) 71(159) | 49(216)
> 32 Rolling * (1) 76(70) 69(96) 37(145)
Mountainous * (2) 100(25) 66(18) 44(4)

()

*

]

Number 1in parenthesis represents number of sample sections.

Cells having 150 or more single vehicle accidents/100 MVM.

> = Cells having 100 to 149 single vehicle accidents/100 MVM.
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less and roadway widths of 32 feet or less. Sections generally associated
with the highest incidences of single-vehicle accidents should have the
greatest potential for accident reduction. However, it should also be
mentioned that conditions which lead to high rates of single-vehicle acci-
dents may be very costly to correct.

Roadside Question 8. What are the roadside characteristics represented in
the data base for various ADT Tevels in urban and rural areas?

The most common roadside hazard ratings are those in the middle
ranges, i.e., rating values of 3, 4, and 5 in both urban and rural areas.
The distributions of roadside hazard rating and average recovery distance
were observed and are summarized in tables 50 through 54 for a variety of
different situations.

Table 50 shows that 98,526 ratings were made with fhe roadside hazard
scale. For the urban and rural data base, 1,231 ratings of one were made
(1.2 percent of the total) and a nearly equal number of ratings of seven
were made. Ratings of two and six were each made approximately 6,500
times (6.6 percent of the total). Ratings of three were recorded 25,797
times (26.2 percent of the tota])‘ and ratings of five were recorded
21,822 times (22.1 percent of the total). Ratings of four were made most

often (35,355 times or 35.9 percent of the total).

The distribution of hazard ratings by area (urban or rural) and ter-
rain (flat, rolling, or mountainous) revealed several interesting and
logical trends. Rural mountainous areas had by far the largest proportion
of high (i.e., ratings of five, six, or seven) hazard ratings with 62.8
percent of all ratings (38.4 + 20.0 + 4.4), compared to 30.4 in rural rol-
1ing terrain, and 14.4 percent in rural, flat terrain, and 29.2 in urban
areas.

Conversely, rural, flat terrain had the highest percent of low (i.e.,
ratings of three or less) roadside hazard ratings with 50.5 percent com-
pared to only 7.4 percent in rural mountainous areas. These trends were
expected, since roads in mountainous areas tybica11y have roadsides with
steep slopes and trees or other obstacles near the roadway, whereas roads
in flat terrain often have more forgiving roadsides.

118



"SON|BA MOJ4 JO uad4ad Juasaudad sisayjuaued ub sadquni = ( )

e

(0°001) (2°1) (9°9) (1°22) (6°6¢) (2°92) (L°9) (2°1)
925 °86 2221 €759 228°12 GGEGe 161°G2 9669 1€2°1 v06 1 S|ej0]
(0°00T1) (v°g) (€£°8) (6761) (0°92) (1°g2) (8°6) (5°6)
9/2°¢ 111 L2 £99 268 86/ 02¢€ 11¢ 72l ueguf
(0°00T) (1) (0°02) | (v-8¢) (L°62) (v°9) (6°0) (1°0) ‘
181°LT 29/ gev e 109°9 0T1°s [60°1 291 12 9pe SNoULeIUNOW - |euny
(0°00T1) (£°0) (8°9) (6°€2) (6°6¢) (2°%2) (1°6) (€°0)
#700° 19 68¢ 7R v08°6 £9€°91 6£6°6 960°¢ £Vl ¥S/ Bury 1oy - Leuny
(07001) | (270) | (e°1) (621) | (2°6€) | (87L€) | (L701) | (0°2) ‘
690°/¢€ %9 0LY v9/Y 0£0°‘ET £00°¥T 8/6°¢ 95/ 10/ jeid4 - |eany
S|e30] L 9 g t € Z T SuoL 323§ odf | eouay

40 "ON .

sburLyey puezey apLspeoy Jo Jaquiny

*uleudal pue adAy easde Aq sburjea puezey apLSpeoy

0§ °Lqel

119



Tables of roadside hazard ratings are given in tables 51 and 52 for
various combinations of lane and shoulder width. As may be expected, haz-
ard ratings in rural areas are generally higher on roads with narrow lanes
and shoulders. For example, on roads with eight and nine-foot lanes with
zero to three-foot shoulders, high roadside ratings (i.e., ratings of five
to seven) were made 61.7 percent of the time, whereas on roads with 1ane
widths of 12 feet or more and wide (six to 13-foot) shoulders, roadside
ratings of five or more were observed only 12.6 percent of the time. In
urban areas (table 52), 45.6 percent of the ratings on roads with narrow
lanes (10 feet or less) were high compared to 25.9 percent on roads with
wide (12 feet or greater) lanes.

A summary of roadside hazard ratings is given for various ADT groups
for rural and urban areas in table 53, In rural areas, ADT groups from
751 to 1,000 and from 1,001 to 2,000 had the largest percentages of high
roadside hazard ratings. In urban areas, 61.8 of the roadside ratings on
sections with ADT's of 10,000 or more were four or greater, while high
percentages of roadside ratings of one and two were observed in ADT groups
2,001 to 5,000 and 5,001 to 10,000 (24.2 and 21.8 percent, respectively).

Average recovery area distance is summarized for urban areas and for
rural areas by terrain condition in table 54. 0Of the 346 sections in
mountainous areas 28 percent had average recovery distances of zero to
five feet, and another 55.2 percent had recovery distances of six to ten
feet. This compares with flat rural sections, where only 17.9 percent had
recovery distances of ten feet or less. Overall, 37.8 percent of the sec-
tions in the data base had average recovery distances of ten feet or less.
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Table 52. Roadside hazard ratings in urban areas by lane widths.

Lane Number of Roadside Hazard Ratings
Width| No. of
(ft) | Sections 1 2 3 4 5 6 7 Totals
<10 40 28 102 141 173 224 94 55 817
’ (3.4) [(12.5) (17.3) | (21.2) [(27.4) ((11.5) | (6.7)] (100)
11 43 70 82‘ 238 255 184 52 22 903
(7.8) | (9.1)| (26.4) | (28.2) |(20.4) | (5.8) | (2.4)] (100)
> 12 60 213 136 379 424 245 125 34 | 1,556
(13.7) | (8.7) | (24.4) | (27.2) |(15.7) | (8.0) | (2.2) | (100)

() = Numbers in

parenthesis represent percent of row values.
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Table 54. Recovery distance by area type and terrain.

Number of Sections, with Column Percentages in Parenthesis

Rural Sections

Average
Recovery Urban - All
Distance (ft) Flat Rolling Mountainous | Sections Sect ions
0to 5 15(2.1) 58(7.7) 97(28.0) 33(23.1) 203(10.4)

6 to 10 111(15.8) | 190(25.2) | 191(55.2) 41(28.7) 533(27.4)

11 to 15 226(32.2) | 202(26.8) 48(13.9) 46(32.2) 522(26.9)

16 to 20 208(29.7) | 174(23.1) 8(2.3) 15(10.5) 405(20.8)
21 to 30 141(20.1) | 130(17.2) 2(0.6) 8(5.6) 281(14.5)
Totals 701(100.0) [ 754(100.0) | 346(100.0) |143(100.0) [1,944(100.0)
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CHAPTER 7 - COST OF ROADSIDE AND CROSS-SECTION IMPROVEMENTS

To determine the cost-effectiveness of cross-section and roadside im-
provements, the cost of implementing the improvements must be estimated.
A review of the literature related to implementation costs, summarized in
appendix I, revealed that no complete sources of cost estimates are avail-
able. Therefore, the costs for a variety of improvements were estimated
during this research and a summary of those estimates is given in this
chapter, |

Estimation of implementation costs of various crbss-section and road-
side improvements for this research proceeded similar to a contract bid
project. First, the existing conditions at a typical improvement site
were assumed. Second, the condition at the improvement site after the
improvement were assumed. Third, specific items of work necessary to
achieve the "after" condition from the "before" condition were specified.
Next, the quantities of each work item were estimated or assumed. Unit
costs for each of these items were estimated on the basis of project bid
documents or annual contract cost summaries obtained from ten States.
Finally, the unit cost was multiplied by the quantity needed for each line
item and the costs for each item were summed to arrive at a final project
cost.

In general, assumptions were made on the basis of available data with
an aim toward a cost estimate which was the most representative of proj-
ects of a similar type across the county. A more complete description of
the cost estimation process and the assumptions made is given in appendix
J. It is important to note that this procedure may be easily altered by
an agency wishing to produce more individualized cost estimates. The as-
‘sumptions used at any step, the items of work, or the unit costs may be
altered based on local information and a new project cost estimate pro-
duced.

Implementation costs were estimated for several different types of
projects, including:

Lane and/or shoulder widening.
Shoulder surfacing,

Sideslope improvements.

Roadside obstacle countermeasures.
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The variances in implementation costs between project sites were
expressed in terms of high, median, and low cost categories. Caution must
be used when selecting the cost category which best fits a given project.
Some factors which may influence project costs and the selection of a cost
category include: |

Project size.

Terrain.

Weather.

Traffic at the construction site.

Distance to material sources.

Rural or urban nature of the site,

Typ§ of contracting agency (construction or maintenance, for exam-
ple).

o Prevailing labor rates.

