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ABSTRACT

AN EVALUATION OF THE 'BEFORE AND

AFTER' ACCIDENT ANALYSIS PROCESS

WITH FOUR CASE STUDIES ON SELECTED

TENNESSEE STATE HIGHWAY SAFETY

IMPROVEMENT PROJECTS

by Ronald Jeffrey Mize, Jr.

The "before and after" accident analysis technique

presents a systematic method for evaluating the effectiveness

of highway safety improvements. Through four case studies

involving Tennessee Department of Transportation projects,

this thesis describes the procedure of performing a "before

and after" evaluation. Certain problems exist in the

reliability and practicality of the traffic data that is

fundamental for these studies. In addition, current "before

and after" procedures as outlined by the TDOT Highway Safety

Management Program require a great deal of time-consuming

effort that could be eliminated by the incorporation of some

computer automation features. Several improved methods of

data management, including new technological advancements,

were researched which would improve upon the overall

reliability and speed of performing these evaluations. By

improving upon TDOT's systematic "before and after" process,

future engineers would see more a practical, expedient, and

cost-effective method of project evaluation.
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GLOSSARY

Accident Rate Number that provides a basis for
comparing an accident location with any
other site. Accident rate is determined

by dividing the number of accidents that
occur at that location in a specified
time period by the amount of vehicular
exposure to that location in the same
period of time. Expressed as accidents
per million entering vehicle for
intersections & spots, and accidents per
million vehicle mile of travel for

sections.

ADT Average Daily Traffic; the total traffic
volume during a given time period
divided by the number of days in that
time period.

Average Accident

Rates (Ra)

Measured rates for various types of
highway locations and highway
characteristics used in statistical

comparison of accident rates for
specific locations. Measurements are
taken annually for the various
classifications of highways and applied
to the previous three-year period.

Collision Diagram A schematic drawing showing the
directions of travel prior to contact,
of vehicles, pedestrians, and other
factors whose presence contributed to
the accidents at a hazardous location.

These diagrams use standard graphical
symbols in a plan view (not to scale) to
visualize accident patterns and identify
the nature and causes of accidents at

hazardous sites.
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Condition Diagram A scaled drawing of the important
physical conditions of a hazardous
intersection, section, or spot of
roadway. It is used to relate the
accident patterns on a collision diagram
to the roadway and operational elements
at the hazardous location.

Critical Rate

(Rc)

Intersection

MUTCD

Poisson

Distribution

Query

Relational

Database

Number derived to reduce the probability
that an accident rate results from

chance alone; also called the "upper
control limit" for average accident
rates. Any rate larger than the
critical rate is most likely not a
result of chance, but rather some

unfavorable highway characteristic.

A junction of two or more highways,
including turning lanes and approach
legs up to 0.01 mile from the point of
intersection of adjacent curb lines or
pavement edge lines.

Manual on Uniform Traffic Control

Devices; published by the US Department
of Transportation and the Federal
Highway Administration in an effort to
unify traffic control standards for
different classes of roadways.

In statistics, a frequency distribution
(probability density function) that may
be regarded as an approximation of the
binomial distribution when the number of

events becomes large and the probability
of success becomes small.

A database retrieval process that
provides the basis for gathering
information on the new TRIMS.

Databases that uses a relationship
between tables to help in inquiring and
reporting the data for a query. The new
TRIMS is a Relational Database.
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Section

Severity Index

(SI)

Spot

TDOT

TRIMS

A highway segment longer than 0.1 mile
with uniform characteristics, including
geometry, surface type, number of lanes,
access control, environment
(rural/urban), and traffic.

Determined by the ratio of the fatal and
injury accidents to the total number of
accidents at a location. The larger the
percentage of fatal and injury
accidents, the more hazardous the

location.

A non-intersection highway segment with
length equal to 0.1 mile or less.

Tennessee Department of Transportation;
a division of Tennessee State Government

whose mission is to plan, implement,
maintain, and manage an integrated
transportation system for the people,
products, environment, and safety of the
State of Tennessee.

Tennessee Roadway Information Management
System; a statewide database that
provides users with access to traffic
record data on all State Roadways.
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Chapter 1

INTRODUCTION

One of the highway safety goals of the Tennessee

Department of Transportation is to ".„evaluate the

effectiveness of highway safety improvements..." (12) on state

roads. The "before and after" accident analysis technique

presents, perhaps, the most systematic method for attaining

this goal. The process of performing a "before and after"

accident evaluation is one part of the Tennessee Highway

Safety Management Program. This program, originally

developed in 1978 and under ongoing revision, outlines the

operating procedures, functions, and responsibilities for

managing highway safety in the State of Tennessee (16).

The significance of the state's highway safety

management becomes apparent when the overall magnitude of

Tennessee's roadway system is considered. As of March 1998,

Tennessee's state road system covered approximately 85,037

miles. Of that distance, 13,552 miles were on state

maintained highways, representing 16 percent of the total

highway miles within the state and carrying 75 percent of the

traffic. During the 1996 year, 167,659 accidents were

reported on the state-maintained highways in Tennessee. This



total included 114,803 property-damage only collisions,

51,736 injury accidents, and 1,120 fatal crashes (13).

As can be seen, the Tennessee Department of

Transportation is responsible for managing a vast amount of

highway mileage. Dealing with such an enormous yearly

accident total over these highway miles requires an effective

and timely use of resources. TDOT uses the Highway Safety

Management Program as a guide for developing and implementing

highway safety improvements on state roads (16). The "before

and after" step of the Highway Safety Management Program

provides engineers with a rational procedure for gauging the

effectiveness of individual roadway improvements. This

thesis describes the application of the systematic process

for conducting such a study and presents actual

investigations that analyze the "before and after" conditions

on four TDOT highway safety improvements. Following these

four case studies, recommendations are made that assess the

overall effectiveness of TDOT's systematic "before and after"

study methodologies. These recommendations will discuss the

accuracy, practicality, and availability of "before and

after" information, including accident reports, traffic data,

and accident rates. Recommendations will also include

strategies that may help implement the "before and after"

techniques employed by TDOT Traffic Engineers in the future.



Chapter 2

"BEFORE AND AFTER" STUDY COMPONENTS

Safe roadways are critical for the well-being of a

community. Inefficiencies in the roadway system may cause

serious losses to society, including loss of human life,

serious personal injury, low business productivity, and

general inconvenience. Identification of roadway hazards and

the implementation of countermeasures are continuing

responsibilities for traffic engineers. While these tasks

are important, it is equally significant to gauge the

effectiveness of roadway improvements. The "before and

after" accident analysis technique provides a valuable tool

for measuring the efficiency of highway safety improvements.

In order to effectively conduct a "before and after" accident

analysis, traffic engineers must follow a systematic

procedure. The following flow diagram in Figure 2-1 and

remainder of this chapter will discuss the systematic process

of a "before and after" accident study.
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FIGURE 2-1. Systematic procedure for
accident study.
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1. Data Collection

At least one year of accident data is needed to

perform a reliable evaluation of safety improvements. This

accident data should include the reports for any collision at

a specific location resulting in death or injury to any

person or in property damage to any one person in excess of

$400. The State of Tennessee requires every law enforcement

officer in the state who investigates such a motor vehicle

accident to forward a written report to the Department of

Safety within 24 hours after completing the investigation.

If an accident fitting the above description is not

investigated by a police officer, the drivers in these cases

are required to forward a written report to the Tennessee

Department of Safety within twenty days after the accident

(16). With the enormous number of accident reports that the

Department of Safety constantly receives, it may take two to

three years for all of the records to be catalogued;

therefore, suitable accident data for more current time

periods (usually the past three years) are normally

maintained by local, county, and state police departments and

are generally available upon a traffic engineer's request.

In a "before and after" study, the time period

researched for a "before" condition should include accident

data for at least one year, and preferably three years prior



to the last date on which traffic was subjected to the

unimproved condition. The accident data for the "after"

period should be at least one year from the earliest date on

which traffic was subjected to the improved condition. Since

construction operations tend to change the everyday working

characteristics of a location, accident data obtained during

the construction or installation period cannot be considered

reliable and should not be used in the evaluations (8). It

is preferable, for comparison purposes, to obtain "after"

accident records that cover the same time span as the

"before" data. For a more refined study, three years of both

"before" and "after" accident records should be obtained.

Traffic engineers should keep in mind, however, that

evaluating the initial impact of a roadway improvement is

still important, since an intended improvement could result

in unforeseen problems. Rather than potentially sacrifice

driver safety until three years worth of "after" accident

data becomes available, traffic engineers should perform a

quick follow-up study several months after a roadway

improvement installation to evaluate the immediate impact of

a safety project (7). Engineers should not make the mistake,

however, of collecting "after" data immediately following the

installation of a countermeasure, because "...drivers may not

react instantaneously to a treatment. Drivers encountering a



traffic control device soon after its placement, for example,

may not know how to react and may exhibit unusual behaviors

that bias any experiment data being collected. If the

experimenter allows several weeks to elapse before collecting

data, the novelty effect may be much smaller" (4).

Researchers should also use caution to avoid any

history or maturation biases that may affect the "before and

after" accident data (4). Examples of history bias include

studies that fail to account for speed limit changes on a

roadway section or experiments that compare a "before"

measurement from one season of the year to an "after"

measurement from another season. Maturation biases refer to

trends in measure of effectiveness values with time (4).

Fatal accident rates, for example, have been falling in many

developed countries for years due to a number of factors.

Such a trend can affect "before and after" experiments

measuring those rates (4).

2. Collision Diagrams

Certain circumstances involved in each accident

need to be compiled from the individual accident records for

further study. These factors are grouped and organized onto

a collision diagram, a standard form used to graphically

summarize the accident reports for a specific location. A
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collision diagram is a schematic drawing that shows the

directions of travel prior to contact, of vehicles,

pedestrians, and other factors whose presence contributed to

the accidents. These diagrams are used to visualize accident

patterns and to provide insight into the nature and causes of

accidents at previously identified hazardous locations. The

important elements to be included for each accident on a

collision diagram are the following:

1) Vehicle and pedestrian direction of travel just

prior to the collision.

2) The intent of all drivers and pedestrians prior to

the collision (make a left turn, stop to park, stop

during a turn to allow a pedestrian to cross, etc.).

3) Day of the week and the time of day of the

collision. The date is necessary in order to

separate accidents that may have occurred before or

after an improvement. The day of the week is

included to determine whether a particular weekday

or weekend factor (such as parking restrictions) may

be contributing to accidents. The time of day is

relevant because turning restrictions or signal

timing may be adjusted to impact only certain hours.

Nighttime collisions should also be noted, since

poor lighting may be a contributing factor.



4) Unusual weather, pavement, or operational conditions

during an accident, including wet pavement, rain,

snow, fog, sleet, or ice should be noted. Problems

such as nonfunctional traffic control signals should

also be shown.

A plan view sketch resembling an aerial photograph

of the accident site should be used when preparing a

collision diagram. The sketch need not be drawn to scale,

but should show the approximate relative position of each leg

of an intersection as well as all other physical features

that can cause traffic conflicts. Standard symbols are used

on collision diagrams to graphically portray individual

accident details for: 1) the intent and direction of travel

of all drivers and pedestrians, 2) information on accident

severity for each collision, and 3) identification of any

fixed objects near the collision site (Figure A-1)*.

Many accident studies involve a large number of

similar collisions that occur near the same point on the

site, hence making the exact graphical placement of each

collision symbol an impossible task. In order to avoid

visual clutter on a collision diagram, the positioning of

these symbols has no relation to the actual first point of

contact between the vehicles or to the exact location of the

All subsequent Figures and Tables for Chapters 2-6 are placed in the Appendices.
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vehicles prior to the accident. Graphical symbols should

only portray the general directions of the vehicles and their

approximate locations on the site during the accident (3).

3. Accident Characteristic

Summary Tables

A crucial step in the planning process of a

"before and after" accident study involves the grouping and

examination of accident data. Once data is gathered from

accident records and transferred into a collision diagram

format, the summaries should be examined for recurring

accident patterns, such as: 1) different types of two or

more vehicle collisions (right-angle, left-turn, head-on, or

rear-end), 2) collisions with pedestrians, 3) collisions with

fixed objects, 4) running off the road at curves, and 5)

accidents associated with poor lighting, weather, or pavement

conditions or specific hours or days. One way to organize

these recurring accident patterns is to group the summary

data into tabular form (3). Accident characteristic summary

tables present a detailed breakdown of the recurring accident

patterns at a location (Table A-1). By recognizing these

recurrent accident trends, traffic engineers may better

discern the true cause of a hazard and evaluate the

effectiveness of a safety improvement.

10



4. Accident Pattern Tables

For any roadway hazard, there are usually several

reasonable improvements that can be implemented. Before an

engineer can decide which improvement to endorse for a

particular hazard, it is important to analyze as many

alternatives as possible. Accident pattern tables provide a

tool that pairs accident patterns, which are collected

through engineering experience, with probable causes and

common improvements. Accident pattern tables can be used to

develop a list of feasible countermeasures based on defined

accident patterns for a problem location (Table A-2). Using

findings obtained from the accident summaries and field

reviews of past experience, candidate countermeasures are

developed and listed in tabular form. The development of

accident pattern tables is based on the following

assumptions: 1) Patterns of accident types are directly

associated with probable accident causes, and 2) The need for

specific improvements can be inferred from analysis of

probable accident causes. Using these assumptions, accident

pattern tables can be developed (2). The background for the

tables stems from traffic safety engineering experience, the

past experiences and evaluations of various agencies, and the

results of research conducted throughout the United States.

11



Accident pattern tables have been developed by

various groups across the country. While these tables are

often consulted before an improvement is endorsed, they can

still prove useful after corrective measures have been

incorporated. Accident pattern tables allow an engineer to

match the accident patterns identified on accident

characteristic summary tables to possible accident causes.

Obviously, no accident pattern listing can be absolutely

complete, as each hazardous location requires good

engineering judgment before implementing an improvement.

However, in a "before and after" accident study, accident

pattern tables can present a basic guide for evaluating how

the corrective measures have affected a location, and if any

new accident patterns have resulted from the attempted

improvement.

5. Field Investigations, Photolog Journals,
and Condition Diagrams

The collection of accurate accident data provides

a good foundation for a "before and after" accident

evaluation; however, researchers must know how to systematize

and analyze the information. Collision diagrams, accident

characteristic summary tables, and accident pattern tables

provide an engineer with valuable, systematic tools that aid

in evaluating the scenarios both before and after the

12



corrective measures were completed for a hazardous location.

Other tools that prove useful in conducting a "before and

after" evaluation include field investigations, photolog

journals, and condition diagrams. It is advisable for the

traffic engineer to review and become familiar with the

accident summaries collected in the previous steps before

conducting a field investigation. Both the before and after

accident data may point out conditions that warrant special

consideration, and particular attention should be given to

any accident patterns that are evident in the data. Also, a

review of the photolog coverage should be made, if practical,

prior to the on-site visit in order to become familiar with

the location. Photolog journals should include photographs

of the general layout and any obvious hazards at the

location, such as sight distance problems or a fixed object

that appears to be too close to the roadway. It is important

for a field engineer to make observations from the driver's

point of view and to examine such features as geometries,

traffic controls, and visibility. Field investigations

should be conducted with two objectives in mind: 1) to

identify the recurring safety problem(s) at the location,

including contributing factors and probable causes; and 2) to

evaluate whether the countermeasures have eliminated or

minimized the number and severity of accidents (6).

