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GLOSSARY OF TERMS

Calibration: The act of checking or
adjusting (by comparison with a
standard) the accuracy of a measuring
instrument.

Obstruction: Any object that blocks a
driver’s sight line of approaching
conflicting vehicles.

School route plan: A map showing the
school, nearby streets, existing traffic
controls, and the suggested school route
for children to follow.

Sight distance: The maximum distance of
unobstructed vision in a horizontal or
vertical plane from within an automo-
bile located at any given point on a
roadway.

Horizontal sight distance: The
driver’s vision may be limited by
buildings, hedges, vehicles, trees,
bushes, tall crops, walls, fences, etc.

Vertical sght distance: The driver’s
vision may be limited by the vertical
curvature of the roadway.

Sight triangles. Specified areas along
intersection approach legs and across
their included corners.

Approach sight triangle: A sight
triangle that provides the driver of a
vehicle approaching an intersection, a
clear unobstructed view of any ap-
proaching conflicting vehicles.

Departuredght triangle: A sight
triangle that provides sufficient sight
distance for a stopped vehicle on a
minor road to depart form the intersec-
tion and enter or cross the major road.

Speeding: Exceeding the posted speed
limit or driving too fast for conditions.

Speed percentiles: A tool used to determine effective and
adequate speed limits.

50th percentile of speed: Median speed of the ob-
served data set.

85th percentile of speed: Speed at which 85% of the
observed vehicles are traveling at or below.

Traffic control device (TCD): Signs, signals, markings,
and devices placed on, over, or adjacent to a street or
highway by an authority of a public body having
jurisdiction to regulate, warn, or guide traffic.

Traffic volume: Amount of traffic that travels any given
roadway during any given time period.

Averagedaily traffic (ADT): The total volume

during a given time period (in whole days), greater
than one day and less than one year, divided by the
number of days in that time period.

Annual averagedalily traffic (AADT): Ageneral
unit of measure for traffic, which represents the annual
average traffic per day.

DEV: Daily entering volume.

Off-peak flow traffic: A time period during any given
day when the traffic volume is normally the least.

Peak-flow traffic: A time period during any given day
when the traffic volume is normally the heaviest.
Peak-flow traffic may last up to two hours in some
locations and is normally for the a.m. commute to
work and the p.m. commute home from work.

COMMONLY USED ACRONYMS

AASHTO:

CTRE:
DOT:
FHWA:
ITE:
ITSDS:
MUTCD:
NCHRP:
TEAP:

TRB:

American Association of State Highway and
Transportation Officials

Center for Transportation Research and Education
Department of Transportation

Federal Highway Administration

Institute of Transportation Engineers

lowa Traffic Safety Data Service

Manual on Uniform Traffic Control Devices

National Cooperative Highway Research Program
Traffic Engineering Assistance Program

Transportation Research Board



Handbook of Simplified Practice for
Traffic Studies

lowa DOT Project TR-455
CTRE Project 01-80
November 2002

Principal Investigator
Duane Smith

Graduate Research Assistant
Jeff Mclintyre

Editor
Mark Anderson-Wilk

lHlustrator
Sarah Moreau

Center for Transportation Research and Education
lowa State University
2901 South Loop Drive, Suite 3100
Ames, lowa 50010-8632
Telephone: 515-294-8103
Fax: 515-294-0467
www.ctre.iastate.edu

Preparation of this report was financed in part through funds provided by the lowa Department of Transportation
through its research management agreement with the Center for Transportation Research and Education.

The opinions, findings, and conclusions expressed in this publication are those of the authors and not necessarily
those of the lowa Department of Transportation or the lowa Highway Research Board.

CTRE’s mission is to develop and implement innovative methods, materials, and technologies for improving
transportation efficiency, safety, and reliability while improving the learning environment of students, faculty, and
staff in transportation-related fields.



Contents

Glossary of Terms S S S S S S EEEE NS S S S S EEEEEESEEEEEEEESEESEEEEEEEESEEEEEER inside front cover

1. Introduction

BACKGIrOUNG ...t 1.1
1O o] [=To3 11T PP PPPPPPPPPPPRR 1.1
Contributions and Acknowledgments ... 1.2
Identified Common Traffic STUAIES ...........eeiiiiiii e 1.2

Traffic Studies:

2. Spot Speed

[} (0o Uo7 110 I 2.1
Speed Percentiles and How to Use Them ... 2.2
StOPWatCh MEthOd ... .. 24
Radar Meter MEethOd .........ooeeieiiee e e e e e e e e e e e eaa s 2.1
Pneumatic Road Tube MethOd ............oieiiiiiie e 217
Contracting for a Spot Speed StUdY ........oooiiiiiiiii e 2.21
RS (ST (=] 10 T 2.24

3. Traffic Volume Counts

(oo 18 o 1 o 1 3.1
Using Count Period to Determine Study Method ... 3.1
Manual Count Method ........ ..o e e e e e eeeeeeees 3.2
Automatic Count Method ............e e 3.9
Examples of Traffic Volume Count Studies .............eiiiiiiiii e 3.12
Contracting Out for a Traffic Volume Count Study ... 3.14
] (=T (=] o 3.17

4. Sight Distance

INEFOAUCTION ...ttt e e e e e e e e e e e e e e as 4.1
Intersection Sight DIiSTANCE ............uuiiiiiiiiii e 4.1
Sight Distance Study MethOds ...........oooiiiiiiiiiii e 4.4
Uncontrolled INterseCtions ..o 4.5
Intersections with Stop Sign CONrol ..........oooiiiiiiiii e 4.12
Stopping Sight DIStANCE ........eeiiiiiiiiii e 4.18
Contracting Out for a Sight Distance Study ............cccciiiiiiiiii s 4.23
REFEIENCES ...ttt 4.26

5. Crash Analysis

INEFOAUCTION ...t e e e e e e e e e e eeeeas 5.1
Key Steps to a Crash Analysis StUAY ............euuiiiiiiiiiiiii e 5.1
Example Crash Analysis StUAY ..o 5.10
Contracting Out for a Crash Analysis Study ..........ccccuuiiiiiiiii s 5.18

RETEIENCES ..o e e e e 521



6. School Zone Program

INEFOAUCTION ...ttt e e e e e e e e e e e e e e as 6.1
Responsibility for the Safety of School Pedestrians.............cccoooiiiiiiiiiiiiiiiiiieeeee 6.2
Key Steps to a School Zone Program ...........ooeeeieiiiiiii e 6.2
Example School Zone Program Study .............eeeeeiiiiiiiiii e 6.13
Contracting Out for a School Zone Program Study .............cceees 6.16
REFEIENCES ...ttt 6.19

7. Appendixes:

A. Spot Speed Study Data FOrmMS ... 71
B. Traffic Volume Count Intersection Tally Sheet............ccooiiiiiiiii 7.5
C. Sight Distance Diagram FOIM ..........oooiiiiiiiiiii e 7.6

D. Crash Analysis Field Observation Report, Software Instructions, and Guidelines .. 7.
E. Project Work Order (Contracting Out) ............eueiiiiiiiiiiiiiiieee 7.45



Intfroduction



BACKGROUND

The lowa Highway Research Board has identified the development of a simplified handbook of
transportation studies as a high priority for the state of lowa. The Center for Transportation
Research and Education (CTRE) at lowa State University was chosen to develop such a
handbook.