The direct use of the high or low cost estimates is rare1y a good
idea for lane and/or shoulder widening, shoulder paving and sideslope
flattening projects. The "high" total cost fdr a particular project is a
sum using all the high Tine item unit cost estimates, and the "low" total
cost is a sum using all the low line item unit cost estimates. The unit
costs are not likely to be all high or all low for each line item of work
for a particular project,‘however. Thus, it is recommended that the high
and low cost estimates for those types of projects be used only as bound-
aries of cost ranges or for interpolation to find a "between category"
cost estimate., Use of the high or low cost category for roadside obstacle
countermeasures is more permissible because those projects could consist
of only one line item of work. -

Roadside Obstacle Countermeasure Costs

The estimated costéﬂof some common roadside obstacles countermeasures
are presented in table 55 and include improvements involving trees, signs,
luminares, mailboxes, fire hydranté, impact attenuators, guardrail, and
fences. On a pef unit basis, these projects are relatively inexpensive.
However, the high and low costs for particular improvements vary widely.
The Tlist of improvements in table 55 is not a complete 1list of all road-
side obstacle countermeasures of interest in this research. Reliable data
were not found on modifying bridge rail, moving culvert headwalls, and
other countermeasures.
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Table 55.

Roadside obstacle countermeasure costs.

Unit Costs (1985 $)

Action Object Unit | High Median Low
Remove Trees Fach 550 200 70
Relocate Small sign Each 440 200 70
Relocate Large sign Each | 3,000 1,100 500
Remove Small sign Each 220 40 15
Remove Large sign Each 600 175 25
Relocate Luminaire support tach 1,500 600 300
Relocate Maiiboxes/newsboxes Each 300 120 60
Relocate Fire hydrant cach | 2,200 1,100 20U
Remove Fire hydrant Each 340 250 175
Install New Impact attenuator- ‘Each 26,000 [ 20,000 | 10,000

foam type
Install New Impact attenuator- Each |34,000 | 28,000 { 22,000
hydraulic type
Install New Impact attenuator- Each | 6,000 4,000 3,000
' sand-filled type
Clear and Grub | Trees Acre | 8,000 3,500 1,000
Relocate Guardrail L.F. 19.00 8.00 6.00
Remove Guardrail L.F. 5.50 1.50 0.70
Install New Guardrail L.F. 31.00 10.00 7.60
Install New Guardrail end-anchor Each 800 500 350
Relocate Cable guardrail L.F. '5.00 3.50 2.50
. Remove Cable gquardrail L.F. 3.00 1.10 0.75
Install New Cable guardrail L.F. 9.00 6.00 3.20
Relocate Fence L.F. 10.00 3.00 1.00
Remove Fence L.F. 5.00 0.80 0.20
Relocate Chain-1ink fence L.F. 20.00 13.00 10.00
Remove Chain-Tlink fence L.F. 6.00 2.75 1.70

L.F. = Linear Foot
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Sideslope Flattening Costs

The estimated costs of flattening several common types of sideslopes
are given in table 56. It was assumed that every roadside after the im-
provement had at Teast a 4 to 1 or greater ratio sideslope for approxi-
mately 15 feet with a height of fill of 4 feet, a3 tol ratio backslope
and a 30-foot clear zone from the edge of the shoulder, For éxamp]e, the
median cost would be $88,000 for flattening a 2:1 slope with a 5-foot
height of fill to a slope of 4:1 with a 4-foot height of fill. As shown
on table 56, costs for improving sideslopes are generally similar within
the nigh, median, and low categories for heights of fill of 2 or 3 feet.
This is due to different unit costs and quantities for different types of
earthwork (borrow, replace, disposal) involved. It should be mentioned
that for many projects, it is not practical to provide sideslope flatten-
ing to a 4:1 ratio and clear zones of 30‘feet. In such cases, other im-
provements may be made such as the installation of guardrail. The assump-
tions made above may be altered to allow the estimation of the costs of
alternatives to sideslope flattening and providing clear zones.

Shoulder Surfacing Costs

The estimated cost of paving gravel or earth shoulders per foot width
in 1985 dollars is $13,700 per mile for the high cost category, $6,000 per
mile for the median cost category, and $3,400 per mile for the low cost
. category.  No distinction is made between paving gravel and earth should-
ers because the cost of excavating and disposing the existing shoulder was
assumed to be similar for gravel and earth.

Lane and Shoulder Widening Costs

The estimated cost of a lane and/or shoulder widening project is
found from the following equation:

Ct =M [(W)(CL) + (Ws)(Cs) + E] Equation (15)
Where:
CT = the total per mile widening project construction cost in 1985
dollars;
M= 1,095 (the adjustment factor to account for project costs asso-
ciated with mobilization and traffic control);
W = travelled way width change in feet for both sides of the road;
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cost of widening the lanes in 1985 dollars per foot of added
width from tab]e 57;

[ep]
—
]

=
7
0

shoulder w1dth change in feet for both sides of the road;

O
w
n

cost of widening the shoulders in 1985 dollars per foot of
added width from table 57;

E = cost of altering the side and back slopes in 1985 dollars, from
table 58.

The equation and component tables are applicable for any case where W >
0 and where 20 > (W_ + Wg) > 0; for gravel or paved shoulders; and for
the high, median or low cost—kategories. The items included in the cost
fdr lane widening were assumed to be:

e Excavating and disposing of the earth, existing base, gravel, or
existing pavement.

e Grading the top of the subgrade level.
e Purchasing and placing the base.

o Purchasing and placing the asphalt concrete.

The items for the shoulder widening portion were assumed to be the same as
for the lane widening portion with the addition of an item for purchasing
and placing gravel for the shoulder surface (if necessary). Pavement

markings are required for each project and therefore no cost was included
for them,

As an example of the use of the above equation and tables 57 and 58,
assume a "before" construction condition of 10-foot lanes, 2-foot gravel
shoulders, 4 to 1 sideslope ratio, 5-foot height of fill, 3 to 1 backslope
ratio, 10-foot backslope length and 30-foot "clear zone" on both sides of
a 6-mile long road. The "after" construction condition is assumed as a
road with 12-foot lanes, 4-foot gravel shoulders, and the same sideslope
and backslope dimensions as in the "before" condition. Median costs are
also assumed. As a first step, W_ and Ws are computed to be 4 and 4,
respectively., Then, the other factors in the equation are found from the
tables, in 1985 dollars. The lane-widening cost per mile (C_) is found
in table 57 to be $12,400 for median costs for gravel shoulders. The

shoulder widening cost per mile (Cg) is found from table 57 to be $4,100
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Table 56.

Sideslope flattening cost estimates.

Ekisting Sideslope

Costs ($1,000/mile)

Ratio |Height of fill (ft.) High | Median | Low
1.5:1 3 381 121 48
2:1 3 405 129 51
2.5:1 2 390 131 52
3:1 2 405 136 54
4:1 2 419 140 56
1.5:1 6 560 148 57
2:1 5 279 88 35
3:1 4 190 70 28
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Table 57. Costs of lane and shoulder widening per foot of width.

1985 Lane 1985 Shoulder
Widening Cost . Widening Cost
Shoulder Type | Cost Category | ($1,000/mile), C_ ($1,000/mile), Cs

Gravel High 29.1 10.9
Medi an 12.4 4.1
Low 6.9 . 1.8
Paved High 30.8 12.5
Median 13.9 5.5
Low 8.2 3.2
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Table 58. Cost of slopework portion of widening project.

Total Width Existing
Added Both Sideslope 1985 Costs ($1,000/mile), E
Sides, WL +
Wg, in feet | Ratio Height(of ;111* High Med1ian Low
ft.
2:1 3 387 127 49
4:1 1 440 139 55
' 6:1 1 408 128 49
4 2:1 5 303 91 37
4:1 3 117 41 15
6:1 2 115 40 15
4:1 5 188 59 23
6:1 3 88 35 14
4:1 7 199 64 25
2:1 3 475 | 153 62
4:1 1 484 150 59
6:1 1 449 139 56
2:1 5 346 103 41
8 4:1 3 219 73 29
6:1 2 195 68 27
4:1 5 280 80 31
6:1 3 108 40 15
4:1 7 318 91 34
2:1 3 529 169 68
4:1 1 550 168 66
6:1 1 508 156 62
2:1 5 414 121 49
16 4:1 3 358 113 46
6:1 2 322 103 42
4:1 5 445 117 44
6:1 3 244 72 26
4:1 7 559 - 145 56

*The height of fill was calculated based upon the sideslope length and
sidelsope ratio and is rounded to the nearest foot.
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for median costs for gravel shoulders. The sideslope cost per mile (E) is
found from table 58, to be $80,000 for median costs with W + Wg = 4 +
4 = 8 feet, an existing sideslope ratio of four to one and an existing
sideslope height of fill of 5 feet. Thus,:

1.095 [(4 x 12,400) + (4 x 4,100) + 80,000] Equation (16)
$160,000 per mile

Cr

Ct
The total project cost is then estimated as:

6 miles x $160,000 per mile = $960,000.

Maintenance Costs

The maintenance costs incurred by a highway agency on a section of
road may change after a cross-section or roadside improvement. These cost
changes should be analyzed along with the implementation costs in a cost-
effectiveness analysis of a proposed improvement. However, a review of
the literature showed that incremental maintenance costs were extreme]y_
difficult to quantify, since such costs are typically a function of admin-
istrative policies and normal maintenance practices and afe not necessari-
ly altered simply because a roadway is widened or because roadside im-
provements are made.

Studies which have identified incremental maintenance costs for some
improvements often found conflicting results. Records of minor pavement
maintenance from Nevada were analyzed in one study which found that it
cost $80.00 per mile (1984) more to maintain a 24-foot wide pavement than
a 20-foot wide pavement.[6] Another study, however, found that edge
deterioration causes an increasing maintenance effort for pavements under
24-feet wide.[28] In another example of conflicting incremental
maintenance cost estimates, survey results showed that Louisiana spends an
average of $12.00 (1984) per shoulder mile more to maintain paved shoul-
ders than unpaved shoulders, while Pennsylvania spends $143.00 per shoul-
der mile less on paved shoulders than on unpaved shoulders.[29]

- For an agency wishing to include incremental maintenance costs in a
cost-effectiveness procedure, the best solution is probably to develop an
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4
estimate based on the maintenance policies and prior experience of the
particular agency. When policy or prior experience is no help, an assump-
tion of no incremental maintenance costs for many projects may be reason-
able.