13



Another tool that may aid in the "before and

after" evaluation of a location is the condition diagram. In

contrast to the collision diagram, a condition diagram is a

scaled drawing of the important physical conditions of a

hazardous site. Judgment is needed to determine how detailed

the diagram should be, as the purpose of the condition

diagram is to relate the accident patterns on a collision

diagram to the roadway and operational elements at the

hazardous location (3). It has become common practice for

the Tennessee Department of Transportation to prepare

collision diagrams on an actual aerial photograph of the

site. This practice provides a useful tool that incorporates

a scaled diagram (in this case, a photograph) of the site

with the data from a collision diagram (Figure A-2).

6. Accident Data Analysis

Since chance alone will cause the number of

observed accidents at any location to vary from year to year,

the general reliability of the accident data must be

considered during analysis. Even if conditions at a site are

unchanged, there remains a probability that some accidents

have resulted from chance alone. Therefore, statistical

considerations are needed to determine the probability that

the recorded accidents do not result from mere chance (18).

14



In order to attain valid comparisons of the relative degree

of hazard at varying highway locations, one must consider the

following:

1) Accident rate per unit of exposure to vehicular

travel;

2) Severity of accidents in terms of fatalities,

injuries, and property damage; and

3) Statistical methods to analyze the distribution

of accidents over a period of time.

The traffic accident rate for any highway location

is determined by dividing the number of accidents that occur

at that location in a specified time period by the amount of

vehicular exposure to that location in the same period of

time. Exposure is measured in either number of vehicle-miles

of travel or number of entering vehicles, depending on the

location. All highway locations must fit one of three

general categories for the purpose of accident analysis:

highway sections, highway spots, or intersections. Vehicular

exposure is measured in the following terms for each type of

location:

1) Sections: Millions of vehicle-miles

2) Spots: Millions of entering vehicles

3) Intersections: Millions of entering vehicles

The specific accident rate formulas for each type of location

can be found in Appendix B (16).

15



Determining the accident rate of a specific

location equips one with a basis for comparing that location

with any other site; however, additional information is

needed to assess the significance of the rate. In order to

determine their worth, accident rates are compared to average

accident rates for various types of highway locations and

highway characteristics. Measurements for average accident

rates are taken in both rural and urban settings for

locations such as: sections, spots, intersections, bridges,

railroad crossings, two-lane and multi-lane highways. Every

year the Tennessee Department of Transportation determines

average accident rates for the different classifications of

highways for the previous three-year period.

Statistical techniques should be employed to be

reasonably certain that an observed accident rate differs

significantly from the average rate (10). To reduce the

probability that an accident rate is resulting from chance

alone, upper and lower control limits can be established for

the average accident rate. The upper control limit is

referred to as the "critical" accident rate, because any rate

larger than this value is most likely not resulting from

chance, but rather some unfavorable characteristic of the

highway condition. The formula for determining the upper

control limit (critical rate) can be found in Appendix B
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(16). The critical rate is dependent on what K factor is

selected. The K factor is a statistical factor related to

the probability that the difference between the average

accident rate for a system and the actual accident rate for a

specific segment, spot, or intersection is a normal variation

and not an indication that there is a problem with the

roadway. The larger the fC-value, the greater the probability

that the high accident rate does not result from chance

alone. In practice, TDOT uses a il-value of 2.327

(Probability =99%) to compute the critical rate for each

roadway classification. The following IC-values should be

used when confidence levels other than 99% are required:

Confidence Level (%) K

99.5 2.576

99.0 2.327

97.5 1.960

95.0 1.645

90.1 1.282

After a critical rate is determined for a

location, a ratio of Actual- to-Critical accident rates should

be calculated. This ratio is based on the total number of

accidents for any location and indicates the relative hazard

of that site. Accident severity for a highway location is

determined by the ratio of fatal and injury accidents to the

total number of accidents at the location. The larger the

percentage of fatal and injury accidents, the more hazardous
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the location. Accident severity is quantified as a Severity

Index (SI), and its formula can be found in Appendix B (16).

After accident rates have been determined for both

the "before" and "after" time period for a location, a

percent reduction in the accident rate can be calculated as a

means for evaluating the effectiveness of a project. Prior

to determining a true reduction in accident rates, "before

and after" data must be adjusted to reflect equal time

periods and traffic volumes. The adjusted average number of

accidents per year for the "before" and "after" time periods

and the percent reduction in accident rates may be calculated

from equations found in Appendix B (16).

A test should be made to determine the statistical

significance of the change in accident experience. Because

of the year-to-year variation in accident occurrence

resulting from chance alone, it is entirely possible that a

change in the number of accidents is due only to chance and

not to the safety improvement. However, as the difference

between the number of "before" and "after" accidents

increases, the probability that this is a chance occurrence

decreases. The accident reduction needed to constitute a

significant change, or the critical percent reduction, may be

calculated from the corresponding equation in Appendix B

which is based on the normal approximation of a Poisson
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distribution (9). If the actual percent reduction (PR) is

greater than the critical value {PRc) , then the reduction is

significant at the specified confidence level. If the

reduction is found to be significant, then the improvement

can be considered a success. If the actual percent reduction

(PR) is less than the critical value (PRc) , but greater than

zero, then the improvement is probably resulting from chance.

If the actual percent reduction (PR) is negative, meaning an

increase in accidents, but greater than the negative critical

value (-PRc), then the increase is probably due to chance.

If the actual percent reduction (PR) is less than the

negative critical value (-PRc), then the attempted

improvement has significantly worsened the hazard. These

conditions are clearly represented by the graph in Figure B-

1.

The "before and after" process described in this

chapter will be applied to actual Tennessee Department of

Transportation highway safety improvement projects in the

following four chapters. These four safety improvements were

selected from TDOT Regional Traffic Files as projects in need

of evaluation.

19



Chapter 3

LOCATION 1.

THE INTERSECTION OF STATE ROUTE 61

WITH STATE ROUTE 62

ANDERSON COUNTY, TENNESSEE

The intersection of State Route 61 with State

Route 62 lies between the communities of Oliver Springs and

Oak Ridge in Anderson County, Tennessee. The general layout

of the roadways presents State Route 61 as a two lane rural

facility which parallels State Route 62 before it intersects

State Route 61/62 as a "T"-type intersection (Figure C-1).

As an added geometric element for this intersection. State

Route 62 experiences a downhill grade on its northbound

approach.

The roadway safety improvement for this

intersection was installed by the Tennessee Department of

Transportation on September 28, 1993. As justification for

the improvement, TDOT thoroughly studied this intersection in

the "before" condition from March 1987 to June 1990.

Furthermore, a general "after" study was conducted for the

period from November 1993 to November 1994, during which

time, significant safety improvements were observed (14). As

can be noted from the above study periods, only one year of
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"after" accident data was available when TDOT conducted its

follow up study. This chapter will, therefore, review the

initial findings of TDOT for the "before" study and analyze

three years worth of "after" accident data in order to

complete a more refined "before and after" evaluation of this

intersection.

In the "before" condition. State Route 61 was

controlled by a stop sign for left turns, while right turns

were allowed to merge onto State Route 61/62 after yielding

to northbound traffic. Motorists who traveled toward the

intersection on State Route 61 encountered a vertical and

horizontal roadway curve that restricted view of the

intersection. State Route 61/62 existed as a four lane

median divided roadway that featured a combination left-

turn/deceleration lane. The posted speed limit on this

section of highway was 40 miles per hour; however, frequent

observations cited vehicular speeds in excess of the posted

speed limit.

At the request of Senator Randy McNally on

November 13, 1989, the Tennessee Department of Transportation

conducted an accident safety investigation at the

intersection. TDOT obtained accident data from State TRIMS

(Tennessee Roadway Information Management System) records,

the Anderson County Sheriff's Office, and the Tennessee
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Highway Patrol for the period from March 1987 to June 1990.

The reported accidents for this time period can be found in

collision diagram form in Figure C-2 and summarized in Table

C-1. In reviewing these "before" condition accident reports,

a total of 35 accidents were recorded which included the

following: 18 right-angle accidents, 11 rear-end accidents,

3 out-of-control accidents, 2 sideswipe accidents, and 1

left-turn accident. Twelve of these accidents involved

personal injuries and one accident involved a fatality.

During field investigations, TDOT determined the

entering movement from State Route 61 (west bound) onto the

right turn merge ramp to be difficult. When vehicles cleared

the combination vertical/horizontal curve on State Route 61,

an immediate decision required drivers to continue on the

short acceleration ramp or to stop. In addition, merging

from this ramp onto State Route 61/62 appeared to present

difficulties as many vehicles were seen stopping on the ramp

to wait for traffic to clear before entering the highway.

These drivers experienced sight distance problems because of

the left turns onto State Route 61, the existing guardrail,

and foliage. The accident patterns further support this

conclusion, as ten out of the eleven rear-end accidents

occurred in this quadrant of the intersection.
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In order to further investigate the "before"

condition performance of the intersection, TDOT used the

Highway Capacity Manual to conduct a capacity analysis for

each intersection approach leg. This analysis revealed that

a level of service "E" existed for all movements from State

Route 61, with indefinite delay and queuing factors (17).

With no control devices in place. State Route 51/62 operated

with a level of service "A"; however, a safety problem

developed from high volumes and excessive speeds of vehicles

on State Route 61/62, coupled with lengthy queues and

impatient drivers on State Route 61. The downhill grade from

the northbound State Route 62 approach contributed to speeds

in excess of the posted speed limit. When these high speeds

paired with insufficient gaps in the oncoming State Route

61/62 traffic, an excessive number of right-angle accidents

resulted where State Route 61 vehicles entered the

intersection. Another "before" condition accident pattern

had clearly developed as all eighteen right-angle accidents

occurred with northbound State Route 62 vehicles. Further

capacity analyses indicated that, after the installation of a

traffic signal, this intersection would operate with an

overall level of service "B" (17). A combination of traffic

counts and accident information from this "before" condition

revealed that the accident rate ratio of Actual- to-Critical
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was 3.97 accidents per million-vehicle-minute (Figure C-3).

After carefully reviewing the above considerations, TDOT

Traffic Engineers proposed the installation of a traffic

signal that became functional on September 28, 1993. In

addition, the right turn ramp from the State Route 61

approach was eliminated, and control of right turners was

given to the signal.

After the signal was installed and functional,

accident reports were acquired through state resources and

local and state police departments for the period from

September 1994 to December 1997. The accident reports for

the "after" condition, compiled in collision diagram format

and tallied on an accident characteristic summary table,

showed a total of 16 accidents which included the following:

8 rear-end accidents, 7 left-turn accidents, and 1 sideswipe

accident (Figure C-4 and Table C-2). Nine of these

collisions involved injuries, and no fatalities have occurred

since the installation of the signal.

Although the accident total has reduced

considerably since the signal installation, some new accident

patterns have developed during the "after" condition at this

location. Six out of seven of the left-turn collisions are

concentrated at the southbound approach of State Route 61/62.

This shows a new accident pattern that may be corrected by
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investigating the different components of the traffic signal

timing. First, the vehicle clearance time for this turning

movement may be too short. As northbound through vehicles

approach the intersection on a downhill grade, their speeds

may be deceiving to left turners from southbound State Route

61/62. Also, the left-turn movement onto State Route 61 may

require an exclusive lead/lag only phase; that is, a portion

of the signal cycle dedicated solely to this left-turning

movement and stopping traffic in all other directions.

Another possible countermeasure for this left-turn accident

pattern involves investigating the distance between the loop

detector and the signal on the northbound approach of State

Route 62. The excessive speeds of approaching vehicles on

this downhill grade may be affecting the readings made by the

loop detector, hence affecting the signal timing and

contributing to the left-turn accident pattern.

A second accident pattern has developed since the

installation of the traffic signal on the State Route 61

approach to the intersection, as four out of eight of the

"after" rear-end accidents occurred on this leg. Although

eliminating the right turn ramp from State Route 61 has

helped reduce the number of rear-end accidents, this

persisting accident pattern suggests that the

vertical/horizontal sight distance from State Route 61
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continues to present a problem for motorists. TDOT's

installation of an advanced flashing signal on State Route 61

has aided in warning drivers of the approaching intersection,

however, current placement of the advanced signal and

additional signing should be investigated in an attempt to

alleviate this rear-end accident pattern.

Before a traffic signal was installed, the

intersection of State Route 61 and State Route 62 experienced

a serious problem with right-angle and rear-end accidents in

different quadrants on the site. The "before and after"

study of this intersection reveals that since the traffic

signal was installed, a noteworthy decrease in the total

number of accidents has occurred. The total number of

accidents has declined from twelve to five accidents per

year, and the Actual - to-Critical accident rate ratio has been

reduced from 3.97 to 1.80 accidents per million-vehicle-

minute (Figure C-5). The problem of right-angle accidents

has been eliminated, and less than half the number of rear-

end accidents have occurred on the State Route 61 approach to

the intersection. Although an increase in the number of

left-turn collisions has resulted since the installation of

the traffic signal, this problem appears to be resulting from

a timing component rather than the existence of the traffic

signal. This "before and after" study, therefore, concludes
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that the overall safety performance of the intersection has

substantially improved since the installation of TDOT's

safety improvement plan.
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Chapter 4

LOCATION 2.

THE INTERSECTION OF STATE ROUTE 170

(EDGEMORE ROAD) WITH

MELTON LAKE DRIVE

ANDERSON COUNTY, TENNESSEE

The intersection of State Route 170 (Edgemore

Road) and Melton Lake Drive is located in the southeast

corner of the city of Oak Ridge in Anderson County,

Tennessee. The general roadway layout reveals Melton Lake

Drive entering State Route 170 in a "T" type intersection

approximately 150 feet west of a bridge over the Clinch

River, and both Melton Lake Drive and State Route 170 run

along the Melton Lake waterway (Figure D-1). The "before"

condition presented Melton Lake Drive as a two lane road

approximately twenty four feet wide with four-foot shoulders.

This southbound approach to the intersection was controlled

by a stop sign for left turns, while a separate right turn

lane allowed drivers to merge onto State Route 170 after

yielding to westbound traffic. Westbound travelers on State

Route 170 were provided a limited view of the intersection

because of the bridge parapet and guardrail. The width of

this bridge, located 150 feet east of the intersection, was
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twenty-eight feet from curb to curb, and the posted speed

limit on State Route 170 was 55 miles per hour (14).

At the request of numerous local citizens and

Anderson County Commissioner, Carl Scarbrough, on February

10, 1989, the Tennessee Department of Transportation

conducted an accident safety investigation at the

intersection. TDOT obtained accident data from State TRIMS

records, the Oak Ridge Police Department, the Anderson County

Sheriff's Office, and the Tennessee Highway Patrol for the

period from January 1986 to December 1988. The reported

accidents for this time period can be found in collision

diagram form in Figure D-2a and summarized in Table D-1. In

reviewing these "before" condition accident reports, a total

of 35 accidents were recorded which included the following:

22 rear-end accidents, 9 right-angle accidents, and 4 out-of-

control accidents. Nine accidents occurred at night, five of

these accidents involved personal injuries, and no fatalities

occurred at this location during the "before" study period.

During field investigations, TDOT determined that

the poor site distance caused by the bridge parapet and

guardrail had been a major contributor to the accident

history for the intersection. Furthermore, a capacity

analysis utilizing the Highway Capacity Manual revealed that

motorists who approached the intersection from Melton Lake
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Drive experienced infinite delay time and queues which, in

turn, resulted in very few gaps for vehicles to enter State

Route 170 (17). Many "false start" scenarios resulting from

the insufficient gaps and sight distance problems were also

observed to be contributing to the accidents. The poor sight

distance and insufficient gaps created a situation where

motorists entering State Route 170 from Melton Lake Drive

were actually pulling out in front of oncoming traffic.

