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Streets and highways are vital to the well-being of a community.
Inefficiencies in the street and highway system cause human suffer-
ing and death, Tow productivity, and higher costs. Therefore, those
charged with the design, construction, and maintenance of streets
and highways have the continuing responsibility of making them more
safe and efficient.

Although not all accidents are due to faulty design or construc-
tion of the roadway system, a concentration of accidents at one lo-
cation implies that there has been a failure of the system. Detailed
study of accident records can identify these high-accident locations
and point out improvements that will reduce the numbers and severity
of future accidents.

Purpose and Scope

This manual describes the high-accident location analysis (HAL)
system which will allow the user to identify, analyze, and correct
high-accident Tocations. It was prepared for smaller cities in
Missouri that do not have traffic engineers but recognize their
need for a local capability to deal with traffic accident problems.

The HAL system is a continuing program rather than a one-time
cure-all. Instructions in each chapter guide city personnel through
the establishment of procedures, and specify when each procedure is
done. Using this manual, city personnel with 1ittle or no training
in traffic engineering can undertake a complete high-accident Toca-
tion analysis.

Organization of the Manual

This manual has five chapters. This first chapter briefly ex-
plains the HAL system and the benefits of using it. Chapters 2
through 5 cover each of the four basic processes of the HAL system
as shown in Figure 1.

Chapter 2, "Setting Up the Traffic Records System," describes
the requirements for reporting, filing, and summarizing traffic
accident data. Chapter 3, "Identifying High-Accident Locations,"
describes the Early Warning Analysis and the Annual City-Wide Anal-
ysis, two procedures that will identify Tocations with high numbers

3
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Figure 1—The High-Accident Location Analysis (HAL) System

of traffic accidents. Chapter 4, "Analyzing High-Accident Loca-
tions," gives methods for interpreting a location's accident expe-
rience to determine general countermeasures for certain accident
patterns. These general countermeasures and data from traffic
studies are then used to identify specific improvements for each
high-accident lTocation. Chapter 5, "Correcting High-Accident Loca-
tions," describes how alternative improvements for reducing traffic
accident numbers and severity are compared to select which improve-
ment or group of improvements to install. Methods for evaluating
the improvements installed at a location and evaluating the estab-
lished HAL system are also given.

How to Use the Manual

Several procedures are used to study high-accident locations.
To get an idea of how the procedures relate to each other, the per-
son in charge of the HAL system should read through the entire man-
ual. On this first reading, the procedures within each chapter can
be read over quickly, ignoring specific instructions. When the four
basic processes are generally understood, the chapters can then be
referred to for the details of each procedure.

Although this manual covers all basic processes needed to analyze
high-accident locations, it does not contain details of improvement
design. For this purpose the reader is referred to the Manual on
Uniform Traffic Control Devices (MUTCD) which contains standards for
many kinds of improvements, and should be used with this manual when
choosing specific improvements.

Who Should be in Charge of the HAL System?

Both the police department and the engineering department should
be involved in analyzing high-accident locations. The police de-
partment furnishes the required traffic accident data to the person
in charge of traffic engineering functions. Although this person
is normally the city engineer, if a city does not have a full-time
city engineer, responsibility for maintaining the HAL system could
be given to the chief of police, the police officer in charge of
accident investigation, or the director of public works.

In later chapters, the term "city engineer" refers to the person
in charge of the HAL system.

Purpose of Worksheets

Worksheets are provided for many of the procedures in this man-
ual. They guide the user through each step of a procedure, and
document the accident analysis. One original of each worksheet is
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attached to the inside back cover of this manual. Photocopies of
the worksheet originals should be made when the analysis procedures
are begun.

Costs and Benefits of the HAL System

The goal of reducing the number and severity of traffic acci-

dents requires the investment of time and money. Although the cost CHAPTER 2—SETT|NG UP THE TRAFF'C
of materials for setting up the HAL system should not exceed $150,

the costs of man power needed to complete the analysis procedures RECORDS SYSTEM
is greater and may involve personnel such as the police chief or
city engineer, both with many other time-consuming responsibili-
ties. Each chapter Tists the time required from each category of
city personnel, as well as the cost of any required materials.

Because the use of this manual involves an investment, it is also
appropriate to mention its benefits. The most obvious benefits are
the reduction of the number and severity of accidents. The National

Highway Traffic Safety Administration estimates (1972) for the costs " k‘ I |
of traffic accidents are: ofe {
e Fatal accident $234,960 Aﬂli y I |

e Injury accident 11,200 |

e Property-damage-only accident 500 SPOT COLLISION
MAPS DIAGRAMS

ACCIDENT _”’ﬂ\iSii\

Also, better use will be made of available accident reports. FILES IMPROVEMENT
Although police departments spend considerable time and money in - PLANS
collecting and filing accident reports, the value of the accident
reports is lost if they are not used to correct the causes of ac-
cidents.

With these estimates, you can easily see the potential dollar bene-
fit of fairly small accident reductions, not to mention the saving
of life and Timb. These estimates are used in Chapter 5 for com-
puting the benefits of installing a safety improvement at a loca-
tion.

Another benefit is that the system can be readily used by con-
sultants hired by the city to make traffic analyses. When the ac- ‘
cident data are easily available, these professionals can spend

more time analyzing the causes of the accident problems and their
appropriate countermeasures. . ‘ . . .
IS

The HAL system described here is a powerful tool for your com-
munity to use in solving traffic accident problems. But, in the
final analysis, the commitment of city officials and the community
will determine the benefits from using the system.
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Accident data must be complete, accurate, and easily found.
Making sure that accident data meet these requirements for an engi-
neering analysis is the first important process. This chapter de-
scribes guidelines on reporting, filing, and summarizing accident
data.

Accident Records System — Basic Information

The Missouri State Highway Patrol furnishes cities with stan-
dard traffic accident report forms. Form No. 1 of the report is
shown in Figure 2. The report has two forms and is provided in a
multi-carbon format so each form is automatically filled out in
triplicate. The triplicate pages are labeled "ORIGINAL" (shown in
Figure 2), "STATE" or "ENGINEERING."

An instruction manual describing the collection and recording
of data on the report is available from the Missouri Highway Pa-
trol. Standard terms for accident reporting are defined by the
"Manual on Classification of Motor Vehicle Traffic Accidents," to
ensure nationally uniform accident statistics.

The definition of a traffic accident is "any motor vehicle ac-
cident that occurs on a trafficway or that occurs after the motor
vehicle runs off the roadway . . ." This definition excludes motor
vehicle accidents occurring on private property, which should not
be classified or filed with traffic accidents.

Classification of accident data allows analysis of data by sim-
ilarities. Traffic accidents can be classified according to type,
severity, or location. Eleven types of accidents are grouped under
either collision or noncollision classification headings.

Collision accidents involve a collision between a motor vehicle
in transport (meaning in motion or in readiness for motion),
and:

A pedestrian;

Another motor vehicle in transport;
A motor vehicle on another roadway;
A parked motor vehicle;

A railway train;

A pedalcyclist;

An animal

NOY Ol B W N —



SHEET. OF.

MISSOURI-UNIFORM ACCIDENT REPORT FOR STATE FILES USE
ROUTED o
CARD CODE
FAT. NO. INJ. NO.
1
ACCIDENT CLASSIFICATION l D Property Damage No. Killed No. Injured No. of Vehicles Involved
2 e l Date of Accident — Mo./Day/Year ]Ta.y of Week l Hour H AM. Standard Time
P.M Daylight Savings Time
[ FeoERAL ROUTE [ staTe rRoOuTE 0O county rROAD O municipaL O prIVATE PROPERTY
7 County. Give Name of City, Village or Township [ Log Paint
[} n
E':’ on Give Name of Road, Street or Route No. ] Speed Limit l‘ Intersecting Street or Highway Number Speed Limit
t
o
I not at N S E W ‘Nearest Intersecting Street or Highway, Mile Post or Landmark
N tersection Feetormies (1 0O 0O O ot
4 ACCIDENT LLISION INVOLVING: pedestrian ] Meﬁm Transport (] MV On Other Roadway L[] Parked mv  [JRaiiway Train
Pedalcyclist Animal Fi
i '_—_b_ Gl Fixed Object Other Object nON-coLLision: [ overturning [ otner Non-cottision
On The Roaaway [J off The Roaaway
5. Oriver Age Date of DRIVER INFORMATION
Birth / 4 Sex M
Address City State Mo. Day  vr. Famale Race
v State of License
£ Owner Omo. state Clother
W DOuniicensed O Learners Doperators L Chautfers
‘I: Address City State
Driver{s License Nui i3
z Vehicle Year Make Model Style (Sedan, Bus, Truck, etc.) Dllv."EﬂllCl"Ol! "gvm No Unknown
Other Driver Tng. Yes No Unknown _|
NO. 1 | Venicle inspection No. l License Plate No. State Year | GOING
(Direction) oN
Vehicle Damaged Vehicle By Whom? Where To?
(Code) Towed []yes
Away? Llno
6. Driver Age Date of DRIVER INFORMATION
Birth L L sex [mate
Address City State Mo. Day vr. DO Female Race
v State of License
E Owner Elmoustate. Dlowey o =0
H O Learners [Joperators [Jchautrers
‘l: Adaress City State
L Driver’s License Nu r
E Vehicle Year Make Model Style (Sedan, Bus, Truck, etc.) Driver Education "g\m No Unknown
Other Driver Tng. Yes No Unknown
NO. 2 | Venicie inspection No. I License Plate No. State Year GOING
(Direction) ON
Vehicle Damaged Vehicle By Whom? Where to?
(Code) Towed []ves
Away? [ no

Z DAMAGE TO PROPERTY

OTHER THAN VEHICLES
Name Object, Show Ownership, and State Nature and Amount of Damage
8 wit- Car | Seat Ejec- | Seat
Name Address ness | A9e | sex [ K81 TO0 ] ink |Gt et Phone

WK

(&7

TL

NL

ELE

sD

So

pR

Al

SN

sJ

/v

PR

EE

DD
[ SEAT LOCATION INJURY SEAT BEL EJECTION | VEHICLE DAMAGE

FR | RR 1. Fatal A. None 1. No 3 (18 5 7

c o= O Fc | RC 2. Disabling 8. Not Used 2. Partially ? | | | ' |

o Known S e 3. Evident (Non Disabiing) C. Used 3. Totally " el LW

D SV — Occupant — Spacial Vahicis s :’:':':;;::: Appacant g' ::"J:"“ow & Lnknot v (s 1® | ' :

E Bus, Truck, Motorcycle, 5' i x — s ==

s Station Wagon . Unknown F. Belt - Fallure — n

P =
g wlu|u|n|w|
18 - Undercarriage 19 - Windshleld
FORWARD COPY TO: MISSOURISTATE HIGHWAY PATROL
TRAFFIC DIVISION ORIGINAL

FORM#¥1

JEFFERSON CITY, MISSO!

URI 65101

Figure 2—Uniform Accident Report (Form #1)
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8. A fixed object; and
9. Other objects.

Noneollision accidents involve a motor vehicle in transport:

1. Overturning; and
2. Other noncollision.

The severity of accidents can be classified in three ways:
injury severity, damage severity, or number of motor vehicles in-
volved. The three most common injury severity ratings are fatal,
nonfatal injury, and property-damage-only accidents.

The location of accidents can be classified either by the rela-
tionship of the accident to an intersection, such as "at intersec-
tion" or "50 ft from the intersection," or by the characteristics
of the location of the accident such as "urban," "rural," or "in-
dustrial area."

The standard accident report form and standard definitions are
necessary for the uniform and precise reporting of traffic acci-
dents. The "Manual on Collecting and Recording Data on the Missouri
Uniform Accident Report Form" is obtained from the Missouri State
Highway Patrol, Traffic Division, Jefferson City, Missouri. The
"Manual on Classification of Motor Vehicle Traffic Accidents" is
available from the National Safety Council, 714 East 12th, Kansas
City, Missouri 64106.

Traffic Accident Reporting

Because the police department does not normally perform engi-
neering analysis of accident data, police officials may be unaware
that their accident reporting is insufficient for high-accident
location analysis. Engineering analysis of accident data is the
quickest way to evaluate the effectiveness of accident reporting
procedures.

Often the problems with accident reporting involve either how
the location is specified or how the accident diagram is drawn and
described. Check a sample of recent accident reports to discover
where the present accident reports might be faulty, and to improve
the way accident reports are made. The following three suggestions
for spot checking are useful:

1. Check the Location Block:

« Is the location of the accident specified to within
50 ft?

11



e If a road is a numbered highway and also has a street
name, are the number and the name both shown? Example:
Mo. 1-Antioch Road

2. Check the Accident Diagram:

e Are the directions of travel of the involved vehicles
shown?

e« Are any measurements shown in the diagram?

e Is the Tocation of the accident shown with reference
to an intersection or other known landmark?

e Is the north direction identified?
3. Check the Officer's Statement:
o« Does it explain what happened?

o Does it fully identify the relationship of the accident
to a nearby intersection? For example, instead of "Ve-
hicle No. 1 was struck in the rear while stopped in traf-
fic," the statement should say "Vehicle No. 1 was struck
in the rear while stopped in traffic lined up from the
traffic signal at 56th Street."

Other problems may concern the way accidents are investigated.
For example, a clear standard on when to make an accident report is
very important. Standard 18 of the Highway Safety Program* speci-
fies that the local police department should be notified immedi-
ately by drivers involved in either a fatal or injury accident, or
a property-damage-only accident where a damaged vehicle cannot be
moved from the accident scene. The National Safety Council recom-
mends that police make reports on all traffic accidents coming to
their attention, with exceptions for minor accidents such as a
scratched fender. The National Safety Council recommendation is
a good guideline in most cases. If there is any doubt whether an
accident is "minor," the officer should make a report.

Inconsistency of accident reporting may also cause confusion
when the accident reports are analyzed. An example is the way a
street is sometimes referred to by different names. For example,

* "Accident Investigation and Reporting," Highway Safety Program
Manual, Vol. 18 (Interim), National Highway Traffic Safety
Administration (1972).
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a road once crossing an orchard was called Apple Orchard Lane.
Then the land was developed as a block of expensive homes, and the
road was renamed Regency Manor Drive. If the reports of accidents
on this street do not use the same name, they are inconsistent.

Once you have checked a sample of accident reports, recommend
changes in reporting methods to eliminate any problems. The offi-
cer in charge of accident investigation should make these changes,
eliminate inconsistencies, set up reporting standards, and make
them clear to all investigating officers.

Traffic Accident Report Filing

Although traffic accident report files are normally kept by the
police department, they may also be kept by the engineering depart-
ment. A systematic plan should be established for handling acci-
dent reports so that they can be filed easily, not Tost or misfiled,
and handled the least number of times. The recommended filing pro-
cedure has five basic steps.

1. Check each report for completeness and accuracy;
2. Transfer relevant information to a tally sheet;
3. Plot the location of each accident on a spot map;

4. Prepare information cards for cross-files such as a
driver-record file; and

5. File the accident report in the Tocation file.

Step 1 involves checking the officer's report of the traffic
accident to assure completeness and accuracy. Standards estab-
1ished for reporting should be followed. For example, measure-
ments for locating the site of an accident should be to the near-
est 1/100 of a mile (50 ft). Handwriting should be legible, and
the accident diagram clear. Check incompleteness, contradiction,
or vagueness with the investigating officer.

Steps 2 and 3 are part of summarizing accident data which is
covered later in this chapter (page 22).

Step 4 is required so the police department can find accident
reports other than by accident Tocation. For example, finding an
accident report by the driver's name is difficult when reports are
kept in a location file. To solve this problem, set up cross-files
such as the driver-record file which is arranged alphabetically by

13
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driver names. Although the cards in this file do not give arranged
details of the accident, they do tell where to find the complete
report in the Tocation file. In some police departments, this file
is kept as part of the criminal-record files. Cross-files can also
be set up by date or accident severity.

Step 5, the last step in processing the accident report, is to
file the report in the location file. Description of the location
file is given in the next section. Although the way accident re-
ports are filed may vary from city to city, the final filing pro-
cedure should always include these five basic steps.

One way that filing procedures may vary is by the department
that keeps the Tocation file. If possible, keep the Tocation file
in the engineering department. An example of the filing procedure
adopted by a city that has a location file in the engineering de-
partment and a chronological file in the police department is shown
in Figure 3.

It may be impractical to keep the location file in the engineer-
ing department for one of the following reasons:

1. There is not space or personnel in the engineering depart-
ment to keep the location file. For a city that has fewer
than 1,000 accidents per year, there should be enough space
for a small (16-in. depth) two-drawer file cabinet. Also
an engineering aide, clerk, or secretary who can devote 1/2
day per month is needed for filing the accident reports.

2. The police department wants to use the location file and,
therefore, is willing to establish and maintain the file.
It is uneconomical to have two identical files. The police
file should still meet the engineering requirements for a
location file, and the file should be accessible to the
engineering staff.

The filing procedure shown in Figure 4 was adopted by a city
that established both a location file and a chronological file in
the police department.

Both example filing procedures have the five basic steps for
filing traffic accident reports. You must decide at this point
if your current filing procedure contains these steps and, if not,
how to change it. Once you have established a filing procedure
and decided where to put the location file, it is maintained as
described in the next section.