Verification of Cost Estimates

Implementation costs estimated in this research were compared to cost
estimates in the literature for several project types. Generally, project
costs estimated for this study are similar to costs reported in the liter-
ature. A comparison of cost estimates for roadside obstacle countermea-
sures is shown in table 59. The costs reported in the literature were
collected in several States over the past few years. Most of the costs
fell well within the high to Tow cost category range given in this re-
search and were generally c]ose‘to the median costs. Comparisons involv-
ing the costs of lane and shoulder widening are given in table 60. In
terms of lane widening, the costs from Kentucky correspond to the high
estimates, while the Idaho estimates more closely match the low-cost cate-
gory. This may be expected due to differences in terrain and other
factors between the two States which affect construction costs. Shoulder
widening costs from Kentucky closely match the median costs from this
research.

Data were also gathered on nine shoulder surfacing projects (from
March 1983 through March 1984) by the Michigan DOT for comparison with the
cost estimated for shoulder surfacing in this research. The distribution
of the costs from the nine projects, shown in table 61, fall within the
high to low cost range estimated in this research.
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Table 59. Comparison of current study cost estimates to previous research
for roadside obstacle countermeasures.

Countermeasure Estimate Source Unit Costs (1985 $)
Remove trees Current study:
(4 inches or Tow 70
more diameter) median 200
high _ - 550
Reference 25 71-270
Reference 30 86
Reference 19 , 120
Reference 1 270
Relocate small Current study:
sign Tow 70
median 200
high 440
Reference 25 : 180
Reference 30 180
Reference 19 600
Install guardrail Current study:
(per foot) Tow ‘ 7.60
median . 10
high ‘ 31
Reference 25 8
Reference 1 , . 10
Reference 19 12
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Table 60. Comparison of current study cost estimates to previous research
for lane and shoulder widening.

Lane Widening

Total Added Width, Project cost/mile
ft. (each side) Estimate Source (1985 § K)
2 Current study, high costs 255
Current study, median costs 99
Current study, lTow costs 47
Kentucky (Ref. 7) 244
Idaho, level terrain 20
(Ref. 6) ,
Idaho, difficult terrain 31
(Ref. 6)
4 Current study, high costs 494
Current study, median costs 188
Current study, Tow costs 92
Kentucky (Ref. 7) | 350

Shoulder Widening

2 Current study, high costs 176
Current study, median costs 63
Current study, low costs _ 24
Kehtucky (Ref. 7) 67
4 Current study, high costs 335
Current study, median costs 116
Current study, low costs 48
Kentucky (Ref. 7) ‘ 113

Note: Current study conditions assumed as gravel shoulders and .4:1 side-
slopes with a length of 10 ft. and a height of fill of 3 feet.
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Table 61. Comparison of Michigan project data to current study cost
estimates for shoulder surfacing.

Current Study

Estimated shoulder surfacing
costs ($1,000, 1985) per foot

Cost Category width per mile
High 13.7
Median 6.0
Low 3.4

Michigan Project Data

Estimated shoulder surfacing
cost ($1,000, 1985) per foot
Project width per mile

WO P WMN =
W PO ~NNWWW
DO ODOOO &~O
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CHAPTER 8 - ECONOMIC ANALYSIS

Based on the determination of costs and expected accident reductions
for lane and shoulder widening and roadside improvements, a cost-effec-
tiveness analysis methodology was developed. The major topics addressed
in this chapter are as follows:

Selection of Economic Analysis Techniques
Inputs Into the Cost-Effectiveness Procedure
Other User Benefits

Use of the Cost-Effectiveness Procedure

Selection of Economic Analysis Techniques

Numerous economic analysis techniques can be considered for evaluat-
ing individual projects. The benefit-cost method is a good method for
analysis of individual projects due to its common use in other research
studies, its ease of understanding, and the ease of manual computation.
Also, unlike some other methods, it can be easily interpreted, and many
agencies consider a project to be justified with a benefit-cost ratio of
1.0 or greater.

, When comparing different project alternatives at a site, several
economic analysis procedures can be considered such as the incremental
benefit-cost ratio method, dynamic programming or integer’ programming.
For this study, the incremental benefit-cost ratio method is recommended
for use in evaluating multiple projects because of its validity and sim-
plicity in computation and understanding, compared to the other methods.
To apply the incremental benefit-cost ratio method, alternative counter-
measures are ordered from lowest to highest cost. Then, the "increase" in
benefit and cost are computed for the next higher priced alternative. If
the change in benefit exceeds the change in cost, the higher priced op-
tion is justified (i.e., the added expense will pay for itself in terms of
yielding accident benefits). An example of the incremental benefit-cost
ratio method is provided in appendix C. The benefit-cost ratio method
will be used in the example in this chapter because only one project will
be evaluated.
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Inputs Into the Cost-Effectiveness Procedure

To use the B/C and incremental B/C analysis techniques for economic
analysis, several inputs must be known or assumed:

Expected accidents reduced from improvement.
Cost of improvement.

Unit accident cost.

Service life of the improvement.

Salvage value of the improvement.

Interest rate of money.

The following paragraphs describe each of these inputs.

Expected Accidents Reduced From Improvement(s)

To compute accident benefits due to roadway or roadside improvements,
the user must estimate the expected numbers of accidents to be reduced
per-mile-per-year, which may be obtained from any one of the following
procedures:

1. The user may calculate the number of related accidents-per-mile-
per-year using the final AQ model (equation 7) for the existing
roadway condition and future (i.e., post project) condition. The
difference between those two values represents the expected num-
ber of related accidents which would be reduced as a result of
the project. '

2. The user may review accident records for a roadway section under
study and determine the number of so called "related" accidents
(i.e., the number of fixed object + rollover + other run-off-road
+ head-on + opposite direction sideswipe + same direction side-
swipe, where each accident is counted only once) and divide by
the number of years of accident data used and the section length
(in miles). This will give a measure of related accidents-per-
mile-per-year for the section. Using the accident reduction fac-
tor (AR factor) tables 28, 29, and 30, multiply the appropriate
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AR factor by the number of related accidents-per-mile-per-year to
give the expected number of related accidents to be reduced per-
mile-per-year,

A user may use a different approach if he does not wish to cal-
culate the number related accidents, knows the number of total
accidents on the section, but cannot determine the number of
related accidents (i.e., the total of the six accident types
Tisted in item 2 above). 1In that case, the user needs an esti-
mate of the percent of related accidents to the total, so he may
apply the appropriate AR factor. This percent can be approximated
from figure 10, which shows the percent of related accidents
based on ADT (from 500 to 11,000) for curves of flat, rolling,
and mountainous terrain. Thus, for a roadway with an ADT of
1,000 with rolling terrain, the related accidents (i.e., six
types listed previously) would be expected to account for approx-
imately 62 percent of the total accidents on that section. The
user could then compute the total accidents per mile per year by
dividing the total accidents by the section length (miles) and
the accident time period (years). Then by multiplying the total
accs/mi/year by the adjustment factor from figure 10 (i.e., 62
for 62 percent) the expected number of related accidents-per-
mile-per-year can be determined. Then, the accident reduction
factors (tables 28, 29, and 30) can be selected and multiplied by
the related accidents-per-mile-per-year to determine the number
of related accidents reduced (per-mile-per-year) due to the
proposed improvements.

To illustrate the three options for determining the expected accident
reduction, consider the following roadway improvements:

Lane widening from 10 to 12 feet.
Shoulder widening and surfacing from a 4-foot gravel shoulder to a
6-foot paved shoulder.

Roadside improvements, which will reduce the roadside hazard
rating from 4 to 2,
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Single-vehicle and related multivehicle.
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Figure 10. Proportion of single-vehicle and related multivehicle to total
| accidents on rural roads in relation to ADT and terrain.
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Other features are as follows:

After
Before Condition
Condition (Proposed)
Terrain | Flat Flat
Section Length 6 miles 6 miles
ADT 2,000 2,000
Lane Width (W) 10 feet 12 feet
Paved Shoulder Width (PA) 0 feet 6 feet
Unpaved Shoulder Width (UP) 3 feet (gravel) 0 feet
Roadside Hazard Rating (H) 4 2
Sideslope 4:1 4:1
Sideslope Height of Fill 5 feet 5 feet
SidesTope Length 20 feet 20 feet
Total Accidents per Year on 10 Unknown
the Section
Related A0 Accidents Unknown Unknown

Using the Predictive Model (equation 7) the related (A0) accidents for the
before condition (AOg)
follows:

and after conditions (AOaA) may be computed as

A0 = .0019 (ADT) 882%( .8786)%(.9192)PP(.9316) P (1.2365)"(.8822) TER]
(1.3221) TER?
where TER1

1 if flat, O otherwise

TER2

1 if mountainous, 0 otherwise

For the before condition;

A0 = (.0019) (2,000)- 8824 .8786)10(.9192)0(.9316)3(1.2365)*(.8822) 1 (1.3221)°

AOg

(1.55) (.27) (1) (.81) (2.34) (.8822) (1)
AOg

0.70 related accidents-per-mile-per-year
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Coverting‘to accidents over the 6-mile section; AOg = (0.70 accidents-
per-mile-per-year) x (6.0 miles) =

AOg = 4,2 related accidents-per-year

In the after condition;