Often, these drivers would either slam on the brakes, causing

a rear-end accident on the Melton Lake Drive approach, or

they would find themselves beyond the point of avoiding a

right-angle accident with oncoming State Route 170 traffic.

The following accident patterns in the intersection further

support this evaluation: twenty-one out of the twenty-two

rear-end accidents occurred on the Melton Lake Drive

approach, and eight out of the nine right-angle accidents

occurred with westbound vehicles on State Route 170,

approaching from the leg of the intersection that provided

poor sight distance for motorists on Melton Lake Drive. A

combination of traffic counts and the above accident

information from this "before" condition revealed that the

accident rate ratio of Actual - to-Critical was 4.03 accidents

per million-vehicle-minute (Figure D-3).
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After carefully reviewing the above

considerations, TDOT Traffic Engineers initially proposed

that the intersection be signalized as a semi-actuated two

phase system. In addition, an eleven foot left turn lane for

the east bound approach of State Route 170 would be installed

to enable left turns onto Melton Lake Drive without

interruption to the east bound traffic. Further study,

however, revealed that the construction of a left turn

storage lane on the east approach of State Route 170 would

necessitate a roadway width taper that included the widening

of a portion of the bridge over the Clinch River at

considerable cost. After reviewing this "before" condition

and the proposed budgetary constraints, it was decided that

the "before" accident pattern did not reflect that the

addition of a left turn storage lane would generate any

benefits; therefore, the left turn storage lane was

eliminated from the proposed plans and further investigation

was conducted.

An additional accident study from January 1990 to

April 1991 revealed that the traffic flow and geometric

problems presented by this intersection continued to cause

accidents (Figure D-2b). During this time period, the

following 19 accidents were reported: 12 rear-end accidents,

5 right-angle accidents, 1 left-turn accident, and 1
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sideswipe accident. The collision data from this additional

"before" investigation revealed the same accident patterns as

the previous study: ten out of the twelve rear-end

collisions occurred on the Melton Lake Drive approach, and

all five right-angle accidents occurred with westbound State

Route 170 vehicles, approaching from the leg of the

intersection with poor sight distance for Melton Lake Drive

motorists. As a result of these "before" investigations.

State Traffic Engineers recommended that an interim

improvement be considered to provide some relief to the

motorists on Melton Lake Drive experiencing infinite delay,

sight distance difficulties, and accident problems. The

installation of a traffic signal excluding all recommended

geometric improvements was deemed a suitable interim

improvement that would provide the Melton Lake motorists with

a protected left and right turn movement. The traffic

signal, as an interim improvement, would give the Department

of Transportation additional time to determine an optimum

solution without continuing to sacrifice driver safety. The

traffic signal was installed on April 11, 1992.

After the signal was installed and functional,

accident reports were acquired through state resources and

local and state police departments for the time period from

September 1992 to August 1995. The accident reports for this
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"after" condition, compiled in collision diagram format and

tallied on an accident characteristic summary table, showed a

total of 32 accidents which included the following: 23 rear-

end accidents, 6 left-turn accidents, and 3 out-of-control

accidents (Figure D-3 and Table D-2). Nine of these

collisions involved injuries, and no fatalities have occurred

since the signal was installed. During the "after" time

period, the Actual - to-Critical accident rate ratio has

reduced slightly to 3.34 accidents per million-vehicle-minute

(Figure D-5).

Since the signal was installed, the "before"

condition accident patterns have been alleviated, as no

right-angle accidents have occurred and only four rear-end

collisions have been recorded on Melton Lake Drive; however,

some new accident patterns have developed during the "after"

condition at this location. Eleven out of the twenty three

rear-end accidents and five out of the six left-turn

collisions occurred on the east bound approach of State Route

170. Many of these accidents could be avoided by the

installation of a left turn lane and exclusive left turn

signal on the eastbound approach to the intersection. Under

current conditions, eastbound vehicles on State Route 170

planning to turn left onto Melton Lake Drive are threatened

from behind by vehicles not planning to turn, and when these
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eastbound drivers do turn left, they are threatened by

westbound motorists who are either traveling through the

intersection or turning right onto Melton Lake Drive. The

westbound right turners have a yield sign which is frequently

ignored, thus contributing to the eastbound left-turn

collisions. The addition of a left turn lane, however, was

not deemed a viable countermeasure, since the required lane

tapers necessitated widening the bridge, which in turn was

deemed too costly.

An additional accident pattern has developed on

State Route 170 since the signal was installed, as seven out

of the twenty-three rear-end collisions occurred on the

westbound approach. The lack of a left turn lane for

eastbound travelers has contributed to these collisions as

well. Both through and right turning westbound traffic on

State Route 170 must contend with eastbound vehicles turning

left onto Melton Lake Drive. As eastbound left turners

become impatient because of the lack of adequate gaps in the

westbound traffic flow, they actually pull out in front of

the westbound travelers who subsequently must slam on the

brakes, which oftentimes causes a rear-end collision.

A traffic capacity analysis which utilized methods

outlined in the Highway Capacity Manual was conducted for the

"after" traffic condition. This analysis indicates that the
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entire intersection is operating at a level of service F for

both the morning and afternoon peak hours. An F level of

service suggests a severe capacity overload and describes the

"after" condition as "forced flow" or, "bumper-to-bumper"

traffic which forces vehicles to wait one or more full signal

cycles before proceeding through the intersection (17). This

capacity analysis indicates that major improvements are

needed to adequately accommodate the extremely high traffic

volumes and to avoid the resulting accident problems.

Before a traffic signal was installed, the

intersection of State Route 170 and Melton Lake Drive

experienced a serious problem with right-angle and rear-end

accidents in different quadrants on the site. The "before

and after" study of this intersection reveals the previous

accident patterns that existed for the "before" condition

have simply shifted to different points on the site after the

traffic signal was installed, and no change in the severity

or total number of accidents has occurred. Although the

problem of right-angle accidents has been eliminated and less

than half the number of rear-end accidents have occurred on

the Melton Lake Drive approach to the intersection, new

accident patterns have developed since the signal was

installed. Rear-end accident patterns have shifted to both

the eastbound and westbound legs of State Route 170, and
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left-turn accidents are now a problem for eastbound State

Route 170 motorists. The rear-end and left-turn accident

patterns that have developed on State Route 170 are

indicative of excessive delays, stop and go traffic, and

frequent unexpected stops by vehicles traveling at speeds

near 55 miles per hour. The overall number of accidents and

safety performance at this location has remained virtually

the same since interim corrective measures were put in place.

The Actual- to-Critical accident rate ratio has moved from

4.03 to 3.34 accidents per million-vehicle-minute and the

total number of accidents has shifted only slightly from

twelve to eleven accidents per year. The interim traffic

signal has had no significant effect on the accident

performance of this intersection; therefore, further

corrective measures are presently being investigated by the

Tennessee Department of Transportation for this continuing

high hazard location.
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Chapter 5

LOCATION 3.

THE 1-640 WEST BOUND EXIT RAMP SB TO

STATE ROUTE 9 (CLINTON HIGHWAY)

KNOX COUNTY, TENNESSEE

The 1-640 west bound exit ramp to State Route 9

(Clinton Highway) lies just west of the 1-275 and 1-640

interchange in the northwest section of Knoxville in Knox

County, Tennessee. The general roadway layout reveals exit

3B from 1-640 west bound as a one lane roadway that merges

onto northbound State Route 9 (Figure E-1). Both 1-640 and

State Route 9 are moderately high speed facilities with

vehicles traveling in excess of 50 miles per hour. The

"before" condition presented the 1-640 west bound exit ramp

as a one lane entrance approximately 320 meters (1050 feet)

long, ending at State Route 9 with yield control signs at the

foot of the ramp. State Route 9 existed as a two lane road

with no stop or yield controls. The yield signs at the foot

of the exit ramp often caught exiting motorists off-guard,

thus creating at hazard at this interchange (14).

At the request of numerous local citizens, the

Tennessee Department of Transportation conducted an accident

safety investigation at the interchange. TDOT obtained
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accident data from State TRIMS records, the City of Knoxville

Engineering and Police Departments, and the Tennessee Highway

Patrol for the period from January 1992 to December 1994.

The reported accidents for this time period can be found in

collision diagram form in Figure E-2 and summarized in Table

E-1. In reviewing these "before" condition accident reports,

a total of 22 accidents were recorded which included the

following: 12 rear-end accidents, 7 sideswipe accidents, 2

out-of-control accidents, and 1 right-angle accident. Four

of these accidents involved personal injuries, and no

fatalities occurred at this location during the "before"

study period.

During field investigations, TDOT determined the

merging movement from the 1-640 west bound exit 3B onto State

Route 9 to be hazardous. After traveling at speeds near 55

miles per hour along 1-640 and the adjoining 320 meter

downhill grade of the exit ramp, driver expectancy was

violated as the ramp layout gave motorists the false sense of

driving on an acceleration lane. Oftentimes, as drivers

reached the end of the exit ramp, the yield signs either

caught them off-guard and they were forced to slam on the

brakes, thus endangering them from behind, or the signs went

unnoticed and drivers found themselves already too far onto

State Route 9 to avoid a sideswipe collision with northbound
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travelers. In addition, vehicles who knowingly observed the

yield control at the base of the ramp found themselves in

danger of being rear-ended by motorists who falsely perceived

the exit ramp as an acceleration lane. Merging was also

found to be difficult because of the high speeds and volumes

of traffic on northbound State Route 9. The accident

patterns support these conclusions, as all twelve rear-end

accidents and all seven sideswipe collisions occurred in the

above mentioned section of the interchange. A combination of

traffic counts and accident information from this "before"

condition revealed that the accident rate ratio of Actual-to-

Critical was 1.64 accidents per million-vehicle-minute

(Figure E-3).

In order to further investigate the "before"

performance of this interchange, TDOT explored the geometric

layout of all adjacent roadways. Further potential

difficulties were found nearby, as State Route 9 intersected

a low volume roadway approximately 45 meters (150 feet) north

of the 1-640 exit ramp. This roadway, named Jenso Drive, was

mainly used as a business entrance with extremely low traffic

volumes, however, and only one right-angle accident was

recorded near this site during the three year "before" study

period. Hence, TDOT concluded that the intersection of State

Route 9 with Jenso Drive would not require any change. A
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second exit ramp that warranted investigation was located

approximately 120 meters (400 feet) south of the study site.

Northbound traffic from State Route 9 encountered a right

lane exit ramp leading to 1-640 westbound. Traffic exiting

from State Route 9 onto this ramp would not affect the

interchange under study, however, as only motorists who

continued northbound on State Route 9 would meet merging

traffic from westbound 1-640 exit 3B.

After carefully reviewing the above

considerations, TDOT Traffic Engineers proposed a design that

would accomplish two goals at minimal cost: 1) the proposed

solution would address driver expectancy problems at the base

of the exit ramp and 2) the proposal would induce negligible

impact on the traffic flow of northbound State Route 9. In

April of 1996, TDOT traffic engineers presented a lane

striping plan that would hatch out approximately 120 meters

of the right hand lane of northbound State Route 9. The

striping would begin just past the entrance ramp to 1-640

westbound and end just prior to the exit ramp from 1-640

westbound exit 3B. By hatching out this section of roadway,

motorists from the 1-640 westbound exit ramp would have an

uninterrupted lane for merging onto State Route 9. The new

lane striping plan forced northbound State Route 9 motorists

into the left hand lane until vehicles entering from 1-640
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were given the opportunity to merge into northbound traffic

flow via a separated lane. After the travel distance along

the two lanes reached a comfortable point of merger, vehicles

were allowed to cross the lane lines, and the remainder of

State Route 9 was unaffected as a two lane highway with

continuous dashed centerlines (Figure E-4).

TDOT's lane striping plan was installed and made

functional in April of 1996, after which time accident

reports were acquired through state resources. City of

Knoxville Engineering and Police Departments, and the State

Highway Patrol for the period from June 1996 to December

1997. The accident reports for the "after" condition,

compiled in collision diagram format and tallied on an

accident characteristic summary table, show a total of 4

accidents which included the following: 1 rear-end accident,

2 sideswipe accidents, and 1 out-of-control accident (Figure

E-5 and Table E-2). None of these collisions involved

injuries, and no fatalities have occurred since the

installation of the lane striping plan.

Although the accident reports for the "after" time

period only cover a time span of one and one-half years, the

per-year accident total has been considerably reduced since

the lane striping plan was installed. Of the four collisions

reported during the "after" period, three different accident
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types occurred; therefore, it is reasonable to conclude that

all previous accident patterns have been alleviated, and no

new accident patterns have developed at this location. TDOT

should further investigate this interchange in a more refined

study after three years of "after" accident data are

available, however, in order to confirm the findings of this

study.

Before a new striping plan was installed, the

interchange at the exit ramp from 1-640 west bound to State

Route 9 experienced a serious problem with sideswipe and

rear-end accidents at the base of the exit ramp. The "before

and after" study of this intersection reveals that since the

striping plan was installed, a complete decline in the

severity and total number of accidents has occurred. The

total number of accidents has declined from more than 7 to

less than 3 accidents per year, and the Actual - to-Critical

Accident Rate ratio has been reduced from 1.64 to 0.49

accidents per million-vehicle-minute (Figure E-6). The

problem of right-angle and rear-end accidents has been

eliminated as exit 3B from 1-640 has been given a separate

lane on which to enter State Route 9. In addition, traffic

volumes on State Route 9 seem unaffected, as no additional

bottlenecking or capacity problems have been observed during

peak hours since the striping plan was put in place. This
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"before and after" study therefore concludes that the overall

safety performance of the interchange has substantially

improved since the installation of TDOT's lane striping

design.
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Chapter 6

LOCATION 4.

STATE ROUTE 170 (RACCOON VALLEY ROAD)

NEAR THE INTERSECTION OF NAFF ROAD

KNOX COUNTY, TENNESSEE

The section of State Route 170 (Raccoon Valley

Road) near the intersection of Naff Road is located less than

one mile east of the Anderson County line in the northwest

corner of Knox County, Tennessee. The general roadway layout

presents State Route 170 as a two lane rural facility with

several hazardous geometric elements near the Anderson/Knox

County line. Approximately two-tenths of a mile east of the

Anderson County line. Naff Road, which also functions as a

two lane rural facility, intersects State Route 170 in a "T"

type intersection with stop controls (Figure F-1). The

roadway hazards on State Route 170 occur over nearly three-

tenths of a mile surrounding the intersection with Naff Road;

therefore, this site will be evaluated as a roadway section

for the purpose of a "before and after" analysis (14).

In the "before" condition, eastbound travelers on

State Route 170 in Anderson County experienced a gently

rolling roadway with two-foot shoulders on both sides of the

traveled lanes. The layout of State Route 170 changed
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drastically, however, when vehicles crossed the county line.

As motorists reached Knox County, the roadway shoulders were

immediately dropped and the highway geometries became more

treacherous. Approximately one-tenth of a mile into Knox

County, eastbound State Route 170 motorists experienced a

sharp vertical crest that was immediately followed by a

horizontal curve. Less than one-tenth of a mile east of

these curves. Naff Road intersected State Route 170 in a "T"

type intersection. Another one-tenth of a mile east of Naff

Road, State Route 170 drivers experienced an additional

vertical curve. The posted speed limit on this entire

section of State Route 170 was 45 miles per hour in both

Anderson and Knox County; however, frequent observations and

"before" condition accident reports cited vehicular speeds in

excess of the posted speed limit.