A well-executed, well-documented study is critical in the decision-making process for many
transportation-rel ated projects and in reporting to elected officials and members of the
community. As more research is conducted in the area of transportation, study proceduresin
many cases have become more complex. It is often difficult for local jurisdictions with limited
staff, training, experience, and time availability to perform these studies.

The most commonly used publication for traffic studies is geared toward transportation
professionals and professional engineers. That defining document, Manual of Transportation
Sudies (Institute of Transportation Engineers, 2000), is over 500 pages and includes severa
dozen types of transportation studies. Many of the transportation studies described in the manual
arerarely (if ever) used by local jurisdictions. Further, those studies that are frequently used are
at times very complex and possibly very costly to perform exactly as described. Local
jurisdictions without the staff expertise to understand and apply the manual’ s various studies
have a need for a simplified handbook of procedures to perform common traffic studies
themselves or properly define a scope of work to hire a consultant to perform the studies.

This handbook describes simplified procedures that are easy to apply and are written for all
potential users (civil engineers and traffic engineers, public works mangers, city managers and
attorneys, and the general public).

OBJECTIVES

This handbook has two primary objectives: The first objectiveisto develop a handbook of traffic
studies that is convenient for lowa jurisdictionsto usein ng traffic issues. The second
objective isto develop a series of boilerplate scopes of work that local jurisdictions can use to
hire outside consulting firms to perform traffic studies.
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CONTRIBUTIONS AND ACKNOWLEDGMENTS

One of theinitial steps taken with this manual was the formation of an advisory committee to
provide technical guidance and expertise to CTRE staff who developed the handbook. The
advisory committee islisted below alphabetically:

Steve Akes, Warren County

Greg Benedict, City of Mason City

Tim Crouch, lowa Department of Transportation
Jm George, Dallas County

Neil Hawkins, Howard R. Green Company
Randy Krauel, City of Carroll

Duane Smith, lowa State University

The advisory committee defined the studies that are most common at the local jurisdiction level
and that would provide the biggest benefits if presented in a handbook of simplified practice. In
several periodic meetings, members of this voluntary committee offered insights and
recommendations for content, presentation, and applicability of the procedures described.

The study team would also like to thank the lowa Highway Research Board for sponsoring this
important project.

IDENTIFIED COMMON TRAFFIC STUDIES
This handbook is organized into chapters, one chapter for each of the studies presented:

Spot Speed

Traffic Volume Counts
Sight Distance

Crash Analysis

School Zone Program

Each chapter includes an introduction to the study type, step-by-step instructions for each
common method of conducting the study, real-world examples, a model project work order for
contracting out, and references.

Appendixes provide additional resources and blank data-collection forms and project work
orders that can be used or modified by local jurisdictions.
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Spot Speed

. Determine the issue at hand

Select StUdy Methodology ] . . Does the study require a small or large sample
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3. Select the stopwatch, radar meter, or pneumatic
road tube method

. Select the proper location

1
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4. Complete the pre-study documentation

] 1. Collect the data
Complete StUdy P> 2. Evaluate the data
J 3. Calculate the speed percentiles

— N N N /Y

Document 2. File the report

3. Communicate the results
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INTRODUCTION

Speed is an important transportation consideration because it relates to safety, time, comfort,
convenience, and economics. Spot speed studies are used to determine the speed distribution of a
traffic stream at a specific location. The data gathered in spot speed studies are used to determine
vehicle speed percentiles, which are useful in making many speed-related decisions. Spot speed
data have a number of safety applications, including the following (Robertson 1994):

1. Determining existing traffic operations and evaluation of traffic control devices
a. Evauating and determining proper speed limits
Determining the 50th and 85th speed percentiles (explained below)
Evaluating and determining proper advisory speeds
Establishing the limits of no-passing zones
Determining the proper placements of traffic control signs and markings
Setting appropriate traffic signal timing
stabllshl ng roadway design elements
Evaluating and determining proper intersection sight distance (for more
information refer to Chapter 4 in this handbook)
b. Evaluating and determining proper passing sight distance (for more information
refer to Chapter 3 inthe AASHTO Green Book)
c. Evauating and determining proper stopping sight distance (for more information
refer to Chapter 4 in this handbook)
3. Assessing roadway safety questions
a. Evauating and verifying speeding problems
b. Assessing speed as a contributor to vehicle crashes
c. Investigating input from the public or other officials
4. Monitoring traffic speed trends by systematic ongoing speed studies
5. Measuring effectiveness of traffic control devices or traffic programs, including signs
and markings, traffic operational changes, and speed enforcement programs

mo+oooo

©

For a spot speed study at a selected location, a sample size of at least 50 and preferably 100
vehiclesis usually obtained (Ewing 1999). Traffic counts during a Monday morning or a Friday
peak period may show exceptionally high volumes and are not normally used in the analysis;
therefore, counts are usually conducted on a Tuesday, Wednesday, and Thursday. Spot speed
data are gathered using one of three methods: (1) stopwatch method, (2) radar meter method, or
(3) pneumatic road tube method. These methods are described in this chapter in order from least
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expensive to most expensive. The stopwatch method is the least expensive and |east accurate of

the methods.

SPEED PERCENTILES AND HOW TO USE THEM

Speed percentiles are tools used to determine effective and adequate speed limits. The two speed
percentiles most important to understand are the 50th and the 85th percentiles. The 50th
percentile is the median speed of the observed data set. This percentile represents the speed at
which half of the observed vehicles are below and half of the observed vehicles are above. The
50th percentile of speed represents the average speed of the traffic stream. The 85th percentileis
the speed at which 85% of the observed vehicles are traveling at or below. This percentileis used
in evaluating/recommending posted speed limits based on the assumption that 85% of the drivers
are traveling at a speed they perceive to be safe (Homburger et a. 1996). In other words, the 85th
percentile of speed is normally assumed to be the highest safe speed for a roadway section.
Weather conditions may affect speed percentiles. For example, observed speeds may be slower

in rainy or snowy conditions.

A frequency distribution table is a convenient way to determine speed percentiles. An exampleis
givenin Table 2.1. The frequency of vehiclesisthe number of vehicles recorded at each speed.
The cumulative frequency isthe total of each of the numbers (frequencies) added together row
by row from lower to higher speed. The fourth column is a running percentage of the cumulative

frequency.

Table 2.1. Example Frequency Distribution Table

Frequency of Cumulative Cumulative Speed

Speed (mph) Vehicles Frequency Per cent Per centile

15 1 1 1%

18 2 3 3%

21 6 9 9%

24 12 21 21%

27 13 23 23%

30 20 54 54% 50th

33 18 72 72% |

36 14 86 86% 85th
39 6 02 92%
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42 6 98 98%
45 99 99%
48 1 100 100%

The 50th and 85th speed percentiles are determined from the cumulative percent column. For the
example datain Table 2.1, the 50th percentile falls between 27 and 30 mph and the 85th

percentile falls between 33 and 36 mph. The calculation of speed percentilesis easier if asample
size of 100 vehiclesis collected. When the sample size equals 100 vehicles, the cumulative

frequency and cumulative percent are the same.

As can be observed from Table 2.1, the exact 50% and 85% (50th and 85th percentiles) are not
found in the cumulative percent column. To reach these exact percentages, acalculation is
completed using percentages and speeds from the distribution table. Shown below is the equation
for calculating speed percentiles:

P, -P,
D min (S

S =_£ mn
D max
Pmax - Pmin

- Smin) + Smin ) (21)
where S, =speed at P,, P,= percentiledesired, P .= higher cumulative percent, P,;,= lower

cumulative percent, S = higher speed, and S ,;, = lower speed.