M, - (.0019) (2,000) *882%( .8786)12(.9192)8(.9316)0(1.2365)2( .8822)*
(1.3221)°

AOj = (1.55) (0.21) (.60) (1) (1.53) (.8822) (1)

AOp = 0.26 related accidents-per-mile-per-year, or

AOp = (0.26 accidents-per-mi]e-per;year) x (6 miles) =

AOp =

1.6 related accidents-per-year

Using the three options discussed above for determining the accident re-
duction factor yields the following:

Option 1:

This involves taking the difference between predicted accidents be-
fore and after the improvements to obtain the expected reduction in acci-
dents-per-year. Thus, :

AOg - AOp = 4.2 - 1.6 = 2.6 related accidents-per-mile reduced
due to the improvements. |

Option 2:

This procedure makes use of actual accident experience on the roadway
section, preferably if the number of related (i.e., fixed object + roll-
over + other run-off-road + head-on + opposite direction sideswipe + same-
direction sideswipe) accidents is known. In this example, the total acci-
dents (i.e., 10 per year on the 6-mile section, or 1.7 per-mile-per-year)
are known, but not the related accidents. Therefore, the analyst should
refer to Option 3.
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Option 3:

This option makes use of the known (10 in this example) total acci-
dents on a section without knowing how many of them are of the related
type. Using figure 10, it may be estimated that for an ADT of 2,000 in
flat terrain, approximately 45 percent of total accidents would be ex-
pected to be of the related type, or (.45) (10) = 4.5 related accidents
per year on the 6-mile section.

For the lane and shoulder improvements, refer to table 30, to select
the accident reduction factor. Thus, for 2 feet of lane widening on an
existing 3-foot unpaved (gravel) shoulder improved to a 6-foot paved
shoulder, a 42 percent reduction in related accidents is expected due to
the lane and shoulder improvements only.

The effect of the roadside improvements must also be included. Using
table 32, a reduction in roadside hazard rating of 2 will result in an
estimated accident reduction of 34 percent.

To determine the combined accident reductions from all of the im-
provements, the reduction factors (i.e., 42 percent and 34 percent) cannot

be numerically added. Instead, the overall accident reduction (Rp) may
be computed as:

Ry =1 - (1 - ARy) (1 - ARp) Equation (17)
Where:

AR] = the accident reduction factor from the first improvement(s)
(i.e., in this case the 42 percent)

ARs = the accident reduction factor from the second improvement (s)
(i.e., the 34 percent)

RA=1-(1-.42) (1 - .34) =1 - (.58) (.66)

RA = .62, or a 62 percent reduction in related accidents.

Thus, the reduction in related accidents using Option 3 is (4.5 related
accidents/year) (.62) = 2.8 related accidents reduced per year.
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This agrees closely with the 2.6 accidents reduced per year computed in
Option 1, but differs slightly because actual accidents on the section

were considered in Option 3, whereas predicted accidents (from the model)
were used in Option 1.

Cost of Improvements

For the cost-effectiveness analysis procedure, the cost of the im-
provement can be input by the user if such information is known. If not,
the costs developed in chapter 7 can be used. These costs do not include
costs for additional right-of-way-acquisition or changes in maintenance
costs. Such costs, if applicable, must be added. If these costs are not
known, they can be assumed as zero.

Unit Accident Costs

After estimating expected reductions in related accidents, a unit
accident cost will allow for computing accident benefits (savings) in
terms of dollars. Numerous sources are available of such unit accident
costs based on different assumptions and cost information. Examples of
unit accident costs include: (1) States' costs; (2) National Safety Coun-
cil (NSC) costs; (3) costs of the National Highway Traffic Safety Adminis-
tration (NHTSA) costs, (4) cost values developed by Miller et al. based
on 1980 NHTSA costs, and (5) costs by Hartunian et al. (see references 31,
33, 32, 34). Details of these cost values are given in appendix D.

The average cost per accident can be computed based on the cost per
event and the number of injuries and fatalities per injury and fatal acci-
dent. For the 62,675 accidents in the total accident data base, it was
found that 1.63 persons were injured per injury accident and 1.22 persons
were killed per fatal accident. The percent injury and fatal accidents
for the "related" accident types was determined from table 46 by averaging
values from Michigan, Utah, and Washington, as follows:
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Accident Type % Injury % Fatal
Fixed-Object 38.3 1.4
Rollover 55.3 6.4
Head-0n 50.3 11.7
SS - Opposite Dir. 30.7 2.1
SS - Same Dir. 14.7 0.7

The overall average percent injury and fatal accidents can be deter- -
mined based on the information above, and weighted by relative frequency
of each of the related accident types. From table 10, the following acci-
dent frequencies were determined for rural sections:

Accident Type Frequency Percent
~ Fixed-Object 10,937 50.9
Rollover 4,122 19.2
Head-0n 1,858 8.7
SS - Opposite Dir. 2,628 12.2
SS - Same Dir. 1,925 9.0
Tot al 21,470 100.0

Taking a weighted average of accident types by percent injury (i.e.,
(.383)(.509) + (.553)(.192) + ... + (.147)(.09) = 39.6 percent injury
accidents. Similarly, weighted overall average for fatal accidents was
3.3 percent. PDO accidents would then account for 100 - 39.6 - 3.3 = 57.1
percent of all related accidents. A review of total accidents on all rural
sections revealed 37.5 percent injury accidents and 1.6 percent fatal
accidents. Thus, percent injury accidents and fatal accidents were higher
for the "related" accident types than for the total rural data base.
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The cost per accident, using NSC costs (as given in appendix D), was
determined as follows: ’

Cp = (percent PDO accidents)(cost/PDO accident)+(percent injury
accidents) (cost/injury) (injuries/injury accident)+(percent
fatal accidents)(cost/fatality)(fatalities/fatal accident)

(0.571)($1,190)+(0.396)($9,300)(1763)+(0.033)($220,000)(1.22)

15,540 = $15,500 per related accident Equation (18)

Service Life

For each improvement under consideration, service life must be esti-
mated for use in computing accident benefits. The user may select an
appropriate service 1ife, although a service life of 20 years is a reason-
able assumption for most types of lane and shoulder widening projects.

Salvage Value

The salvage value is the dollar-value of a project at the end of its
service life. For most widening projects the salvage value is very small
and generally assumed to be zero.

Interest Rate

The interest rate is an important value in the cost-effectiveness
procedure. A different interest rate can affect the selection of a parti-
cular improvement, in some cases. Interest rates used by agencies can
vary. The user should select an interest rate that reflects the policy of
the particular agency, although interest rates of 4 to 10 percent are com-
monly used.

Other User Benefits

The major benefits of lane and shoulder widening, and roadside im-
provements are reduction in accidents. However, there may be other sec-
ondary benefits to motorists as a result of these improvements such as
reduction in vehicle operating costs, travel time and delay, and increased
comfort and convenience. Each of these secondary benefits are discussed
below.
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Vehicle Operating Costs

Vehicle operating costs consist of fuel costs, oil costs, tire wear,
maintenance and depreciation costs attributed to highway mileage traveled.
The effect of lane width, shoulder width and shoulder surface type on
vehicle operating costs can be determined by determining the vehicle and
highway factors which cause operating costs to vary. Lane width and
shoulder width may have an effect on vehicle speeds (i.e., narrower lanes
and shoulders may constrict vehicle movements, thereby reducing vehicle
speeds), which would affect fuel consumption of vehicles. However, changes
in vehicle operating costs due to changes in lane width, shoulder width

and shoulder surface type have not been adequately quantified in. the Tlit-
erature,

Travel Time and Delay

A wide range of values have been placed on the value of time and time
savings. However, there has been very little done to correlate travel
épeed (and therefore travel time) with lane and shoulder width. One prob-
lem with this is that there are many factors related to travel speed in-
cluding ADT, roadway capacity, surface, traffic mix, grade, horizontal
curvature and several other factors. Since the time relationship and
lane/shoulder width has not been adequately quantified, it will not be
used as non-accident benefit for lane and shoulder widening in this study.

Comfort and Convenience

Comfort and convenience is a subjective factor relating to driver
perception of driving conditions. In order to determine the comfort and
convenience benefits, a relationship must be developed between lane width,
shoulder width and shoulder surface type and comfort and convenience. Then
a dollar value must be assigned to comfort and convenience. There have
been very few studies conducted to determine this relationship. There-
fore, because of the subjective nature of comfort and convenience benefits
and the difficulty of quantifying this in dollar units, it is not recom-
mended for use in the cost-effectiveness analysis.
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Example of Lane and Shoulder Widening and Roadside Improvement Project

In order to illustrate the cost-effectiveness procedure, an example
is provided of a project to widen the lanes, add 3-foot paved shoulders,
and also to improve the roadside condition. The following assumptions
were made for the economic analysis:

o Section length = 6 miles
e ADT = 1,000
¢ Terrain = rolling
e Interest rate = 10 percent
e Salvage value = $0
e Project life = 20 years
e Accident cost = $15,500 per related accident

Before Condition After Condition
Lane width 9 feet - 11 feet
Shoulder width 0 feet 3 feet
Shoulder type : None Paved
Roadside hazard rating : 5 3
Sideslope 4:1 4:1
Sideslope height of fill 5 feet 5 feet
Sideslope length 20 feet 20 feet

Before the B/C ratio can be computed, the cost of the widening must
be estimated using the cost estimation procedure from chapter 7.