14

STEPS TO BE DONE IN THE POLICE DEPARTMENT

16

When the accident report is received, check it for completeness and
clear up any questions with the investigating officer.

Have the report reviewed and signed by the reviewing officer.

Enter the report number on the driver-record card or cards. In the
block at the top left of the form enter "DR," your initials, and the
date.

Using the appropriately colored map pin, spot the location of the
accident on the traffic accident spot map. In the block at the top
left of the form enter "SM," your initials, and the date.

Send the STATE copy of the accident report to the Missouri Highway
Patrol. If the accident occurred on a state highway, make a photo-
copy of the report for the City Engineer and send the ENGINEERING
copy to the district office of the Missouri Highway Department.

Send a copy of the report to the City Engineer.

File the ORIGINAL of the report in the chronological file.

STEPS TO BE DONE IN THE ENGINEERING DEPARTMENT

I

Tally pertinent data from the report for the monthly summary sheet.
In the block at the top left of the form enter "T," your initials, and
the date.

File the ENGINEERING copy or the photocopy of the report in the
location file.

Figure 3—A Filing Procedure with the Location File in
the Engineering Department
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1. When the accident report is received, check it for completeness and
clear up any questions with the investigating officer.

2. Have the report reviewed and signed by the reviewing officer.

3. Enter information from the report on a tally sheet. Enter "T," your

inifials, and the date in the block at the top left of the accident report
orm.

4. Enter the report number and accident location on the driver-record
card. Enter "DR," your initials, and date in the block at the top
left of the form.

5. Mark the location of the accident on the traffic accident spot map.

Enter "SM, " your initials, and the date in the block at the top left
of the form.

6. Se.nd the STATE copy of the accident report form to the Missouri
Highway Patrol. If the accident occurred on a state highway, send
the ENGINEERING copy to the district office of the Missouri Highway
Dapartment.

7. If the accident occurred on a state highway, photocopy the report for
the location file and file the ORIGINAL copy in chronological file.
If the accident occurred on a city street file the ENGINEERING copy
of the report in the location file and the ORIGINAL copy in chrono-
logical file.

Figure 4 —A Filing Procedure with the Location File in
the Police Department

The Location File

?n a location file, traffic accident reports are filed alpha-
bet1§a11y by location, with street names and house numbers used
for indexing. Set up the file with a complete year's accident
data. It should eventually contain 3 years of accident data.
Materials needed for the file include a small (16-in. depth) file

c§binet, left and right tab 1/3-cut guide cards, and center and
right tab 1/3-cut file folders.
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Starting with the first accident of the year, judge accidents
as intersectional or mid-block by the "intersection-related"
method. This method does not classify accidents by physical bound-
aries, but by the direct relationship of the accident to the lo-
cation. Two examples help explain this method. In the first ex-
ample, one vehicle rearends another vehicle at the end of a long
line of traffic waiting at a signalized intersection. This acci-
dent is classified as an intersection-related accident and filed
with other reports of accidents occurring at the intersection. In
the second example, a pedestrian moves into traffic on a crosswalk
against a "no walk" signal, causing a vehicle to stop, and a sec-
ond approaching vehicles hits the stopped vehicle. This accident
is also classified as intersection-related.

If the accident is intersection-related, determine which street
to use as the primary index. If two municipal streets intersect,
use the street name that alphabetically comes first as the primary
index. For example, referring to Figure 5, file the accident oc-
curring at the intersection of Main Street and Wilson Street behind
a left-tab guide card with the primary index of MAIN STREET in the
right-tab file folder labeled with Wilson Street as the secondary
index. Note that primary indexes are typed with all capital let-
ters, and secondary indexes are typed with only initial capital
letters.

If a numbered route and a municipal street intersect, file the
accidents by the highest route designation, i.e., Interstate route,
U.S. route, State route, County route, municipal street, because
this is how they should be recorded on the accident report. Also,
if possible, include the lower designation such as U.S. 69 (VIVION
ROAD) on the index.

If you have more than 20 numbered streets in your city, index
these streets as 1st, 2nd, 3rd, etc., and determine the primary in-
dex numerically. If there are only a few numbered streets, spell
out the numbers and file them alphabetically.

In summary, use the following order to determine which street
is used as the primary index.

1. Interstate Routes;

2. LS. Routes;

3. Missouri Routes;

4, County Routes;

5. Named Municipal Streets; and

6. Numbered Municipal Streets (if there are more than 20).

For example, at the intersection of U.S. 69 and Ohio Street, use
U.S. 69 as the primary index. At the intersection of Ohio Street
and 56th Street, use OHIO STREET as the primary index.
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Figure 5—Filing an Intersection-Related Accident
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Classify all accidents that are not intersection-related as
mid-block accidents, and use the street name or route number as
the primary index and the block number as the secondary index.

The number of blocks included in a secondary index can vary from
one block to the entire length of a street. Determine the way a
street is divided into sections for indexing by the number of ac-
cidents occurring on each part of the street. When the Tocation
file is first established, file the mid-block accidents in a cen-
ter-tab file folder immediately behind the guide card with the
street name as the primary index. As the number of reports reaches
10, divide the street into sections according to accident concen-
trations. Write section designations in pencil until the entire
year's reports are filed, then finalize them by typing them on the
center-tab file folder. These same sections are used for the next
year's file.

As the accident reports are filed, keep the most recent report
at the front of each folder. To save unnecessary work, type the
labels for the primary and secondary indexes only as required.

Observe the following rules in filing reports in the location
file:

Rule 1. Keep all reports of accidents at the same
intersection in one file folder; and

Rule 2. Use a separate folder for each individual
intersection.

Although these rules seem simple, they are easily violated.
For example, violations can occur because of peculiarities in a
city's road pattern. Referring to Figure 6, the highlighted in-
tersection involves three street names. The optimist would assume
that all reports from this location are reported as occurring at
the intersection of Artesian Avenue, Rogers Street, and Tower
Street. But if some investigating officers only record two of the
street names on the report, this same optimist could find the ac-
cidents filed in three folders as follows:

Folder 1 - ARTESIAN AVENUE (primary index), Rogers Street and
Tower Street (secondary index).

Folder 2 - ARTESIAN AVENUE (primary index), Tower Street
(secondary index).

Folder 3 - ROGERS STREET (primary index), Tower Street
(secondary index).
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If this intersection has a large number of accidents, you may
never know if the accident reports are filed in three different
places. This is a violation of Rule 1 (all accident reports from
the same intersection must be in the same folder). Avoid this
situation by placing warning cards in the two places where the
reports could be misfiled. In Figure 6, warning cards were placed
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Figure 6 —Filing Reports from an Intersection with Three Names
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where an accident could be misfiled as ARTESIAN AVENUE and Tower
Street (labeled Tower Street see Rogers Street), or as ROGERS
STREET and Tower Street (labeled Tower Street see ARTESIAN).

Rule 1 can also be violated if one street has two designations
such as a state route number and a street name. Thus, accidents
at the intersection of Mo. 1 (Antioch Road) and U.S. 69 (Vivion
Road) could be filed in four file folders as follows:

Folder 1 - U.S. 69 (primary index), Mo. 1 (secondary index).

Folder 2 - MO. 1 (primary index), Vivion Road (secondary index).

Folder 3 - U.S. 69 (primary index), Antioch Road (secondary
index).

Folder 4 - ANTIOCH ROAD (primary index), Vivion Road

(secondary index).

In the example above, the accidents should be filed with U.S.
69 (VIVION ROAD) as the primary index and Mo. 1 (Antioch Road) as
the secondary index. Place warning cards at the locations where
the accidents might be misfiled.

Rule 2 can be violated if two intersections have the same name
because the two streets intersect more than once, as in Figure 7.
This situation can also occur if two numbered routes join on one
side of town, travel along one street, and then separate. To avoid
filing reports of accidents from both intersections in the same
folder, designate the two intersections more precisely. In the ex-
ample, one of the intersections is called "North" and the other
"South." The person in charge of accident investigation should in-
struct investigating officers to fill out the accident reports to
clearly indicate which of the two locations was the accident site.

Although these rules require extra time when setting up the To-
cation file, a great deal of time will be saved later when finding
the reports for a particular intersection.

Setting up a Tocation file with 1 year's accident reports will
normally take about 3 days for cities with Tess than 1,000 acci-
dents per year. After the file is set up, the filing will require
about 1/2 day per month by a clerk, secretary, or engineering aide,
with some help on classifying accidents as intersection-related or
mid-block. The cost of a small filing cabinet is $50 to $60, and
filing materials will cost from $5 to $25.
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Traffic Accident Data Summaries

Summarizing traffic accident data is an important.part of any
traffic records system because it is the first step in the iden-

tification process.

Porter

St.

Oak

Oak St.
j (North)

|

| Oak St.
(South)

—
HALF MOON l
DR.

Figure 7—Identically Named Intersections
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Traffic accident data are summarized many ways, including
monthly or annual totals, data grouped by different categories,
or mid-block classification, intersection control type, type of
accident, accident severity, or time of occurrence.

In cities of 10,000 or more population, accidents should be
summarized monthly and annually. Smaller cities may only need
quarterly and annual summaries.

The Missouri Highway Patrol summarizes a city's accident reports
by computer on a monthly and annual basis. Use these STARS (State-
wide Traffic Accident Records System) summaries as monthly summar-
ies of accident data. The STARS summaries do not include totals on
private property, hit and run, or enforcement data, which the police
department may want to add for its purposes.

In addition to the monthly STARS summary, some additional sum-
marizing should be done by the city. A summary to supplement engi-
neering analysis of high-accident locations is shown in Figure 8.
This summary divides the accidents into intersection-related acci-
dents and mid-block accidents. The accidents are also divided ac-
cording to whether they occurred on a "major" or "minor" street.
Major streets are through streets with traffic volumes greater than
2,000 vehicles per day.

Make monthly tallies on this summary sheet when each accident
report is filed in the location file. At the end of a year, com-
bine 12 monthly summaries for the annual summary.

Another device, which gives a quick visual summary of accident
locations, is the traffic accident spot map (see Figure 9). Using
pins or other markers to show the location of all traffic accidents
in the city, the spot map will quickly identify which areas of the
city may warrant attention. But, the map is not entirely suitable
for identifying high-accident locations because it conveys only a
limited amount of information about accident type.

A street map or aerial photo, ranging in scale from 1 in. = 400
ft to 1 in. = 800 ft, is desirable for the traffic accident spot
map. Maps intended to convey other information, such as zoning
maps, should be avoided because the supplementary information will
make the map confusing to read.

Map pins are normally used to mark the accident locations.
These pins, obtained from school and office suppliers, come in dif-
ferent sizes, colors, and shapes to show different accident types.
Most often three different colored map pins are used to show:
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(1) fatal accidents; (2) injury accidents; and (3) propgrty-dar_nage-
Other pin colors can represent pedestrian acci-

only accidents.

dents or the time of the year when the accident occurred. Use no
more than seven different colors of pins.

TRAFFIC ACCIDENT SUMMARY ANNUALE]
DATEJAN.| = DEC 3, /1975 MONTHLY [OJ

INTERSECTION - RELATED ACCIDENTS

A spot map needs a legend telling the area and time period cov-
ered by the map, and what kind of accident each pin represents.
Figure 10 shows two typical legends for spot maps.

To hold the map pins, mount the spot map on a material soft
enough to stick a pin in, but firm enough to keep the pin from
falling out. Appropriate materials are cork, Celotex, foamboard,

CITY OF CLINTON, MISSOURI
MOTOR VEHICLE TRAFFIC ACCIDENTS [—

1975 j’ D

e FATAL ACCIDENTS
e [INJURY ACCIDENTS
® PDO ACCIDENTS

MAJOR STREET INTERSECTIONS
Right [Rear | Side-Swipe |Head Fixed |Right|Left | o ~oy/
Angle | End |Meeting|Passing| On ed: Object|Turn [Turn 57
MAJOR-MAJOR
2-Way Stop 4 | & 0 / / | o £ | 3o [ 20
4-Way Stop 2 | 7 2 / ol & e L@ /9
Signal p& \i7 g bz g bzt 5 |5 9| £ .62
Officer |l 0 OB RS O |8 / +
MAJOR-MINOR
From 2-Way
Stop 4 5 2 ) | ) / P = {7
On Major St. g 2, / / o |/ T e |l i / 20
On Minor St. 3 4- K / 0 o o 1952 0 /4
Officer 0 7 %) o Yo ol (<) ) e | 2
SUBTOTAL 33 |44 | /0 e |7 14| 14 £ 117 7 148%
MINOR STREET INTERSECTIONS
Right | Rear | Side-Swipe | Head Ped., Fix.ed Right| Left Other | TOTAL
Angle | End |Meeting|Passing| On Object [Turn | Turn
No Control 4 5 2 / 2 |lo 2 / = / 24
Yield Sign 3 / 0 7) ohe / &) / / T
2-Way Stop 7/ /5 4 /i / 0 3 4 | o o 35
4-Way Stop o Pz 2, 1) V| 2 5|3 20855
SUBTOTAL |24 [33] 7 |2 | # |o| 5 [/0]lc| £ ] 99
TOTAL
INTERSECTION- 57 |97 1 19 9 W2 2z |2£]123) (3| 257
RELATED
ACCIDENTS
MID BLOCK ACCIDENTS
N Vehicle Striking
s Pk. Veh. Vehicle %
Coll. Ped. Car |@ Dr. B.©, On St. Train || TOTAL
Major St. Vg 2l /¥ 5 6/ / | 550
Minor St, 7 12) el 12 3 F/ Z 4T
Alleys 2 2 / o / G o T

Figure 8 —Engineering Summary Sheet
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Figure 9—Traffic Accident Spot Map
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and unpressed lMasonite quarterboard. Secure the map to the mount-
ing material with library or wallpaper paste.

Usually 1 year's accidents are spotted on the map. One good
idea is to use two spot maps: one to show the last year's acci-
dents, the other to spot accidents for the current year. Photo-
graph maps at the end of the year to provide a permanent record.

NORMAL 12-MONTH LEGEND

ClTYOF , MISSOURI
MOTOR VEHICLE TRAFFIC ACCIDENTS
1975

(Red) O Fatal Accident
(Blue) O Injury Accident
(Yellow) © PDO Accident

RUNNING 12-MONTH LEGEND

CliiY ©OF , MISSOURI
MOTOR VEHICLE TRAFFIC ACCIDENTS

MAY 1974 - APRIL 1975
Property Damage and Injury Accidents During the Last 12 Months

(Red) O January and February
(Yellow) O March and April
(Blue) O May and June
(Brown) O July and August
{Green) O September and October
(Black) O November and December
(Black on White) © Fatal accidents during last twelve months

Figure 10—Spot Map Legends
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Running 12-month spot maps are sometimes used to prevent having

only 2 or 3 months' accidents on t
year. Different colors are used to r

each 2-month period.
Figure 10.

Keep spot map near the 109
by the person filing the acci

Normally 2 to 3 days
1 year's accidents.
cidents will require

he map in the early months of.the
epresent the accidents dur1ng
The legend for this kind of map is shown in

ation file so accidents can be spotted
dent reports in the location file.

are necessary to set up the spot mqp and spot
Once the map is established, spo?t1ng the.ac-
less than 2 hr per month. Mounting material

for the map will cost $2 to $10, and map pins from $6 to $12.
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Because the time and money available for efforts to reduce traf-
fic accidents are always limited by budgets and other demands on
your time, you must focus on those locations that will yield the
largest accident reductions for each dollar spent on improvements.
To do this you must find those locations where traffic accidents
are concentrated, determine how the accidents are related to the
driving environment and determine the potential for reducing the
location's accident experience. This chapter describes the process
of identifying high-accident locations. Relating the accidents to
the driving environment and determining the potential for an acci-
dent reduction are described in Chapters 4 and 5.

An orderly approach to studying accidents increases the odds
for bringing about a reduction in accident numbers and severity.
The Annual City-Wide Analysis and the Early Warning Analysis meth-
ods given in this chapter are systematic step-by-step procedures
for identifying your high-accident Tocations. But first you must
understand how high-accident locations are defined.

High-Accident Location Criteria

A high-accident Tocation is judged by several different measures
as shown in Figure 11.

The accident number is the basic measure. A location is often
judged to be a high-accident location, based on accident number,
if 10 or more accidents occur in 1 year. Although this number is
flexible, it should be chosen to point out a reasonable number of
high-accident Tlocations.

Accident severity measures can be used to weight the numbers of
accidents so that fatal and injury accidents are given more impor-
tance than property-damage-only (PDO) accidents. For example, we
can assign a weight of six to fatal or injury accidents. This
means that one fatal or injury accident is considered equivalent
to six PDO accidents. The weighted number of called the equival-
ent-property-damage-only (EPDO) number.

Another measure of high-accident locations is the accident rate,
which is the accident number divided by the exposure of vehicles to
accidents. Accident rates are expressed as accidents per million
entering vehicles for intersections, and as accidents per 100 mil-
lion vehicle-miles for street sections.
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The number-rate measure combines the accident number and the

accident rate to arrive at a standard for identifying high-accident

locations, which eliminates the weaknesses of the individual mea-
sures. The number of accidents alone as a criterion does not ac-
count for the exposure of vehicles to potential accidents. On the
other hand, although the accident rate takes exposure into account,
it may identify a low-volume intersection as a high-accident loca-
tion with an unreliably low number of accidents. A combination
number-rate measure establishes both a minimum number and minimum
rate for identifying high-accident Tocations.