Example speed percentile calculations follow, using the example frequency distribution table in
Table 2.1. The 50th percentile of speed ( P, = 50%) falls between 27 and 30 mph (see Table 2.1),

s0 S, .. =30mphand S, =27 mph. The higher cumulative percent (P, ) is 54%, and the

lower cumulative percent ( P,,,) is 23%. Therefore, tofind S, at P, = 50%,

_50% —23%

= 54% — 230 (30 mph —27 mph) + 27 mph = 29.6 mph.
(U 0

D
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The 85th percentile of speed ( P, = 85%) falls between 33 and 36 mph (see Table2.1),s0 S, =

max

36 mphand S, .. = 33 mph. The higher cumulative percent (P, ) is86%, and the lower

max

cumulative percent (P,,) is72%. Tofind S, at P, in thiscase (85th percentile of speed),

_85%—72%

= 69— 700, 0 mph — 33 mph) +33mph =358 mph.
(U o

D

(1) STOPWATCH METHOD

The stopwatch method can be used to successfully complete a spot speed study using a small
sample size taken over arelatively short period of time. The stopwatch method isa quick and

inexpensive method for collecting speed data.

Preparation Checklist for a Stopwatch Spot Speed Study

When preparing for a spot speed study using a stopwatch, use the checklist in Table 2.2. The

checklist may be modified or expanded as necessary.

Table 2.2. Stopwatch Spot Speed Study Preparation Checklist

Step v When Complete Notes

Obtain stopwatch

Obtain backup stopwatch

Obtain 50-100 foot tape

Obtain data collection forms

Obtain hardhat and safety vest

Obtain brightly colored reference posts

Select time and day

Contact local law enforcement

Other:

If an agency does not possess the equipment necessary to complete a spot speed study using a
stopwatch, it may be obtained from the lowa DOT, another jurisdiction, or aresponsible

consulting firm.
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Key Steps to a Stopwatch Spot Speed Study

A stopwatch spot speed study includes five key steps:

1. Obtain appropriate study length.

2. Select proper location and layout.

3. Record observations on stopwatch spot speed study data form.

4. Calculate vehicle speeds.

5. Generate frequency distribution table and determine speed percentiles.

Obtain Appropriate Study Length

The study length isimportant because it is used in the calculation of vehicle speeds. Table 2.3
provides recommended study lengths, which are based on the average speed of the traffic stream.
Using these recommended study lengths makes speed cal culations straightforward and less
confusing. If these lengths are not appropriate, another length can be used assuming it islong

enough for reliable observer reaction times.

Table 2.3. Recommended Spot Speed Study Lengths

Traffic Stream Average Speed Recommend((fegets)tudy Length
Below 25 mph 88
2540 mph 176
Above 40 mph 264

Select Proper Location and Layout

Figure 2.1 illustrates atypical layout for conducting a spot speed study using a stopwatch. When
selecting alocation and layout, care must be exercised so that the observer can clearly see any
vertical reference posts. The observer should be positioned higher than the study area and be
looking down. The position could be on a bridge or aroadway back slope. The observer should
use reference points to aid in collecting the elapsed time it takes a vehicle to travel through the
study area. The reference point to start timing may be a brightly colored vertical post. The
reference point to end timing may be atree or asignpost in the observer’s sight line. An accurate
sketch of the site should be documented, including number of lanes, position of observer, and

description of reference points (see Figure 2.1 for an example).
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Brightly Colored
Observer Reference Post

i ™~

Study Length

A

Approaching Vehicle

End Timing Start Timing

Figure 2.1. Stopwatch Spot Speed Study L ayout

Record Observations on Stopwatch Spot Speed Data Form

On the stopwatch spot speed dataform (ablank form is provided in Appendix A.1), the observer
records the date, location, posted speed limit, weather conditions, start time, end time, and down
time. Asthe front wheels of a vehicle (or only the lead vehicle in agroup) cross a mark or
pavement crack at the beginning of the predetermined study length, the observer starts the
stopwatch. The watch is stopped when the vehicle' s front wheels pass areference line in front of

the observer. A dlash isrecorded on the data form corresponding to the elapsed time observed.

Calculate Vehicle Speeds
To calculate vehicle speed, use the predetermined study length and the elapsed time it took the

vehicle to move through the course (as recorded on the stopwatch data form) in the following
formula (Robertson 1994):

D
— 2.2
1.47T 3

where V = spot speed (mph), D = length (feet), and T = elapsed time (seconds). In the equation,
1.47 isaconstant that converts units of feet per second into miles per hour. For example, if the
spot speed study length is 100 feet and the motorist’s elapsed time is 2.5 seconds, the motorist is
traveling at
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100 feet
1.47(2.5 seconds)

= 27 mph.

Generate Frequency Distribution Table and Determine Speed Percentiles

Determine the 50th and 85th speed percentiles using a frequency distribution table and

calculations as described earlier.

Example Stopwatch Spot Speed Study

The city of Cottonwood Glen received a complaint of afternoon traffic speeding in aresidential
area. The city suspected this was related to students leaving a nearby high school. The first action
taken by the city wasto quantify the facts by conducting a spot speed study. The city decided to

use the stopwatch method because of their limited resources.

A location was selected near the intersection of 4th Street and University Avenue, approximately
two blocks from the high school and where the city had received multiple speeding complaints
from residents. The posted speed limit is 30 mph. The study was conducted on a Wednesday and
started at 3:00 p.m. The time was selected to correspond to the period when most high school
students leave the school. The study continued until a sample size of 100 vehicles was measured.
The study length of 176 feet was used because the posted speed limit is between 25 and 40 mph,
asshown in Table 2.3. The study layout isillustrated in Figure 2.2.
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Figure 2.2. Example Stopwatch Spot Speed Study L ayout

The vertical reference point isthe “begin timing” reference. A treeisthe “stop timing” reference
point. This vertical reference point helps with the accuracy of timing by providing aline-of-sight
to aid the observer. The results of the study are shown in Figure 2.3 (dataform) and Table 2.4
(distribution table). Figure 2.3 shows elapsed time in predetermined 0.2-second intervals
(Robertson 1994).

The study shows that the 50th percentile or median speed falls between 27.2 and 28.9 mph, and
the 85th percentile of speed falls between 33.3 and 35.2 mph. Equation 2.1 is used to find the
exact speeds for the 50th and 85th percentiles of speed. For the 50th percentile of speed, P,=

50%, P

m

= 54%, P,=41%, S . =289 mph,and S, = 27.2 mph, so

50% —-41%

= 5295 —a1v, 28-9mph —27.2mph) +27.2 mph =28.4 mph.
0 0

D

For the 85th percentile of speed, P, =85%, P, =92%, P,;,=83%, S, =352mph,andS,,, =
33.3 mph, so

_ 85%-83%

- 929, —83% (352 mph -333 mph) +33 mph =334 mph
o 0

D
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Date: MM/DD/YY Start Time: 1500

Name: John Doe End Time: 1545

Location: 4th Street and University Avenue ~ Down Time: N.A.

Speed Limit: 30 mph Weather: Clear

Passenger
Seconds T7p6hfg Vehicles Buses Trucks Total
Record | No. | Record | No. | Record | No.