At the request of numerous local citizens, the

Tennessee Department of Transportation conducted an accident

safety investigation for this roadway section in October of

1995. TDOT obtained accident data from State TRIMS

(Tennessee Roadway Information Management System) records,

the Anderson County Sheriff's Office, and the Tennessee

Highway Patrol for the period from January 1992 to December

1994. The reported accidents for this time period can be

found in collision diagram form in Figure F-2 and summarized
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in Table F-1. In reviewing these "before" condition accident

reports, a total of twelve accidents were recorded, including

eleven out-of - control accidents and one rear-end accident.

Two collisions were alcohol related, six of these accidents

involved personal injuries, and no fatalities were recorded

on this roadway section during the "before" time period.

During field investigations, TDOT discovered

several geometric difficulties that could not be detected on

the plan view aerial photographs of this roadway section.

The roadway characteristics of eastbound State Route 170 in

Knox County differed significantly from the highway layout in

Anderson County. Several geometric problems hampered driver

sight distances and amplified motorist expectancy problems

throughout the roadway section. The most obvious layout

problem was found near the first vertical curve that

eastbound motorists encountered in Knox County. This

vertical crest completely concealed the following horizontal

curve, thus creating a "blind hill" situation. For motorists

looking westbound, this same vertical crest restricted the

sight distance of drivers who attempted to enter State Route

170 from Naff Road. The intersection of Naff Road and State

Route 170 faced further sight distance difficulties for

drivers looking eastbound, as the following vertical curve

created another "blind hill" situation. Hence, motorists who

46



approached the intersection from Naff Road were forced to

enter State Route 170 in a valley with "blind hill" scenarios

both to the east and west.

A more subtle layout problem existed at the county

line, where driver expectancy was violated by the lack of

roadway shoulders and narrowing lane widths. Eastbound State

Route 170 drivers in Anderson County experienced a highway

with gentle curves, twelve-foot lane widths, and two-foot

roadway shoulders that comfortably allowed speeds near 50

miles per hour. As eastbound motorists reached Knox County,

the lane widths suddenly narrowed from twelve to ten feet,

and the roadway shoulders immediately disappeared. When this

drastic narrowing of the roadway coupled with an ensuing

series of "blind hills" and horizontal curves, motorists were

often caught off guard. Drivers who topped the first

vertical crest were immediately faced with a horizontal curve

to the left, and at speeds oftentimes in excess of 50 miles

per hour, these drivers found themselves out-of-control.

With lane widths of only ten feet and no roadway shoulders on

this section of State Route 170, drivers had little room for

error, and a high number of out-of - control accidents

resulted. Further difficulties were found for eastbound

State Route 170 motorists at the intersection of Naff Road.

If eastbound State Route 170 motorists were able to maintain
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vehicle control over the hill crest and around the left

curve, they were immediately met by the intersection of Naff

Road from the right. This situation endangered both

eastbound State Route 170 drivers, and vehicles entering the

main highway from Naff Road, whose sight distance was

hampered both to the west and east by "blind hills" on State

Route 170. When the "before" condition accident data was

reviewed, an accident pattern clearly became evident, as ten

out the twelve out-of-control accidents occurred near the

first eastbound horizontal curve on the roadway section. A

combination of traffic counts and accident information from

the "before" time period revealed that the accident rate

ratio of Actual - to-Critical was 2.47 accidents per million-

vehicle-minute (Figure F-3).

After carefully reviewing the above

considerations, TDOT Traffic Engineers proposed that advanced

warning chevrons and advisory spefed signs should be installed

in advance of the "blind hill" and hidden horizontal curve on

eastbound State Route 170. In addition, "speed zone ahead"

signs would be installed east of the county line, and the

speed limit would be lowered to 40 miles per hour in Knox

County. Engineers recognized that the installation of

warning and regulatory signs did not eliminate the geometric

hazards on State Route 170; however, these signs were
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intended to serve as an inexpensive mechanism for maintaining

driver awareness, which would, in turn, eliminate the out-of-

control accident pattern along this roadway section. The

signs were installed in accordance with state standards by

TDOT's Regional Sign and Marking Office on January 18, 1996.

TDOT Traffic Engineers also proposed that this location

qualified for further study as a safety project.

After the advanced warning signs were installed

and functional, accident reports were acquired through state

resources and local and state police departments for the

period from February 1996 to December 1997. The accident

reports for the "after" condition, compiled in collision

diagram format and tallied on an accident characteristic

summary table, show a total of seven accidents which included

six out-of-control collisions and one accident with an object

in the roadway (Figure F-4 and Table F-2). Two of these

collisions involved injuries, and no fatalities have occurred

since the installation of the advanced warning signs and

advisory speed signs.

The accident total has remained relatively

constant on the Knox County section of State Route 170 since

the installation of the advanced warning signs. Likewise,

the out-of-control accident pattern has persisted during the

"after" study period. Five out of six of the out-of - control
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collisions were concentrated near the same hidden horizontal

curve on the eastbound approach of State Route 170. In

addition, six out of the seven collisions for the "after"

period occurred at night. Both the out-of-control and

nighttime accident patterns suggest that sight distance and

driver expectancy continue to present problems for motorists

on eastbound State Route 170.

TDOT's installation of warning chevrons and

advisory speed signs may have aided in notifying drivers of

the approaching geometric roadway hazard; however, driver

performance has shown no improvement during the "after" study

period. Despite the installation of the advanced warning

signs on eastbound State Route 170, the excessive speeds of

approaching vehicles across the vertical crest continue to

contribute to the out-of-control accident pattern upon

reaching the horizontal curve. In order to ensure motorist

safety on this highway section, geometric realignment should

be considered as a viable roadway improvement. A possible

realignment proposal should consider eliminating both

eastbound and westbound vertical curves and the horizontal

curve near the intersection of Naff Road on State Route 170.

This realignment proposal could include minimal acquisition

of structures and highway right-of-way while alleviating

several geometric hazards. In addition to flattening out the
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"blind hills" and straightening out the horizontal alignment,

the existing turning radius and sight distance for Naff Road

motorists could be improved by this proposal. In a further

effort to maintain driver expectancy along this highway

section, roadway shoulders should either be added or tapered

in a more gradual manner near the county line. Figure F-5

presents a functional drawing of the above realignment

proposal.

Before advanced warning chevrons and advisory

speed signs were installed, the section of State Route 170

near the intersection of Naff Road experienced a serious

problem with out-of-control accidents. The "before and

after" study of this roadway section reveals that, since the

advanced warning signs were installed, no change in the

severity or total number of accidents has occurred. The

total number of accidents has remained constant at nearly 4

accidents per year, and the Actual - to-Critical Accident Rate

ratio has changed only slightly from 2.47 to 1.90 accidents

per million-vehicle-minute (Figure F-6). The problem of out-

of-control accidents has persisted near the hidden horizontal

curve on eastbound State Route 170, and the overall safety

performance of the roadway section has not varied since the

advanced warning signs were installed.
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Chapter 7

RESULTS

In order to conduct a "before and after" study

such as those found in the previous four case studies, some

key sources of data must be made accessible to the traffic

engineer. The main necessary data can be found in the form

of accident reports and traffic volume counts. These pieces

of data form the foundation for calculating accident rates

which, in turn, serve as a tool for relating accident

frequency to vehicle exposure. Several problems arise,

however, when discussing the general reliability of this

data. It is important for traffic engineers to fully

understand the potential errors and to exercise good

engineering judgment when using this data in a "before and

after" study. This chapter will analyze the potential data

errors found during research and report the results for the

four case studies in Chapters 3-6.

1. Accident Reports

A variety of agencies are responsible for the

collection of basic "before and after" accident data. The

differing incentives and special interests of these agencies
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can lead to unintentional biases in the collection of this

data. The primary source of questionable "before and after"

data lies in the actual accident reports collected at the

scene of a collision. Police officers, who uphold multiple

responsibilities for traffic, are generally the official

agents to inspect an accident scene. As a result of their

many on-scene duties, officers must frequently make

compromises when collecting information on the factors

contributing to an accident. Police must clear the highway

of wreckage and restore traffic flow as quickly as possible

in order to avoid further safety problems. At the same time,

they must collect the evidence necessary to prove any

negligence or crime. Because of the time constraints

associated with these multiple responsibilities, police are

usually unable to investigate an accident beyond superficial

levels, and accident reports are often completed in an

unclear manner as a lower-level priority (11). Frequently,

the type of accident and the position of the vehicles after

the wreck are rather vaguely identified. In addition,

possible outside factors, such as automotive defects or

traffic signal malfunctions often remain unchecked. As a

result of these shortcomings in the initial collection of

accident data, many final collision reports contain only a

brief subjective account from the reporting police officer.
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The facts from the scene of a collision must then be implied

by engineers or data entry personnel, who inherit the police

accident reports second-hand.

Further inaccuracies in the accident data

collection process occur during the data entry phase. Since

computer entry personnel are the first to receive the police

accident reports, they are also responsible for interpreting

the accident information. When these reports already contain

questionable accounts of the facts from a collision scene,

the potential for data error multiplies. Human error also

plays a role in increasing the unreliability of accident

data, as computer entry personnel inadvertently make key-in

errors. Faulty computer key-ins can produce problems, such

as misleading accident patterns or inaccurate injury counts,

which in turn can skew a traffic engineer's interpretation of

the true accident problem.

In the four case studies found in Chapters 3-6,

copies of the original police accident reports were obtained

from city and state Police Departments for as many years as

were available. These reports were thoroughly examined and

compared with the accident log data from the State's TRIMS

system and each city's computer system. All four case

studies contained a number of accident reports that were

either logged into the computer systems incorrectly, or the
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reports were misinterpreted by data entry personnel. Some

collisions were recorded in the wrong location on the site, a

few accidents that were included did not actually occur

within the specified study limits, and some additional

accident reports were found in police files which were not

entered into the computer systems. Furthermore, some

accident reports contained vague descriptions of the accident

scene and required certain assumptions to be made by data

key-in personnel. In each of these cases, the errant

accident data affected either the "before" or "after"

accident total and resulting accident rate. The problems

experienced while assimilating the accident reports for these

four case studies supports the conclusion that some

inaccuracies accompany the current process of collecting

"before and after" traffic accident data.

2. Traffic Volume Counts

A second source of necessary "before and after"

data lies in the traffic volume counts for each hazardous

location. A number of potential errors may occur in the

physical collection of volume data. Whether the volume

counts are collected by continuous count stations, road tube

counters, "click board" intersection counters, or some other

traffic counting mechanism, a limited amount of error may

55



occur in the field during the actual data collection process.

Furthermore, when numerous data collection sources, ranging

from local and city highway departments to county engineering

departments, are compiled for traffic volume information, the

potential for error compounds.

The traffic volume data used for the four case

studies in Chapters 3-6 was obtained through state resources

for the "before" and "after" time periods. Fortunately, the

State Regional Traffic Office maintains good working files of

data with usable traffic volume counts for each year on

locations involving State Highways. A potential for error

exists in the traffic volume counts for the four case

studies, however, because the general nature of traffic

counting is prone to some errant information. The following

is a list of some possible causes for volume data error: the

time of year, day of the week, and weather conditions during

which the volume count was taken; the differing practices of

volume collecting agencies; and the effects of roadway

construction and development in nearby areas. TDOT is

currently reevaluating Tennessee procedures for traffic

volume collection. In recognizing a need to collect uniform

volume data, TDOT is assessing its own shortcomings as

compared to the volume collection policies of other states

with a final goal of meeting the standards of the Federal
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Highway Administration (12). With adequate training of

traffic technicians, careful maintenance and use of volume

collecting equipment, and proper upkeep of traffic volume

records which may serve as future "before and after" study

files, traffic engineers can develop and maintain a

reasonably uniform volume data resource.

3. Accident Rates and

Percent Accident

Rate Reduction

The Tennessee Department of Transportation uses

accident rates as a primary criteria for measuring the

potential hazard of a location. Accident rates are

considered particularly significant since they relate

accident frequency to traffic exposure, and they provide a

common denominator for comparing the accident experiences of

different locations or for comparing an individual hazard

against a critical rate (16) . Traffic accidents are scarce

events when compared to the amount of vehicular exposure a

location experiences. Only a few accidents per million

vehicle miles of travel occur at any given site. In

statistical terms, this describes a "small sample of a large

population." When dealing with such a situation, false

assumptions and faulty conclusions can easily be made unless

the researcher uses well established, statistical control
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concepts to determine the significance of the collected

accident data.

The accident rates were determined for each of the

four case studies in Chapters 3-6, and a corresponding

percent reduction in the accident rates was calculated as a

means for evaluating the effectiveness of each project.

Prior to determining a true reduction in accident rates, the

"before and after" accident rates were adjusted to reflect

equal time periods and traffic volumes. A summary of the

individual accident rates and percent reduction in accident

rates for the four case studies in Chapters 3-6 can be found

in Table 7-1.

A basic problem encountered when attempting to

evaluate safety improvements is that traffic engineers are

dealing with a changing system in which most of the elements

are continually influenced by factors that are not subject to

direct control. Hence, even when a reasonable countermeasure

is followed by significant improvement in accident reduction,

controversies may still arise regarding what really produced

the benefits at a location. Erroneous conclusions can be

avoided by applying statistical control methods that make it

possible to determine the percent of accident reduction

needed to substantiate the effectiveness of a roadway safety

improvement.



TABLE 7-1. Table of Results for Four "Before And After"

Case Studies.

BEFORE AFTER

Percent
Reduction

Total Accident Total Accident in

Number of Rate Number of Rate Accident

Accidents (ACC/MV) Accidents (ACC/MV) Rates

1.20 0.55 54.5%

1.70 1.27 25.1%

LOCATION 3

1-640 WB 22 1.64 4 0.49 70.1%

exit ramp
to S.R^B

LOCATION 4

S.R.170

near NAFF

RD.

*14.10 *13.28 5.9%

*Accident rates for section are in units of ACC/MVM.
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A serious statistical drawback to "before and

after" experiments occurs in what statisticians call

regression to the mean. Regression to the mean refers to

"the tendency for a fluctuating characteristic of an entity

to return to a typical value in the time period after an

extraordinary value has been observed" (4). In the case of

"before and after" evaluation, this occurs when "locations

with high accident counts during one time period experience

more normal counts during the next time period, even if no

causative factor changes" (4). Because of this type of

potential for year-to-year variation in accident occurrence

resulting from chance alone, the accident rate reduction for

each case study was evaluated with the Poisson Test for

significance. This test overcomes the bias of regression to

the mean by determining at 95 percent confidence level that

the significance of change in accident experience results

from the installed safety improvement rather than a chance

occurrence (9). A critical percent reduction was calculated

for each case study to determine the significance of the

change in accident rates. Figure 7-1 and Table 7-2 summarize

these statistical results for the four case studies in

Chapters 3-6.
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TABLE 7-2. Results of Poisson Test for Significance of
Accident Rate Reduction for Four Case Studies.