The last two measures listed in Figure 11 compare a location's
accident experience to a local or statewide average. It is pos-

1. Accident Number -- Accident data are summarized to determine the
number of accidents at a location or the number of accidents per unit
of length for a section of highway. Locations and sections with more
than a predetermined number of accidents are classified as high-
accident locations.

2. Accident Severity -- Fatal and injury accidents are given a greater
weight than property-damage-only accidents. This weighted number
is called the equivalent property-damage-only (EPDO) number.

3. Accident Rate -- Accident numbers are divided by vehicle exposure
to provide rates such as accidents per million entering vehicles for
spot locations, and accidents per million vehicle-miles for sections
of highway. Locations with higher than a predetermined rate are
classified as high-accident locations.

4. Number Rate == This is a combination of the number and rate measures.
Locations with more than the prescribed minimum number of accidents

and higher than the minimum accident rate are classified as high-
accident locations.

5. Number Quality Control -~ This is the same as the accident number
measure except that locations are not considered unless their accident
numbers are significantly greater than the average accident number.

6.Rate Quality Control -- This is the same as the accident rate measure,
except that locations are not considered unless their rates are signifi-
cantly greater than the average accident rate.

Figure 11 —Accident Measures
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sible through statistical tests to determine if specific accident
numbers or rates are significantly above average. These tests rule
out Tocations that have high rates or numbers due to chance varia-
tions. Such statistical tests are called number-quality-control

or rate-quality-control measures.

The number of high-accident lTocations identified, of course,
depends on the value of the criteria used. Rates can be compared
with state or national averages. However, the final decision on
the minimum number or rate of accidents to define a high-accident
location is a local decision. The objective is to identify the
locations where accident experience is above desired Timits, and
where further analysis and installation of improvements will re-
duce the number and severity of future traffic accidents. Choose
the high-accident location criterion so a reasonable number of To-
cations are selected for analysis. A reasonable number of loca-
tions is between 5 and 40, depending on the size of your city.

Some of these accident measures are used in both the Annual
City-Wide Analysis and the Early Warning Analysis. For most
Missouri cities, the number-rate combination using both the acci-
dent and EDPO numbers and rates is best the first time the Annual
City-Wide Analysis is conducted.

Annual City-Wide Analysis

The Annual City-Wide Analysis is a procedure that uses il 503
years of accident data to identify high-accident locations. This
analysis is done as soon as all accidents for a calendar year have
been filed in the location file. A1l locations, except state high-
ways, should be considered. The only locations that can be ignored
are those already identified during the year as high-accident lo-
cations by the Early Warning Analysis.

Besides the location file, current traffic volume or Average
Daily Traffic (ADT) counts are needed to calculate accident rates
for the Annual City-Wide Analysis. If counts are not available,
contact the Missouri State Highway Department, Division of Plan-
ning, Jefferson City, Missouri, to find out if counts for your city
are available. The Division of Planning normally makes counts in
cities at 1- to 5-year intervals. They can also furnish expansion
factors to adjust counts if they are not for the current year.

The steps of the Annual City-Wide Analysis are as follows:

Step 1: For a general view of the accident experience in your
city, use the Annual Engineering Summary Sheet (Figure 8, page 24)
to determine:

o The most common types of intersection accidents;
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o The most common types of mid-block accidents; and

e« The need for special studies such as pedestrian,
railroad crossing, etc.

Step 2: Using the High-Accident Location Identification Work-
sheet (Figure 12), 1ist all intersections with more than three
accidents and all street sections with more than fZve mid-block
accidents in the last year. These numbers are not high-accident
location criteria, but simply give a point to start the accident
analysis. Intersections are listed on one sheet and mid-block

HIGH - ACCIDENT - LOCATION IDENTIFICATION WORKSHEET

INTERSECTION lz MID-BLOCK SECTION D
Identified
ACCID 2 ond i’ g
LOCATION RS 3 Year EPDO ADT [Exposure Accident|| EFDO. a5 u‘Hugh-
z No. Rate Rote |Accident
Year | Fatal | Injury [PDO| Total |Ave . Location
Cevter  awo | 1974 | 3 FiEi] 3 |1sodzasr50d 1094 | 1,096
JerFERSON
TOTALS g Ave= Ave=
CLiwtorw amo [(274 | 3 EiEE 3 |aisd 194750 3.923| 3.923| yes
THIRD
TOTALS Ave= Ave=
Jerrerson and (774 s /26 44-606,300 0. %65 | ©0.56F
SeeomND
TOTALS Ave= Ave=
JEFFErRSon AMD|/774 | 3 E 3 |90s513,305074 0. %03 0. 908
WAsHING Ton
TOTALS B Ave= Ave=
Liveoln  AwD /974 m| 5 [ 5 |220|306,659| 6. 19%) 6. /98| Y €S
THIRD
TOTALS s Ave= Ave=
M-7  AND 1974 m || 9 EEEEE| 34 |1zsslz 649,01 3,399] 12.940] Yes
M-13 (VorTH)
TOTALS Sy Ave= Ave=
EPDO Number = é(fotal +injury) +PDO
Intersections: Mid-block sections:
ADT =sum of one-way counts of all streets ADT = average two-way count of the street
entering the intersection Exposure = (ADT) (section length) (365)
Accident Rate ={number of accidents) (100 million)
Exposure = ADT x 365 exposure) ( =
Accident Rate = (number of accidents) (million)
exposure EPDO Rate = (EPDO number) (100 million)
EPDO Rate = (EPDO number) (million) S

exposure

Figure 12— High-Accident Location Identification Worksheet
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sections on another. For the intersection listing, check the
square by "INTERSECTION" at the top of the form. For mid-block
sections listing, check the square by "MID-BLOCK SECTION." The
analysis year is listed on the first line under "YEAR." Then the
number of fatal, injury, and property-damage-only (PDO) and the
total accidents for the year are listed on this Tine.

Step 3: Calculate the accident rate and the EPDO rate for the
year by completing each column of the worksheet as follows:

EPDO Number
Intersectional - Add the number of fatal and injury accidents,

or Mid-Block multiply by 6, then add the number of PDO
accidents.

ADT (Average Daily Traffic)

Intersectional - Sum the one-way 24-hr traffic counts for each
approach entering the intersection. (If only
two-way ADT's are available, use half of this
number as an estimate of each entering ADT.)

Mid-Block - Enter the average two-way ADT of the section.
Exposure
Intersectional - Multiply the intersectional ADT by the Tength

of the study period in days. For a 1-year
study period, multiply the intersectional ADT

by 365.

Mid-Block - Multiply the mid-block ADT by the section
length times the length of the study period
in days.

Accident Rate

Intersectional - Multiply the accident number by 1 million and
divide by the intersection exposure to deter-
mine the number of accidents occurring for
every million vehicles entering the intersec-
tion.

Mid-Block - Multiply the accident number by 100 million
and divide this number by the mid-block ex-
posure to determine the number of accidents
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occurring for every 100 million vehicle-miles
traveled on the section.

EPDO Rate

Intersectional - Determine this rate just as the accident rate,

or Mid-Block  substituting the EPDO number for the accident
number.

Step 4: If you have accident records for the location for the
2 years before the analysis year, add these records to the work-
sheet, determining the numbers and rates as you did for the analy-
sis year. If the ADT has changed over the 3-year period, make sure
to use the correct ADT for each year. If a lTocation was identified
as a high-accident location during an earlier year, note this in
the last column of the worksheet.

Step 5: Calculate the totals of the accident numbers and EPDO
numbers, and enter these figures on the worksheet. Then, calcu-
late the 2- or 3-year average of the total number of accidents,
the EPDO number, the accident rate and the EPDO rate.

Step 6: Identify all high-accident Tocations using the chosen
criteria. If you have 2 or 3 years of accident data, use the 2-
or 3-year averages to choose the high-accident locations. Those
locations identified are noted by writing "yes" in the last col-

umn of the worksheet and by putting a tab on the appropriate fol-
der of the location file.

For cities with fewer than 1,000 accidents per year, the city

engineer should be able to conduct the Annual City-Wide Analysis
in about 1/2 day.

Early Warning Analysis

The Annual City-Wide Analysis is an effective procedure for
identifying high-accident Tocations on a yearly basis. Another
procedure that continuously monitors where accidents are occur-
ring is called the Early Warning Analysis.

The Early Warning Analysis looks at 3- or 6-month accident
numbers to identify those locations with an unusually high short-
term number of accidents. The 3- or 6-month accident numbers are
reviewed each time a report is filed. The person who maintains

the Tocation file should perform the Early Warning Analysis as
follows:
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Step 1L: As accidents are filed in the 1ocaF10n'fi1e,'flll]g:§-
the Aciident Location-File Log (Fiigre 33);nghlﬁz lirieﬁ;rca1endar
isti i location dur
cal listing of accidents at a e e
i f a location's tile s
. It is attached to the front o : ; .
iizrentries are made each time an accident report 1s Fiileds e

- LOG
ACCIDENT LOCATION - FILE )
LOCATION 300 — 600 WNoRTH OCAK STREET

DATE OF e
ACCIDENT LOCATION SE

i 1EE = 24 |42 | VORTH OAK PDO
725 = 14 | 5/5 WORTH OAKIN 2 INVURIES
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Figure 13 —Accident Location-File Log

37




log is a permanent record of the accident experience at a location,
and serves as a check that no reports are missing from the folder,

Step 2: When a report is added to the log, check for high-
accident locations by reviewing the most recent 3- or 6-month
periods. Include the month in which th= accident that you are
filing occurred. For example, if you are filing an accident dated
June 21, include June, May and April for the 3-month period. The
6-month period includes those 3 months and March, February and
January. For accidents occurring before June, use the previous
year's accident location file in addition (if Accident Location-
File Logs are available for that year).

Step 3: Flag the location as a high-accident location by mark-
ing the file folder with a tab if either of the following criteria
is met.

» 3-Month Criteria

Intersectional

Three accidents, of which at least one is an
injury or fatal accident, or five property-
damage-only accidents.

Mid-Block - Five mid-block accidents in a three-block
section.

6-Month Criteria

Intersectional - Five accidents, of which at least one is an
injury or fatal accident, or eight property-
damage-only accidents.

Mid-Block - Eight mid-block accidents in a three-block
section.

These criteria identify locations with unusually high short-
term accident numbers, and will alert you to unexpected problems
with recent improvements. Also, problems arising from changes in
the operations or the environment of the location will be identi-
fied.

The Early Warning Analysis is not used when the Tocation file
is first established with an entire year's accident reports. As
soon as the year's reports are filed by location, the Annual City-
Wide Analysis will identify the high-accident Tocations. Then as
you add the current year's accident reports to the location file,
initiate the Early Warning Analyses.

With nigh-accident locations identified, the job ahead is to
analyze the accidents at each location to find accident patterns
that can be corrected.
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Analyzing traffic accidents is 1ike solving a Sherlock Holmes
mystery. The accidents during the last 1 to 3 years are clues to
what part of the driving environment is contributing to traffic
accidents. As in a good mystery, the obvious suspect may not al-
ways be guilty, and false clues may appear. This is particularly
true with traffic accidents because they are statistically rare
occurrences. As you know from computing accident rates in Chap-
ter 3, intersections may have only two or three accidents for every
million entering vehicles. For this reason, the good accident an-
alyst is very careful to avoid concluding too much from a few acci-
dents. Instead, he uses the pattern of accidents as a clue to why
a location is a high-accident Tocation.

Just as Sherlock Holmes uses his magnifying glass and his trust-
worthy assistant, Dr. Watson, to help him analyze crimes and deter-
mine his 1ist of suspects, this chapter describes the Locational
Analysis Procedure that will help you analyze high-accident loca-
tions and determine alternative accident countermeasures (improve-
ments). Although the procedure is as complete as possible, it will
not automatically produce accident countermeasures. You must use
it as a tool to solve your own accident mystery.

This chapter describes the analysis of accident patterns at a
location to determine the probable causes and general accident
countermeasures. Then additional traffic data will be collected in
order to determine specific countermeasures for the accidents at
that location.

Locational Analysis

A11 high-accident locations identified by either the Annual City-
Wide Analysis or the Early Warning Analysis are further analyzed us-
ing the Locational Analysis Procedure as follows:

Step 1: Record the date and the location name on the Locational
Analysis Worksheet (Figure 14).

Step 2: Complete the Accident Analysis section of the worksheet.
If the location was identified from the Annual City-Wide Analysis,
copy Block A directly from the High-Accident Location Identification
Worksheet. If the location was identified by the Early Warning
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Form #1
LOCATIONAL ANALYSIS WORKSHEET i

o~ 4 DATE _APRIL 23 /975
LOCATION Ivterseat1oN of Linweoln Sieeet and Thied Steeot

EXISTING TRAFFIC CONTROL___ Two —wAy 37op
ACCIDENT ANALYSIS:

BLOCK A - NUMBER AND RATE SUMMARY

ACCIDEN 2 and
LOCATION . 3 ;:ar EPDO|ADT [Exposure Accldent] “EEDE
Year |Fatal |Injury [PDO|Total [Ave S e
914 5 5 lezolsoe,e59 0. 19% 6. 195
TOTALS Fremr—
BLOCK B - INTERSECTION=-RELATED ACCIDENTS
Right [Rear| Side=Swipe [Heqd Fixed | Right | Left
Angle(End |Meeting|Passing|On Pad, Object| Turn Turn Other | TOTAL
No. of Accidents| /// [ / 5
Percent of Total| &0 20 20 100%
BLOCK C - MID BLOCK ACCIDENTS
s Vehicle Striking
Coll. Ped. Pk. Veh. F.O. Vehicle Train | TOTAL
Car @Dr. On St.
No.of Accidents
Percent of Total 100%
BLOCK D - CONDITIONS
No. of accidents
; 6:00am - Noon t 6:00 pm = Midnigh
Time of day - el Sl
9y Noon - 6:00pm -LL/ Midnight = 6:00 am
Light conditions = Day o Night
Surface conditions = Dry 111 Wet! Snow or lce
Weather = Cloudy Clear /1] Rainl Snow Other

Other =

Figure 14 —Locational Analysis Worksheet
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LOCATIONAL ANALYSIS WORKSHEET Form #2
BLOCK E - ACCIDENT ANALYSIS SUMMARY

& Collision diagram attached

|dentified Patterns

of Accidents PredomianezwLESecondary:_m&Nﬂ)ﬁ_

Probable causes and General Countermeasures:
PESTRICTED SIGHT DISTAMNCE- L IWNSTALL #-WAY SToP

2 REMBUE STGHT OBSTRUCTIONS

7 PeSTProT PAIRKING WEAR CORMERS

4 (Epuce SpeeD LzmIT ON APRROACHES

TURNING PADIUS Too SHORT— 1, INCREASE CURB [AD TIE INTERSEETIV

OPERATIONAL AND PHYSICAL DATA ANALYSIS
Supporting data attached:

X On-site observation report [ Turning movement count
[[J Condition diagram [J Conflict count
[C] Speed study ] Other

General conclusions from supporting data: SZGH T DISTANCE PRESTRICTED on
LoeTHWERT CORNER RY RUSHES, TURNING MoveEMENTS
DIEFIQULT BEGAUSE OF Too 3SHORT RADIT

COUNTERMEASURE SELECTION:

Specific countermeasures:

%m_sb.&u_b_b%kﬂb Trees Feom oRTH wEST CORNER
TWOREASE Cuf b PadIT AT ALl Foul CORWNERS

1.

25

3, JWOLEASE PrlemEMT WIDTH WEAL INTERSECTIOW ok [InColsl
4.

5.

CoMBINATTIDA OF ALl THREE ABOUE

(for each countermeasure fill out a countermeasure analysis worksheet. )

Best Countermeasure 4. ComBINATION

Average Annual Net Return 5%’07

Benefit/Cost Ratio 5,30 Implementation Cost 7§/47z/ 0o
Priority i

Figure 14—Locational Analysis Worksheet (Concluded)
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Analysis, complete Block A as described in the Annual City-Wide gram." This service is available for any location not on a state-

Analysis. Complete Block B if the location is an intersection, maintained street and is offered at no cost to the city. Informa-

and Block C if the Tocation is a mid-block section. tion about this program can be obtained from the District Office
Step 3: If a pattern of accidents at the location is not clear Of eSS out SN DR R I

from the worksheet, or if data are conflicting, prepare a collision The principal aids used in the Locational Analysis are collision

diagram. Instructions for preparing collision diagrams are given diagrams, the General Countermeasure Table in Appendix A, and the

later in this chapter. on-site observation. Other traffic data may also be required.

Step 4: Identify the predominant accident pattern if one is A J 1
evident. Other patterns are classified as secondary. Record this Collision Diagrams T
information in the Accident Analysis Summary block.