The estimated  cost of a lane and/or shoulder widening project is
found from equation 15 from chapter 7:

Cr = M [(W x CL) + (Ws x Cs) + E]
Where:

M = the project costs associated with mobilization and traffic con-
trol = 1.095

W

tr2v$11ed way width change in feet for both sides of the road
= eet
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cost of widening the lanes in 1985 dollars per foot of added
width = $13,900

shoulder width change in feet for both sides of the road = 6 feet

cost of widening the shoulders in 1985 dollars per foot of added
width = $5,500

cost of altering the side and back slopes in 1985 dollars
= $90,000 (by interpolation)

the total per mile widening project construction cost
$200,000/mile x 6 miles = $1,200,000

B/C ratio is computed as follows:

(Ag) (Ca) (Rp)
Cr (CRF)

Equation (19)

Benefit-to~-cost ratio

The expected number of related accidents per year before the
improvements. Ag was determined using the predictive model for
the ADT, terrain, lane width, shoulder width, and roadside hazard
rating in the before condition, ’

cost of an accident = $15,500

Percent reduction in related accidents due to the improvements.
If more than one accident reduction factor is used, then;

Ra =1 - (1 - ARp) (1 - ARp)

AR] = accident reduction factor due to 2 feet of 1ane‘widening
and 3 feet of shoulder widening = 40 percent, or 0.40 from

table 30

ARy = accident reduction factor due to decreasing the roadside
hazard rating from 5 to 3 = 34 percent, or 0.34 from
table 32

RA=1-(1-0.40) (1 - 0.34) = 0.60

The initial construction cost for the improvement = $1,200,000

The capital recovery factor to convert the construction cost in-
to an annualized value. For a 20 year service life and 10 per-
cent compound interest rate, the CRF = 0.1175
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Therefore, the B/C = (4.5) ($15,500) (0.60)
(1,200,000) (0.1175)

B/C = 0.3

For the improvement in this example, the accident benefits were much
less than the project costs. The B/C ratio could thange for a given im-
provement based on‘the accident costs used, interest rate, service life.
The B/C ratio will also be affected by the cost category (high, medium,
low) that is used in computing the construction costs of various improve-
ments. ‘

Note that the number of related accidents reduced per year was 4.5 x
0.60 = 2.7. Another way of computing accident reduction would. be to
compute the difference between the before and after predicted accidents
from the accident model. In the after condition, the predicted accidents
(Ap) would be:

Ay = (.0019)(1,000) 824 ( g786) 1 3(.9316)%(1.2365)3(.8822)°

.8786 .9192)

(1.3221)9

= 0.30 related accidents-per-mile-per-year x 6 miles = 1.8 acci-
dents/year.

Then, the difference between before and after accidents would be 4.5 -

1.8 = 2.7. This is the same amount of accident difference found using the
accident reduction factor and before accidents.
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CHAPTER 9 - SUMMARY AND CONCLUSIONS

This study was intended to ﬁuantify the benefits and costs resulting
from lane widening, shoulder widening, shouder surfacing, sideslope flat-
tening, and roadside improvements. The study included a review and cri-
tique of past accident research related to lane width, shoulder width and
type, and roadside condition. The development of accident relationships
involved the collection and analysis of detailed accident, traffic, road-
way, and roadside data from 4,951 miles of two-lane roads in seven U.S.
States. An accident predictive model and detailed statistical tests were
used to determine expected accident reductions related to various geomet-
ric improvements, Construction cost data from several States were used to
develop a cost model for such projects.

The following are the key study results:

1. Based on the Chi-square analysis, the types of accidents found to
be most related to cross-section features (i.e., lane width,
shoulder width, shoulder type, and sideslope) and roadside char-
acteristics included: ‘

e Single-vehicle (i.e., fixed-object, plus rollover, plus run-
of f-road other) ,

e Related multivehicle (1.e.,'head-on, plus sideswipe opposite
direction, plus sideswipe same direction)

These combined types of "related" accidents listed above (i.e.,
single-vehicle plus related multivehicle) were termed AQO acci-
dents and used in the predictive model.

2. Based on the analysis of covariance, the traffic and roadway
variables found to be associated with a reduced rate of single-
vehicle accidents were: wider lanes, wider shoulders, greater
recovery distance, lower roadside hazard rating, and flatter ter-
rain, Paved shoulders were associated with Tower related (AQ)
accidents than unpaved shoulders, based on the predictive model.
Steeper sideslopes (over a range of 3:1 to 7:1) were found to be
associated with higher rates of single-vehicle accidents, while
only a small difference was found between 3:1 and 2:1 sideslopes
based on the results of the Tog-linear model.
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where:

RO/M/Y

TER1
TER2

Numerous logical predictive model forms were tested for rural,
two-lane roads using the accident, traffic, and roadway variables
of importance. Although several mode]s were found to be accept-
able (in terms of logical interactions of variables and good
predictive ability), the model (equation 7) selected for develop-
ing accident reduction factors and predicted accidents is as fol-
Tows:

AO/M/Y = 0.0019 (ADT)?-882% (0 8786)%(0.9192)PP(0.9316) P (1.2365)"

TERl( TER2

(0.8822) 1.3221)

related accidents (i.e., single-vehicle plus head-on plus
opposite direction s1desw1pe plus same direction sideswipe
accidents) per-mile-per-year,

ADT

average daily traffic,

W = Tane width,

PA = average paved shoulder width,

up

average unpaved (i.e., gravel, stabilized, earth, or grass)
shoulder width, '

H = median roadside hazard rating

1 if flat, O otherwise, and

1 if mountainous, O otherwise.

The RZ value for this model was 0.456, which implies that 45.6
percent of the variation in accidents is explained by the traffic
and roadway variables. Also, the coefficients were reasonable in
terms of the relative importance of variables, and the relation-
ships were in basic agreement with much of the current litera-
ture. In fact, the average rates of total and single-vehicle ac-
cidents (by ADT and lane width categories) agrees closely with
other prominant State and national research studies.

Based on the predictive model, the effects of lane width on re-
lated (A0) accidents were quantified. The first foot of lane
widening (i.e., two feet of pavement widening) corresponds to a
12 percent reduction in related (A0) accidents; two feet of
widening (e.g., widening lanes from 9 to 11 feet) results in a
23 percent reduction, three feet results in a 32 percent reduc-
tion, and four feet of widening would result in a 40 percent re-
duction. These reductions apply only for lane widths between 8
and 12 feet.
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The effects of shoulder widening on related (A0) accidents was
also determined from the predictive model for paved and unpaved
shoulders. For shoulder widths between 0 and 12 feet, the per-
cent reduction in related (AO0) accidents due to adding paved
shoulders is 16 percent for 2 feet of widening, 29 percent for
4 feet of widening, and 40 percent for 6 feet of widening. Ad-
ding an unpaved shoulder would result in 13 percent, 25 percent,
and 35 percent reductions in related accidents for 2, 4, and 6
feet of widening, respectively. Thus, paved shoulders are slight-
1y more effective than unpaved shoulders in reducing accidents.

The effects of general roadside improvements on related (A0) ac-
cidents were also determined from the predictive model. Using
the seven-point roadside hazard scale, a reduction of one rating
value (e.g., a 5 hazard rating to a 4 rating) due to a roadside
improvement will result in a 19 percent reduction in related (A0)
accidents. Other reductions include a 34 percent reduction for a
two-point reduction in hazard rating, 47 percent reduction for a
three-point decrease in roadside hazard, and a 52 percent acci-
dent reduction due to a four-point decrease in hazard rating.
Similar accident effects were found due to increasing roadside
recovery distance using a different predictive model. Reductions
in related accidents were found to be 13 percent, 25 percent, 35
percent, and 44 percent, due to increasing the roadside recovery
distance (as measured from the outside edge of shoulder to the
nearest roadside obstacles and hazards) on a section by an addi-
tional 5 feet, 10 feet, 15 feet, and 20 feet, respectively,

The effects of sideslope on accident experience was determined
using a sample of 595 rural roadway sections (1,776 miles) in
Alabama, Michigan, and Washington where field sideslope measure-
ments were taken. Based on log-linear modeling which controlled
for the effects of ADT, lane width, shoulder width, and roadside
recovery distance, increased rates of single-vehicle accidents
and rollover accidents were found for steeper sideslopes. The
rate of single-vehicle accidents decreases steadily for side-
slopes of from 3:1 to 7:1 or flatter. However, only a slight
reduction in single-vehicle accidents was found for a 3:1 side-
slope, compared to a sideslope of 2:1 or steeper. Expected re-
ductions in single-vehicle accidents due to sideslope flattening
ranged from 2 to 27 percent, depending on the sideslope in the
before and after condition. For example, flattening sideslopes
of 2:1 or steeper to 3:1, 4:1, 5:1, 6:1, or 7:1 or flatter would
be expected to result in reductions in single-vehicle accidents
of 2 percent, 10 percent, 15 percent, 21 percent, and 27 percent,
respectively. Improvements to existing 3:1 sideslopes would re-
duce single-vehicle accidents by 8 percent, 19 percent, and 26
percent due to flattening them to 4:1, 6:1, and 7:1 or flatter,
respectively.

Traffic volume (ADT) and terrain were also found to have signifi-
cant relationships with related (AO) accidents. Overall, the
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presence of mountainous terrain is a factor associated with 32
percent higher related accidents compared to rolling terrain.
Flat terrain is associated with 12 percent less accident exper-
jence than rolling terrain. ADT has a direct, nonlinear effect
on related (AO0) accidents-per-mile-per-year. For example; a
doubling of ADT (e.g., from 1,000 to 2,000) increases A0 acci-
dents-per-mile-per-year by a factor of 1.84. This nonlinear
relationship between ADT and accidents is well-supported in the
literature.