SITE

Niomber of

Accidents

Before

Improvement

Percent

Reduction

in Accident

Rates

♦Critical
Percent

Reduction

Significance
of Change

LOCATION 1:

S.R.61 ®
S.R.62

35 54.5% ±27.8% Improved

LOCATION 2:

S.R.170 @
MELTON LAKE

DR,

35 25.1% ±27.8% No Change

LOCATION 3:

1-640 m
exit ramp
to S.R.9

22 70.1% ±35.151 Improved

LOCATION 4:

S.R.170
near NAFF

RD.

12 5.9% ±47.5% No Change

*Critical percent reduction in accident rates was calculated
at 95% confidence level.
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The current Tennessee Department of Transportation

procedure for conducting the Poisson Test differs slightly

from methods described by other references on transportation

statistics. TDOT's Highway Safety Program Management Manual

suggests plotting the adjusted annual number of "before"

accidents versus percent reduction in accident rate on the

Poisson curve (15). Other references, however, propose

plotting the actual number of "before" accidents versus

percent reduction in accident rate on the Poisson curve (4).

While this difference may seem insignificant at first, a

noticeable variance is observed when the adjusted "before"

accident numbers are compared to the actual "before"

accidents. By plotting the adjusted number of accidents, the

modified Poisson Test adjusts the accident total to represent

one year of data, thus failing to take full advantage of the

three years worth of available "before" accident data. In

the Poisson Test, the more data the researcher acquires, the

less the chance for random variation to occur in the data;

therefore, by using the actual "before" accident total,

researchers reduce the chance for random occurrence that may

skew the Poisson plot for statistical significance. The TDOT

modified Poisson Test can be found in Figure 7-2, and a Table

7-3 compares the actual and adjusted "before" accident totals

for the four case studies found in Chapters 3-6.

63



<
T
\

a o •
r
H
 
'
—
-

4-
) 
O
i

U
 
O
j

p
 
—

x
l Q
)
 
-
U

o
i
a Q
)
e Q
)

tt)
 
>

"
O
 
O

•
H
 

V-
)

U
 
D
.

iJ
 
S

i
<
 
M

-
U
 

S
4

a
 
0
)

0
)
 
4
J

u
 
m

M
 
<

0
)

a
<

1
0
0

8
0

6
0

4
0

2
0

7
0
.
1

S
i
g
n
i
f
i
c
a
n
t
l
y

I
m
p
r
o
v
e
d

•
 5
4
.
5

P
R
=
1
6
4
.
5
/
(
b
)
 '

2
5
;

•
 5
.
9

N
o
 
S
i
g
n
i
f
i
c
a
n
t
 
R
e
d
u
c
t
i
o
n

(
D
u
e
 
t
o
 
C
h
a
n
c
e
 
F
a
c
t
o
r
)

1
6
4
.
5
/
(
b
)'

2
0

P
R

4
0

6
0

8
0

-
1
0
0
 
--

S
i
g
n
i
f
i
c
a
n
t
l
y

W
o
r
s
e
n
e
d

m
L
o
c
a
t
i
o
n
 
1

ii
, L
o
c
a
t
i
o
n
 
2

U
L
o
c
a
t
i
o
n
 
3

^
L
o
c
a
t
i
o
n
 
4

2
0
 

4
0
 

6
0
 

8
0
 

1
0
0
 

1
2
0
 

1
4
0

A
d
j
u
s
t
e
d
 
N
u
m
b
e
r
 
o
f
 
A
c
c
i
d
e
n
t
s
 
B
e
f
o
r
e
 
I
m
p
r
o
v
e
m
e
n
t
 
(
A
A
b
)

1
6
0

F
I
G
U
R
E
 
7
-
2
.
 
M
o
d
i
f
i
e
d
 
T
D
O
T
 
P
o
i
s
s
o
n
 
T
e
s
t
 
f
o
r
 
S
i
g
n
i
f
i
c
a
n
c
e
 
o
f
 
A
c
c
i
d
e
n
t

R
a
t
e
 
R
e
d
u
c
t
i
o
n
 
f
o
r
 
F
o
u
r
 
C
a
s
e
 
S
t
u
d
i
e
s
.

(
A
t
 
9
5
%
 
C
o
n
f
i
d
e
n
c
e
 
L
e
v
e
l
.
)



TABLE 7-3. Comparison of Data for Standard Poisson Test
and Modified TDOT Poisson Test for Significance
of Accident Rate Reduction.

Standard

Poisson

Test

Modified

TDOT

Poisson

Test

SITE

Average

Annual

Vehicle

Exposure

Ma

Accident

Rates

"Before"

Rb

Actual

Number of

"Before"

Accidents

Adjusted

Ntimber of

"Before"

Accidents

AAb

LOCATION 1:

S.R. 61 @

S.R. 62

29.333 1.20 35 35

LOCATION 2:

S.R. 170 @

MELTON LAKE

DR.

25.175 1.70 35 43

LOCATION 3:

1-640 WB

exit ramp to

S.R. 9

8.176 1.64 22 13

LOCATION 4:

S.R. 170

near NAFF

RD.

0.527 14.10 12 7
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4. Future Recommendations

In review of some of the problems discussed

earlier in this chapter, recommendations should be made that

assess the overall effectiveness of TDOT's "before and after"

study methodologies. A basic problem encountered when

attempting to evaluate safety improvements is that traffic

engineers are dealing with a foundation of unreliable

factors. Oftentimes, engineers are forced to waste valuable

time because of missing or unreliable accident data for a

"before and after" study. A number of steps should be taken

to improve the consistency of accident data collection, thus

making the process of a "before and after" evaluation more

reliable. If accurate accident information can be collected

on a consistent basis, then traffic engineers can avoid the

timely process of "backtracking" to investigate the true

reliability of data. By saving time without sacrificing data

accuracy, the overall cost effectiveness of roadway safety

evaluations will drastically improve.

Although accident data management continues to be

a challenge for TDOT, new technologies are currently being

developed and implemented that will alleviate some potential

difficulties and help expedite the process of accident data

collection. A new TRIMS (Tennessee Roadway Information

Management System) is currently under development by TDOT
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which may potentially lessen some of the problems discussed

earlier in this chapter (12). The old TRIMS was organized in

files, and data searches often required several steps to

complete. A search for data at an intersection, for example,

had to be run for both intersecting roadways, and the search

results often included unnecessary or missing data, thus

forcing an engineer to do extended research for accident

information.

The new TRIMS is a Relational Database, fixed on

the concept of using tables rather than files for data

management. This new database system, managed by Oracle

Database Software, organizes data elements that have some

relationship with each other into a table. Tables can be

related to each other by one or more columns containing like

data. For example, the same route number could be in several

tables in the new TRIMS, and the results of a data search

would present all of the data from these tables that meet a

specified criteria. The database uses a like relationship

between the tables to help in inquiring and reporting the

data for a query. Different queries allow a user to

structure and limit a search for data to suit individual

needs. Data in the new TRIMS system is located by a Location

Referencing System which consists of several specific data

characteristics, including the County Number, the Route
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Number, and the Log Mile distance measured along a route from

its beginning point in a county. Log Miles in TRIMS can be

reported to the thousandth of a mile (0.000). The accuracy

of this system makes any location on a road unique throughout

the state. The cross-referencing concept of tables for the

new TRIMS will eliminate the file managing problems of the

old TRIMS and improve the accuracy of accident data

collection.

In addition to utilizing search tables, the new

TRIMS contains several features that will benefit future

"before and after" research efforts. One such feature allows

users to graphically depict the data from a query onto a map

through a GIS (Global Information System) link. After the

map of a query is drawn, the graphics can either be

manipulated to show only the sections of roads that meet a

certain search criteria, or more detail can be added to a map

by including additional roads of different functional

classifications. This type of mapping tool would prove

extremely useful in a "before and after" analysis, as an

engineer could instantly produce a map that depicts accident

totals on the correct location of a site.

Another special feature of the new TRIMS includes

the linking of a Photolog database to the system. The

Photolog images for all interstate highways and state routes
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have been loaded on the computer server and linked to their

corresponding locations in the TRIMS database. There is a

color photo for each one one-hundredth of a mile that

includes a driver's-eye view of the roadway and roadside

elements. A user can enter the County, Route, and Log Mile

information for any state road and view a color photograph

image of that site on the computer screen. In addition, a

Photolog section of roadway can be retrieved, and users can

view each one one-hundredth of a mile of photos along a

section, just as if one is watching a "movie" of a trip along

the highway. A tool such as the Photolog addition to the new

TRIMS presents numerous benefits for "before and after"

researchers. In addition to having quick and easy access to

a picture description of the site, engineers can have a tool

to aid in visualizing the details of a hazard that might not

be recognized from an aerial photograph or plan view diagram.

Hazards, such as the "blind hill" situation on State Route

170 near Naff Road, could more easily be evaluated with a

Photolog database.

Technological developments such as those

previously mentioned for the new TRIMS could improve the time

efficiency of the "before and after" study process. If

software developers would cater to this process with some

additional programming features while designing the new

69



TRIMS, future "before and after" researchers would see

further benefits.

A great deal of time was spent researching and

compiling accident data for the four case studies in Chapters

3-6. Much of this time was spent transferring accident data

onto a readable collision diagram format. Currently, the

Tennessee Department of Transportation does not utilize an

automated feature for linking accident data to a collision

diagram. As a result, the diagrams must be created by hand

or some other means. For the case studies. Microstation™

drafting software was used to create a collision diagram

template that could be edited and mass-produced with relative

ease. Each accident type was created as a separate drawing

"cell" with text fields that could be edited as needed.

While these collision diagrams have been created and edited

with little trouble, no linking component currently exists

with TDOT's traffic accident data. If software developers

could format the accident database to automatically produce

computer graphic collision diagrams with editing

capabilities, an enormous amount of researching time would be

saved.

Further tedious efforts could be avoided for a

"before and after" researcher in the areas of summing

accident totals, calculating accident rates, and managing
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these numbers to determine their statistical significance.

For the four case studies, a computer spreadsheet was written

with Excel™ software that calculated an accident rate from

accident totals and volume data that were entered into a

summary table. The accident rate was then automatically

plotted on a graph to determine its statistical significance.

The use of computer spreadsheets created a more time

efficient means of managing the accident data for analysis

purposes. Again, no software feature currently exists in the

TRIMS database that will sum the accident types onto a

summary table or input the volume counts to calculate

accident rates for a particular query. This is another area

of "before and after" research that would benefit greatly

from some time-saving automation in the new TRIMS database.

While several computer automated features which

are proposed for the new TRIMS may present valuable time

saving techniques for future researchers, these new

technologies should never grow to take the place of site

visits and utilizing good engineering judgment in "before and

after" studies (8). No matter how quick and detailed these

information technologies become, an engineer must still know

how to analyze the collected data in order to perform a

reliable "before and after" evaluation.
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Chapter 8

CONCLUSIONS

As a part of the Tennessee Department of

Transportation Highway Safety Management Program, the "before

and after" accident analysis technique presents a systematic

method for evaluating the effectiveness of highway safety

improvements. Through the four case studies found in

Chapters 3-6, the process of performing a "before and after"

evaluation was experienced, and certain problems were found

with the reliability and practicality of the data that forms

the foundation for these studies.

As presented in the Accident Reports section of

Chapter 7, the collection of traffic accident reports has

traditionally been a responsibility handled by police

officers. Because of the multiple responsibilities of an

investigating officer, these reports have often been

completed in an inconsistent manner with vague accounts from

the facts of a collision scene; however, with improved

officer training, future accident reports could be documented

in a more detailed and uniform fashion. Accident reports

with improved accuracy would necessitate less interpretation

by engineers and data entry personnel, thus increasing the
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reliability of accident databases for future "before and

after" studies.

Data collection errors have likewise troubled past

research efforts in the area of traffic volume counting. The

general nature of volume counting is subject to a variety of

influences ranging from the environmental conditions to the

procedures of different traffic counting agencies. TDOT is

currently endeavoring in a re-engineering program to assess

traffic volume collection shortcomings and to compare the

techniques utilized by other states with current Tennessee

practices in order to work toward a more uniform procedure

for collecting traffic volume data. With adequate training

of traffic technicians and increased standardization in the

upkeep of traffic volume records, a more reliable volume data

resource can be accumulated to aid in future "before and

after" study efforts.

While certain difficulties have been documented in

the area of data collection and with the reliability of

accident information, proper care can be taken by traffic

engineers to ensure statistical accuracy when utilizing this

data, thus making the "before and after" technique an

effective measuring tool for project evaluation. In

addition, new technologies are currently being developed that

will improve the reliability and speed of the "before and
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after" process for future engineers. The Tennessee

Department of Transportation has taken steps to broaden the

availability of several traffic information resources.

TDOT's development of a new TRIMS software will introduce

time-saving tools such as a feature that links accident data

records to GIS mapping capabilities. Furthermore, TDOT will

program the new TRIMS system with accessibility to a Photolog

database of every one one-hundredth of a mile of state

highways.

The GIS link and Photolog resource will provide

obvious benefits for "before and after" research; however,

further efforts should be made in the area of traffic data

automation. With the development of software that

automatically plots collision diagrams, produces accident

summary tables, and tests for statistical significance, much

of the time-consuming workload could be lessened for traffic

engineers, thus creating tremendous increases in the speed

and efficiency of performing a "before and after" evaluation.

Traffic engineers should keep in mind, however, that the

increased utilization of technology should not replace the

basic concepts of site visitation and using sound engineering

judgment when analyzing traffic data.

A general rule of traffic engineering should be to

achieve as much uniformity as is possible in implementing
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traffic safety improvements (8). Through the Highway Safety

Management Program, the Tennessee Department of

Transportation has outlined a systematic procedure for

records management and project evaluation; however,

shortcomings in the current system often require the use of

unreliable data and cause unnecessary workloads for traffic

engineers. Some re-engineering efforts should, therefore, be

addressed to improve upon the practicality of the Highway

Safety Management Process. As technology continues to

improve, "before and after" accident studies can become a

more practical, expedient, and cost effective part of this

uniform process. With the capability of performing a "before

and after" analysis quickly and efficiently, an entirely new

database could be developed for the purpose of safety

performance evaluation. In this way, the fundamental

resources used for TDOT project evaluation could be updated

to reflect new data specific to Tennessee highways that

conforms to Federal standards and is easily accessible for

research efforts. Furthermore, with advanced reliability in

the process of evaluating highway safety improvements, the

traffic engineering community can gain increased confidence

from legislative bodies that are responsible for the funding

of highway safety designs and project implementation.
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APPENDIX A
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FIGURE A-1. Standard forrn for collision diagram.
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TABLE A-2. General accident pattern or trend table.

Accident Pattern Possible Causes
General

or Trend Countermeasure

I. Intersection 1.Large volume of • Create one way
left-turns. street.

A. Left-Turn • Widen road.
Head-On

• Provide left-turn
Collision

signal phases.

• Prohibit left-turns.

•Reroute left-turn

traffic.

• Channelize

intersection.

• Install stop signs
(see MUTCD).

• Revise signal
sequence.

• Provide turning
guidelines (if there
is a dual left-turn

lane).

• Provide traffic

signal if warranted
by MUTCD.

•Re-time signals.

2.Restricted
•Remove obstacles.

sight distance. • Provide adequate
channelization.

• Provide special phase
for left-turning

traffic.

• Provide left-turn

slots.

• Install warning
signs.

• Reduce speed limit on
approaches.
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TABLE A-2. (continued).

Accident Pattern

or Trend
Possible Causes

General

Countermeasure

A. Left-Turn

Head-On

Collision

3.Too short amber

phase.
• Increase amber phase.

• Provide all red

phase.

4.Absence of

special left-
turning phase.