1 Step 3 of the Locational Analysis procedure is preparing a col-
Step §: Use the table in Appendix A to determine probable causes lision diagram. Just as the spot map shows where accidents are
of accidents and their general countermeasures. If no predominant occurring city wide, a collision diagram quickly shows where acci-
accident patterns are identified but a probable cause has been hy- dents are occurring at a high-accident Tocation. But collision
pothesized, this probable cause is used to identify general counter- diagrams contain more details about each accident than spot maps,
measures. For example, restricted sight distance at an intersec- and if the accidents occurring at the location have patterns, they
tion could result in an accident pattern of right-angle and pedes- ; will be easy to identify on the completed collision diagram.

trian accidents with neither predominating. General countermeasures
can be identified by looking for "restricted sight distance" in the
"Probable Cause" column of the table. List the general counter-
measures identified in the Accident Analysis Summary block.

To prepare a collision diagram, first obtain accident reports
for all accidents at the location during the preceding period of
at least 1 year. If significant changes (construction, signals,
islands and medians, etc.) were made in the location in recent
years, do not include reports for accidents that occurred before

Step 6: Plan and conduct an on-site observation of the location
these changes.

(see instructions, page 18) using the Accident Analysis as a guide

for diagnosing existing problems. Attach the observation report to Sketch the location diagram (see Figure 15). This sketch need
the worksheet and check the square by "on-site observation report." not be to scale, but should allow enough room to show the path of
. each vehicle involved; also note traffic control devices at the
Step 7: From the general countermeasures chosen and the on-site location. A standard blank diagram for intersections is in the
observation, determine what other data are needed to determine spe- packet of worksheets included with this manual.
cific countermeasures for the location (see page 50).
Next, sketch the intended movement of each vehicle involved in
Step 8: Check all specific countermeasures that have established each accident on the diagram. The accident type and severity are
warrants to determine if these warrants are met (see page 51). War- shown by the symbols, as in the legend of Figure 15.
rants are guide]ines that have been established to tell you when a Noninvolved vehicles or pedestrians can also be shown on colli-
countermeasure could be installed at a location. The warrants are sion d-iagrams_ These vehicles or pedestr-ians are those contribut-
specified minimum values for traffic accidents, traffic volumes or ing to an accident but not physically struck. An example of a
other location characteristics. noninvolved contributing element is an accident where a vehicle,

stopped to allow a pedestrian to cross, is struck in the rear by

Step 9: Determine specific countermeasures for the location. : : : 3
P P another vehicle. The pedestrian path is shown as a noninvolved

List each specific countermeasure on the Locational Analysis Work- 4 1 t ( Fi 16)

sheet. List all possible alternative countermeasures as well as el S ¥

possible combinations. This 1ist should also include estimated Write other basic characteristics of each accident on the acci-
costs for each improvement. For many kinds of improvements, city Y dent symbol such as:

personnel can design the improvement and estimate its cost. Some
improvements, such as signalization, should be designed by compe-
tent traffic engineers. The Missouri Highway Commission offers

such assistance through its "Traffic Engineering Assistance Pro- -

Date, day of week, and time of accident;
Weather or pavement conditions;

Light conditions; and

Number of injuries or fatalities.
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Also note any special circumstances or driver comments, such as:

o Signal control device not working;
e Signs down or faded; and

o Any parking or turning restrictions that apply only at
specific times on specific days; for example, "No Parking
Monday through Friday," or "No Left Turn 4-6 p.m."

COLLISION
_ DIAGRAM
'”d;;":::"h " TWo- WAy STOP

1115 PM. moN AUG /g

DAY ,wET
750 Am.THU OOT (0
DAy ,DRY 5:13 RM.. FRT JuNE 28
DAY, DRY

4.45 TUE AuUG I3

? DAY, DRY

Z

FHERD STREET

i
THIRD STREE <)
(Name ) b §
3= -
SUMMAR Y e = 3
poo 5 f > 510
INd o oA 2|5
_ ® N (Z
TTAL 5 I S
SYMBOLS TYPES OF COLLISIONS SHOW FOR EACH

After all accidents are sketched, determine what patterns are
evident. See what kinds of accidents are occurring on each inter-
section approach or at certain spots in a mid-block section. Iden-
tify the time when most accidents are occurring and the weather
conditions. Use the collision diagram and the accident summaries

COLLISION
DIAGRAM

Indicate North TWO - WAY

by Arrow SEOR

00 PV. FRT o011l
v A B

NITE, DR
g:20am, weD MR 'S 7 & o

DAY, WET ' —

3:40 pr. MoN) JuN'E 3

DAy, DRY £ 10 Am. SuN JduLy &

DAY, DRY

=
713 P-M, SAT MrY 4 o o

DAy,wsri?mJ g R

710AM.MoD AN 7 2
DAY, Toy A T~ _ &
LN

OA K STQEET\ f

<+—— Moving Vehicle
-=a>>> Backing Vehicle
<a-— — Non-Involved Vehicle
¥ ——— Pedestrian
=] Parked Vehicle

O  Fixed Object

® Fatal Accident

O  Injury Accident

~a—=— Rear End
—s—a— Head On
<«—— Side Swipe
45555 Out of Control
—® Left Turn

r‘ Right Angle

ACCIDENT

17

Day, Date and Time

2. Weather and Road

Surface = if Unusual

Condition Existed
. Nite - if Between

Dusk and Dawn

INTERSECTION_THIRD ITREET

and _LINCO(N) ISTREEFT

~=—— Moving Vehicle
<a>>> Backing Vehicle
<+ —— Non-Involved Vehicle
> ——— Pedestrian
=] Parked Vehicle

O Fixed Object

® Fatal Accident

O  Injury Accident

~a—=a— Rear End
—»a— Head On
«@4— Side Swipe
45550 Out of Control
—® Left Turn

r‘ Right Angle

|
w
(Name ) &
Q
SummARrY ’5
ppo 5 o
INd L E 5
—_— < 7
ToTAL G SIS
SYMBOLS TYPES OF COLLISIONS SHOW FOR EACH

ACCIDENT

i

2

. Nite - if Between

Day, Date and Time
. Weather and Road
Surface = if Unusual
Condition Existed

Dusk and Dawn

PERIOD 19714 : from

1 JAN

to

F/

Dbeqa

Figure 15—Sample Collision Diagram
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INTERSECTION _MATN) STREE T and

OAK. STREET—

PERIOD 197+

: from 1o daa) to

Tl - DEC

Figure 16 —Noninvolved Vehicle Collision Diagram
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to determine the predominant and secondary accident patterns at the
location.

General Countermeasures for Accident Patterns and
Their Probable Causes

In Step 5 of the Locational Analysis, general countermeasures
are determined. The analysis of a high-accident location should
point out the prevalent accident pattern at that location, such as
high number of rear-end accidents or an unusually large number of
accidents occurring during darkness. Choose improvements to solve
these observed patterns. The General Countermeasure Table in Ap-
pendix A is a listing of accepted countermeasures for common urban
accident patterns.

To use the table, first find the predominant accident pattern
at the location, then consider what probable causes could have con-
tributed to the accident pattern. With each probable cause, deter-
mine all reasonable general countermeasures.

On-Site Observation

Step 6 of the Locational Analysis is conducting an on-site ob-
servation of the high-accident location. This should always be
done because a personal inspection of the location can be very
helpful in choosing the right countermeasure. Rather than a hap-
hazard, hasty visit, plan these observations in advance by review-
ing existing available data. Collision or condition diagrams,
volume counts, and spot speed and delay studies of the area in
question may point out conditions that warrant special considera-
tion. Schedule observations according to apparent significant
accident characteristics (i.e., nighttime, wet pavement, etc.).

When you make the observation, first drive through the location
several times from different directions--with particular attention
to how the driver might see the environment. Then select several
good vantage points and observe drivers to identify unusual be-
havior, and if possible, determine the cause of the behavior. Re-
cord your observations on the "On-Site Observation Report" (Figure
17) under the "Operational Checklist." Check off all items and
write comments for those items where problems are observed. A
camera and tape recorder will often prove useful for rapid and
complete recording of observations.

Check physical features that are contributing to operational
problems by using the "Physical Checklist." Again comments should
be made for those items where problems are observed. Solicit per-
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sonal insights from persons residing or working near the location
and add these to your comments. Attach pictures to the back of
the report if they are useful.

If additional probable causes or general countermeasures are
identified during the on-site observation, add them to the Loca-
tional Analysis Worksheet.

Form #1

ON-SITE OBSERVATION REPORT

LOCATION_L1t/@olp) AnD Third Steee? CONTROLTWo-wA Y STOP o Linseoln St

DATE wedues¢ﬁ Apezl 23,/975 TIME _2:3p —4:00 pM

OPERATIONAL CHECKLIST:

|&

Yes (See Comments)

1. Do obstructions block the drivers view of opposing
vehicles? v’
2. Do drivers respond incorrectly to signals, signs, or == ==
other traffic control devices?
3. Do drivers have trouble finding the correct path
through the location?
4. Are vehicle speeds too high? Too low?
5. Are there violations of parking or other traffic
regulations?
6. Are drivers confused about routes, street names, or
other guidance information?
7. Can vehicle delay be reduced?
8. Are there traffic flow deficiencies or traffic con-
flict patterns associated with turning movements?
9. Would one-way operation make the location safer?
10. Is this volume of traffic causing problems?
11. Do pedestrian movements through the location cause
conflicts?
12. Are there other traffic flow deficiencies or traffic
conflict patterns ?

AN
= |

NAAN
B0

I< s N

PHYSICAL CHECKLIST:

. Can sight obstructions be removed or lessen?

- Are the street alignment or widths inadequate ?

. Are curb radii too small?

. Should pedestrian crosswalks be relocated ?
Repainted ?

. Are signs inadequate as to usefulness, message, size,
conformity and placement? (see MUTCD)

6. Are signals inadequate as to placement, conformity,

number of signal heads, or timing? (see MUTCD)
7. Are pavement markings inadequate as to their
clearness or location?

NN

KK s T
I

Figure 17 —On-Site Observation Report
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Traffic Data Collection

Other kinds of traffic data are helpful in making a complete
analysis of a high-accident location. These include traffic counts,
speed studies, condition diagrams, and "conflict counts." These
traffic studies are briefly described below and instructions and
additional references on collecting these types of data are given
in Appendix B.

Form #2

|#

Yes (See Comments)

8. Is channelization (islands or paint markings) inade-
quate for reducing conflict areas, separating
traffic flows, and defining movements?

9. Does the legal parking layout affect sight distance,
through or turning vehicle paths, or traffic flow?

10. Do speed limits appear to be unsafe or unreasonable ?

11. Is the number of lanes insufficient?

12, |s street lighting inadequate?

13. Are driveways inadequately designed or located?

14. Does the pavement condition (potholes, washboard,
or slick surface) contribute to accidents?

l\ l\l\l*:l\l‘ |:
LI ]

COMMENTS:

Operational--"0" and Item Number
Physical-="P" and Item Number

7 Ly ALnher szc
ﬂ'w/)% O3 OF, P3 =22 Bopi e el At e i S ik Mg

e ?7/ﬂ9f¢dfﬂ%24;t7
Aﬁwfoé

/WC/ Pz - pr@’é’{/ /M SR e e e
e £

Figure 17 —On-Site Observation Report (Concluded)
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Basic 24-hr traffic volume counts are necessary to calculate
accident rates. Also other counts can be very effective in ana-
lyzing a specific location, e.g., a turning movement count. These
volume counts show the origin and destination of vehicle movements
within an intersection. They are usually conducted for 1 or 2 hr
during peak and off-peak periods of the day. In urban areas, pe-
destrian counts may be very helpful for high-accident location
analysis. On sections of roadways, directional counts and vehicle
classification counts often are used to clarify the accident ex-
perience.

Conduct speed studies if speed is a possible factor in the acci-
dent experience. The Tocation of sight obstructions at an inter-
section can be used to determine the safe approach speed of vehicles
on each approach to the intersection. Compare this speed with
either the speed limit or the 85th percentile speed (that speed
below which 85% of the sampled vehicles travel) determined from a
speed study.

For some high-accident locations, a condition diagram may be
helpful. Unlike the collision diagram, draw the condition diagram
to scale. Depending on the size of the location, scales of 1 in. =
40 ft to 1 in. = 10 ft are used. The condition diagram will nor-
mally show the important physical characteristics of a location and
traffic control devices and regulations used at the location. A
sample condition diagram is shown in Appendix B.

The condition diagram is normally used in combination with the
collision diagram to compare the patterns of various accidents with
the physical layout. In some cases, a combined collision-condition
diagram can be prepared.

Conflicts analysis is a method of observing situations in which
one driver is forced to take evasive action, such as swerving or
braking, to avoid a collision with another vehicle. The frequency
of the different types of conflicts is thought to be an indication
of the accident experience at an intersection. Although there is
disagreement on the value of conflict analysis to replace accident
data analysis, it can be used as a supplementary diagnostic tool
at a location to point out possible improvements.

Warrants

Step 8 of the Locational Analysis involves checking countermea-
sure warrants. Warrants (e.g., specific minimum values to warrant
installation) have been developed to prescribe the use of many
countermeasures and must be considered to insure the selection of
feasible countermeasures. The Manual of Uniform Traffic Control
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Devices contains warrants for installation of signals and other

traffic control devices. Warrants have also been developed for

installation of other countermeasures such as flashing beacons,

safety lighting, and one-way streets (these are given in Appendix

C). Also, the Tist of references contains publications that have

warrants for guardrail installation2Z/ and construction of a left-

turn lane in a median.Z/ Check countermeasures to insure that all

warrants are met at the Tocation being analyzed. CHAPTER 5—CORRECT|NG HlGH-ACC'DENT
You should understand one last point about warrants. Even if

the warrants for a countermeasure are satisfied, the countermeasure LOCAT|0NS

is not necessarily the best one to install at the location. The

alternative improvements should still be compared by using the

Countermeasure Analysis described in Chapter 5.

Specific Countermeasures

The Tlast step in the Locational Analysis is to determine speci- a0
fic countermeasures by adapting the general countermeasures to the o I l
high-accident Tocation being analyzed. The specific countermeasures -:3 = L_
should be warranted and feasible. Gather additional data (such as b o
right-of-way plans) if needed to determine that a countermeasure ) l |
is feasible. List all feasible countermeasures and possible com- ! COLLISION
binations of countermeasures on the Locational Analysis Worksheet. SPOT

MAPS DIAGRAMS

When determining if a countermeasure is feasible, estimate the S
cost of the countermeasure. Current cost estimates are listed in ’9>\/—_—
Appendix D. - "Q»

If a more detailed analysis of the location is reeded in order /\\\
ACCIDENT

to identify specific countermeasures, professional engineering
assistance is available through the "Traffic Engineering Assistance FILES ..IMPE&\I/\IESMENT
Program." Information about this program can be obtained from the o

District Office of the Missouri State Highway Department.

i .
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At this point you have identified specific countermeasures that
will reduce the number and severity of accidents at each high-acci-
dent location. The next process involves choosing the best coun-
termeasure at each location, and ranking the priority order of im-
proving the high-accident Tocations in your city.

If funds were unlimited, you could install the countermeasure
that promised to produce the greatest reduction in traffic acci-
dent numbers and severity at each high-accident location. But
because funds are always limited, you must strive to obtain the
greatest overall benefit from available funds.

This chapter describes the economic analysis of each specific
countermeasure to determine its average annual benefits and costs.
That countermeasure with the highest average annual return (bene-
fits minus costs) is selected as the best countermeasure for the
location. Then based on the average annual return, the priority
order of installing the countermeasures by location is determined.

Countermeasure Analysis

The average annual net return is the difference between the
average annual benefits and the average annualized costs. Start-
ing with the first specific countermeasure listed on the Locational
Analysis Worksheet determine the average annual net return as fol-
lows:

Step 1: At the top of the Countermeasure Analysis Worksheet
(Figure 18), record the countermeasure number and description.

Step 2: Estimate the service 1ife from Appendix E, or from
past experience, and record it on the worksheet.

Step 3: Estimate ADT growth factors in order to correctly
determine the benefit of the improvement after installation. If
better estimates are not available, contact the Planning Division
of the Missouri State Highway Department for estimates of past
ADT growth.

Step 4: Complete the "Estimated Annual Accident Reduction"
section of the worksheet by recording each accident type that will
be reduced, the estimated percent reduction (use Appendix F) di-
vided by 100, the average annual number of PDO or fatal and injury
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COUNTERMEASURE ANALYSIS WORKSHEET Form #1

COUNTERMEASURE NO._L ESTIMATED SERVICE LIFE_ZX9_YEARS
COUNTERMEASURE DESCRIPTION _@ombiNAT I68) 0F @M 1,2, AND 3
CURRENT 1975 ADT_22/0  ESTIMATED 1995 ADT__ 35 30

Constant
Increasing by & % annually
Increasing by _é&_VPD annually

ESTIMATED ANNUAL ACCIDENT REDUCTION:

Estimated Accidents Estimated

°/.o Reduction x of this = Accident

=100 Type Reduction
Accident PDO _3 PDO_/
Typeﬁ%kiﬁdj.ki x P&l 0 = F&l_O
Accident ppO _ ! PDO 5
Type Head oM _ 50 «x .7 A~ F&l_2
Accident PDO PDO
Type x Fé&l =] F &l
Accident PDO PDOL__ =
Type X F&l = F&l

Total Reduction PDO_/5 _ F&l

AVERAGE ANNUAL BENEFITS:

1. Enter the estimated reduction of PDO Accidents e T
2. Enter the average cost of a PDO Accident 500
3. Multiply Line 1 by Line 2 (average annual benefit of

reducing PDO Accidents) L0
4. Enter the estimated reduction of fatal and injury accidents S,
5. Enter the average cost of a fatal or injury accident L6, 000
6. Multiply Line 4 by Line 5 (average annual benefit of

reducing fatal and injury accidents) s
7. Add Line é to Line 3 (average annual benefit from

reducing accidents) Sifae
COMPLETE LINES 8 THROUGH 13 IF ADT WILL INCREASE DURING

SERVICE LIFE OF IMPROVEMENT--IF NOT GO TO LINE 14
8. Enter the expected ADT at the end of the service life 3530
9. Enter the present ADT 2210
10. Add Line 9 to Line 8 B4
11. Divide Line 10 by 2 (average ADT during service life) 2O
12. Divide Line 11 by Line 9 (ADT growth factor) = nify B
13. Multiply Line 7 by Line 12 (average annual benefits

from reducing accidents-~ADT increasing ) iy
14. Enter secondary annual benefits from improvement

(if known) IR
15. If ADT is constant add Line 14 to Line 7 Average Annual

If ADT is increasing add Line 14 to Line 13} Benefits 775

accidents of this type. For each accident type compute the esti-
mated accident reduction by multiplying the reduction/100 times
the number of PDO or fatal and injury accidents. Then total the

reduction of PDO and fatal and injury accidents.