A more detailed analysis was also conducted on the effects of speci-

fic roadside features on accident experience. The following are the key

findings based on various types of statistical analysis of two-lane road-
way sections in rural and urban areas.

9.

10.

11.

12.

For each type of roadside obstacle tested (i.e., utility poles,
mailboxes, culverts, signs, guardrail, fences, and trees), the
specific types of fixed-object accidents-per-mile-per-year in-
creased for (1) increasing ADT, (2) closer obstacle distance from
the road, and (3) increasing numbers of obstacles per mile.
Average accidents were computed for various categories of fixed
object by these factors but this information was not sufficient
for determining the effectiveness of tree removal, utility pole
relocation, and other specific roadside treatments.

The rate of guardrail accidents increases with an increase in the
percent of the section covered by guardrail for all terrains.
However, no significant difference was found in the overall rate
of single-vehicle or rollover accidents or in accident severity
due to the presence of guardrail. This finding could be due to
the fact that numerous roadway factors interact with guardrail
presence in terms of affecting single-vehicle and rollover acci-
dents. A data base containing details on each guardrail section
compared to similar sections without guardrail would allow for
more accurately quantifying accident effects of guardrail.

Roadside objects associated with the highest percent of severe
(injury plus fatal) accidents include culverts, trees, utility
and light poles, bridges, rocks, and earth embankments. Those
with lower percentages of severe accidents include signs, mail-
boxes, fire hydrants, and fences.

Overall, trees and utility poles are the roadside fixed obstacles
most often struck, while guardrail, signs, mailboxes, and bridge
ends are less frequently struck. On roads with ADT's of 4,000 or
less, trees are the most often struck obstacle, while utility
poles are the most frequently struck obstacle on roadways above
4,000 ADT.
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10.

11.

12.
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APPENDIX A - REVIEW OF LITERATURE

As part of this study, a review and critique were conducted of arti-
cles, reports, and publications on the relationships of lane width, shoul-
der width, and shoulder type with accidents1‘ This critical review was aim-
ed not only at finding flaws with previous studies, but primarily to select
the most reliable accident relationships with lane and shoulder factors.
An extension of that review resulted in the development of a model for
estimating the effects of lane width, shoulder width, and shoulder type on
motor vehicle accidents on two-]ane,‘ rural roads.[13] The complete
results of this effort were published elsewhere, and a summary of the key
information is presented below. A separate review was also made of litera-
ture related to the effects of roadside features on accidents, and is also
included.

Effects of Lanes and Shoulders

Criteria for Reviewing Studies

More than 30 articles and reporté were reviewed relative to effects
of lane and shoulder width and shoulder type. Criteria used to determine
the major strengths and weaknesses of each source are listed in table 1
(presented earlier). Basic principles outlined in the Federal Highway
Adminstration's (FHWA) "Accident Research Manual" (1980) and the User's

Manual on "Highway Safety Evaluation" (1981) were also considered in the
critical review.[2’3]

Initial review of the 30 articles found numerous major flaws in many
of the accident studies, and only nine of them survived preliminary screen-
ing. Of these nine, the study by Rinde (1977) dealt with shoulder widen-
ing, while studies by Dart and Mann (1970), Shannon and Stanley (1976), and
Zegeer, Mayes and Deen (1979) involved analyses of both lane and shoulder
widths (see references 4,5,6,7). Studies by Heimbach, Hunter, and Chao
(1974), Turner et al. (1981), and Rogness, et al. (1982) involved only
shoulder type, while studies by Foody and Long (1974) and Jorgensen (1978)
analyzed lane width, shoulder width, and shoulder type (see references 8,9,
10,11,12).
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The studies by Rinde (1977) and Rogness, et al. (1982) were before/
after studies of completed shoulder widening projects in which the authors
controlled for external factor's..H’IO:| The remaining seven studies
were comparative analyses, which developed accident relationships with one
or more geometric variables. Of these seven, three used regression analy-
sis to develop predictive accident models.

To select the most reliable and complete information available, data
and information from the nine studies were carefu]]y‘ana1yzed. Data were
desired which covered a wide range of lane- and shoulder-width and shoul-
der-type combinations. Also, data showing accident experience for the
specific accident types most related to lane and shoulder deficiencies was
considered most useful,

Critical Review and Analysis of the Literature

Review and analysis of the nine most reliable studies addressed four

specific questions related to the most likely relationships between acci-
dent experience and cross-sectional elements:

e What dependent variable(s) -- i.e., accident measure(s) -- is(are)
most appropriate for expressing the relationships between safety
and lane width, shoulder width, and shoulder type?

‘o What other independent variables (e.g., widths, curvature, volume
groups, roadside condition) should and can be included in develop-
ing accident relationships?

‘e What studies and data results are the most complete and reliable
for determining the expected accident relationships?

o What is the most likely model for expressing the relationship be-
tween accident experience and lane width, shoulder width, and
shoulder type?

Selection of Dependent Variable: The first major issue-was to determine
the types of accidents that are related to lane width, shoulder width, and
shoulder type. Although total accidents had been commonly used in past
accident studies, unrelated accident types influence the data base and

mask the true effects of the lane or shoulder improvement. The importance

of careful selection of the dependent safety variable has been emphasized
in definitive procedural guides.[2’3]
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0f the nine studies selected following preliminary screening of the
literature, several analyzed total accidents by accident severity, pave-
ment condition or by time of day. However, detailed accident types (i.e.,
run-off-road, head-on, rear end, right-angle, etc.) were analyzed in the
studies by Zegeer, et al. (1979), Rinde (1977), and Rogness, et al.
(1982).[7’4’10] Based on the results of those three studies, there is
strong evidence that run-off-road (ROR) and opposite direction (0OD) acci-
dents (head-on and opposite direction sideswipe) are the primary accident
types affected by lane and/or shoulder improvements. This was found to be
particularly true for roads with low traffic volumes -- ADT's of 3,000 or
less. Thérefore, the rate of ROR and 0D accidents was considered to be
the primary dependent variable for developing the accident relationships

with lane width, shoulder width, and shoulder type.

Selection of Independent Variables: Next, an examination was made of the
other interacting independent variables whose levels might influence the
effect of lane and shoulder conditions on highway safety. Ideally, all
independent variables chosen for inclusion in an accident model should in-
terrelate with the three variables of concern in affecting the related ac-
cident types.

A few studies have developed predictive accident models that account
for interrelationships among roadway variables. For example, Jorgensen
(1978) developed a predictive model for total accidents based on indepen-
dent variables such as pavement width, shoulder width, shoulder type, ADT,
and horizontal curvature.[lz] However, the RZ2 value for that model
was only 0.08, indicating that only about eight percent of the accident
variance was explained by the model. The predictive model of Dart and
Mann (1970) also used total accident rate (accident rate per 100 million
vehicle miles) as the primary dependént variable and yielded a much better
R2 value of 0.46 (46 percent of accident variance exp]ained).[s]
The independent variables in this model included various interactions
among the percentage of trucks, traffic volume ratio, cross slope, hori-
zontal alignment, traffic conflicts, lane width, and shoulder width. The
wide difference in R2 values between the two studies is not easily ex-
plainable,
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Based on a review of the publications, it was concluded that numerous
traffic, geometric, and roadway variables interrelate with lane and
shoulder widths and shoulder type in affecting accidents on two-lane,
rural roads. These include roadside characteristics, horizontal and ver-
tical curvature, traffic volume, access points, intersections, and others.
Thus, relationships of expected accident experience associated with vari-
ous combinations of pavement and shoulder widening and/or shoulder surfac-
ing should consider the combined effects of other factors to the extent
possible.

Selection of Data for Accident Relationships: Data and information were
carefully reviewed in each of the nine studies in order to select the most
reliable accident relationships and the most complete information. Each
study was characterized by both strengths and weaknesses, necessitating
constant judgment about what information was the most reliable and com-
plete,

Five of the nine studies were not used to bui1d the accident model.
For example, the Jorgensen (1978) study quantified only the total accident
experience, and the mathematical model explained only eight percent of the
variance in accidents.[12] Although the Shannon and Stanley (1976)
study contained a rigorous statistical analysis of data from two states,
it failed to analyze specific accident types and to provide accident ex-
perience for various lane- and shoulder-width combinations.[6] The
Dart and Mann (1970) relationships explained a reasonable amount of the
-accident variance but only used total accidents as a dependent variable.
[5] The study of Heimbach et al. (1974) was one of the better studies
on shoulder type and safety, but it did not include an analysis of speci-
fic accident types and did not provide detailed accident rates.[BJ
Finally, the study of Turner et al., (1981) presented composite run-off-
road and total accidents but did not provide information on the rates for
various combinations of Tlane and shoulder widths.[g] Although not
perfect by any means, the four studies selected for developing most likely
safety re]ationships were those by Zegeer et al. (1979), Foody and Long
(1974), Rinde (1977), and Rogness et al. (1982) (see references 7,11,4,
10).
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The study by Zegeer, et al. (1979) in Kentucky used approximately
16,000 miles of data and nearly 17,000 accidents in one year to compute

detailed accident rates for various combinations of lane and shoulder
widths.[7] Adjustment factors from that study were developed 1in an
attempt to control for the effects of traffic and other roadway variables.
While not an ideal method of control, the higher accident rates for low
ADT groups (with more sharp curves, more dangerous roadsides, and other
deficiencies) were clearly seen for different pavement width classes. The
authors then developed accident reduction factors that might realistically
be anticipated as a result of lane and shoulder widening (tables 62 and
63).