• Provide special phase
for left-turning
traffic.

5.Excessive speed
on approaches.

• Reduce speed limit on
approaches.

B. Rear-End

Collisions at

Unsignalized
Intersections

1.Drivers not

aware of

intersection.

• Install/improve
warning signs.

2.Slippery
surface.

• Overlay pavement.

• Provide adequate
drainage.

• Groove pavement.

• Reduce speed limit on
approaches.

• Provide "slippery
when wet" signs.

3.Large volume of
turning
vehicles.

•Create left or right-
turn lanes.

• Prohibit turns.

• Increase curb radii.

4.Inadequate

roadway
lighting.

• Improve roadway
lighting.

5.Excessive speed
on approaches.

• Reduce speed limit on
approaches.
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TABLE A-2. (continued)

Accident Pattern

or Trend
Possible Causes

General

Countermeasure

B. Rear-End

Collisions at

Unsignalized
Intersections

6.Lack of

adequate gaps.
• Provide traffic

signal if warranted
(see MUTCD).

•Provide stop signs.

7.Crossing
pedestrians.

• Install/improve
signing or marking of
pedestrian
crosswalks.

C. Rear-End

Collisions at

Signalized
Intersections

1.Slippery
surface.

• Overlay pavement.

• Provide adequate
drainage.

• Groove pavement.

• Reduce speed limit on
approaches.

• Provide "slippery
when wet" signs.

2.Large number
of turning
vehicles.

•Create left or right-
turn lanes.

• Prohibit turns.

• Increase curb radii.

• Provide special phase
for left-turning
traffic.

3.Poor

visibility of
signals.

• Install/improve
advanced warning

device.

• Install overhead

signals.

•Install 12-inch

signal lenses (see
MUTCD).

•Install visors.

•Install back plates.
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TABLE A-2. (continued).

Accident Pattern

or Trend
Possible Causes

General

Countenneasure

C. Rear-End

Collisions at

Signalized
Intersections

4.Inadequate
signal timing.

5.Unwarranted

signal.

6.Inadequate
roadway
lighting.

7.Excessive

speed on
approaches.

8.Crossing
pedestrians.

• Relocate signals.

• Add additional signal
heads.

• Remove obstacles.

• Reduce speed limit on
approaches.

• Adjust amber phase.

• Provide progression
through a set of
signalized
intersections.

• Add all - red

clearance.

• Remove signals (see
MUTCD).

• Improve roadway
lighting.

• Reduce speed limit on
approaches.

• Install/improve
signing or marking of
pedestrian
crosswalks.

•  Provide pedestrian

"WALK" phase.

Right-Angle
Collision at

Signalized
Intersections

1.Restricted

sight
distances.

• Remove sight
obstructions.

• Restrict parking near
corners.

• Install warning signs
(see MUTCD).
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TABLE A-2. (continued).

Accident Pattern

or Trend
Possible Causes

General

Countermeasure

D. Right-Angle
Collision at

Signalized
Intersections

2.Excessive

speed on
approaches,

3.Poor

visibility of
signals.

4.Inadequate
signal timing.

5.Inadequate
roadway
lighting.

• Reduce speed limit on
approaches.

• Channelize

intersections.

• Install advance

markings to
supplement signs.

• Install advanced

warning devices.

• Install 12-inch signal
lenses.

• Install overhead

signal.

•Install visors.

• Install back plates.

• Improve location of
signal heads.

• Add additional signal
heads.

•Add illuminated name

signs.

•Adjust amber phase.

• Provide all-red

clearance phase.

•Add multi-dial

controller.

• install signal
actuation.

•Re-time signals.

• Provide progression
through a set of
signalized
intersections.

• Improve roadway
illumination.
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TABLE A-2. (continued).

Accident Pattern
Possible Causes General

or Trend Countermeasure

D. Right-Angle 6.Inadequate
• Install advance

Collision at advance intersection warning
Signalized
Intersections

intersection

warning signs.
signs.

7.Large total •Re-time signals.

intersection •Add traffic lane.

volume.

E. Right-Angle 1.Restricted • Remove sight
Collisions at sight obstructions.
Unsignalized distance. • Restrict parking near
Intersections

corners.

• Install stop signs
(see MUTCD).

• Install warning signs
(see MUTCD).

• Reduce speed limit on
approaches.

• Install signal (see
MUTCD).

• Install yield signs
(see MUTCD).

• Channelize

intersection.

• Install advance

markings to supplement
signs.

• Install limit lines.

2.Large total • Install signal (see

intersection MUTCD).

volume. • Reroute through
traffic.

3.Excessive • Reduce speed limit on
speed on approaches.
approaches.

• Increase amber phase.

• Install rumble strips.
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TABLE A-2. (continued).

Accident Pattern

or Trend
Possible Causes

General

Countermeasure

E. Right-Angle
Collisions at

Unsignalized
Intersections

4.Inadequate
roadway
lighting.

5.Inadequate
intersection

warning signs.

• Improve roadway
illumination.

• Install advance

intersection warning
signs.

6.Inadequate
traffic

control

devices.

•Upgrade traffic
control device.

• Increase enforcement.

II. Link

A. Run-Off

Roadway
Collisions

1. Slippery
surface.

• Overlay existing
pavement.

• Provide adequate
drainage.

• Groove existing
pavement.

• Reduce speed limit.

• Provide "slippery
when wet" signs.

2.Roadway design
inadequate for
traffic

conditions.

• Widen lanes.

• Relocate islands.

• Close curb lanes.

• Install guardrails.

3.Poor

delineation.

• Improve/install
pavement markings.

• Install roadside

delineators.

• Install advance

warning signs.

4.Inadequate
roadway
lighting.

• Improve roadway
lighting.
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TABLE A-2 (continued).

Accident Pattern

or Trend
Possible Causes

General

Countermeasure

5.Inadequate
shoulder.

• Upgrade roadway
shoulders.

6.Improper
channelization

• Improve

channelization.

7.Inadequate

pavement

maintenance.

8.Poor

visibility.

9.Excessive

speed on
approaches.

• Perform road surface

repair.

• Increase size of

signs.

• Reduce speed limit.

B. Fixed-Object
Accidents

1.Obstructions

in or too

close to

roadway.

• Remove obstacles.

• Install breakaway
features to light
poles, signposts,
etc.

• Shield objects with
guardrail.

• Install crash

cushioning devices.

• Delineate object.

2.Inadequate
roadway
lighting.

• Improve roadway
lighting.

3.Inadequate
pavement

marking.

• Install

reflectionized

pavement lines.
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TABLE A-2. (continued) .

Accident Pattern

or Trend
Possible Causes

General

Countermeasure

B. Fixed-Object
Accidents

4.Inadequate
signs,
delineators,

and

guardrails.

5.Inadequate
roadway
design.

6.Slippery
surface.

7.Excessive

vehicle speed.

• Install

reflectionized paint
and/or reflectors on

the obstruction.

• Provide proper
superelevation.

• Improve

superelevation at
curve.

• Install appropriate
warning signs and
delineators.

• Improve skid
resistance.

• Provide adequate
drainage.

• Provide "slippery
when wet" signs.

• Provide wider lanes.

• Reduce speed limit.

C. Parked

Vehicle

Accidents

1. Improper
pavement

markings.

2. Improper
parking
clearance at

driveways.

3. Angle
parking.

• Paint parking stall
limits 7 feet from

curb face.

• Post parking
restrictions near

driveways.

• Convert angle parking
to parallel parking.
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TABLE A-2. (continued)

Accident Pattern

or Trend
Possible Causes

General

Countermeasure

C. Parked 4.Excessive • Reduce speed limit if
Vehicle vehicle speed. justified by spot
Accidents speed studies.

• Widen lanes.

5.Illegal • Enforcement.

parking.

6.Improper • Prohibit parking.
parking. • Create off street

parking.

7.Large parking
turnover.

•Create one-way

streets.

• Reroute through
traffic.

D. Sideswipe or 1.Inadequate •Create one-way
Head-On roadway streets.

Collision design. • Provide wider lanes.

2.Improper road
maintenance.

• Perform necessary

road surface repairs.

3.Inadequate
shoulders. • Improve shoulders.

4.Excessive • Reduce speed limit.

vehicle speed. • Install median

devices.

• Remove constriction

such as parked
vehicles.
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TABLE A-2. (continued).

Accident Pattern Possible Causes
General

or Trend Countermeasure

D. Sideswipe or 5.Inadequate
• Install or refinish

Head-On pavement center lines, lane
Collision markings. lines and pavement

edge lines.

• Install

reflectionized lane

lines and edge lines.

• Install acceleration

6.Inadequate and deceleration

channelization. lanes.

• Channelize

intersection.

• Provide turning bays.

7.Inadequate • Place direction and
signing. lane change signs to

give proper advance
warning.

• Add illumination name

signs.

E. Driveway- 1. Left-turning • Install median
Related vehicles. devices.
Collisions • Install two-way left-

turn lanes.

2. Improperly • Regulate minimum

located spacing of driveways.

driveways. • Regulate minimum
corner of clearance.

• Move driveway to
sidestreet.

• Install curbing to
define driveway
location.

• Consolidate adjacent
driveways.

94



TABLE A-2. (continued)

Accident Pattern

or Trend
Possible Causes

General

Countermeasure

E. Driveway-
Related

Collisions

3.Right - turning
vehicles.

• Provide right-turn
lanes.

• Restrict parking near
driveways.

• Increase the width of

driveways.

• Widen through lanes.

• Increase curb radii.

4.Large volume

of through
traffic.

• Move driveway to
sidestreet.

• Construct a local

service road.

• Reroute through
traffic.

5.Large volume
of driveway
traffic.

• Signalize driveway.

• Provide acceleration

and deceleration

lanes.

• Channelize driveway.

6.Restricted

sight
distance.

• Remove sight
obstructions.

• Restrict parking near
driveway.

• Install/improve
street lighting.

•Reduce speed limit.

7.Inadequate
roadway
lighting.

• Improve street

lighting.

8.Excessive

speeds on
approaches.

•Reduce speed limit.
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TABLE A-2. (continued).

Accident Pattern

or Trend
Possible Causes General

Countermeasure

III. Environment-

Related

A. Wet Pavement

Accidents

1.Slippery
surface.

• Overlay existing
pavement.

• Groove existing
pavement.

•Reduce speed limit.

• Provide "slippery
when wet" signs.

• Skidproof roadway.

2.Inadequate
drainage.

• Provide adequate
drainage.

3.Inadequate
pavement

markings.

• Upgrade pavement
markings.

B. Night
Accidents

1.Poor

visibility or
lighting.

• Install/improve
street lighting.

• Install/improve
delineation markings.

• Install/improve
warning signs.

2.Poor sign
quality.

•Upgrade signing.

• Provide illuminated

signs.

3.Inadequate
channelization

or delineation.

• Install pavement
markings.

• Improve delineation
markings.

• Upgrade advance
warning signing.
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STATISTICAL FORMULAS FOR

"BEFORE AND AFTER"

ACCIDENT DATA ANALYSIS
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APPENDIX B

STATISTICAL FORMULAS FOR "BEFORE AND AFTER"

ACCIDENT DATA ANALYSIS

Accident Rate formulas for each type of highway location:

Section: Rs = A * 10^
T ' V ' L

Spot: Rp = A * 10^
T • V

Intersection: Rj = 2 * A » 10^
T ' L' Vj

where

Rs = Accident rate expressed as accidents per
million vehicle-miles for highway sections
longer than 0.1 mile;

Rp = Accident rate expressed as accidents per
million entering vehicles for a "spot"
location where a cluster of accidents

occurs within a distance of 0.1 mile, or a

"point" location such as a bridge or
railroad grade crossing;

i?i = Accident rate expressed as accidents per
million entering vehicles for intersections
or highway "junctions";

A  = Number of accidents recorded at the

location;

L  = Length of section in miles, to the nearest
hundredth;
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T  = Time period, in days, for the number of
accidents (A); T = 365 for one year

V = Vehicle volume in average annual daily
traffic (AADT) on a section or spot;

iVj- = Vi + V2 + Vj + ... + Vn = Sum of vehicle
volumes, in average annual daily traffic
(AADT), for all junction legs of an
intersection with n junction legs where Vj
is the volume for the first leg, is the
volume for the second leg, and so on;

2  = A constant which effectively reduces the
sum of vehicle volumes by a factor of two
to avoid double counting of vehicles
entering and leaving the intersection; and

10® = A constant to convert accidents per vehicle
or vehicle-mile to million vehicles or

million vehicle-miles.

99



Formula for determining Critical Accident Rate (Rc)

R,

Rr = Ra + K 1 2m

where

Rc = Critical accident rate in Accidents per
Million Vehicle Mile (MVM) for sections or
Accidents per Million Entering Vehicle
(MEV) for spots or intersections;

Ra = Average accident rate for the entire
population of sections, spots, or
intersections for one classification of

highway. Ra is determined annually by TDOT;

m  = Vehicular travel, in millions of vehicle-
miles for sections or millions of vehicles

for spots and intersections; and

K  = A probability constant. E" is a standard
normal variable along the x-axis of the
standard normal distribution curve [related

to the probability, P, that an accident
rate greater than Rc does not result from
chance - a K of 2.327 corresponds to a
confidence level of 99 percent (P)]. A
smaller K value will to tend to give more
sections out of control and therefore a

larger list of sections to study, but it
will increase the probability that the rate
was due to chance.
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Formula for determining Severity Index {SI)

SI = F + I

where

F + I + PDO

SI = Severity Index;

F  = Number of Fatality accidents;

J  = Number of Injury accidents;

PDO = Number of Property Damage Only accidents,
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Formula for determining Average Number of Accidents per year:

1) AAb = Rb * Ma

2) AAa = Ra * Ma

where

AAb = Adjusted average annual number of accidents
before an improvement; The value, AAb is
the number of accidents that would have

occurred for vehicle exposure. Ma, if the
improvement had not been made.

AAa = Average annual number of accidents after an
improvement;

Rb - Accident rate before improvement, in
accidents per million vehicles of vehicle
miles;

Ra = Accident rate after improvement, in
accidents per million vehicles or vehicle
miles; and

Ma = Average annual vehicle exposure after
improvement, in millions of vehicles or
vehicle miles.
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Formula for Percent Reduction in Accident Rate (PR):

PR = Rr - Ra * 100

Rb

PR - Percent Reduction in Accident Rate;

Rb = Accident rate before improvement;

Ra = Accident rate after improvement.

It should be noted that this is equivalent to:

PR — AAr ~ AA;^

AAb

PR = Percent Reduction in Accident Rate;

AAb = Adjusted average annual number of accidents
before an improvement;

AAa = Average annual number of accidents after an
improvement.
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Formula for Critical Percent Reduction in Accident Rate

iPRc) :

PRr = 100*X

PRc = Critical Percent Reduction in Accident
Rate;

AAb = Adjusted average number of accidents before
improvement;

K = Standard normal variable along the x-axis
of the standard normal distribution curve.

K is related to the probability, P, that
the percent reduction, PRc will not be
exceeded as a result of chance. Values for

K and corresponding probabilities are as
follows:

K  P Confidence Level

2.576 0.995 99.5

2.327 0.990 99.0

1.960 0.975 97.5

1.645 0.950 95.0

1.282 0.900 90.0
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APPENDIX C

LOCATION 1.