If a combination of countermeasures is being considered at a
location, the total percent reduction in accidents cannot be found
by simply adding the percent reduction of each countermeasure.

For example, if one countermeasure should reduce all accidents by
30% and another by 25%, the total percent reduction that could be

BENEFIT/COST RATIO:

1. Enter the Average Annual Benefits
2. Enter the Average Annualized Costs
3. Divide Line 1 by Line 2 (Benefit/Cost Ratio)

Figure 18 —Countermeasure Analysis Worksheet
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COUNTERMEASURE ANALYSIS WORKSHEET ~ Form 2
AVERAGE ANNUALIZED COST*:
1. Enter the initial cost of improvement 2./00
2. Enter the capital recovery factor for service life of the
improvement (see Interest Factors Table in Appendix G) p, pFOR
3. Multiply Line 1 by Line 2 LT
4. Enter the terminal value of improvement D
5. Enter the sinking fund factor at the service life of the
improvement (see Interest Factors Table in Appendix G) o p302
6. Multiply Line 4 by Line 5 0
7. Enter the constant annual cost )
8. Subtract Line 6 from Line 3, then add Line 7 (Average
Annualized Costs) /@?’
AVERAGE ANNUAL NET RETURN:
1. Enter the Average Annual Benefits 975
2. Enter the Average Annualized Costs (68
3. Subtract Line 2 from Line 1 (Average Annual Net
Return) ZD7

* Based on 5% inferest, annual cost uniform throughout service life.

Figure 18 —Countermeasure Analysis Worksheet (Concluded)
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expected would be 30% of all accidents plus a 25% reduction of
accidents that are uncorrected by the first countermeasure or

30 + (0.70) 25 = 47.5%. When a combination of countermeasures is
being used, the total percent reduction in accidents can be deter-
mined by the equation:

100 - P 100 - P,\/ 100 -
PT=P'|+ ——]>P2+ 1 PZ P Py
100 100 100 3

where Pr = total percent reduction in accidents
Py = largest percent reduction in accidents of any one
of the countermeasures
P2 = second Targest percent reduction in accidents of

any one of the countermeasures

o
w
|

= third largest percent reduction in accidents of any
one of the countermeasures

Step 5: Complete the "Average Annual Benefits" section of the
worksheet. First enter the total reduction of PDO accidents on
Line 1 and the total reduction of fatal and injury accidents on
Line 4. Unless state or local estimates of the cost of accidents
are available use the following cost figures: $16,000 for the
average cost of a fatal or injury accident; and $500 for PDO acci-
dents. Enter these values on Lines 2 and 5. Compute the Average
Annual Benefit (for constant ADT) by performing the operations
in Lines 1 to 7.

If the ADT will be increasing during the service life of the
improvement, the accidents would increase also if an improvement
were not made. Therefore, when ADT is increasing the benefits of
making an improvement are also increasing. Determine the average

annual benefits if the ADT is increasing by completing Lines 8 to 13.

If secondary annual benefits, such as reduced delay, can be
quantified, enter them on Line 14. The total average annual bene-
fit is determined on Line 15.

Step 6: To compare the costs of improvements with varying ser-
vice lives, complete the "Average Annualized Cost" section. The
initial cost of the improvement, the value of the improvement at
the end of its service life (terminal value) if any, and any annual
costs of the improvement must all be considered in determining the
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average annualized costs. The costs must also be adjusted accord-
ing to the future value of money. Interest Factors used can be
obtained from the Interest Factors Table in Appendix G.

Step 7: MWhen the average annual benefits and average annual-
ized costs have been determined, the average annual net return is
found by subtracting the costs from the benefits. Enter this
figure on the Countermeasure Analysis Worksheet (Figure 18).

Step 8: The benefit/cost ratio is determined by dividing the
average annual benefits by the average annualized costs. Deter-
mine this ratio and also enter it on the worksheet.

Compute the average annual net return for each specific coun-
termeasure. Any improvement with a positive average annual net
return or a benefit/cost ratio greater than one will return more
benefit than its cost to the city. The best countermeasure is
the one with the highest average annual net return.

When the best countermeasure or group of countermeasures is
determined, enter the countermeasure name, its average annual net
return, its benefit/cost ratio and its implementation cost on the
Locational Analysis Worksheet.

Priority of Implementing Countermeasures

When the best countermeasure has been selected for each high-
accident Tocation, rank the high-accident locations to determine
which Tlocation is improved first, which is improved second, and
S0 on.

The priority of implementing the improvements is determined by
the average annual net return of the improvement and the funds
available for making improvements. State or federal funds may be
available for some types of countermeasures. Contact the District
Office of the Missouri State Highway Department to determine what
funds are available.

Give first priority to the Tocation that has the countermeasure
with the highest average annual net return. Then subtract the cost
of implementing this improvement from the improvement budget and
record the priority on the Locational Analysis Worksheet.

Continue the ranking of improvements until remaining funds are
insufficient to program the next ranking improvement.
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At this point the funds that are remaining can be spent on lower
cost improvements until the budget is expended. These lower cost
improvements should also be ranked according to their average an-
nual net return.

Installation of Improvements

When the project ranking is completed, design and install each
improvement. Although this manual does not cover final improvement
design, several references on this subject are given in the refer-
ence list.

Many minor improvements can probably be done by city personnel.
Keep good records on the actual cost of making the improvements
to improve future countermeasure analyses.

If several improvements are done under one contract, make an
effort to keep the costs of each countermeasure separated so they
can be determined after the work has been finished.

Evaluation of Improvements

After the installation of improvements, continue the analysis
of traffic and accident data to evaluate the effectiveness of the
installed improvements in reducing the number and severity of traf-
fic accidents at that location. This effort is very necessary in
order to increase the accuracy of future improvement selections.

The most common method of evaluating the effectiveness of im-
provements is the before-after study. Before-after studies compare
the accident experience of a location before and after an improve-
ment is installed.

To evaluate an improvement, the accident analyses and the im-
provement selection process must be well documented. Start a docu-
mentation file on each improved location with the completed copies
of the Locational Analysis Worksheets.

After the improvement is installed, perform the following steps
to evaluate the improvement:

Step 1: Observe operation of the location immediately after it
has been improved to see if there are any serious problems that
were not expected. If problems are observed, alter the improve-
ment to take care of the problems, record the problems and changes
to the improvement and put them in the documentation file.
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Step 2: Note the date of completion of the countermeasure on
the Accident Location-File Log so that the Early Warning Analysis
will be conducted starting 3 months after the improvement was in-
stalled. If the location is flagged as a high-accident location,
immediately reinstate the Locational Analysis to see what is
causing the unexpected number of accidents.

Develop alterations to the installed improvement or additional
improvements from this Locational Analysis of the 3- or 6-month
accident experience.

Step 3: Conduct a before-after study of the location when the
following conditions are met:

a. After accident data are available for a period comparable
to that used for the before period.

b. ADT data are available for both periods to enable the
accident numbers to be adjusted for exposure.

c. The composition of the traffic flow (the percent of
truck and buses) is basically unchanged during the two
periods.

d. The accident totals are corrected for existing trends.

For example, an overall reduction in accidents due to
the national speed Timit reduction.

Step 4: Conduct the before-after study as follows:

a. Fill out the Countermeasure Evaluation Worksheet (Figure
19). The "After Accident Analysis" section is filled out
in a manner similar to the Locational Analysis Worksheet,
using accident data after the improvement was installed.

b. If the ADTs of the before and after periods are different,
determine the ADT ratio by dividing the average after ADT
by the average before ADT. Adjust all after accident
numbers by dividing them by the ADT ratio.

c. Figure the percent accident reduction of all types of
accidents, accident totals, and accident rates by this

equation:
p=(NB - Nay1o00
Ng
Where P = percent accident reduction

=
n

B number of before accidents

number of after accidents
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If after accident numbers have been adjusted for ADT, use the ad-
justed numbers in figuring the percent reduction. Accident rates
do not have to be adjusted since ADT is used to compute the rates.

Evaluation of the HAL System

As mentioned in Chapter 1, the analysis of high-accident loca-
tions to reduce accident numbers and severity cannot be accomp-
lished without a city spending time and money. In this section

Form #1
COUNTERMEASURE EVALUATION WORKSHEET

DATE _MARCH (5, /977

LOCATION _INTERSECT ITON oF LINCOLN STREET AND THIRD STREET

COUNTERMEASURE _@OMB INATION — REMOVE BUSHES, TWCRLEASE CURB LADIT,
AFTER ACCIDENT ANALYSIS: JNLLEASE FALCMENT WIDTH

BLOCK A - NUMBER AND RATE SUMMARY

ACCIDENTS 2 and ; D
LOCATION 3 Year| EPDO[ADT |Exposure Ac;;:j:n' Elrafi)
Year [Fatal |Injury [PDO|Total |Ave
1976 Z R _Re50|967,250| z2.0¢| 2.06
TOTALS Avg= Avg=
BLOCK B - INTERSECTION-RELATED ACCIDENTS
Right |Rear Side-Swipe |Head Ped. Fixt.ad Right | Left Other | TOTAL
Angle|End [Meeting|Passing [On Object| Turn Turn
No.of Accidents| / 7 =&
Percent of Total| 59 | 5 100%

BLOCK C - MID BLOCK ACCIDENTS

A Vehicle Striking
on- :
3 Train || TOTAL
i : Bl Veh. E.O. Vehicle
Solle [ ot Lo} o0y, On st.
No. of Accidents
Percent of Total 100%
BLOCK D - CONDITIONS
No. of accidents
" 6:00am=Noon — _ 6:00 pm ~ Midnight
Time of day - Noon-6:00pm L Midnight - 6:00am
Light conditions = Day B} & SR Night
Surface conditions = Dry —L Wet—1 Snow or lce
Weather - Cloudy Clear . Rain—/ Snow Other

Other =

Form #2
COUNTERMEASURE EVALUATION WORKSHEET
BLOCK E - AFTER ACCIDENT ANALYSIS SUMMARY
D Collision diagram attached
Identified Patterns
of Accidents Predominate: _ MOMNE Secondary:
ADT Ratio: After ADT
A el S =
Before ADT L650 s
22/0
Adjusted After Accident Numbers:
By Types: By Severity:
Left turn = Y Skidding s Fatal P
Head on P Wet pavement . ¥3 Injuries ____
Rear end R Night s e PDO e el
Right angle = TElh RR crossing N Total S
Side swipe
Fixed object All Accidents
Lost control S/ o
Before - After
Accident Reduction: % Reduction = Before X 100
By Types: By Severity:
Left turn L20 % Skidding % Fatal %
Head on 100 % Wet pavement _/7 % Injuries %
Rear end % Night % PDO S
Right angle — 2% RR crossing % Total %
Side swipe % %
Fixed object % %
Lost control % %
EDPO Number Accident Rate EDPO Rate
S/ Yy, 67 % 7 %
All Accidents
G %

Figure 19— Countermeasure Evaluation Worksheet
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Figure 19—Countermeasure Evaluation Worksheet (Concluded)
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a procedure for computing the benefits of the analysis system
versus the cost to a city is computed. The procedure is done as
follows:

Step 1: For each year that countermeasures are evaluated using
the before-after analysis, fill out a System Evaluation Worksheet
(Figure 20).

The year that the analysis covers should be entered on the
worksheet. Also enter the number of high-accident locations that
have been corrected since the analysis system was begun.

SYSTEM EVALUATION WORKSHEET

Year /777 TOTAL NO. OF HIGH-ACCIDENT LOCATIONS CORRECTED /Z_

BENEFIT FOR 7 LOCATIONS:

1 Enter the average annual number of before injury or fatal accidents A7
2 Enter the average annual number of after injury or fatal accidents 4
3 Subtract Line 2 from Line 1 (the reduction in injury or fatal accidents) /]
4 Enter the average annual number of before PDO accidents z4—
5 Enter the average annual number of after PDO accidents A
6 Subtract Line 5 from Line 4 (the reduction in PDO accidents) (_i
7 Add Line 6 to Line 3 (the total accident reduction) 24

WAS ACCIDENT REDUCTION SIGNIFICANT ACCORDING TO

FIGURE 21? No

8 Enter the unit cost of injury and fatal accidents /6, 000
9 Multiply Line 3 by Line 8 (the benefit of reducing injury and fatal ) 746,000
accidents)
10 Enter the unit cost of PDO accidents 500
11 Multiply Line 6 by Line 10 (the benefit of reducing PDO accidents) 2000
12 Add Line 10 to Line 13 (the total benefit) |F5,000
COST:
1 Enter the total annual cost of improvements 13,600
2 Enter the annual cost to engineering department 2,300
3 Enter the annual cost to police department [ 250
4 Enter other costs _ 400
5 Add Lines 1, 2, 3, and 4 (total costs) /9,550

BENEFIT/COST RATIO:

1 Enter the total benefit /Yﬁ: 000
2 Enter the total costs (9,550
3 Divide Line 1 by Line 2 to get the benefit to cost ratio 7.4¢

Figure 20— System Evaluation Worksheet
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Figure 21 —Curve for Determining the Statistical Significance of
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Step 2: For all improved locations that have been analyzed by
the Countermeasure Evaluation during the analysis year, determine
the benefit by totaling the average annual number of before and
after accidents from the Countermeasure Evaluation Worksheets.
"After" numbers should be the ADT-adjusted numbers. Use the graph
in Figure 21 to determine if there was a significant accident re-
duction.

Step 3: Determine the total cost of making the improvements
by adding the annual cost of the improvements plus the annual cost
of work and materials to the engineering and police departments
and other indirect costs that were involved in making the improve-
ments.

Step 4: Divide the computed benefit by the costs of the im-
provements and maintaining the HAL system. This ratio will tell
how much benefit was received per dollar spent on analyzing the
data and making improvements.

The benefit/cost ratio determined in this manner will indicate
how the system is benefiting the city in the first few years of
the program. However, benefits from older improvements are not
added into the benefits and will not be accounted for. Thus,
after several years the computed benefit/cost ratio will be re-
flecting only part of the benefit that is going to the city.

Of course this method will not be practical until 2 to 4 years
after the start of the work to analyze high-accident locations.
But it can be a good indication in dollar terms of what the acci-
dent analysis efforts are accomplishing and will be a way of en-
listing more support for traffic safety efforts.
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GLOSSARY

Accident Rate: The number of accidents occurring for a given
unit of vehicle exposure, for intersections expressed as acci-
dents per million entering vehicles, for mid-block sections
expressed as accidents per 100 million vehicle miles traveled.

Annual City-Wide Analysis: A procedure to identify high-accident
locations using 1 to 3 years of accident data.

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

Countermeasure (Improvement): A physical or operational measure
designed to reduce the severity and number of traffic accidents.

Countermeasure Analysis: A procedure to determine the best coun-
termeasure from a group of alternatives using economic consider-
ations.

Early Warming Analysis: A procedure to identify high-accident
locations using 3 or 6 months of accident data.

Equivalent-Property-Damage-Only Number (EPDO): A weighted acci-
dent number giving fatal and injury accidents more importance
than property-damage-only accidents.

Exposure: A measure of the frequency that vehicles are exposed
to collisions, for intersections, unit is million entering
vehicles, for mid-block sections, unit is 100 million vehicle
miles traveled.

HAL System: The set of procedures given in this manual for the
identification, analysis and correction of high-accident loca-
tions.

Intersection-Related Accident: An accident that occurs as a re-
sult of the operation of an intersection.

Locational Analysis: A procedure to analyze a high-accident loca-
tion that determines appropriate countermeasures for the loca-
tion's accident experience.

Mid-Block Accident: An accident that is not an intersection-
related accident.

PDO: Property-damage-only accident.
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STARS: Statewide Traffic Accident Records System.

Traffic Records System: The personnel, equipment, facilities,
information, and procedures necessary to correlate accident
data with vehicle, driver and/or highway data to identify the
causes of traffic accidents and the means of preventing them.