1.0 120.0
1.2 100.0
1.4 85.7
1.6 75.5
1.8 66.6
2.0 60.0
2.2 54.5
24 50.0
2.6 46.1
2.8 42.8 I 1 1
3.0 40.0 I 1 1
3.2 37.5 Tt | 6 6
34 35.2 [l 9 9
3.6 33.3 N 8 Il 2 10
3.8 31.5 T 1l 8 I 2 10
4.0 30.0 'y 6 Il 3 9
4.2 28.9 A 10 | 1ll 3 13
4.4 27.2 Y I 9 I 2 11
4.6 26.1 NI 7 Il 2 9
4.8 25.0 T 7 | 1 8
5.0 24.0 [l 4 |1 1 |l 2 7
5.2 23.0 I 1 1
54 22.2 I 2 1 1 2
5.6 21.4 Il 3 3
5.8 20.6
6.0 20.0
6.2 19.3
6.4 18.7
6.6 18.1
6.8 17.6
7.0 17.1

Total 100

Figure 2.3. Example Stopwatch Spot Speed Study Data Form
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Table 2.4. Example Stopwatch Spot Speed Study Distribution Table

Speed Frequency of Cumulative Cumulative
(mph) Vehicles Frequency Per cent
214 3 3 3%
22.2 2 5 5%
23 1 6 6%
24 7 13 13%
25 8 21 21%
26.1 9 30 30%
27.2 11 41 41%
28.9 13 54 54%
30 9 63 63%
315 10 73 73%
33.3 10 83 83%
35.2 9 92 92%
37.5 6 98 98%
40 1 99 99%
42.8 1 100 100%

Speed
Per centile

A 5-mph rule of thumb is sometimes used to determine whether the 85th percentile of speed is

too high compared to the posted speed limit. If the 85th percentile of speed is5 mph or more
above the posted speed limit, the situation should be evaluated. In this case, the 85th percentile

of speed was 3.4 mph above the posted speed limit, so speeding may not have been an issue. If

the 85th percentile of speed would have been 5 mph or more above the posted speed limit, the

following actions could have been considered:

Adjust the posted speed limit.
Increase speeding enforcement.
Initiate traffic calming measures.
Conduct public awareness efforts.

2.10
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(2) RADAR METER METHOD

A radar meter isacommonly used device for directly measuring speeds in spot speed studies
(see Figure 2.4). This device may be hand-held, mounted in a vehicle, or mounted on atripod.
The effective measuring distance for radar meters ranges from 200 feet up to 2 miles (Parma
2001). A radar meter requires line-of-sight to accurately measure speed and is easily operated by
one person. If traffic is heavy or the sampling strategy is complex, two radar units may be
needed.

Figure 2.4. Radar Meter

Different sized vehicles and the detection of the observation vehicle may affect radar readings
(Currin 2001). Large vehicles such as trucks and buses send the strongest return signal to the
radar meters and as aresult smaller vehicles may not be detected. If thereis apresence of large
vehicles, the observer may need to record the speeds of vehicles that are alone. Also, some
vehicles are equipped with radar detectors to warn them that aradar unit is operating in their
vicinity. Drivers will slow down when warned by a detector. It is not unusual for other driversto
slow down also. This slowing will affect the study results. The radar unit may be turned off

while not in use so radar detectors cannot detect it.
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Radar Meter Spot Speed Study Preparation Checklist

When preparing for a spot speed study using aradar meter, use the checklist in Table 2.5. The

checklist may be modified or expanded as necessary.

Table 2.5. Radar Meter Spot Speed Study Preparation Checklist

Step v When Complete Notes

Obtain radar meter

Read instructions and safety directions for the radar meter

Obtain backup battery

Obtain tripod to support radar meter

Create data collection forms

Obtain hardhat and safety vest

Select time and day

Contact local law enforcement

Other:

Because of its cost, aradar meter may be the most difficult piece of equipment for an agency to
obtain. A radar meter can be purchased, or one may be obtained (rented or borrowed) from a

local law enforcement agency.

Key Steps to a Radar Meter Spot Speed Study

A radar meter spot speed study includes four key steps:

1. Select proper location and placement of radar meter.

2. Determine an appropriate selection strategy.

3. Record observations on radar meter spot speed study data form.

4. Generate frequency distribution table and determine speed percentiles.

Select Proper Location and Placement of Radar Meter

Proper placement of the radar meter at the study areais critical. The positioning of the radar unit
is determined by the capabilities of the radar unit (aslisted in the users' manual). The unit should
also be concealed from the view of motorists. Effective ranges may be up to 2 miles, but as the

distance increases the effectiveness decreases (Robertson 1994). The least accurate position,
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which often resultsin no readings at all, is obtained when the meter is aimed at a 90-degree angle
to the roadway centerline (Homburger et al. 1996). An accurate sketch of the site should be

documented, including number of lanes, position of observer, and description of reference points.

Determine an Appropriate Selection Strategy

Except for studies conducted under low-volume conditions, it isimpossible to obtain aradar
measurement for every vehicle. For peak flow analysis, speeds are measured during the peak
period. For assessing general speed trends or for setting speed limits, off-peak measurements are

more appropriate.

The selection of the target vehicle that represents the vehicle population under study is also
important. A good question to ask is, “What type or types of vehicles are of concern—cars,
trucks, buses, or others?’ Typically cars, station wagons, pickup and panel trucks, and
motorcycles are classified as passenger cars. Other trucks and buses are classified as trucks.
School buses and farm equipment may be recorded separately. When the target vehicleis
defined, a selection strategy is developed to provide arandom sample. A random sample will
reduce the tendency to select the vehicles that stand out. For example, the observer could obtain

a speed reading from every fourth vehicle or every tenth vehicle.

Record Observations on Radar Meter Spot Speed Data Form

On the radar meter spot speed data form (a blank form is provided in Appendix A.2), the
observer records the date, location, posted speed limit, weather conditions, start time, end time,
and down time. A slash isrecorded on the data form corresponding to speed observed for each
selected vehicle (or only the lead vehicle in agroup) under the appropriate vehicle-type

classification.

Generate Frequency Distribution Table and Determine Speed Percentiles

Determine the 50th and 85th speed percentiles using a frequency distribution table and

calculations as described earlier.
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Example Radar Meter Spot Speed Study

The city of Mclntyre noticed a high number of traffic crashesin the morning along Main Street.
The city decided to conduct a spot speed study to see how vehicle speeds compared to the posted
speed limit. The police department offered their radar meter to be used and so the city decided to
use the radar meter method to conduct the spot speed study. The city determined they would not
need assistance from local law enforcement personnel. The study was conducted from within a

vehicle, so ahardhat and safety vest were not required.

The city decided to conduct the study near the corner of 6th Street and Main Street, the
intersection where alarger number of the crashes were occurring. The posted speed limit on
Main Street is 35 mph. The study was conducted on a Thursday, from 7:00 am. to 7:25 am. The
time period was chosen to capture morning commutes to the local high school and to work. A
sample size of 100 was recorded. The study layout isillustrated in Figure 2.5. The observer used
atree to conceal the observation vehicle from the target vehicles. The results of the study are
shown in Figure 2.6 (data form) and Table 2.6 (distribution table).

Main Street

Target Vehicle

Observer

Tree usedto conceal With Radar

observer

Figure 2.5. Example Radar Meter Spot Speed Study L ayout
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Date: MM/DD/YY

Name: John Doe

Location: 6th Street and Main Street
Speed Limit: 35 mph

Start Time: 0700
End Time: 0725
Down Time: N.A.
Weather: Clear

Speed

Passenger Vehicles

Buses

Trucks

Record

No.