State Route 61

and State Route 62
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SYMBOLS TYPES or COLLISIONS SHOW FOR EACH ACCIDENT

UOVINC YEHICLE

* )) ) BACKING VEMtCLE

»  NON-(NVOLVEO VEHICLE

H  pedestrian

—I PARKED VEHICLE
□  PIKED OBJECT
•  FATAL INJURY

O  INJURY accident

REAR END

HEAD ON

SIDE SWIPE

OUT OF CONTROL

left TURN

RIGHT ANGLE

la OAYp DATE. AND TIlC.
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3. NIGHT - IF BETWEEN
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FIGURE C-2. Collision diagram for the intersection of State
Route 61 with State Route 62 - BEFORE.
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TENNESSEE DEPARTMENT OF TRANSPORTATION

SURVEY & DESIGN DEPARTMENT

KNOXVILLE

Date:

Calc. by: Jeff Mize
Location: State Route 61 ® State Route 62

Anderson County

*

6/30/90

0.13

IBof

*** ACCIDENT RATES

(Intersection)

DATA:Period of study: 2/1/il to
Number of accidents: 35 (A)

Number of days in study: 1217 (T)
TMC date : 10/19/89
Entering volume: 11572 (C)
Day of week: TUBS.
Type of highway: 4-Lane Rural
Statewide average accident rate:
Day of week factor: 0.95 (Fd) from Table II
24 hour expansion factor 2.18 (Fp) from Table III.

(Ra) from Table I.

24 HOUR TOTAL ENTERING VOLUME; (C)*(Fd)*(Fp) =

(  11572 ) * ( 0.95 ) * ( 2.18 )

(ZV)

23965.612 (ZV)

EXPOSURE;

(T)*(ZV)={ 1217

EXPOSURE RATE; (E)

*  ( 23966 )

(  29166150

1000000 1000000

29166150 (E)

29.166 (M)

ACTUAL ACCIDENT RATE (Ri);

(A) * 1000000

(T) * (ZV)

35 1000000

29166150

CRITICAL ACCIDENT RATE (Rc);

Ra + K(Ra/M)'" -I- (1/2M)

1.2000 (R)

CONFIDENCE LEVEL (%)

99.0

(  0.13 ) + { 2.327 (  0.13 29.166 )'"+(l/2 ( 29.166 )) =

SUMMARY;

Actual Accident Rate :

Statewide Average Accident Rate;
Critical Accident Rate ;

0.302 (Rc)

1.200 Acc/MV
0.130 Acc/MV
0.302 Acc/MV

SEVERITY INDEX (SI);

SI = (No. of Fatal Accidents) + (No. of Injury Accidents)

SI =

(Total Number of Accidents)

{  1 ) + ( 10 )

( 35 ) SEVERITY INDEX =

RATIO; R/RC =
0.314

3.967

FIGURE C-3. Accident rate calculations for the intersection
of State Route 61 with State Route 62 - BEFORE.
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TENNESSEE DEPARTMENT OF TRANSPORTATION
SURVEY & DESIGN DEPARTMENT

KNOXVILLE

Date: 5/4/98
Calc. by: Jeff Mize
Location: State Route 61 ® State Route 62

Anderson County

DATA:Period of study: 9/29/94 to
Number of accidents: 16 (A)
Number of days in study: 1189 (T)
TMC date : 1997 ADT

Entering volume: 24670 (C)
Day of week:
Type of highway: 4-Lane Rural
Statewide average accident rate:
Day of week factor:
24 hour expansion factor

12/31/97

IBof

**** ACCIDENT RATES

(Intersection)

0.13

1  (Fd) from Table II
1  (Fp) from Table III.

(Ra) from Table I.

24 HOUR TOTAL ENTERING VOLUME:

(  24670 ( )

(C) * (Fd) * (Fp)

(  1 )

(£V)

24670.000 (2V)

EXPOSURE:

(T)*(2V)=( 1189

EXPOSURE RATE: (E)

*  ( 24670 )

{  29332630

1000000 1000000

ACTUAL ACCIDENT RATE (Ri);

(A) ¤ 1000000

(T) * (2V)

29332630 (E)

29.333 (M)

16 *  1000000

29332630

0.5455 (R)

CRITICAL ACCIDENT RATE (Rc):

Ra K(Ra/M)'" + (1/2M) =

CONFIDENCE LEVEL (%)

99.0

(  0.13 ) -t- ( 2.327 ) * ( 0.13

SUMMARY:

Actual Accident Rate :

Statewide Average Accident Rate:
Critical Accident Rate

29.333 )'"-Kl/2 ( 29.333 ) ) =

0.302 (Rc)

0.545 Acc/MV
0.130 Acc/MV
0.302 Acc/MV

SEVERITY INDEX (SI):

SI = (No. of Fatal Accidents) + (No. of Injury Accidents)

SI

(Total Number of Accidents)

(  0 ) + { 9 )

( 16 ) SEVERITY INDEX

RATIO: R/Rc

0.563

1.806

FIGURE C-5 Accident rate calculations for the intersection

of State Route 61 with State Route 62 - AFTER.
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APPENDIX D

LOCATION 2.

State Route 170

and Melton Lake Drive
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APPENDIX D

utnoN M1U
Rt5t*»VUI0K
IU.S.-T.V.A.>

S.R. 170

@ MELTON LAKE DRIVE
IH

A\■

vo"*y *'•
• 10W1

N,
"s

#n :

mv:-f p/'oti>*n
^y.:..  ./ I*«WI

/h BULl RLW

SUAW n.*HT
IU.S.-1.V.MHvo.

\

U.S. ATOMIC ENEnCT
COMMISSION

(OAK niDGE AHEA)

r\;i)sXt.t..:7.v'»
I \
^ \

. «*'

KA* RIDCl TArtK

\' ' W.I
\ . STC*« riAMIjr. fu«;.-Lv.A.) •
v\-:- .-1^

.  .

y.\*.•  I u.b.A.t-L;. r. . . fs /'
wJc j ni DGc' • yv! -AREA)

lU* RIOCt PA"K

OAK RIDGE
•  ror. 7?.t6? ti9®o cchsus»

FIGURE D-1. General location map for the intersection of
State Route 170 (Edgemore Road) with Melton
Lake Drive, Anderson County, TN.
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9 Itolfon DrIuf O

3 W
crty m RIDCE
County iWDCR^ C0» IK
Pariod Covorod Ot/O1/V6

o o

10 f?7IT7ll

Propared 8y JEFF yi^E
Dot# Praporod 02/10/81

O O

Oi
BRIDGE

it J^17:00 THU. 11/19/87
^16:A6 MQN. 9/?8/87
^1:30 TUE- </7/e7

R. W. NICHT

^3;53 WED. 3/23/8B
NICHT

16M6 FRI. 2/13/B7IS MON. 6/16/86

18:70 THU. T/fl/87^7:tS SAT. 2/76/86
NICHT N GHT

70:00 WN. 5/1 */07
24:00 FR 3/6/87 NICHT

27:03 TUE. 5/13/86

NIGHT

NIGHT

19:38 TUE. 9/15/8718:30 THU. 10/30/86

NlCHl

TZ
BRIDGE

StAMARY

PO 30
INJ 5
FAT 0

S.R,170 (FDCEMORE ROAD)
(ROUTC tlAlCI

total

SYMBOLS TYPES OF CailSIONS SHOI FOR EACH ACCIDENT

I. OAT, DATE, ANO T|IC.MOVINC VEHICLE

BACKING VEHICLE

REAR END

HEAD ON

SIDE SVIPC

OUT OF CONTROL

■EATHER ANO ROAO
SURFACE - IF OTHER
THAN CLEAR ANO ORT.

V - I • ley
R • Roln S • Sro*
SL - SiMt f m Fog

NON-INVOLVED VEHICLE

pedestrian

PARKED VEHICLE

FIXED OBJECT

FATAL INJURY

INJURY ACCIDENT

IIS NICHT • IF BETWEEN
OUSK AND OAWN.left TURN

RIGHT ANGLE

special conditions.
EX.. TrucN (TRKt

Orl vf ng Whll •
Intoxicotwd (DWIIr

FIGURE D-2a Collision diagram for
Route 170 with Melton
(1985-1988) - BEFORE.
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Tsua^gii
Loootlon $.R.

UdaSoTTSoil
rSHmTSsOFT

CHj 0« WIPg
Co/ity MBtRSOl CO. IH
P«rtOd Covtrcd 01/01/i0

10 04/31/il

Pr«Kr»<l Bj JtFF IIIZI
Dal* IV*par*i) 0?/10/B»

o

01
bridge:

17:04 TUE. 3/19/91

J9:30 MQN. 3/10/90
W. NIGHT

19:00 Thu. 3/7/91

L
NIGHT

4:30 SAT. 2/16/91

50 TUE. 12/25/90

13:41 SUN. 2/10/91

24:30 SUN. 3/10/90

W. NIGHT

12:57 FRl. 7/13/90

11:32 TUE. 2/5/91

C=SiMunr

PO 17
INJ 2
FAT 0

S»R.T70 CEDCEMORE ROAD 1
IMQUtC MMC>

BRIDGE

total

SYMBOLS TYPES OF COLL S ONS SHOff FOR EACH ACCIDENT

1. OAT, DATE, AND TlkC.

2. ICATHER AND ROADWEATHER AND ROAD

*  MOVING VEHICLE

n )) ) BACKING VCMICLC

NON-INVOLVED vehicle

N  pedestrian

I"-— PARKED VEHICLE

□  FIXED OBJECT
#  FATAL INJURY

O  INJURY ACCIDENT

REAR END

HEAD ON

SIDE SRIPE

OUT OF CONTROL

SURFACE • IF other
than clear and dry.

■ • Wvt I ■ ley
R • Rotn $ ■ S'Vw
Sl - SiMt F m Fea

NICHT • IF between
DUSK AND DAWN.LEFT TURN

RIGHT angle

special conditions.
EX.. Truck (TRKI

DrI vt ng Wht I •
Intoxicotvd IDWIIr

FIGURE D-2b, Accident rate calculations for the intersection
of State Route 170 with Melton Lake Drive
(1990-1991) - BEFORE.
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TENNESSEE DEPARTMENT OF TRANSPORTATION
SURVEY & DESIGN DEPARTMENT 1?^ ilMJT

KNOXVILLE

Date: 5/4/98 **** ACCIDENT RATES
Calc. by: Jeff Mize (Intersection)
Location: State Route 170 (Edgemore Road) ® Melton La)<e Drive

Anderson County

DATA:Period of study: 1/1/86 to 12/31/88
Number of accidents: 35 (A)

Number of days in study: 1095 (T)
TMC date : 3/16/89
Entering volume: 8499 (C)
Day of week: TUBS.
Type of highway: 2-Lane Rural
Statewide average accident rate: 0.18 (Ra) from Table X.
Day of week factor: 1.06 (Fd) from Table II
24 hour expansion factor 2.09 (Fp) from Table III.

24 HODR TOTAL ENTERING VOLUME: (C)*(Fd)*(Fp) = (ZV)

(  8499 ) * ( 1.06 ) * ( 2.09 ) = 18828.685 (SV)

EXPOSURE:

(T)*(ZV)=( 1095 ) * ( 18829 ) = 20617410 (E)

EXPOSURE RATE: (E) ( 20617410 )
=  = 20.617 (M)

1000000 1000000

ACTUAL ACCIDENT RATE (Ri):

(A) * 1000000 ( 35 ) * 1000000

(T)*(SV) ( 20617410 )

1.6976 (R)

CRITICAL ACCIDENT RATE (Rc): CONFIDENCE LEVEL (%)

99.0

(  0.18 ) ( 2.327 ) * ( 0.18 / 20.617 )"'-f(1/2( 20.617 )) =

0.422 (Rc)

SUMMARY:

Actual Accident Rate : 1.698 Acc/MV
Statewide Average Accident Rate: 0.180 Acc/MV
Critical Accident Rate : 0.422 Acc/MV

iSEVERITY INDEX (SI):

SI = (No. of Fatal Accidents) -t- (No. of Injury Accidents)

(Total Number of Accidents)

SI = ( 0 ) ^- ( 5 )

(  35 ) SEVERITY INDEX = 0.143
RATIO: R/Rc = 4.026

FIGURE D-3. Accident rate calculations for the intersection
of State Route 170 with Melton Lake Drive

- BEFORE.
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H'tagramCO

locotlon S.R. IfO
U^aarort Rood)

• Tel^tw Drive
CMy m RlPg
Couily MBCRSON CO. Tno —

Period Covered 09/01/3?
10 W/M/'35

Preoored By JgPP um
Dole Prepored (g/IO/38

BRIDGE

TUE. 9/27/9
5/94

N CHT
TUE. 5/2/956:04

J8:10 MON. 2/27/9
©©€)|NlCHl

9:40 WED. 4/27/94 7:38 WED. 11/23/94
CD-+H

0.1 MI EAST

8:00 TMU. 5/5/94
16:30 THU. 3/31/94 @0®

200 FT EAST

8:00 WED. 4/20/94

no FT EAST

8:00 FR!. 3/18/94

7:56 TUE. 8/23/9

16:00 WED. 7/6/94

7:56 TUE. 8/23/94 . r- ^
F

17:55 MON. 4/18/94 j
10:07 SAT. 1/29/94 ^ j
17:10 FRl. 1/7/94 _ , mmm^m

W. R 200 FT WEST ' "
18:20 WED. 8/18/93

17:20 Thu. 2/11/93 . ,

W. R 200 FT WEST

1:30 SUN. 1 1/22/92

W. R. NIGHT

15:19 TUE. 1/3/95

300 FT WEST

16:03 SUN. 8/6/95

W. R

7:55 WED. 6/23/95

0.1 Ml WEST

00®

I®©®!

SMART

PO 23
INJ 9
FAT 0

total 32

600 FT EAST
,13:02 WED. 8/23/95

0.1 Ml EAST

^6:20 WED. 1/4/95
NICHT, 200 FT EAST

^9:00 MON. 5/1/95

3:lV SAT. 8/19/95
NIGHT. 200 FT EASI

©
0

S.R.170 CEDCEMORE RQAPT

leOUTC KMC I

TI
BRIDGE

SYMBOLS TYPES OF COLLISIONS SHOI FOR EACH ACCIDENT

^  MOVING vehicle

^ )) ) BACKING VEHICLE

NON-INVOLVED VEHICLE

H  pedestrian

1  PARKED VEHICLE

□  FIXED OBJECT
#  FATAL INJURY

O  INJURY accident

REAR END

HEAD ON

SIDE SWIPE

OUT OF CONTROL

left turn

RIGHT ANCLE

1. DAY. DATE. AND TlhC.

2. •EATHER AND ROAD
surface - IF OTHER
THAN CLEAR AND DRT.

« • Vet 1 - Icy
R ■ Rotn S • Snov
SL - Sleet r - reg

3. NIGHT - IF BETWEEN
DUSK AND OAVN.

4. SPECIAL CONDITIONS.
EX.. TrucK (TRKI

Orl v1 og vnl I •
Intoxtcoteo (DVII

FIGURE D-4. Collision diagram for intersection of State Route
170 With Melton Lake Drive - AFTER.
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TENNESSEE DEPARTMENT OF TRANSPORTATION

SURVEY & DESIGN DEPARTMENT

KNOXVILLE

TSoF
Date: 5/4/98 **** ACCIDENT RATES
Gale, by: Jeff Mize (Intersection)
Location: State Route 170 (Edgemore Road) @ Melton Lake Drive

Anderson County

DATA:Period of study: 9/1/92 to 8/31/95
Number of accidents: 32 (A)

Number of days in study: 1094 (T)
TMC date : 12/14/94
Entering volume: 10150 (C)
Day of week: WED.
Type of highway: 2-Lane Rural
Statewide average accident rate: 0.17
Day of week factor: 1.04 (Fd) from Table II
24 hour expansion factor 2.18 (Fp) from Table III.