Table 62. Percent reduction in run-off-road and opposite-direction
accidents due to lane widening.[7]

Lane Width
Before After Tot al Percent Reduction

Widening Widening Widening in ROR2 and
(Feet) (Feet) (Feet) 0Db Accidents

7 8 2 10

7 9 4 23

7 10 6 29

7 11 8 39

8 9 2 : , 16

8 10 4 23

8 11 6 36

9 10 | 2 _ 10

9 11 4 29

10 11 ' ' 2 23

a Run-off-road accident
b Opposite-direction accident
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Table 63. Percent reduction in run-off-road anf ﬂpposite-direction
accidents due to shoulder widening.

Shoulder Width :
Before After Tot al Percent Reduction
Widening Widening Widening . in ROR and
(Feet) (Feet) (Feet) 0D Accidents
None 1 to 3 4 6
None : 4 to 6 10 , 15
None 7 to 9 16 21
1 to 3 4 to 6 6 10
1 to3 7 to9 12 16
4 to 6 7 to 9 6 . 8

The expected reduction in ROR and OD accidents from shoulder widening proj-
ects ranged from 6 to 21 percent, depending on the amount of widening.
Lane widening was expected to cause greater accident reductions--10 to 39

percent after adjusting for other factors--again depending on the amount of
widening. [7]

Foody and Long (1974) performed a detailed analyses of shoulder type
or 1,400 miles of sections in Ohio using single-vehicle accidents.[ll]
Mean rates of single-vehicle accidents are given in table 64 for sections
with both unstabilized and stabilized shoulders and for three pavement
width categories, 16 to 20 feet, 20 to 24 feet, and 24 to 28 feet. These
results show that shoulder stabilization or paving may be quite effective
in reducing run-off-road accidents on narrow roadways, typically 20 feet or
less in width, but are virtually ineffective on roads having widths of 24
feet or more. These rates (or rate differences) were apparently not adjus-
ted for effects of other factors (curvature, roadside conditions, etc.)

Table 64. Rates of single-vehicle accidents for paveme ent width and
shoulder type combinations in Ohio. [11]

Base Rat of SV Accidents
TnCe/ium)

g?mgnt Width 3 Unstabilized | Stabjlized Dif ference in

ing Shoulder Shoulder Shoulder Accident Rate (D)
16 to 20 3.57 1.11 2.46

20 to 24 2.04 1.40 0.64
24 to 28 1.02 0.98 0.04
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The studies by Rinde (1977) in California and Rogness et al. (1982)
in Texas reported results of actual pavement and/or shoulder widening proj-
ects.[4’10] The Rogness study sampled 214 miles where paved shoulders
had been added to two-lane highways.tlo] Rinde studied 143 miles where
total pavement widths were increased either to 28 feet (from initial
widths of 20 to 24 feet), to 32 feet (from initial widths of 18 to 24
feet), or to 40 feet (from initial widths of 20 to 26 feet).[4]

Accident reduction factors for the Rinde (1977) and Rogness et al.
(1982) studies are summarized for comparative purposes in table
65.[4’10] These include percent accident reductions - for total acci-
dents with similar adjustments (of four to six percent) for single-vehicle
accidents and head-on accidents in California. Reductions in total acci-
dents ranged from 16 to 35 percent. Single-vehicle accidents dropped by
as much as 55 percent as a result of widening but were unchanged in the
ADT group of 5,000 to 7,000 on Texas highways. Head-on accidents were re-
duced by 45 to 51 percent, based on the California data. Some of the seem-
ingly inconsistent patterns of accident reductions in table 65 were consid-
ered to be at least partly explainable by the differences in projects in
the two States. For example, all of the projects in the Texas study invol-
ved adding paved, full-width shoulders to existihg two-lane roads, whereas
the California projects involved differing amounts of total pavement widen-
ing. Random accident fluctuations could also help to explain some of the
inconsistencies.

Development of Safety Relationships

Although no satisfactory quantitative model relating accident rate to

Tane and shoulder conditions .was found within the published Tliterature,

prior research has established the general effects of these elements on

highway accidents. Qualitatively, these effects can be summarized as fol-
lows:

¢ Lane and shoulder conditions directly affect run-off-road (ROR)

and opposite-direction (0D) accidents. Other accident types, such

as rear end and angle accidents, are not directly affected by
these elements.
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¢ Rates of ROR and 0D accidents decrease with increasing lane width.
However, the marginal effect of lane-width increments is diminish-
ed as either the base lane width or base shoulder width increases.

e Rates of ROR and 0D accidents decrease with increasing shoulder
width. However, the marginal effect of shoulder-width increments
is diminished as either the base lane width or base shoulder width
increases.

e For lane widths of 12 feet or less, each foot of lane widening has
‘a greater effect on accident rates than an equivalent amount of
shoulder widening,

e Nonstabilized shoulders, including loose gravel, crushed stone,
raw earth, and turf, exhibit larger accident rates than stabilized
(i.e., tar with gravel) or paved (i.e., bituminous or concrete)
shoulders. ‘

These qualitative relationships served in large part as the basis for
developing a quantitative accident model in a detailed study for TRB (1986)
[13] Data for calibration of the model was extracted from the 1979
Kentucky study (by Zegeer, Mayes, and Deen) and the 1974 Ohio study (by
Foody and Long).[7’11] Adjustments were made 1in an attempt to remove
unwanted effects of other confounding variables -- such as curvature, ADT,
roadside condition, etc. -- and to assure appropriate consideration of
shoulder-width effects for roadways having wider lanes.

The model developed from previous literature was defined as follows:
AR = 4.1501 (0.8907)-(0.9562)°(1.0026)"3(0.9403)"(1.0040)\"
Equation (20)

in which AR = number of ROR and 0D accidents per million vehicle miles; L=
lane width in feet; S = shoulder width in feet (including stabilized and
unstabilized components); and P = width in feet of stabilized component of
shoulder (0 < P < S). Stabilized shoulders are those made of bituminous
surfacess or tar plus gravel mixture, while unstabilized shoulders include
loose gravel, earth, or dirt. Details on the model development are given
in the full report on this topic.[13]

Because of the many assumptions necessary in its development and the
reliance on available data bases from only two States for its calibration
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and validation, this model is not considered to be a precise representation
of the effects of lane and shoulder conditions on accident rates for all
possible situations. However, it was considered as a useful first approxi-
mation of such effects. It does represent the best information available
prior to 1986, and its most legitimate use is in developing accident reduc-
tion factors that can be applied to actual accident rates to estimate like-
1y reductions due to lane and shoulder improvements.

Limitations of the accident predictive model include the following:

o The model only applies to lane widths of 7 to 12 feet and shoulder
widths of zero to 10 feet. Furthermore, combinations of lane and
shoulder widths that can be reasonsably modeled are limited to
those shown in figure 11.

o The results relate to two-lane, two-way roads on state primary and/
or secondary systems.

e The results relate to rural, homogeneous roadway sections and gen-
erally exclude signalized intersections and corresponding inter-
section accidents.

e The results apply to paved roadways and include sections with cur-
ves and tangents and various types of terrain and roadway condi-
tions.

Effects of Roadside Features

In general, considerable research has been conducted in the past on
the frequency and severity of run-off- road accidents and related factors.
However, the literature also indicated a definite need to better quantify
roadsides and to develop a means to accurately predict run-of f-road acci-
dents for a variety of traffic, roadway, and roadside conditions. There
is also a need for clear, concise definitions which can describe roadsides
for highway safety purposes. A brief summary of the results of the liter-
ature review, presented on the following pages, is organized into the fol-
Jowing categories: (1) roadside features and accident frequency, (2) road-
side features and accident severity, and (3) roadside accident prediction
models. ’
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Figure 11. Rate of ROR and 0D accidents from the predictive model.[13]
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Roadside Features and Accident Frequency

Several studies have examined the effects of roadside features on the
frequency of roadside accidents, According to the studies, the frequency
of roadside accidents is primarily dependent upon fixed object character-
istics (i.e, number, type and offset from the road), sideslope, and road-
way geometrics.

Fixed Objects: Several studies have investigated fixed-object accidents
by the type of object struck. Studies by Newcomb and Negri (1971), Rinde
(1979), Foody and Long (1974), and Hall, Burton, Coppage, and Dickinson
(1976) indicate that utility poles are among the most frequent fixed ob-
jects involved in roadside accidents (see references 18,19,11,20). Other
frequently struck roadside objects include trees, sign posts, guardrails,

ditchembankments, and bridge structures. None of these -studies, however,
took into consideration how often drivers were exposed to each object
type.

Other studies indicate that the number of fixed objects and their
of fset influences roadside accident frequency. For example, Zegeer et al.
(1983) found that utility pole accidents increased significantly with a
decrease in pole offset or an increase in ADT or pole density.[14]
Relationships between utility pole accidents and pole offset and density
are. shown in in figure 12. Mak and Mason (1980) also found that pole den-
sity and pole offset-had an effect on the frequency of pole accidents.
[15] Jones and Baum (1980) found that the number of poles and pole

spacing was highly related to the probability of a -utility pole acci-
dent.[ls]‘

Hall, Burton, Coppage, and Dickinson (1976) reported that most of the
utility pole accidents they examined involved poles that were either with-
in 11,5 feet of the roadway or on the outside of horizontal curves.
[20] Foody and Long (1974) reported that 37 percent of all single-
vehicle, fixed-object accidents involved objects 6 to 12 feet from the
roadway. Also, approximately 81 percent of the accidents involving road-
side features occurred within 20 feet of the roadway.[llj
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SidesTope: Relationships have also been reported between the degree of
sideslopes and roadside accident frequency. Graham and Harwood (1982)
examined the effect of clear recovery zones and different sideslopes and
found that steeper sideslopes caused an increase in single-vehicle, run-
off-road accidents for all ADT levels and roadway types.[zz] Weaver
and Marquis (1976) simulated various roadside' slope designs and discovered
that vehicles leaving the roadway were less 1likely to roll over if the
slope was fairly flat.[23]  perchonok et.al., (1978) found that high-
er land fills and deeper ditches caused more vehicle rollovers,

Roadway Geometrics: Roadway geometrics, such as horizontal curvature and
grade, have been reported to affect the number of run-off-road and fixed-
object accidents as found by Jones and Baum (1980), Hall, Burton, Coppage,
and Dickinson (1976) and Perchonok et a1.(1978).[16’20’21]

Factors Affecting Accident Severity

. Relationships have also been reported between roadside features and
the severity of run-off-road and fixed-object accidents. The major factors

contributing to this relationship include the type of fixed object and the
vehicle speed.