Record

No. Record

No.

Total

15

16

17

18

19

20

21

N
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/

|
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/
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L

40

41
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44
45
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46

47

=
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48
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Total

100

Figure 2.6. Example Radar Meter Spot Speed Study Data Form
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Table 2.6. Example Radar Meter Spot Speed Distribution Table

Speed Frequency of Cumulative Cumulative
(mph) Vehicles Frequency Per cent

21 2 2 2%

22 1 3 3%

23 3 6 6%

24 4 10 10%
25 1 11 11%
26 3 14 14%
27 3 17 17%
28 2 19 19%
29 7 26 26%
30 3 29 29%
31 3 32 32%
32 5 37 37%
33 3 40 40%
34 5 45 45%
35 8 53 53%
36 6 59 59%
37 8 67 67%
38 4 71 71%
39 6 77 T7%
40 4 81 81%
41 7 88 88%
42 3 91 91%
43 2 93 93%
44 4 97 97%
45 2 99 99%
47 1 100 100%

Speed
Per centile

The study shows the 50th percentile or median speed was between 34 and 35 mph, and the 85th
percentile of speed was between 40 and 41 mph. Equation 2.1 is used to find the exact speeds for
the 50th percentile of speed and the 85th percentile of speed. For the 50th percentile of speed,

P,=50%, P =53%, P,,=45%, S . =35mph, and S, =34 mph, so

50% —45%
53% —45%

D

(35 mph — 34 mph) + 34 mph = 34.6 mph.
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For the 85th percentile of speed, P,=85%, P, =88%, P . =81%, S, . =41 mph,adS, =

m

40 mph, so

_85%-81%

= 28% _g1o; (r1mph — 40 mph) +40 mph = 40.6 mph.
(U o

D
A 5-mph rule of thumb is sometimes used to determine whether the 85 percentile of speed istoo
high compared to the posted speed limit. If the 85th percentile of speed is 5 mph or more above
the posted speed limit, the situation should be evaluated. In this case, the 85th percentile of speed
was 5.6 mph above the posted speed limit, so speeding may be an issue. This situation should be

considered for further evaluation. The following actions may be considered:

Adjust the posted speed limit.
Increase speeding enforcement.
Initiate traffic calming measures.
Conduct public awareness efforts.

Information on contracting for a spot speed study, including a project work order using the city

of Mclntyre example, is provided near the end of this chapter.

(3) PNEUMATIC ROAD TUBE METHOD

The pneumatic road tube method is normally used for longer data collection time periods than
those of either the stopwatch or radar meter method. Using this method, pneumatic tubes are
placed in the travel lanes (see Figure 2.7) and are connected to recorders located at the side of the
road (see Figure 2.8).
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Figure 2.8. Road Tubes and Recor der

The automatic recorders are capable of storing large amounts of individual vehicle data or even
larger amounts of vehicle classification data. The collected data are downloaded from the
recorder to alaptop computer or portable floppy disk drivein the field, or via telephone modem
to acentrally located computer.
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Pneumatic Road Tube Spot Speed Study Preparation
Checklist

When preparing for a spot speed study using pneumatic road tubes, use the checklist in Table
2.7. The checklist may be modified or expanded as necessary.

Table 2.7. Pneumatic Road Tube Spot Speed Study Preparation Checklist

Step v When Complete Notes

Obtain equipment

Read users’ manual

Obtain measuring tape for spacing tubes

Obtain software

Obtain scissors for trimming tubes

Select method for attaching tubes to the roadways

Obtain recorders

Obtain new batteries for recorders

Obtain hardhat and safety vest

Select time and day

Select location

Involve corresponding jurisdiction to provide traffic control

Other:

Pneumatic road tube spot speed studies require specialized equipment and knowledge of how to
maintain the equipment. Few jurisdictions have the equipment to adequately complete this study;
most jurisdictions require assistance from the lowa DOT or a consulting firm. Information on
contracting for a spot speed study, including a project work order example, is provided near the

end of this chapter.

Key Steps to a Pneumatic Road Tube Spot Speed Study

A pneumatic road tube spot speed study includes four key steps (Robertson 1994):

1. Perform necessary office preparations.

2. Deploy and calibrate data collection equipment.

3. Check data and retrieve equipment.

4. Generate frequency distribution table and determine speed percentiles.

Spot Speed 2.19



Perform Necessary Office Preparations

During office preparations, coordinate all data collection activities with appropriate state and
local officials, including transportation, traffic, and law enforcement agencies. For example, you
may coordinate with state or local officialsin obtaining traffic control for the deployment and
recovery of equipment. The field team must be briefed on the data collection process to ensure
that all observers are collecting the same type of data. The team should assemble and inspect all

tools, supplies, and equipment. Each piece of equipment should be tested in advance of using.

Deploy and Calibrate Data Collection Equipment

The road tubes are prepared on the roadside to minimize the time each traffic lane is closed.
Workers then place the road tubes across the lanes. The location of the tubes should be outside
the influence of other factors such as an intersection, major access points, etc. The separation of
the pneumatic tubes should be 2—15 feet. For the specific spacing of the pneumatic tubes refer to
the users manual. Traffic control should be provided to protect the crew. After placing, the crew
should make sure that the tubes are functioning properly. Finally, the crew can secure the road

tubes to the pavement. To avoid theft, the recorder should be secured.

Check Data and Retrieve Equipment

The accuracy of the equipment in measuring the speeds of the traffic stream should be checked.
The recorder first measures the elapsed time it takes the vehicle to pass over the tubes. Then this
time interval is converted to the corresponding spot speed. The elapsed time can be checked with
a stopwatch. The crew can adjust the recorder until the correct speeds are being recorded. It is
advisable to check the function and accuracy of the equipment at least once during every 24-hour
data collection period. When the data collection period has ended, the recorded data should be
checked again for accuracy. Crews recover data collection equipment by reversing the process

they used to deploy it.

Generate Frequency Distribution Table and Determine Speed Percentiles

Determine the 50th and 85th speed percentiles using a frequency distribution table and

calculations as described earlier.
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CONTRACTING FOR A SPOT SPEED STUDY

Information Gathering

Before ajurisdiction contacts an engineering consulting firm to perform a spot speed study, a
variety of information may need to be collected. Any available information may aid the
consulting firm in adequately completing the study. The following isalist of possible

information that an engineering consulting firm may request:

written description of the issue at hand
map of posted speed limitsin the area
preliminary speed studies

proposed future land use changes
documented citizen input

location map

appropriate contact persons

any other relevant information

The following project work order may assist local governments in contracting to an engineering
firm. The example project work contains information from the radar method example (a blank
formisprovided in Appendix E).
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Project Work Order: Spot Speed Study

Referenced Agreement

Thiswork order is part of an agreement between KWB Consulting and the city of Mclntyre for municipal
engineering services.

Project Location Description

Thiswork involves conducting a spot speed study near the location of 6th Street and Main Street in Mclntyre. A
map depicting the location is attached.

Obligation of the City/County

The city shall provide the following items to the consultant: map of post speed limits, preliminary spot speed
studies, and list of important contacts.

Scope of Consultant Services

Thiswork includes gathering and eval uating spot speed data. The 85th percentile of speed will be calculated along
with recommendations for improvement of the study areaif needed.