Warrant: Minimum specified value for traffic accidents, traffic

volumes or other locatiun characteristics that establish when
a countermeasure could be installed at a location.
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APPENDIX A

General Countermeasures for Accident Patterns and
Their Probable Causes
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General Countermeasures for Accident Patterns and Their Probable Causes

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERMEASURE

Right-angle collisions at
unsignalized intersec-
tions

Restricted sight distance

Remove sight obstructions

Restrict parking near corners
Install stop signs (see MUTCD)
Install warning signs (see MUTCD)
Install/improve street lighting
Reduce speed limit on approaches®
Install signals (see MUTCD)

Install yield signs (see MUTCD)

Channelize intersection

Large total intersection
volume

Install signals (see MUTCD)
Reroute through traffic

High approach speed

Reduce speed limit on approaches*
Install rumble strips

Right-angle collisions at
signalized intersec-
tions

(Continued)

Poor visibility of signals

(Continued)

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

Install visors

Install back plates

*

Spot speed study should be conducted to justify speed limit reduction.




General Countermeasures for Accident Patterns and Their Probable Causes

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERMEASURE

Improve location of signal heads
Add additional signal heads
Reduce speed limit on approaches*

Inadequate signal timing

Adjust amber phase

Provide all-red clearance phases

Add multi-dial controller

Install signal actuation

Retime signals

Provide progression through a set of signalized
intersections

Install/improve signing or marking of pedestrian

Install/improve warning signs

Reduce speed limit on approaches*®
Provide "SLIPPERY WHEN WET" signs

GENERAL COUNTERMEASURE

Create left- or right-turn lanes

Install/improve advance warning devices

Install 12 in. signal lenses (see MUTCD)

~
®
Rear-end collisions at Pedestrian crossing
unsignalized intersec- crosswalks
tions Relocate crosswalk
Driver not aware of
intersection
Slippery surface Overlay pavement
Provide adequate drainage
Groove pavement
(Continued)
* Spot speed study should be conducted to justity speed limit reduction.
General Countermeasures for Accident Patterns and Their Probable Causes
ACCIDENT PATTERN PROBABLE CAUSE
Large numbers of turning
vehicles Prohibit turns
Increase curb radii
Rear-end collisions at Poor visibility of signals
sighalized intersections Install overhead signals
Install visors
Install back plates
Relocate signals
~
WO

(Continued)

Add additional signal heads
Remove obstacles
Reduce speed limits on approaches*

Inadequate signal timing

Adjust amber phase
Provide progression through a set of signalized
intersections

Pedestrian crossings

Install/improve signing or marking of pedestrian
crosswalks
Provide pedestrian "WALK" phase

* Spot speed study should be conducted to justify speed limit reduction

L ——




General Countermeasures for Accident Patterns and Their Probable Causes

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERMEASURE

Slippery surface

Overlay pavement

Provide adequate drainage

Groove pavement

Reduce speed 1limit on approaches*
Provide "SLIPPERY WHEN WET" signs

Unwarranted signals

Remove signals (see MUTCD)

Large turning volumes

Create left- or right-turn lanes
Prohibit turns
Increase curb radii

o
o
Pedestrian accidents at inter- Restricted sight distance Remove sight obstructions
sections Install pedestrian crossings
Improve/install pedestrian crossing signs
Reroute pedestrian paths
Inadequate protection for Add pedestrian refuge islands
pedestrians
Inadequate signals Install pedestrian signals (see MUTCD)
Inadequate signal phasing Add pedestrian "WALK" phase
(Contitved) Change timing of pedestrian phase
* Spot speed study should be conducted to justify speed Timit reduction.
General Countermeasures for Accident Patterns and Their Probable Causes
ACCIDENT PATTERN PROBABLE CAUSE GENERAL COUNTERMEASURE
School crossing area Use school crossing guards
Pedestrian accidents between Driver has inadequate warn- Prohibit parking
intersections ing of frequent mid-block Install warning signs
crossings Lower speed limit*
Install pedestrian barriers
Pedestrians walking on Install sidewalks
roadway
Long distance to nearest Install pedestrian crosswalk
- crosswalk

Install pedestrian actuated signals (see MUTCD)

Pedestrian accidents at drive-
way crossings

Sidewalk too close to
traveled way

Move sidewalk laterally away from highway

Left-turn collisions at
intersections

(Continued)

Large volume of left turns

Provide left-turn signal phases

Prohibit left turns

Reroute left-turn traffic

Channelize intersection

Install STOP signs (see MUTCD)

Create one-way streets

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

* Spot speed study should be conducted to justify speed limit reduction.




General Countermeasures for Accident Patterns and Their Probable Causes

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERMEASURE

Restricted sight distance

Remove obstacles
Install warning signs
Reduce speed limit on approaches*

Right-turn collisions at in-
tersections

Short turning radii

Increase curb radii

Fixed-object collisions

Objects near traveled way

Remove obstacles near roadway
Install barrier curbing

Install breakaway feature to light poles, signposts,

2 efc.
Protect objects with guardrail
Fixed-object collisions and/ Slippery pavement Overlay existing pavement
or vehicles running off Provide adequate drainage
roadway Groove existing pavement
Reduce speed limit*
Provide "SLIPPERY WHEN WET" signs
Roadway design inadequate Widen lanes
for traffic conditions Relocate islands
Close curb lane
(Continued)
* Spot speed study should be conducted to justify speed limit reduction.
r— — —
General Countermeasures for Accident Patterns and Their Probable Causes
ACCIDENT PATTERN PROBABLE CAUSE GENERAL COUNTERMEASURE
Poor delineation Improve/install pavement markings
Install roadside delineators
Install advance warning signs (e.g., curves)
Sideswipe collisions between Roadway design inadequate Install/improve pavement markings
vehicles traveling in oppo- for traffic conditions Channelize intersections
site directions or head-on Create one-way streets
collisions Remove constrictions such as parked vehic les
Install median divider
Widen lanes
& Collisions between vehicles. Roadway design inade- Widen lanes

traveling in same direc-
tion such as sideswipe,
turning or lane changing

quate for traffic con-
ditions

Channelize intersections

Provide turning bays

Install advance route or street signs
Install/improve pavement lane lines
Remove parking

Reduce speed limit*

Collisions with parked cars
or cars being parked

(Continued)

Large parking turnovers

(Continued)

Prohibit parking

Change from angle to parallel parking
Reroute through traffic

Create one-way streets

* Spot speed study should be conducted to justify speed limit reduction.




General Countermeasures for Accident Patterns and Their Probable Causes

ACCIDENT PATTERN

PROBABLE CAUSE

GENERAL COUNTERMEASURE

Create off-street parking
Reduce speed limit*

Roadway design inadequate
for present conditions

Widen lanes

Change from angle to parallel parking
Prohibit parking

Reroute through traffic

Collisions at driveways

Left-turning vehicles

Install median divider
Install two-way left-turn lanes

R Improperly located drive- Regulate minimum spacing of driveways
way Regulate minimum corner clearance
Move driveway to side street
Install curbing to define driveway location
Consolidate adjacent driveways
Right-turning vehicles Provide right-turn lanes
Restrict parking near driveways
Increase the width of the driveway
Widen through lanes
Increase curb radii
(Continued)
* Spot speed study should be conducted to justify speed [imit reduction.
- p— .
General Countermeasures for Accident Patterns and Their Probable Causes
ACCIDENT PATTERN PROBABLE CAUSE GENERAL COUNTERMEASURE
Large volume of through Move driveway to side street
traffic Construct a local service road
Reroute through traffic
Large volume of driveway Signalize driveway
traffic Provide acceleration and deceleration lanes
Channelize driveway
Restricted sight distance Remove sight obstructions
Restrict parking near driveway
Install/improve street lighting
& Reduce speed limit*

Night accidents

Poor visibility

Install/improve street lighting
Install/improve delineation markings
Install/improve warning signs

Wet pavement accidents

Slippery pavement

Overlay existing pavement

Provide adequate drainage

Groove existing pavement

Reduce speed limit*

Provide "SLIPPERY WHEN WET" signs

* Spot speed study should be conducted to justify speed limit reduction.




Conducting Turning Volume Counts
Conducting Spot Speed Studies
Preparing Condition Diagrams

Preparing a Traffic Conflict Survey

APPENDIX B
Collection of Traffic Data

Determining Safe Approach Speed at Uncontrolled Intersections

Additional References on Collection of Traffic Data
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Conducting Turning Volume Counts

A. What to Count

s 1. Unless otherwise directed, only vehicles entering the in-
tersection are counted.

‘ 2. Each vehicle is tabulated:

a. According to the direction from which it enters the
intersection.

b. Then as to whether it goes right, left or straight.
3. U-turns are counted as Teft turns.
4. \ehicles that should be counted are:
a. Cars, including motorcycles;
b. Trucks--light and heavy;
c. Buses; and
d. In some cases, bicycles or pedestrians.
As a general rule, large trucks and buses are classified as com-
mercial vehicles while cars, small trucks, motorcycles and motor
scooters are classified as passenger vehicles. Bicycles and pe-
destrians are not counted unless specifically asked for.
5. Be sure to include:
a. North point;

b. Movements counted (total); and

c. Street names and route numbers.

B. Tally Sheet

Vehicle turning movement counts at intersections can be recorded
manually by using the Traffic Count Field Sheet (Figure B-1).
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L o iten i o at Tiass four AR IS Usually a new sheet is used at least every hour. This depends
2 ' on traffic volume and individual preference.

_ Make sure to line the sheets up with actual direction of traf- To record the vehicle movements use the tally system of four
fic flow. Then indicate north. vertical marks with a fifth mark diagonally through the four
These sheets can be set up for whatever time period is desired, (i.e.,NJ).
T O Also record weather conditions at beginning and end, making
{ sure to note the duration of any changes.
TRAFFIC COUNT C. Suggested Equipment
FIELD SHEET
e 1. A watch;
Locqtion 2. Several pencils;
Weather Road Surface Condition Time M. to M
3, Erasen;
Indicate
North by
Arrow
[D1o15Wwos from the N.S.E. W. on NORTH =
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Figure B1—Traffic Count Field Sheet Figure B2—Turning Movement Count Summary
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4. Pencil sharpener; and
5. Accumulating register (optional).

When two persons are conducting a volume count at a simple four-
way intersection, they should stand at diagonal corners. Each ob-
server should count vehicles entering two approaches. Heavy traf-
fic might, however, call for an observer for each approach.

Hand-operated accumulating registers can be used to ease the
tallying process. These registers are available in configurations
representing intersection turning movements. Running totals are
recorded at the desired sampling intervals.

When using the registers, one observer can usually record all
movements at an intersection. Heavy traffic and the counting of
pedestrian movements could necessitate additional observers.

The data recorded in the field should be summarized as shown
in the Turning Movement Count Summary (Figure B-2).

Conducting Spot Speed Studies

A spot speed study is made by measuring the individual speeds
of a sample of the vehicles passing a given point on a street or
highway. These individual speeds are used to estimate the speed
distribution of the entire traffic stream at that location under
the conditions prevailing at the time of the study.

A. Equipment

Although there are many ways to collect speed data, the most
reliable and convenient way is with the use of radar.

Radar speed meters usually have two components, the transmitter-
antenna and the control unit. The control unit powers the trans-
mitter and displays the speed measurement. Some radar units have
only one component, a hand-held transmitter. Speed measurements
are displayed at the rear of the unit.

Radar meters operate on the fundamental principle that a radio
wave reflected from a moving target has its frequency changed in
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proportion to the speed of the target (Doeppler Effect). The
meter evaluates the difference between transmitted and received
frequencies and converts the result into miles per hour.

With radar meters which have two components, the transmitter-
antenna is positioned at the edge of the roadway at about a 15
degree angle with the centerline of the roadway and about 3 ft
above the roadway surface. In this position the meter will indi-
cate speeds for vehicles traveling in either direction in the
adjacent two to three lanes.

B. Selection of Study Location and Time

The site chosen for making speed measurements should be on a mid-
block section away from the influence of stop signs, signals, etc.
The site should have a place near the roadway where the vehicle
with the radar equipment can be concealed or made inconspicuous to
the approaching driver. The person making the speed measurements
should be able to see approaching vehicles.

Usually speed studies are conducted during off-peak hours. One
method that is recommended is to sample for 1 hr at three times
during the day. The three studies are conducted between 9:00 a.m.
and 12:00 a.m., 3:00 p.m. and 6:00 p.m., and 8:00 p.m. and 10:00
p.m.

C. Selection of Sample

Normally at Teast 50 speeds, preferably 100, should be measured
during a study. Only the speeds of free-flowing vehicles should
be recorded. Free-flowing vehicles are those whose speed is not
influenced by other vehicles; therefore, only vehicles that are
traveling alone or are at the front of a group of vehicles should
be measured.

D. Study Procedure

When the radar unit has been positioned and calibrated, the
speeds of free-flowing vehicles can be recorded. Speeds of both
directions of traffic can be recorded or only one direction. The
recording of the measurements should be done by tallying the num-
ber of vehicles (usually divided into cars and trucks) in a 1 to
2 mph range.

E. Data Analysis

The speed measurements are analyzed to determine the character-
istics of the speed distribution at the study site. Some of the
most frequently used speed distribution characteristics are the
mean speed, the 85th percentile speed, and the pace.
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The mean speed is the average speed of all observed vehicles.
I+ can be found by multiplying the mean speed of each group by
the number of observations in that group, summing the products,
and dividing by the total number of observations.

The 85th percentile speed is the speed below which 85% of the
observed vehicles travel. This speed can be found by multiplying
0.15 times the number of observed vehicles and counting down from
the highest speed vehicle, this number of vehicles.

The pace is the 10 mph range in speeds in which the highest
number of observations were recorded.

Preparing Condition Diagrams

A condition diagram is a scaled drawing of the important physi-
cal conditions of a hazardous intersection or section of roadway.
It is used to relate the accident patterns on a collision diagram
to the roadway and operational elements at the hazardous location.

Pick a scale you wish to use; 1 in. = 30 ft or 1 in. = 20 ft,
are most commonly used, see Figure B-3.

Judge how detailed the diagram needs to be. Minor changes such

as changing the control device may only warrant a superficial Tlook.

Major changes such as median dividers and channelizing islands re-
quire the most extensive diagram possible.

The following items should be included on the condition diagram:

1. Street names;

2. Functional classification of streets (major, collector,
local);

3. Intersection angle (to scale);

4. Width of all streets;

o

Parking conditions, whether marked or unmarked;
6. Grades on all approaches;

7. Corner radii (to scale);

8. Sidewalk locations (to scale);
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Pavement markings including pedestrian crosswalks and

stoplines;

10. Traffic regulations;
11. Traffic control devices;
12. Speed limits on all approaches;
13. Location of all view obstructions (to scale, with height
noted) ;
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14. Fixed objects, such as fire plugs and trees over 12 in.
in diameter;

15. Driveway locations (to scale); and

16. Road surface irregularities.

Determining Safe Approach Speed at Uncontrolled Intersections

Sight obstructions on the corners of intersections may block
the view of approaching vehicles so they are unable to see a
vehicle on an opposing approach until it is too late to avoid a
collision. By determining the safe approach speed of vehicles
at the intersection several things can be decided:

Is there a sight obstruction at existing approach speeds?

How far back from the intersection should sight obstructions
be moved?

Is there need for a stop sign on one of the approaches?

Are the existing speed limits correct for conditions at this
intersection?

A. Sight Triangle

Figure B-4 shows a typical sight triangle diagram. The dis-
tances a, b, c, and d are measured from the driver to the edge of
the view obstruction. Major and minor streets are designated ac-
cording to the relative traffic volumes on each street.

B. Safe Approach Speed

The safe approach speed for vehicles on the minor street is
determined from Figure B-5, by knowing the distances a, b, c, d
and the approach speed of vehicles on the major street. This speed
should be at least the 85th percentile speed of vehicles on the
major street--a higher speed will provide an additional safety
factor.

After the four distances and the major street approach speed
are known the coordinates (a,b) and (c,d) are plotted on the chart.
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Then a line is drawn from the major street approach speed through
each of the plotted points to the minor street approach speed.

The value of the minor street safe approach speed is the point
where the line intersects the bottom line of the graph. The mini-
mum value is the minor street safe approach speed.

In Figure B-5, an example is shown where a = 35 ft, b = 50 ft,
c = 40 ft, d = 30 ft and the major street approach speed equals
33 mph. The values determined for the minor street approach speeds
are 16 mph and 12 mph. Thus, 12 mph is the minor street safe
approach speed.

At four-way intersections the safe approach speed should be
determined for both minor street approaches.
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Figure B4 —Sight Triangle Diagram
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C. Countermeasures

Once the safe approach speed of vehicles has been determined,
the countermeasures that can either reduce existing approach

speeds or increase the sight distance available must be determined.

Some general countermeasures are:

1. Remove sight obstructions near the corner of the intersec-
tion;

2. Install a stop sign on one of the approaches; and

3. Reduce the speed 1limit on one of the approaches.
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Preparing a Traffic Conflict Survey

A. Definition

A traffic conflict occurs when a driver takes evasive action by
either braking hard or weaving into a neighboring traffic lane in
order to avoid another vehicle.