(Ra) from Table I.

24 HOUR TOTAL ENTERING VOLUME;

(  10150 ) * ( 1.04 )

(C) * (Fd) * (Fp)

(  2.18 )

(2V)

23012.080 (SV)

EXPOSURE:

(T)*(2;v) = ( 1094 ) * ( 23012 ) 25175216 (E)

EXPOSURE RATE: (E)

1000000

ACTUAL ACCIDENT RATE (Ri):

(A) * 1000000

(T) * (2V)

25175216

1000000

25.175 (M)

32 1000000

25175216

CRITICAL ACCIDENT RATE (Rc):

Ra + K{Ra/M)'" + (1/2M) =

1.2711 (R)

CONFIDENCE LEVEL (%)

99.0

(  0.17 ) + ( 2.327 ) * ( 0.17 25.175 )"'-^(l/2 ( 25.175 ) ) =

SUMMARY:

Actual Accident Rate :

Statewide Average Accident Rate:
Critical Accident Rate :

0.381 (Rc)

1.271 Acc/MV
0.170 Acc/MV
0.381 Acc/MV

SEVERITY INDEX (SI):

SI = (No. of Fatal Accidents) -i- (No. of Injury Accidents)

SI =

(Total Number of Accidents)

(  0 ) + ( 9 )

( 32 ) SEVERITY INDEX =

RATIO: R/RC =
0.281

3.335

FIGURE D-5. Accident rate calculations for the intersection

of State Route 170 with Melton Lake Drive - AFTER.
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APPENDIX E

LOCATION 3.

1-640 West Exit Ramp
to State Route 9
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COLLISION
DIAGRAMJENSO DRIVE

/ Locotion itSiiaaJMfloiLJ
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Ct^y KNOXYILLE. TN
County KWtt
Poriod Covtrod Ot/01/SZ

TO TTTITTM

Pripardd By JCPr MI?E
Doft nrtporod (g/10/BB

%

\

ACCIDENT
SIMURY

PO 18
INJ 4
FAT 0

TOTM.

SYMBOLS TYPES OF COLLISIONS SHOW FOR EACH ACCIDENT

*  MOVING vehicle

n ) ) ) BACKING VEHICLE

NON-INVOLVED VEHICLE

N  PEDESTRIAN

I""—^1 PARKED VEHICLE

□  FIXED OBJECT
•  FATAL INJURY
O  INJURY ACCIDENT

REAR END

HEAD ON

SIDE SWIPE

OUT OF CONTROL

LEFT TURN

RIGHT ANCLE

1. day. date, and TIIC.

2. WEATHER AND ROAD
SURFACE - IF other
than clear AfO DRY.

* > I • ley
R ■ Rein S •• Snow
SC > SiMt F • Fog

3. NIGHT - IF between
DUSK AW DAWN.

4. special CONDITIONS.
EX.. TrucN (TRKI

DrI vl og Wht i •
intoxleetod (DW| i

FIGURE E-2. Collision diagram for the 1-640 West Bound Exit
Ramp to State Route 9 - BEFORE.
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TENNESSEE DEPARTMENT OF TRANSPORTATION

SURVEY & DESIGN DEPARTMENT

KNOXVILLE

Date: 5/4/98
Calc. by: Jeff Mize
Location: 1-640 exit ramp ® S.R. 9 (Clinton Highway)

Knox County

*

DATA:Period of study: 1/1/92 to
Number of accidents: 22 (A)

Number of days in study: 1095 (T)
TMC date : 1994 ADT

Entering volume: 12271 (C)
Day of week:
Type of highway: 4-Lane Urban
Statewide average accident rate:
Day of week factor:
24 hour expansion factor

12/31/94

TSaf

*** ACCIDENT RATES

(Intersection)

0.34 (Ra) from Table I.

1  (Fd) from Table II

1  (Fp) from Table III.

24 HOUR TOTAL ENTERING VOLUME: (C)*(Fd)*(Fp)

(  12271 ) * ( 1 ) ¤ ( 1 )

(IV)

12271.000 (IV)

EXPOSURE:

(T)*(IV)=( 1095 ) * ( 12271 ) 13436745 (E)

EXPOSURE RATE: (E)

1000000

ACTUAL ACCIDENT RATE (Ri):

(A) * 1000000

(T) * (IV)

13436745

1000000

13.437 (M)

22 1000000

13436745

1.6373 (R)

CRITICAL ACCIDENT RATE (Rc):

Ra H- K(Ra/M)'" + (1/2M) =

(  0.34 ) ( 2.327 ) * ( 0.34

CONFIDENCE LEVEL (%)

99.0

13.437 )"''-Kl/2( 13.437

0.747 (Rc)

SUMMARY:

Actual Accident Rate : 1.637 Acc/MV
Statewide Average Accident Rate: 0.340 Acc/MV
Critical Accident Rate : 0.747 Acc/MV

SEVERITY INDEX (SI):

SI = (No. of Fatal Accidents) + (No. of Injury Accidents)

SI =

(Total Number of Accidents)

(  0 ) -^ ( 4 )

(  22 ) SEVERITY INDEX =

RATIO: R/RC =

0.182

2.191

FIGURE E-3. Accident rate calculations for the 1-640 West

Bound Exit Ramp to State Route 9 - BEFORE.
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COb^AGRAMJENSO DRIVE

Locotion

CIt, KWPYILLE. TM
Couify max

Parlod CovarM 0t/01/9t
TO nTJTTJT

Prwo-id By JEPT IIITt
Dot! Prtportd lg/10/B8

ACCIDENT
SUMURY

PO 4
INJ 0
FAT 0

TOTAL

SYMBOLS

□

O

MOVING VEHICLE

BACKING VCHICLC

NON-INVOLVED vehicle

PEDESTRIAN

PARKED VEHICLE

FIXED OBJECT

fatal INJURY

INJURY ACCIDENT

TYPES OF COLLISIONS

REAR ENO

HEAD OH

SIDE SWIPE

OUT OF CONTROL

LEFT TURN

RIGHT ancle

SHOW FOR EACH ACCIDENT

1. DAT* DATE, AND TIIC.

2. WEATHER AHO ROAD
SURFACE • IF other
than CLEAR AND DRY.

* • Wt I • l«y
R • Rotn S • Sn^
SL • stMt r • Keo

9. NIGHT • IF BETWEEN
DUSK AlO OAWN.

4. SPECIAL CONDITIONS.
EX.. TrucN (TRXI

Orl vl no WhI I •
Intoxlcot^d lOWIt

FIGURE E-5. Collision diagram for the 1-640 West Bound Exit
Ramp to State Route 9 - AFTER.
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TENNESSEE DEPARTMENT OF TRANSPORTATION

SURVEY & DESIGN DEPARTMENT

KNOXVILLE

Date: 5/4/98
Calc. by: Jeff Mize
Location: 1-640 exit ramp ® S.R. 9 (Clinton Highway)

Khox County

DATA:Period of study: 4/1/96 to
Number of accidents: 4 (A)

Number of days in study: 639 (T)
TMC date : 1997 ADT

Entering volume: 12795 (C)
Day of week:
Type of highway: 4-Lane Urban
Statewide average accident rate:
Day of week factor:
24 hour expansion factor

12/31/97

TSSf

**** ACCIDENT RATES

(Intersection)

0.34

1  (Fd) from Table II

1 (Fp) from Table III.

(Ra) from Table I.

24 HOUR TOTAL ENTERING VOLUME:

(  12795 ) * ( 1 )

(C)*(Fd)*(Fp) =

(  1 )

(2V)

12795.000 (ZV)

EXPOSURE:

(T)*(SV) = ( 639

EXPOSURE RATE: (E)

*  ( 12795 )

(  8176005

1000000 1000000

ACTUAL ACCIDENT RATE (Ri):

(A) * lOOOOOO

(T) * (ZV)

8176005 (E)

8.176 (M)

1000000

8176005

CRITICAL ACCIDENT RATE (Rc):

Ra -^ K(Ra/M)'" H- {1/2M) =

(  0.34 ) -H ( 2.327 ) * ( 0.34

0.4892 (R)

CONFIDENCE LEVEL (%)

99.0

8.176 )'"-Kl/2 ( 1.176 ) ) =

SUMMARY:

Actual Accident Rate :

Statewide Average Accident Rate:
Critical Accident Rate :

0.876 (Rc)

0.489 Acc/MV
0.340 Acc/MV
0.876 Acc/MV

SEVERITY INDEX (SI):

SI = (No. of Fatal Accidents) h- (No. of Injury Accidents)

SI

(Total Number of Accidents)

(  0 ) + { 0 )

( ) SEVERITY INDEX =

RATIO: R/Rc =
0.000

0.559

FIGURE E-6 Accident rate calculations for the 1-640 West
Bound Exit Ramp to State Route 9 - AFTER.
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APPENDIX F

LOCATION 4.

State Route 170

near Naff Road
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APPENDIX F

t. \ 1;'tu \ o
0. \ +

S.R. 170
NEAR NAFF ROAD

V

.•5?

BuN ftun

FIGURE F-1. General location map for the State Route 170
(Raccoon Valley Road) near the intersection of
Naff Road, Knox County, TN.
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Oott ftr«por#d (g/tQ/B8

NAfP ROAD
(Nourc HMfti

SYMBOLS TYPES OF CatlSIONS SHOW FOR EACH ACCIDENT

-  MOVING VEHICLE
■ ) ) ) BACKING vehicle

—  NON-INVOLVED VEHICLE

X  PEDESTRIAN

PARKED VEHICLE

□  FIXED OBJECT
•  FATAL INJURY
O  INJURY ACCIDENT

REAR END

HEAD ON

SIDE SWIPE

OUT OF CONTROL

left TURN

RIGHT angle

DAY. DATE. AND T|l«.

WEATHER AND ROAD
SURFACE - IF OTHER
THAN CLEAR AND DRY.

* • Wvt I • IC7
R ■ Roirt S " Snov
5L • f • Fog

NIGHT • IF BETWEEN
DUSK Ate DAWN.

special CONDITIONS.
EX., Truck (TRXt

Orl vl r>o WhI I •
Inroxicottd IDWII

FIGURE F-2 Collision diagram for State Route 170 near the
intersection of Naff Road - BEFORE.
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ToofTENNESSEE DEPARTMENT OF TRANSPORTATION

SURVEY & DESIGN DEPARTMENT

KNOXVILLE

Date: 4/23/98 **** ACCIDENT RATES

Gale, by: Jeff Mize (Section)
Location: S.R. 170 (Raccoon Valley Rd.) near Naff Rd.

Knox County

DATA: Period of study: 1/1/92 to
Number of accidents: 12 (A)

Number of days in study: 1095 (B)

1994 ADT: 2590 (C)

Length of study section: 0.3 (D)
Type of highway: 2-LANE - RURAL
Statewide average accident rate:

12/31/94

1.77 (Ra) from Table I.

EXPOSURE:

(B)*(C)*(D)= ( 1095 )*(

EXPOSURE RATE; (E) (

1000000

2590

850815

1000000

)*( 0.30

850815 (E)

0.851 (M)

ACTUAL ACCIDENT RATE (Rs):

(A)*1000000

(E)

(  12 ) * 1000000

(  850815

14.104 (R)

CRITICAL ACCIDENT RATE (Rc):

Ra + K(Ra/M)- +  (1/2M) =

CONFIDENCE LEVEL (%)

99.0

(  1.77 ) -H 2.327 * ( 1.77 / 0.851 )'■"+ (1/2 0.851 ) )

5.714 (Rc)

SUMMARY;

Actual Accident Rate : 14.104 Acc/MVM
Statewide Average Accident Rate; 1.770 Acc/MVM
Critical Accident Rate ; 5.714 Acc/MVM

SEVERITY INDEX (SI);
SI = (No. of Fatal Accidents) + (No. of Injury Accidents)

SI =( ) + (

(Total Number of Accidents)

6  )

(  12 ) SEVERITY INDEX =
RATIO: R/Rc =

0.500
2.468

FIGURE F-3. Accident rate calculations for State Route 170
near the intersection of Naff Road - BEFORE.
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755fTENNESSEE DEPARTMENT OF TRANSPORTATION

SXJRVEY & DESIGN DEPARTMENT

KNOXVILLE

Date: 4/23/98 **** ACCIDENT RATES
Calc. by: Jeff Mize (Section)
Location: S.R. 170 (Raccoon Valley Rd.) near Naff Rd.

Knox County

DATA: Period of study: 4/1/96 to
Number of accidents: 7 (A)

Number of days in study: 639 (B)
1997 ADT: 2750 (C)

Length of study section: 0.3 (D)
Type of highway: 2-LANE - RURAL
Statewide average accident rate:

12/31/97

EXPOSURE;

(B)*(C)*(D)= ( 639 )*

EXPOSURE RATE; (E) (

1000000

(  2750

527175

1000000

1.77 (Ra) from Table I.

)¤( 0.30 ) =
527175 (E)

)
0.527 (M)

ACTUAL ACCIDENT RATE (Rs):

(A)*1000000 1000000

(E)

CRITICAL ACCIDENT RATE (Rc):

Ra K(Ra/M)'''' (1/2M)

(  527175

13.278 (R)

CONFIDENCE LEVEL (%)

99.0

(  1.77 ) -I- 2.327 * ( 1.77 / 0.527 (1/2 0.527 )) =

6.982 (Rc)

SUMMARY:

Actual Accident Rate : 13.278 Acc/MVM
Statewide Average Accident Rate: 1.770 Acc/MVM
Critical Accident Rate 6.982 Acc/MVM

SEVERITY INDEX (SI):

SI = (No. of Fatal Accidents) -i- (No. of Injury Accidents)

SI =(

(Total Number of Accidents)

) + ( 3 )

) SEVERITY INDEX =

RATIO: R/Rc =

0.429

1.902

FIGURE F-6. Accident rate calculations for State Route 170

near the intersection of Naff Road - AFTER.
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VITA

Ronald Jeffrey Mize, Jr. was born in Knoxville,

Tennessee on June 24, 1973. A native of Fountain City in

North Knoxville, Mr. Mize attended the public schools of Knox

County where he graduated from Central High School in May of

1991. He entered the University of Tennessee, Knoxville in

August of 1991 and chose to pursue a degree in Civil

Engineering. While an undergraduate, Mr. Mize added to his

academic experience with the Engineering Co-op Program where

he served as a Civil Engineer Intern for the City of

Maryville, Tennessee until he completed his degree with a

Bachelor of Science in Civil Engineering in May of 1996.

That same summer, Mr. Mize accepted a graduate assistantship

offered by the Southeastern Transportation Center in

conjunction with the Civil Engineering Department of the

University of Tennessee, Knoxville. While enrolled in

graduate school, he served as a Civil Engineer Intern for the

Knox County Highway and Public Works Department until January

of 1997, when he accepted a full-time position with the

Region 1 Design Division of the Tennessee Department of

Transportation. He continued to pursue his Master of Science

Degree in Civil Engineering while employed at TDOT and

received his degree in May of 1998.
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Mr. Mize is presently a Roadway Specialist 2 with the

Tennessee Department of Transportation and plans to apply for

Professional Engineering certification in the spring of 1999.
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