Schedule

Field meeting date:
Estimated date of preliminary deliverable:
Estimated date of final deliverable:

Compensation
Labor cost $
Direct expenses $
Subcontractor cost $
Overhead $
Maximum payable $
Authorization
City of Mclntyre KWB Consulting
City/County Contractor
City/County Administrator Project Manager’s Name/Title
Signature Signature
Date Date
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INTRODUCTION

Traffic volume studies are conducted to determine the number, movements, and classifications of
roadway vehicles at a given location. These data can help identify critical flow time periods,
determine the influence of large vehicles or pedestrians on vehicular traffic flow, or document
traffic volume trends. The length of the sampling period depends on the type of count being
taken and the intended use of the data recorded. For example, an intersection count may be
conducted during the peak flow period. If so, manual count with 15-minute intervals could be
used to obtain the traffic volume data.

USING COUNT PERIOD TO DETERMINE STUDY
METHOD

Two methods are available for conducting traffic volume counts: (1) manual and (2) automatic.
Manual counts are typically used to gather datafor determination of vehicle classification,
turning movements, direction of travel, pedestrian movements, or vehicle occupancy. Automatic
counts are typically used to gather datafor determination of vehicle hourly patterns, daily or
seasonal variations and growth trends, or annual traffic estimates.

The selection of study method should be determined using the count period. The count period
should be representative of the time of day, day of month, and month of year for the study area.
For example, counts at a summer resort would not be taken in January. The count period should
avoid special event or compromising weather conditions (Sharma 1994). Count periods may
range from 5 minutes to 1 year. Typical count periods are 15 minutes or 2 hours for peak periods,
4 hours for morning and afternoon peaks, 6 hours for morning, midday, and afternoon peaks, and
12 hours for daytime periods (Robertson 1994). For example, if you were conducting a 2-hour
peak period count, eight 15-minute counts would be required.

The study methods for short duration counts are described in this chapter in order from least
expensive (manual) to most expensive (automatic), assuming the user is starting with no
equipment.
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(1) MANUAL COUNT METHOD

Most applications of manual counts require small samples of data at any given location. Manual
counts are sometimes used when the effort and expense of automated equipment are not justified.
Manual counts are necessary when automatic equipment is not available.

Manual counts are typically used for periods of less than aday. Normal intervals for amanual
count are 5, 10, or 15 minutes. Traffic counts during a Monday morning rush hour and a Friday
evening rush hour may show exceptionally high volumes and are not normally used in analysis;
therefore, counts are usually conducted on a Tuesday, Wednesday, or Thursday.

Manual Count Recording Methods

Manual counts are recorded using one of three methods: tally sheets, mechanica counting
boards, or electronic counting boards.

Tally Sheets

Recording data onto tally sheetsis the ssmplest means of conducting manual counts. The data
can be recorded with atick mark on a pre-prepared field form. A watch or stopwatch is necessary
to measure the desired count interval. A blank traffic volume count intersection tally sheet is
provided in Appendix B.

Mechanical Counting Boards

Mechanica count boards consist of counters mounted on a board that record each direction of
travel. Common counts include pedestrian, bicycle, vehicle classification, and traffic volume
counts. Typical counters are push button devices with three to five registers. Each button
represents a different stratification of type of vehicle or pedestrian being counted. The limited
number of buttons on the counter can restrict the number of classifications that can be counted on
agiven board. A watch or a stopwatch is also necessary with this method to measure the desired
count interval. See Figure 3.1 for an example mechanical counting board.
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Figure 3.1. Mechanical Counting Board

Electronic Counting Boards

Electronic counting boards are battery-operated, hand-held devices used in collecting traffic
count data. They are similar to mechanical counting boards, but with some important differences.
Electronic counting boards are lighter, more compact, and easier to handle. They have an internal
clock that automatically separates the data by time interval. Special functions include automatic
data reduction and summary. The data can also be downloaded to a computer, which saves time.
See Figure 3.2 for an example electronic counting board.
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Figure 3.2. Electronic Counting Board

Manual Count Study Preparation Checklist

When preparing for amanual count study, use the checklist in Table 3.1. This checklist may be
modified or expanded as necessary.

Table 3.1. Manual Count Study Preparation Checklist

Step Vv When Complete Notes

Obtain tally sheet or counting board

Obtain watch

Obtain hardhat and safety vest

Sdlect location

Select time and day

Determine availability of recorders

Contact other jurisdictions/schools

Contact adjacent residents/businesses

Other:

If an agency does not possess the equipment necessary to complete a manual count study, it may
be obtained from the lowa DOT, ancther jurisdiction, or aresponsible consulting firm.
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Personnel Involved in a Manual Count Study

The size of the data collection team depends on the length of the counting period, the type of
count being performed, the number of lanes or crosswalks being observed, and the volume level
of traffic (Robertson 1994). The number of personnel needed also depends on the study data
needed. For example, one observer can record certain types of vehicles while another counts total
volumes.

Observers conducting manual traffic counts must be trained on the study purpose. To avoid
fatigue, observers must be relieved periodically. Every 2 hours observers should take a 10 to 15
minute break.

Key Steps to a Manual Count Study

A manual count study includes three key steps:

1. Perform necessary office preparations.
2. Select proper observer location.
3. Label data sheets and record observations.

Perform Necessary Office Preparations

Office preparations start with areview of the purpose of the manual count. This type of
information will help determine the type of equipment to use, the field procedures to follow, and
the number of observers required. For example, an intersection with multiple approach lanes may
require electronic counting boards and multiple observers.

Select Proper Observer Location

Observers must be positioned where they have a clear view of the traffic. Observers should be
positioned away from the edge of the roadway. If observers are positioned above ground level
and clear of obstructions they usually have the best vantage point. Visual contact must be
maintained if there are multiple observers at asite. If views are unobstructed, observers may
count from inside a vehicle.
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Label Data Forms and Record Observations

Manual counts may produce alarge number of dataforms; therefore, the data forms should be
carefully labeled and organized. On each tally sheet (ablank tally sheet is provided in Appendix
B), the observer should record the location, time and date of observation, and weather conditions.
Follow the data recording methods discussed earlier.

Example Manual Count Study

Smith City was considering aland use change on one of its city blocks. The proposal was to
remove four houses and construct an apartment complex (see Figure 3.3). This proposed land use
change would affect traffic volume. The city wanted to document the traffic volumes at the
closest intersection during the peak flow period of the day. The study was conducted at the
intersection of 7th Street and Delaware Avenue, an uncontrolled intersection. The time period
chosen, 7:00 am. to 9:00 am., included the morning peak flow.

Apartment Complex

Tth Straest

Delaware Avenue D

Figure 3.3. Example Proposed Apartment Complex and I nter section
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The city decided to conduct a manual traffic count using the tally sheet method because they did
not have access to a mechanical or electronic counting board. The example tally sheet in Figure
3.4 shows one 15-minute count. There were 71 westbound vehicles on Delaware Avenue. If you
multiply this number by eight (eight 15-minute periods in a 2-hour peak flow), you arrive at 586
vehicles during the peak flow. Typically 2-hour peak flow counts would be conducted once in
the morning and once in the afternoon.

If an apartment complex isintroduced, another study may need to be conducted. The apartment
complex could increase the traffic volume. If the traffic volume is increased, there may be a need
for new traffic control. Theinitial study provides a baseline count that can be used in atraffic
impact analysis or atraffic control device evaluation. The Manual on Uniform Traffic Control
Devices provides current standards on traffic control device warrants.