There are several types of conflicts that might be included in
a conflict survey and it is necessary to decide which ones are
going to be counted. An example of conflicts will be given to
make it possible to determine to what extent an all-out conflict
survey would be beneficial.* Also a general knowledae of the con-
flict types will be useful when conducting an on-site observation
of a location.

Figures B-6 through B-9 give examples of four major types of
intersection conflicts: (1) weave conflicts; (2) turn conflicts;
(3) cross-traffic conflicts; and (4) rear-end conflicts.

B. Traffic Conflict Survey

1. Survey team: Usually the team consists of two men in a
vehicle; one man to collect conflict data and one man to collect
traffic volume data.

2. Survey day: At least one 10-hr period should be sampled.
The days generally chosen are Tuesday, Wednesday, or Thursday.
Each survey day is a 10-hr counting day which goes from 7:30 a.m.
to 12:00 noon and from 12:45 p.m. to 6:15 p.m. Variation may be
necessary to include peak morning and evening traffic volume.

3. Sampling procedure: Two approach legs are observed during
a survey. Fifteen minute conflict and volume counts are taken
alternately on each approach leg. For example: exactly 15 min
of data are taken on the north leg, then 15 min of free time are
allowed for recording data and moving to the south leg. Then 15
more minutes of data are taken on that approach leg.
The team continually alternates between the two legs throughout
the counting day.

* The GMR Traffie Conflicts Technique Procedures Manual (by S. R.
Perkins, General Motors Research Publication GMR-895) gives
an extensive explanation of each type of conflict and ex-
amples of detailed tabulation procedures.
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In this situation a vehicle changes
lanes into the path of another
vehicle causing the offended
vehicle to brake or weave to avoid
an impending collision.

=X

l | A cross-traffic vehicle crosses the
path of a right-of-way vehicle

l . causing the right-of-way vehicle
to brake or weave.

Figure B6 —Weave Conflict

Figure B8 —Cross-Traffic Conflict

s AW | ST P
] l
| | The turning vehicle approaches the
intersection from the opposite
| | direction and turns in front of a
. : through vehicle causing the

through vehicle to brake or weave.

In this situation, two vehicles
are traveling'as a pair and the
) first vehicle stops or slows un-
expectedly. The second vehicle
| i takes evasive action, braking
or weaving fo avoid impending

rear-end collision.

Figure B7 — Left-Turn Conflict
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Figure B9—Rear-End Conflict
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4. Observation position: The vehicle should be parked 100-
300 ft back from the intersection facing the direction of traffic
movement. Since conflicts are identified by braking and weaving
actions it is necessary to place the observers where they can see
the brake Tights of the observed vehicles. The position should
not interfere with normal traffic movement. A special effort
should be made to use the same position for any before and after

studies (see Figure B-10). Do not use police surveillance vehicles.

C. Conflict Data Analysis

A conflict study is used primarily as a diagnostic tool. The
confiict data should be used to supplement accident data for a
location. Look for prevalent conflict types and compare these
with the accident patterns identified. If only 1 year of accident
data has been analyzed, the conflict data may indicate other phys-
ical or operational deficiencies that could cause accidents.
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= e b Iﬁii =t
GD_0D
_ 0D i
(T8 y=—300 Ft | |

Figure B10—Brake-Light Criteria Observation
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Additional References on Collection of Traffic Data
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Kennedy, Norman, James Hill and Wolfgang S. Hamburger, "Funda-
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Transportation and Traffic Engineering, University of
California (1973).

Cleveland, Donald E., ed., Manual of Traffic Engineering
Studies, Third Edition, Washington, D.C., Institute of
Traffic Engineers (1964).

Traffic Institute, Northwestern University, "Collision and
Condition Diagrams," Northwestern University, Evanston,
ITlinois.

Traffic Institute, Northwestern University, "Safe Approach
Speed at Intersections," Northwestern University, Evanston,
I1Tinois.

Pignataro, Louis J., Traffic Engineering-Theory and Practice,
Prentice Hall, Englewood Cliffs, New Jersey (1973).

Perkins, S. R., "GMR Traffic Conflicts Technique Procedures

Manual," General Motors Research Publication GMR-895,
August 11, 1969.
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APPENDIX C

Warrants for Flashing Beacons, Safety Lighting and
One-Way Streets



Warrants for Flashing Beacons'

Flashing beacons should be considered to supplement existing
two- or four-way stop sign control at four-way intersections on
high-speed roads if four or more crossing (right angle) plus left-
turn accidents occur in a year or six or more crossing pius left-
turn accidents occur in 2 years.

Where four-way stop signs are warranted all-red flashing
beacons should be considered also: (1) where approach speeds are
high; (2) where visibility of the stop sign is limited; or (3)
where the intersection is hidden or unexpected.

When flashing beacons are installed with two-way stop control,
red flashing beacons are used on approaches required to stop and
yellow flashing beacons are used on the approaches that are not
required to stop.

Warrants for Safety Lighting'

The purpose of highway Tighting is to safeguard and facilitate
both vehicular and pedestrian traffic at night by illuminating
certain permanent features at locations which require additional
care and alertness. With illumination, these features will be
more readily comprehended and compensated for by the motorist.

For isolated lighting at a spot location, 1ighting is warranted
when four or more night accidents susceptible to correction by
safety lighting have occurred in 1 year, or six night accidents
of this type have occurred in 2 years.

The types of accidents that are most susceptible to correction
by night lighting include: (1) single-vehicle accidents (especi-
ally those where a driver proceeded straight ahead at a t-inter-
section on the dead-ended leg); and (2) crossing (right-angle)
accidents at four-way intersections.

1/ Tamburri, T. N., C. J. Hammer, J. C. Glennon, and A. Lew,
"Evaluation of Minor Improvements," Highway Research Record
No. 257, Highway Research Board, Washington, D.C. (1968).
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General Warrants for One-Way Streets?

A. General Requirements

Two-way streets should be made one-way only when:

1. A demonstrated traffic problem exists that can be relieved
by one-way operation.

2. One-way street designation is more desirable than other
possible alternate methods of solving the problem.

3. Parallel and adjacent streets of suitable capacity, prefer-
ably within 600 ft, are available.

4. The parallel and adjacent streets are continuous in that
they carry the traffic through and beyond congested areas.

' 5. Suitable transition roadways can be provided at the extrem-
ities of the one-way section.

6. Two-way public transit operation is not required on the
street.

7. The proposed one-way streets are compatible with the over-
all master street plan.

8. Thorough study shows that the advantages of the one-way
street far outweigh the disadvantages.

B. Increased Capacity

One-way streets may be warranted if the traffic service would
be increased substantially by:

1. Reduction in time losses at intersections due to vehicle
turning-movement conflicts and pedestrian-vehicle conflicts.

‘2.. Lane-width adjustments that permit greater capacity in the
existing number of lanes, or an increase in the number of lanes.

2/ Baerwald, John E., ed., Traffic Engineering Handbook, Third
Edition, Institute of Traffic Engineers, Washington, D.C.
(1965).
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C. Increased Safety

One-way operation may be warranted if the safety of pedestrian
and vehicular traffic would be increased substantially by:

1. Reduction in vehicle-pedestrian conflicts at intersections.

2. Preventing pedestrians from being trapped between two
opposing streams of traffic.

3. Better vehicular grouping and speed control due to more
effective spacing of traffic signals.

4. Reduction in the complexity of the field of driver vision
on approaches to intersections.

D. Improved Operation
One-way streets may be warranted if operating characteristics
would be improved substantially by:

1. Reduction in travel time.

2. Permitting a predominant turning movement from more than
one lane at a greater number of intersections than would be possible
with two-way operation.

3. Redistribution of traffic thereby relieving congestion on
adjacent streets.

E. Improved Economy

One-way streets may be warranted if definite economic opportun-
ities would be made available by:

1. Providing unused capacity margins that will satisfy traffic
requirements for a substantial period of time, thus obviating the
immediate need for large capital expenditures.

2. Permitting stage development in the execution of a master
plan.

3. Providing greater flexibility to meet changing traffic
patterns almost immediately and at negligible cost.

4. Saving sidewalk or boulevard width, trees, and other valu-
able frontage assets which would be sacrificed in the widening of
two-way streets to provide traffic capacity comparable to a pair
of one-way streets.
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Estimated Countermeasure Costs

The costs (1975) of construction items were estimated using the
following sources:

Missouri Highway Department (1973);

Iowa Highway Commission (1973);

California Division of Highways (1974);
Massachusetts Department of Public Works (1969);
City of Kansas City, Missouri (1975); and

City of Overland Park, Kansas (1975).

Costs of each item were adjusted upward to allow for inflation,
depending on the date of the cost data. These costs, however, are
only estimates. Final improvement costs will depend on the actual
construction costs in that particular part of the state.

Unless noted, the following unit costs are for installation only.
Overhead and administrative costs are not included. Thirty to 35%
of the cost of the project should be added to an estimate to account
for these costs.

Roadway grading and paving (widening) § 1.50 S.F.
Roadway grading and paving (reconstruction) 2.00 S, F.
Median construction* (concrete) 2R 0OBSTHRR
Curb and gutter (barrier and mountable) 7200NIEIES
Barrier curbing 2.00 |..F.
Curb removal lieks1o) [l =
Driveway closure 8.00 'S, Y.
Driveway construction 1800ES . Y
Island construction* 2.00° S F-.
Sidewalk removal 350 S Y.
Sidewalk construction 165085k,
Sodding 1550 S Y
Asphalt overlay (1/2 in.) 2.00 S.Y:
Pavement striping (4 in. white) 0250
Pavement striping (4 in. yellow) 0.25 L.F.
Pavement marking (stop bars) 028 S Fs
Complete lighting unit 1,000.00 EA

Curb inlet 200.00 EA

Steel breakaway sign posts 10 10]08 Lot 75
Wood sign post 4.00 L.F.

* Does not include cost of curbing.
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?-%
Sign (installed--stop, yield, warning) 90.00 EA
Delineators (installed sign and post) 15.00 EA
Remove and reset roadside sign 50.00 EA
10-ft signal post 225.00 EA
Mast arm post 1,200.00 to 2,500.00 EA
Fixed-time controller 4,000.00 EA
Actuated controller 2,000.00/phase
Multi-dial controller 2,000.00 to 14,000.00 EA
Junction box 300.00 EA [ APPENDIX E
Detector, loop inductive 105000 £oa 15 008IEIES
Detector, magnetic 400.00 EA : - .
Detector, pedestrian pushbutton 100.00 EA , ; Estimates of Improvement Service Life
Conduit 75005ton 15002 L7 E:

The following items include material costs only:
Plastic signal head (8-in. lenses) $125.00 EA
Plastic signal head (12-in. lenses) 180.00 EA
Plastic pedestrian head (9 in.) 145.00 EA
Plastic pedestrian head (12 in.) 230.00 EA
Optically programmed signal head 750.00 EA
Plastic backplate (8 in.) 40.00 EA
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Estimates of Improvement Service Life

Improvement
Signals
Safety Lighting
Median Barriers
Flashing Beacons
Guardrail
Pavement Grooving
Signing (major)
Signing (minor)
Raised Pavement Markers
Guide Markers

Painted Stripes
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Service Life

15 years
15 years
15 years
10 years
10 years
10 years
10 years
5 years
5 years
5 years

2 years
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Estimated Accident Reduction Table

Accident Reduction (Percent)

Ran
Improvement Fatal Head|Rear|Right [Side |Left[Rt. |Fixed Off |Wet

All |Injury |PDO|On [End |Angle[Swipe|Turn|[Turn|Obj. [Ped.[Night{Road|Pvmt.

PAVEMENT MARKINGS

General Pavement Markings 10 | 20 | 10 10 10
Double Yellow Center Lines s

S Right Edge Lines 2 25
Reflectorized Raised Pavement Markers 5
No Passing Stripes 65

PAVEMENT TREATMENTS

Deslicking®/ 20 | 15 50

a/ On two or more lanes.
b/ Two lanes.

¢/ Minor street must be 35% or more of total intersection volumes; total intersection volume must be <8,000 ADT.




Estimated Accident Reduction Table

Accident Reduction (Percent)
Ran
Improvement Fatal Head|Rear|Right |Side |Left[Rt. |Fixed Off |Wet
All |Injury [PDO|On [End |Angle|Swipe|[Turn|Turn|Obj. [Ped.[Night|Road|Pvmt.
Resurfucinga_/ 42 46
SIGNS
Upgrade Signs 20 | 10 10 10
~
= Overhead Lane Signs 10 20
Overhead Warning Signs 20| 20 20| 20
Four-Way Stop Signsi/ 700567
Special Curve Warning Signs 75
485/| 7B
Minor Leg Stop Control 3380_/ =18%
a/ On two or more lanes.
E/ Two lanes.
E/ Minor street must be 35% or more of total intersection volumes; total intersection volume must be <8,000 ADT.
Estimated Accident Reduction Table
Accident Reduction (Percent)
Ran
Improvement Fatal Head|Rear|Right |Side |Left|Rt. |Fixed Off [Wet
All [Injury |PDO|On |End |AngleSwipe{Turn|Turn|Obj. |Ped.[Night|Road|Pvmt.
=595/1 8o
Yield Sign =462/
Directional or Warning Signs 29‘3 3592?
at Intersections N | =47Y 6%
Warning Signs and Delineators
at Intersections 20%/| =272
= 145/ 214
I Warning Signs on Sections =209/ [=26%
REGULATIONS
Eliminate Parking 325 35
Change Two-Way Operation to
One-Way 25
Prohibit Turns 402/ 39
a/ On two or more lanes.
E/ Two lanes.
E/ Minor street must be 35% or more of total intersection volumes; total intersection volume must be < 8,000 ADT.
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Estimated Accident Reduction Table

Accident Reduction (Percent)

Ran
Improvement Fatal Head|[Rear|Right [Side |Left|Rt. |Fixed Off |Wet
All [Injury [PDO|On [End |Angle|Swipe|Turn|Turn|Obj. |Ped.[Night|Road|Pvmt.
CHANNELIZATION
Install Median Barriers =41
Add Painted/Raised Medians 122
=19 =80
Add Left-Turn Lane w/o Signals 6 =542

Turn Bay

20

New Left Channelization at Signalized yv/o0 15
Intersection w/ or w/o Left-Turn Phasg w 36

New Left-Turn Channelization at Un-

signalized Intersection w/curbs- Curb 70
painted Paint 1%
Install Two-Way Left-Turn Lanes 35

a/ On two or more lanes.

b/ Two lanes.

¢/ Minor street must be 35% or more of total intersection volumes; total intersection volume must be <8,000 ADT.

Estimated Accident Reduction Table

Accident Reduction (Percent)
Ran
Improvement Fatal Head|Rear|Right |Side |Left|Rt. |Fixed Off |Wet
All |Injury |PDO|On [End |Angle|Swipe|Turn|Turn|Obj. |Ped.|Night|Road|Pvmt.

ACCESS CONTROL

Close Median Opening 100| 50| 100 50 | 100

Relocate Drives 20 | 20 10 10 10 10
SIGNALIZATION

Install Warning Signals =705

Flashing Beacons (Red-Yellow) 50

Flashing Beacons (All Red) 75

Flashing Beacons at RR Xing 80

a/ On two or more lanes.

b/ Two lanes.

¢/ Minor street must be 35% or more of total intersection volumes; total intersection volume must be <8,000 ADT.




Estimated Accident Reduction Table

Accident Reduction (Percent)
Ran
Improvement Fatal Head|Rear|Right [Side |Left|Rt. |Fixed Off |Wet
All" |Injury [PDO[On [End |Angle[Swipe|Turn|Turn[Obj. |Ped.|Night|Road|Pvmt.
Advance Warning Flashers 30
31
Improve Signals 224 =35
13 56
Add Pedestrian Signals 2l
N . 4/
o Add Left-Turn Lane and Signal 274 [
Add Left-Turn Signal w/o Turning /
Lane 39H 57
Add Turn Lane, Signal and
[llumination 464 762
Improve Timing 10] 10 1001810 10
12-in. Lens 10
a/ On two or more lanes.
ll/ Two lanes.
¢/ Minor street must be 35% or more of total intersection volumes; total intersection volume must be < 8,000 ADT.