Type of Fixed Object: Jones and Baum (1980) found that the types of fix-
ed objects associated with the most severe accidents include utility poles
(49.7 percent injury) and trees (41.8 percent). Rollover accidents resul-
ted in 51.4 percent injury and 1.1 percent fatal accidents. Other acci-
dents associated with'high severity included accidents involving bridges,
culverts, ditches, and embankments. Graf, Boos, and Wentworth (1976) sta-
ted that 47 percent of utility pole accidents resulted in a fatality or
injury and that ditch embankments and utility poles were also among the
most hazardous obstacles in terms of accident severity.

Vehicle Speed: Vehicle speeds have influenced the severity of roadside
accidents. Higher speeds are generally associated with greater accident
severity. Mak and Mason (1980) investigated the relationship between the
severity of pole accidents and vehicle impact speed.[lsj The authors

reported that there is a 50 percent chance of injury in a pole accident at
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impact speeds as low as 6 mph. The severity of these injuries increased
dramatically for impact speeds above 30 mph. Jones and Baum (1980), using
the speed limit to approximate impact speed of utility pole accidents,
estimated that a 50 percent chance of injury exists in a utility pole ac-
cident when the impact speed is approximately 34 mph. The discrepancy in
results between these two studies could be partly due to difficulties in
estimating impact speed and/or inacurracies in using speed limit to ap-
proximate impact speeds.

Roadside Accident Prediction Models

Several models have been developed to predict the frequency and/or
severity of single-vehicle or roadside accidents. Edwards et al. (1968)
developed what is probably the most widely-known model for determining
hazardous roadside 0bstac1es.[24] This probabilistic hazard index
model was developed to predict the annual number of fatal and nonfatal in-
jury accidents associated with roadside objects' on freeway sections.
Glennon and Wilton (1974) modified the model to include other roadway
types, including urban arterial streets, rural two-lane highways and rural
multilane highways.[zs] The model 1is based on encroachment frequency
and angle, severity index for each object type, dimensions of the obstacle
(length, width, and lateral placement), lateral displacement of the en-
croaching vehicle, traffic volume, and probability that the lateral dis-
placement of the encroaching vehicle will exceed the lateral placement of
the obstacle. The model relies on accurate estimates of vehicle encroach-
ments which has been a topic of uncertainty in recent years.

Cleveland and Kitamura (1978) developed a group of multiplicative
regression equations to predict the frequency of run-off-road accidents on
rural two-lane highways in Michigan.[26] Models were developed based
on the following factors: (1) traffic volume, (2) percentage of road
length with passing sight restrictions, (3) percentage of road length cur-
ved, (4) number of curves, and (5) percentage of road length with roadside
objects within 20 feet. A severity model was also developed, and key
factors included traffic volume, percentage of road length curved, percen-
tage of road length with roadside ijects within 10 feet, and object stif-
fness. Although reported RZ2 values for the models ranged from 0.26 to
0.49, model validation revealed less than desired results due to data out-
liers.
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Zegeer and Parker (1983) tested ten different models to predict an-
nual utility pole accidents per mi1e.[l4] The models were based on
2,500 miles of highway in four States, involving 9,500 utility pole acci-
dents. The multiplicative exponential model was selected as optimal in
that it not only had the highest RZ value (0.63), but it also made rea-
sonable intuitive sense. A nomograph was developed that allows easy esti-
mation of utility pole accidents based on known levels of traffic volume,
the number of poles per mile, and the lateral offset of poles from the
travel lane. The model, however, applied only to utility pole accidents
and not to other roadside accident types (i.e., trees, rollover accidents,
etc.).
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APPENDIX B - ROADSIDE HAZARD SCALE
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Figure 14. Rural roadside hazard rating of 2.



Figure 15. Rural roadside hazard rating of 3.

177



de hazard rating of 4

Rural roadsi

igure 16.

F

8

17



Rural roadside hazard rating of 5
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Figure 20. Urban roadside hazard rating of 1.
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Figure 21. Urban roadside hazard rating of 2.
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Figure '22. Urban roadside hazard rating of 3.
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Figure 23, Urban roadside hazard rating of 4.
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Urban roadside hazard rating of 6.
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Figure 26, Urban roadside hazard rating of 7.
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APPENDIX C - EXAMPLE OF INCREMENTAL BENEFIT-COST RATIO METHOD

To illustrate the incremental benefit-cost method, assume the follow-
ing improvement alternatives W through Z at a given project site:

Project | Accident Change Change
Alterna- Cost Benefits B/C | Alternative in in
tive ($1,000) | ($1,000) Ratio Compared Benefits | Costs
W 50 150 3.0
WX 250 150
* X 200 400 2.0
X+Y 200 300
Y 500 600 1.2
X+Z 400 800
JA 1,000 800 0.8

* = Alternative Selected

Projects were ordered from lowest to highest cost. The benefit cost
ratios are given for each project, which shows the highest B/C ratio (3.0)
for alternative W, followed by X (B/C of 2.0) , Y (B/C of 1.2), and Z (B/C
of 0.8). Thus, using the simple Benefit/Cost ratio method would result in
the selection of alternative W.

The incremental B/C ratio method would involve computing the change
in benefit (AB) and change in costs (A C) for pairs of alternatives.
When project alternatives W and X are compared AAB (due to selecting proj-
ect B instead of A) would be 400 - 150 = $250. Similarly, C between
alternative W and X is 200 - 50 = $150. Thus;ﬂ&B is greater thanﬁSC, SO
alternative X would be selected over alternative W. Next, alternative X
(i.e., the better of those two alternatives) is compared with the next
lowest cost alternative, which is alternative Y. For this comparisqn of
alternatives X and Y;ﬂ&B = 200 and\c¢ = 300, and the change in benefits is
less than the change in costs (i.e., the extra expense for alternative Y
does not produce at least an equivalent amount of added benefits). Thus,
alternative X would be preferred over alternative Y. Thus, comparing

alternative X (i.e., the better of alternative X and Y) with alternative Z
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again reveals that alternative X is preferred (i.e.,AB <AC). Therefore,
alternative X is selected using the incremental B/C method even though
alternative W is selected using the simple B/C ratio method.
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APPENDIX D - EXAMPLES OF UNIT ACCIDENT COSTS

After estimating expected reductions in related accidents, a unit
accident cost must be used to compute dollars of accident savings (bene-
fits). The two most commonly used unit accident costs are National Safety
Council (NSC) costs and National Highway Traffic Safety Administration
(NHTSA) costs. NSC costs are as fo]lows:[31]

NSC (1984)
Cost per fatality $220,000.00 -
Cost per injury 9,300.00
Cost per property damage only
(PDO) accident 1,190.00

NHTSA (1980) costs are based on the AIS scale (table 66) and are presented
in table 67.

A 1984 FHWA study by Miller, Reinert, and Whiting critically anal yzed
accident costs developed by various sources.[32] From this review,
they developed a revised set of costs based on 1980 NHTSA costs and costs
developed by Hartunian, Smart, and Thompson in. 1981.[33’34] In devel-
oping their costs, they also utilized the AIS which was used by Hartunian
and NHTSA, Recommended accident costs by Miller et al., are shown in
table 68 based on 1980 do]]ars.[32] Two accident costs are given for
fatal accidents. The higher costs include an adjustment based on willing-
ness to pay for life. ‘

In summary, although many different unit costs are currently in use,
four primary sources of accident costs should be considered for use: (1)
States costs; (2) NSC accident costs; (3) 1980 NHTSA costs, and (4) those
revised by Miller based on the 1980 NHTSA, and Hartunian costs. Any of the
above costs may be used in the cost-effectiveness procedure. However, the
NSC costs will be used in the examples presented later since they are
widely accepted, provide current costs, and assume a more conservative
cost for a fatality.
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AIS Code

Table 66. Representative motor vehicle injuries by abbreviated

injury scale level.

Injury-Severity Level

Minor injury

Moderate injury

Serious injury

Severe injury

Critical injury

\
Maximum injury (cur-
rently untreatable,
immediately fatal)

[32)

Representative Injuries

Superficial abrasion or laceration
of skin; digit sprain; first-
degree burn; head trauma with
headache or dizziness (no other
neurological signs).

Major abrasion or laceration of
skin; cerebral concussion (uncon-
scious less than 15 minutes)s
finger or toe crush/amputation:
closed pelvic fracture with or
without dislocation. '

Major nerve laceration; multiple
rib fracture (but without flail
chest); abdominal organ contusion;
hand, foot, or arm crush/amputa-
tion.

Spleen rupture; leg crush; chest-
wall perforation; cerebral concus-
sion with other neurological signs
{unconscious less than 24 hours).

Spinal cord injury (with cord
transection); extensive second- or
third-degree burns; cerebral con-
cussion with severe neurological
signs (unconscious more than 24
hours).

Decapitation; torso transection;
massively crushed chest.
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