Information on contracting for a traffic volume count study, including a project work order using
the Smith City example, is provided near the end of this chapter.

Traffic Volume Counts 3.7



s-mememmnns, |NErS@CtION VOlume Count

motarcyles andpick-uptrucks
Tucks=dher rucksandbuses (Record

schod buseswithSB)
Time __0700 to 0715
N/S Street _ 7th Street Date _ MM/DD/YY
E/W Street Delaware Avenue Weather Clear
Inersection Control None Observer _John Doe rorth

THL
I

TR TTHL

Cars Trucks f
l 21- 5%

THL
THL

Cars h’rucks

Cars  Trucks ’ 1-10% l 19-27% t Trucks| Cars
|
|
L ' 7-425% TSB | MHL T
} Cars "Trucks Cars }Trucks ‘ } T
| |
} L 15-21% | PHL L }
| | €« | |
1 } — } }
| | | |
LR ; ; | M\H\H\
[ ARG
! o I
i 32- 46% W\H\L ‘
! . i
Cars fTrucks ) 3- 0% 1 - 2% ( Trucks i Cars
Cars  Trcks
€ w |
9 i _45%
6- 9% \H\H\ \H\H\i 31-45% _
Trucks' = Cars T N‘H\i Cars  Trucks
THL THA —
SB THL [ T
TP

Figure 3.4. Example Manual Intersection Volume Count Tally Sheet

Traffic Volume Counts



(2) AUTOMATIC COUNT METHOD

The automatic count method provides a means for gathering large amounts of traffic data.
Automatic counts are usually taken in 1-hour intervals for each 24-hour period. The counts may
extend for aweek, month, or year. When the counts are recorded for each 24-hour time period,
the peak flow period can be identified.

Automatic Count Recording Methods

Automatic counts are recorded using one of three methods: portable counters, permanent
counters, and videotape.

Portable Counters

Portable counting is aform of manual observation. Portable counters serve the same purpose as
manual counts but with automatic counting equipment. The period of data collection using this
method is usually longer than when using manual counts. The portable counter method is mainly
used for 24-hour counts. Pneumatic road tubes are used to conduct this method of automatic
counts (see Figure 3.5). Specific information pertaining to pneumatic road tubes can be found in
the users’ manual.

Figure 3.5. Pneumatic Road Tube and Recor der
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Permanent Counters

Permanent counters are used when long-term counts are to be conducted. The counts could be
performed every day for ayear or more. The data collected may be used to monitor and evaluate
traffic volumes and trends over along period of time. Permanent counters are not a cost-effective
option in most situations. Few jurisdictions have access to this equipment.

Videotape

Observers can record count data by videotaping traffic. Traffic volumes can be counted by
viewing videotapes recorded with a camera at a collection site. A digital clock in the video image
can prove useful in noting time intervals. Videotaping is not a cost-effective option in most
situations. Few small jurisdictions have access to this equipment.

Automatic Count Study Preparation Checklist

When preparing for an automatic count study, use the checklist in Table 3.2. This checklist may
be modified or expanded as necessary.

Table 3.2. Automatic Count Study Preparation Checklist

Step v When Complete Notes

Obtain equipment

Read users' manual

Obtain measuring tape for spacing tubes

Obtain software

Obtain scissors for trimming tubes

Select method for attaching tubes to the roadways

Obtain recorders

Obtain new batteries for recorders

Obtain hardhat and safety vest

Select time and day

Select location

Involve corresponding jurisdiction to provide traffic control

Notify the jurisdiction’s roadway sweeper
(to avoid potential damage to road tubes)

Other:

Note: Replace road tube equipment with video recorder and videotapesif applicable.
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Automatic count studies require specialized equipment and knowledge of how to maintain the
equipment. Few jurisdictions have the equipment to adequately complete this study; most
jurisdictions require assistance from the lowa Department of Transportation or an engineering
consulting firm. Information on contracting out for a traffic volume count study, including a
project work order example, is provided near the end of this chapter.

Key Steps to an Automatic Count Study

An automatic count study includes three key steps (Robertson 1994):

1. Perform necessary office preparations.
2. Deploy and calibrate data collection equipment.
3. Check data and retrieve equipment.

Perform Necessary Office Preparations

During office preparations, coordinate all data collection activities with appropriate state and
local officials, including transportation, traffic, and law enforcement agencies. For example, you
may coordinate with state or local officials in obtaining traffic control for the deployment and
recovery of equipment. The field team must be briefed on the data collection process to ensure
that all observers are collecting the same data type. The team should assemble and inspect all
tools, supplies, and equipment. Each piece of equipment should be tested.

Deploy and Calibrate Data Collection Equipment

The portable counter method using pneumatic road tubes is described here since the other
methods are not cost-effective for jurisdictionsin most automatic count study situations. The
road tubes are prepared on the roadside to minimize the time each traffic laneis closed. Workers
then place the road tubes across the lanes. The location of the tubes should be outside the
influence of other factors such as an intersection, major access points, etc. Traffic control should
be provided to protect the crew. After placing, the crew should make sure that the tubes are
functioning properly. Finally, the crew can secure the road tubes to the pavement. To avoid theft,
the recorder may also be secured.
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Check Data and Retrieve Equipment

When the data collection period has ended, the recorded data are checked for accuracy. Crews
recover data collection equipment by reversing the process they used to deploy it.

EXAMPLES OF TRAFFIC VOLUME COUNT STUDIES

Intersection Counts

Intersection counts are used for timing traffic signals, designing channelization, planning turn
prohibitions, computing capacity, analyzing high crash intersections, and evaluating congestion
(Homburger et al. 1996). The manual count method is usually used to conduct an intersection
count. A single observer can complete an intersection count only in very light traffic conditions.

The intersection count classification scheme must be understood by all observers before the
count can begin. Each intersection has 12 possible movements (see Figure 3.6). The intersection
movements are through, left turn, and right turn. The observer records the intersection movement
for each vehicle that enters the intersection.

1

Figure 3.6. I nter section M ovements
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Pedestrian Counts

Pedestrian count data are used frequently in planning applications. Pedestrian counts are used to
evaluate sidewalk and crosswalk needs, to justify pedestrian signals, and to time traffic signals.
Pedestrian counts may be taken at intersection crosswalks, midblock crossings, or along
sidewalks.

When pedestrians are tallied, those 12 years or older are customarily classified as adults
(Robertson 1994). Persons of grade school age or younger are classified as children. The
observer records the direction of each pedestrian crossing the roadway.

Vehicle Classification Counts

Vehicle classification counts are used in establishing structural and geometric design criteria,
computing expected highway user revenue, and computing capacity. If a high percentage of
heavy trucks exists or if the vehicle mix at the crash site is suspected as contributing to the crash
problem, then classification counts should be conducted.

Typicaly cars, station wagons, pickup and panel trucks, and motorcycles are classified as
passenger cars. Other trucks and buses are classified as trucks. School buses and farm equipment
may be recorded separately. The observer records the classification of the vehicles and the
vehicles' direction of travel at the intersection.

Average Daily Traffic and Annual Average Daily Traffic
Counts

Average daily traffic (ADT) counts represent a 24-hour count at any specified location. These
counts are obtained by placing an automatic counter at the analysis location for a 24-hour period.
Accuracy of the ADT data depends on the count being performed during typical roadway,
weather, and traffic demand conditions. Local levels of government will typically conduct this
type of count.