#————_——

Estimated Accident Reduction Table

Accident Reduction (Percent)
Ran
Improvement Fatal Head|Rear|Right [Side |Left|Rt. |Fixed Off [Wet
All |Injury |PDO|On [End |Angle[Swipe|Turn|[Turn|Obj. |Ped.|Night|Road|Pvmt.
Improve Signals to Correspond to Manud|
on Uniform Traffic Control Devices 20f 20| 10| 20| 20 20
Add Left-Turn Lane w/o Signal =19 |, =80 |, /
Turn Phase 6Y =543 =18%
Modify Signals 27
o
B Actuate 10 10| 20| 10| 20
Optically Programmed Signals 20110519 10
Pedestrian Phase 60
Remove Signal 90
-1
2000 80
Add Signal vgcﬂ
E/ On two or more lanes.
b/ Two lanes.
c/ Minor street must be 35% or more of total intersection volumes; total intersection volume must be <8,000 ADT.
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Accident Reduction (Percent)
Ran
Improvement Fatal Head[Rear|Right |Side [Left[Rt. |Fixed Off [Wet
All |Injury |PDO|On |End |Angle[Swipe|Turn|Turn|Obj. |Ped.|Night|Road|Pvmt.
LIGHTING
Add Lighting 50
New E
At Intersection Upgrading 50
At RR Crossing 60
At Bridge Approach 50
At Underpass 10
MISCELLANEOUS
Relocate Fixed Object 60
c_l/ On two or more lanes.
b/ Two lanes.
¢/ Minor street must be 35% or more of total intersection volumes; total intersection volume must be <8,000 ADT.
Estimated Accident Reduction Table
Accident Reduction (Percent)
Ran
Improvement Fatal Head|Rear|Right |Side |Left|Rt. |Fixed Off [Wet
All |Injury [PDO|On |End |Angle|Swipe|Turn[Turn|Obj. |Ped.[Night|Road|Pvmt.
’ : b b
Curtail Turning Movement 404 395
Realignment 50
Superelevation 50
Reconstruct 25

Estimated Accident Reduction Table

=Rough Estimate

a/ On two or more lanes.

b/ Two lanes.

c/ Minor street must be 35% or more of total intersection volumes; total intersection volume must be < 8,000 ADT.
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Service L

5.075692
5.786373
6.463213
7.107822
7.721735

8.306414
8.863252
9.393573
9.898641
10.379658

10.837770
11.274066
11.689587
12.085321

12.462210

12.821153
13.163003
13.488574
13.798642
14.093945

14.375185
14.643034
14.898127
15.141074
15.372451
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088699
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0.065051

OISO sl O OIS SIE

O OO OO
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0.
0.
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104722
090690
079505

.070389
.062825
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.042270
.038699
.035546
.032745
.030243

.027996
.025971
.024137
.022471
.020952

.019564
.018292
.017123
.016046
.015051



Interest Factors Table (Concluded)

Service Life of Present Worth ~ Capital Recovery  Sinking Fund
Improvement (Years) Factor* Factor Factor
31 15.592811 0.064132 0.014132
32 15.802677 0.063280 0.013280
33 16.002549 0.062490 0.012490
34 16.192904 0.061755 0.011755
35 16.374194 0.061072 0.011072
36 16.546852 0.060434 0.010434
37 16.711287 0.059840 0.009840
38 16.867893 0.059284 0.009284
39 17.017041 0.058765 0.008765
40 17.159086 0.058278 0.008278
45 17.774070 0.056262 0.006262
50 18.255925 0.054777 0.004777
55 18.633472 0.053667 0.003667
60 18.929290 0.052828 0.002828
65 19.161070 0.052189 0.002189
70 19.342677 0.051699 0.001699
75 19.484970 01051322 0.001322
80 19.596460 0.051030 0.001030
90 19.752262 0.050627 0.000627
100 19.847910 0.050383 0.000383

* For a uniform series of payments.
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HAL System Forms

Originals of forms used in the HAL System are included in this

envelope. The forms included are:
Page
1. Traffic Accident Summary
2. High-Accident Location Identification Worksheet
3. Accident Location-File Log
4. Locational Analysis Worksheet, Form No. 1
5. Locational Analysis Worksheet, Form No. 2
6. Collision Diagram
7. On-Site Observation Report, Form No. 1
8. On-Site Observation Report, Form No. 2
9. Countermeasure Analysis Worksheet, Form No. 1
10. Countermeasure Analysis Worksheet, Form No. 2
11.  Countermeasure Evaluation Worksheet, Form No. 1
12. Countermeasure Evaluation Worksheet, Form No. 2
13. System Evaluation Worksheet

RECEIVED
nEC 121975
STATE HIGHWAY ENGINZER
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COUNTERMEASURE EVALUATION WORKSHEET

LOCATION

DATE

Form #1

COUNTERMEASURE

AFTER ACCIDENT ANALYSIS:

BLOCK A - NUMBER AND RATE SUMMARY

ACCIDENTS 2 and .
LOCATION 3 Year| EPDO|ADT |Exposure Ac;;f:nt EISE!S
Year |Fatal |Injury |PDO|Total |Ave
TOTALS Avg= Avg=
BLOCK B - INTERSECTION-RELATED ACCIDENTS
Right |Rear Side-Swipe |Head Fixed | Right | Left
Angle|End |Meeting|Passing |On Pod, Object| Turn Turn Other | TOTAL
No. of Accidents|
Percent of Total 100%
BLOCK C - MID BLOCK ACCIDENTS
Vehicle Striking
e Pk Veh Vehicl Train | TOTAL
Coll. Ped. ’ \ald F.O. Siucie
= Car @Dr. On St.
No.of Accidents I
Percent of Total I 100%
BLOCK D - CONDITIONS
No. of accidents
Tioe 6 dame 6:00am - Noon 6:00 pm - Midnight
y Noon - 6:00 pm Midnight - 6:00 am
Light conditions - Day Night
Surface conditions = Dry——— Wet Snow or lce
Weather = Cloudy Clear Rain Snow Other

Other =




Form #2

COUNTERMEASURE EVALUATION WORKSHEET
BLOCK E - AFTER ACCIDENT ANALYSIS SUMMARY

Collision diagram

Identified Patterns
of Accidents

ADT Ratio: After ADT

Before ADT :

attached

Predominate:

Adjusted After Accident Numbers:

By Types:
Left turn
Head on
Rear end
Right angle
Side swipe
Fixed object
Lost control

Accident Reduction:

By Types:
Left turn
Head on
Rear end
Right angle
Side swipe
Fixed object
Lost control

EDPO Number
%

e 0
100
PRSI,
S 0

e 90

Skidding = s

Wet pavement

Night - =

RR crossing ¥ ey

Before = After

% Reduction = Before X 100
% Skidding %
Wet pavement ____ %
Night 0
RR crossing ISR
%
% %
%

Accident Rate
%

Secondary:

By Severity:
Fatal
Injuries
PDO
Total

All Accidents

By Severity:
Fatal
Injuries
PDO
Total

EDPO Rate
%

All Accidents
%

=%

e 30
dang 20



SYSTEM EVALUATION WORKSHEET

Year TOTAL NO. OF HIGH-ACCIDENT LOCATIONS CORRECTED

BENEFIT FOR LOCATIONS:

1 Enter the average annual number of before injury or fatal accidents
2 Enter the average annual number of after injury or fatal accidents
3 Subtract Line 2 from Line 1 (the reduction in injury or fatal accidents)

Enter the average annual number of before PDO accidents
Enter the average annual number of after PDO accidents
Subtract Line 5 from Line 4 (the reduction in PDO accidents)

o On A

7 Add Line 6 to Line 3 (the total accident reduction)

WAS ACCIDENT REDUCTION SIGNIFICANT ACCORDING TO
FIGURE 217

0

Enter the unit cost of injury and fatal accidents

Multiply Line 3 by Line 8 (the benefit of reducing injury and fatal
accidents)

10 Enter the unit cost of PDO accidents

11 Multiply Line 6 by Line 10 (the benefit of reducing PDO accidents)

12 Add Line 10 to Line 13 (the total benefit)

COST:

] Enter the total annual cost of improvements

2 Enter the annual cost to engineering department
3 Enter the annual cost to police department

4 Enter other costs

9 Add Lines 1, 2, 3, and 4 (total costs)

BENEFIT/COST RATIO:

] Enter the total benefit
2 Enter the total costs
3 Divide Line 1 by Line 2 to get the benefit to cost ratio

aiini

o

es No

Rinl



TRAFFIC ACCIDENT SUMMARY ANNUAL O

BAlE MONTHLY
INTERSECTION = RELATED ACCIDENTS -

MAJOR STREET INTERSECTIONS
i Side-Swipe : Right| Left
i‘f:,’e 35 e o Pazing nead | ped. g;;’:d Rant| e |Other | TOTAL
MAJOR-MAJOR
2-Way Stop
4-Way Stop
Signal
Officer
MAJOR-MINOR
From 2-Way
Stop
On Major St.
On Minor St.
Officer
SUBTOTAL
MINOR STREET INTERSECTIONS
; Side-Swi : iaht
et e o ol el i
No Control
Yield Sign
2-Way Stop
4-Way Stop
SUBTOTAL
TOTAL
INTERSECTION-
RELATED
ACCIDENTS
MID BLOCK ACCIDENTS
Non- - Vt:fhi‘;:le Striking —
Coll, | ‘Ped. | L B | 0, ‘é‘;‘;f Train | TOTAL
Major St.
Minor St,
Alleys




HIGH - ACCIDENT - LOCATION

INTERSECTION

MID-BLOCK SECTION

IDENTIFICATION WORKSHEET

ACCIDENTS £ and o Hich
EPDO Accident| EPDO |as a High=
LOCATION 3 Year| "\, [APT |Exposure|” "o o Rate |Accident
Year | Fatal | Injury |PDO| Total |Ave. Location
TOTALS [ Ave=  [Ave
= —
TOTALS Ave= Ave=
TOTALS Ave= Ave=
— ——
TOTALS Ave= Ave=
TOTALS Ave= Ave=
TOTALS Ave= Ave=

EPDO Number = 6 (fatal +injury) +PDO

Intersections:
ADT =sum of one=way counts of all streets
entering the intersection

Exposure = ADT x 365

Accident Rate = (number of accidents) (million)
exposure

EPDO Rate = (EPDO number) (million)

exposure

Mid=block sections:
ADT = average two-way count of the street

Exposure = (ADT) (section length) (365)

Accident Rate = {number of accidents) (100 million)
exposure

EPDO Rate = (EPDO number) (100 million)

exposure



ACCIDENT LOCATION =~ FILE LOG
LOCATION

DATE OF
ACCIDENT LOCATION SEVERITY




LOCATION

LOCATIONAL ANALYSIS WORKSHEET

DATE

Form #1

EXISTING TRAFFIC CONTROL

ACCIDENT ANALYSIS:

BLOCK A - NUMBER AND RATE SUMMARY

ACCIDENTS 2 and .
LOCATION 3 Year| EPDO|ADT | Exposure Ac;c:feenf E:‘S,S
Year |Fatal |Injury [PDO|Total |Ave
TOTALSi Avg= Avg=
BLOCK B - INTERSECTION-RELATED ACCIDENTS
Right |Rear| Side=Swipe [Heqd Fixed | Right | Left
Angle(End [Meeting|Passing On Ped. Object| Turn Turn Other | TOTAL
No.of Accidents
Percent of Total 100%
BLOCK C - MID BLOCK ACCIDENTS
Vehicle Striking
Non~= ;
Csll. Ped. Pk. Veh, F.O. Vehicle Train TOTAL
Car @ Dr, On St.
No.of Accidents
Percent of Total 100%
BLOCK D - CONDITIONS
No. of accidents
LR TR 6:00am -~ Noon 6:00 pm = Midnight
4 Noon - 6:00 pm Midnight - 6:00am
Light conditions - Day Night
Surface conditions = Dry Wet Snow or Ice
Weather - Cloudy Clear Rain Snow Other

Other =




LOCATIONAL ANALYSIS WORKSHEET Form #2
BLOCK E - ACCIDENT ANALYSIS SUMMARY

D Collision diagram attached

Identified Patterns
of Accidents Predominate: Secondary:

Probable causes and General Countermeasures:

OPERATIONAL AND PHYSICAL DATA ANALYSIS
Supporting data attached:

[] On-site observation report [J Turning movement count
[[] Condition diagram [] Conflict count
[[] Speed study (] Other

General conclusions from supporting data:

COUNTERMEASURE SELECTION:

Specific countermeasures:

O WwN —

(for each countermeasure fill out a countermeasure analysis worksheet. )

Best Countermeasure

Average Annual Net Return

Benefit/Cost Ratio Implementation Cost

Priority




Indicate North

COLLISION
DIAGRAM

by Arrow \
(Name )
o
E
(o]
Z
SYMBOLS TYPES OF COLLISIONS SHOW FOR EACH

-s—— Moving Vehicle
~->>> Backing Vehicle
-a- — — Non~Involved Vehicle

¥ ——— Pedestrian

=]
0
®

O

Parked Vehicle
Fixed Object

Fatal Accident
Injury Accident

~a—}=a— Rear End
—a—a— Head On
4—— Side Swipe
45555 Qut of Control
—® Left Turn

r‘ Right Angle

ACCIDENT

p—

. Day, Date and Time
2. Weather and Road
Surface = if Unusual
Condition Existed
3. Nite - if Between
Dusk and Dawn

INTERSECTION

PERIOD

and

: from

to




ON-SITE OBSERVATION REPORT

Form #1

LOCATION CONTROL
DATE TIME
OPERATIONAL CHECKLIST:
No Yes (See Comments)

7 45
8

. Are there traffic flow deficiencies or traffic con-

7
10.
1.

12.

. Do obstructions block the drivers view of opposing

vehicles?

. Do drivers respond incorrectly to signals, signs, or

other traffic control devices?

. Do drivers have trouble finding the correct path

through the location?

. Are vehicle speeds too high? Too low?
. Are there violations of parking or other traffic

regulations?

. Are drivers confused about routes, street names, or

other guidance information?
Can vehicle delay be reduced?

flict patterns associated with turning movements?
Would one-way operation make the location safer?
Is this volume of traffic causing problems?

Do pedestrian movements through the location cause

conflicts?
Are there other traffic flow deficiencies or traffic
conflict patterns?

PHYSICAL CHECKLIST:

AW -

r

. Can sight obstructions be removed or lessen?

. Are the street alignment or widths inadequate ?
. Are curb radii too small?

. Should pedestrian crosswalks be relocated ?

Repainted ?

. Are signs inadequate as to usefulness, message, size,

conformity and placement? (see MUTCD)

. Are signals inadequate as to placement, conformity,

number of signal heads, or timing? (see MUTCD)
Are pavement markings inadequate as to their
clearness or location?

| |



ON-SITE OBSERVATION REPORT

8. Is channelization (islands or paint markings) inade-
quate for reducing conflict areas, separating
traffic flows, and defining movements?

9. Does the legal parking layout affect sight distance,
through or turning vehicle paths, or traffic flow?

10. Do speed limits appear to be unsafe or unreasonable?
11. |s the number of lanes insufficient?

12, Is street lighting inadequate?

13. Are driveways inadequately designed or located?

14. Does the pavement condition (potholes, washboard,
or slick surface) contribute to accidents?

COMMENTS:

Operational=="O" and |tem Number
Physical--"P" and Item Number

No

Form #2

Yes (See Comments)




Form #1
COUNTERMEASURE ANALYSIS WORKSHEET

COUNTERMEASURE NO.__ ESTIMATED SERVICE LIFE YEARS
COUNTERMEASURE DESCRIPTION
CURRENT 19__  ADT ESTIMATED 19___ ADT
Constant
Increasing by % annually
Increasing by VPD annually
ESTIMATED ANNUAL ACCIDENT REDUCTION:
Estimated Accidents Estimated
% Reduction x of this = Accident
=100 Type Reduction
Accident PDO PDO
Type X F&l = F&I
Accident PDO PDO
Type X F&lI = F&l
Accident PDO PDO
Type X F&l = F&lI
Accident PDO PDO
Type X F &l = F&l
Total Reduction PDO F&I

AVERAGE ANNUAL BENEFITS:

1. Enter the estimated reduction of PDO Accidents

2. Enter the average cost of a PDO Accident

3. Multiply Line 1 by Line 2 (average annual benefit of
reducing PDO Accidents)

4. Enter the estimated reduction of fatal and injury accidents

5. Enter the average cost of a fatal or injury accident

6. Multiply Line 4 by Line 5 (average annual benefit of
reducing fatal and injury accidents)

7. Add Line 6 to Line 3 (average annual benefit from
reducing accidents)

COMPLETE LINES 8 THROUGH 13 IF ADT WILL INCREASE DURING
SERVICE LIFE OF IMPROVEMENT--IF NOT GO TO LINE 14

8. Enter the expected ADT at the end of the service life

9. Enter the present ADT

10. Add Line 9 to Line 8

11. Divide Line 10 by 2 (average ADT during service life)

12. Divide Line 11 by Line 9 (ADT growth factor)

13. Multiply Line 7 by Line 12 (average annual benefits
from reaucing accidents==ADT increasing)

14, Enter secondary annual benefits from improvement
(if known)

15. If ADT is constant add Line 14 to Line 7 Average Annual
If ADT is increasing add Line 14 to Line 13 | Benefits



COUNTERMEASURE ANALYSIS WORKSHEET

AVERAGE ANNUALIZED COST*:

1. Enter the initial cost of improvement

2. Enter the capital recovery factor for service life of the improvement
(see Interest Factors Table in Appendix G)

3. Multiply Line 1 by Line 2
4. Enter the terminal value of improvement

5. Enter the sinking fund factor at the service life of the improvement
(see Interest Factors Table in Appendix G)

6. Multiply Line 4 by Line 5
7. Enter the constant annual cost
8. Subtract Line é from Line 3, then add Line 7 (Average Annualized Costs)

AVERAGE ANNUAL NET RETURN:

1. Enter the Average Annual Benefits
2. Enter the Average Annualized Costs
3. Subtract Line 2 from Line 1 (Average Annual Net Return)

BENEFIT/COST RATIO:

1. Enter the Average Annual Benefits
2, Enter the Average Annualized Costs
3. Divide Line 1 by Line 2 (Benefit/Cost Ratio)

* Based on 5% interest, annual cost uniform throughout service life.

Form #2
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