Annual average daily traffic (AADT) counts represent the average 24-hour traffic volume at a
given location averaged over afull 365-day year. AADT volume counts have the following uses:
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measuring or evaluating the present demand for service by the roadway or facility
developing the major or arterial roadway system

locating areas where new facilities or improvements to existing facilities are needed
programming capital improvements

CONTRACTING FOR A TRAFFIC VOLUME COUNT
STUDY

Information Gathering

Before ajurisdiction contacts an engineering consulting firm to perform atraffic volume count
study, a variety of information may need to be collected. Any information may aid the consulting
firm in adequately completing the study. The following isalist of possible information that an

engineering consulting firm may request:

issue at hand

historic volume counts

existing zoning

proposed future land use changes
traffic impact statementsif available
citizen input

location map

appropriate contact persons

any other relevant information

The following project work order may assist local governments in contracting to an engineering
firm. The example project work order contains information from the manual count method
example (ablank form is provided in Appendix E).
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Project Work Order: Traffic Volume Count Study

Referenced Agreement

Thiswork order is part of an agreement between Mclntyre and Associates and the city of Smith City for municipal

engineering services.

Project Location Description

Thiswork involves conducting a volume count study around the location of 7th Street and Delaware Avenue. A map
depicting the location is attached.

Obligation of the City/County

The city shall provide the following items to the consultant: historic traffic volume counts, traffic volume trends,
existing zoning of the study area, proposed future land use changes, and alist of important contacts.

Scope of Consultant Services

Thiswork involves an intersection traffic volume count. The traffic volume count should include all vehicular
movements, vehicle classification, and a pedestrian count.

Schedule

Field meeting date:
Estimated date of preliminary deliverable:
Estimated date of final deliverable:

Compensation
Labor cost $
Direct expenses $
Subcontractor cost $
Overhead $
Maximum payable $
Authorization
City of Smith City Mclntyre and Associates
City/County Contractor
City/County Administrator Project Manager’s Name/Title
Signature Signature
Date Date
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INTRODUCTION

Sight distance is the length of roadway visible to adriver. The three types of sight distance
common in roadway design are intersection sight distance, stopping sight distance, and passing
sight distance. This handbook will not discuss passing sight distance because it primarily occurs
in rural settings and this handbook generally addresses urban areas. (Information on passing sight
distance can be found in Chapter 3 of the AASHTO Green Book and in the CTRE lowa Traffic
Control Devices and Pavement Markings manual.)

INTERSECTION SIGHT DISTANCE

The driver of avehicle approaching or departing from an intersection should have an
unobstructed view of the intersection, including any traffic control devices, and sufficient lengths
along the intersecting highway to permit the driver to anticipate and avoid potential collisions
(Maze and Plazak 2000). These unobstructed views form triangular areas known as sight
triangles.

A typical intersection is divided into areas between each leg known as quadrants. There may be
three quadrants, such asfor a“T” intersection, or four, such as for afour-legged intersection.
Sight triangles are the specified areas along an intersection’ s approach legs and across the
included corners (see Figures 4.1 and 4.2 for an illustration). These areas should be clear of
obstructions that might block a driver’s view of conflicting vehicles or pedestrians. The two
types of sight triangles are approach sight triangles and departure sight triangles (AASHTO,
Green Book, 2001).

Approach Sight Triangles

Approach sight triangles provide the driver of avehicle approaching an intersection an
unobstructed view of any conflicting vehicles or pedestrians. These triangular areas should be
large enough that drivers can see approaching vehicles and pedestrians in sufficient time to slow
or stop and avoid a crash. Approach sight triangles are illustrated in Figure 4.1.
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Figure4.1. Approach Sight Triangles

Departure Sight Triangles

Departure sight triangles provide adequate sight distance for a stopped driver on aminor
roadway to depart from the intersection and enter or cross the major roadway. These sight
triangles should be provided in each quadrant of a controlled intersection. Departure sight
triangles areillustrated in Figure 4.2.
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Figure4.2. Departure Sight Triangles
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Obstructions within Sight Triangles

To determine whether an object is a sight obstruction, consider both the horizontal and vertical
alignment of both roadways, as well as the height and position of the object (AASHTO, Green
Book). For passenger vehicles, it is assumed that the driver’s eye height is 3.5 feet and the height
of an approaching vehicleis 4.25 feet above the roadway surface, asillustrated in Figure 4.3. At
the decision point, as shown in Figure 4.3, the driver’s eye height is used for measurement.

- ---Minor Street-— - ———

Major Street ¢ Veg;'g zgght

¢ Decision Point
- Driver E ye Height
35 feet

Figure 4.3. Heights Pertaining to Sight Triangles

Any object within the sight triangle that would obstruct the driver’s view of an approaching
vehicle (4.25 feet in height) should be removed or modified or appropriate traffic control devices
should be installed as per the Manual on Uniform Traffic Control Devices. Obstructions within
sight triangles could be buildings, vehicles, hedges, trees, bushes, tall crops, walls, fences, etc.
Figure 4.4 shows a clear sight triangle and an obstructed sight triangle.
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Figure4.4. Clear versus Obstructed Sight Triangles

SIGHT DISTANCE STUDY METHODS

Different types of traffic control require different sight distances. For example, intersections with
no control require adequate distance for the approaching vehicle to identify any conflictsin or
approaching the intersection before entering. An approach sight triangle is used for this analysis.
However, intersections with stop or yield control require driversto stop or yield at the
intersection, check for approaching vehicles in the intersection, and then depart. A departure
sight triangle is used for this analysis.

Sight Distance Study Preparation Checklist

When preparing for an intersection sight distance study, use the checklist in Table 4.1. The
checklist may be modified or expanded as necessary.
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Table 4.1. Sight Distance Study Preparation Checklist

Step v When Complete Notes

Obtain target and sighting rods

Obtain measuring wheel

Obtain hardhat and safety vest

Obtain sight distance diagram form

Select time and day

Determine availability of observers

Contact corresponding jurisdiction(s)

Other:

If an agency does not possess the equipment necessary to complete a sight distance study, it may
be obtained from the lowa DOT, another jurisdiction, or aresponsible consulting firm. A blank
sight distance diagram form islocated in Appendix C. Information on contracting for a sight
distance study, including a project work order example, is provided near the end of this chapter.

UNCONTROLLED INTERSECTIONS

For uncontrolled intersections, the drivers of both approaching vehicles should be able to see
conflicting vehicles in adequate time to stop or slow to avoid a crash. The required sight distance
for safe operation at an uncontrolled intersection is directly related to the vehicle speeds and the
distances traveled during perception, reaction, and braking time. Table 4.2 lists the minimum
recommended sight distances for specific design speeds. For example, if avehicleistraveling 20
mph, a sight distance of 90 feet is the minimum recommended stopping sight distance.

Table4.2. Minimum Recommended Sight Distances

Vehicle Speed Stopping Sight Distance

(mph) (feet)
15 70
20 90
25 115
30 140
35 165
40 195
45 220
50 245
55 285

Note: Distances are from the 2001 AASHTO Green Book and 2001
AASHTO Little Green Book. Distances may change in future versions.
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Key Steps to a Sight Distance Study at an Uncontrolled
Intersection

A sight distance study at an uncontrolled intersection includes four key steps:

1. Determine the minimum recommended sight distance.

2. Obtain or construct sighting and target rods.

3. Measure current sight distances and record observations.
4. Perform sight distance analysis.

Determine the Minimum Recommended Stopping Sight Distance

Determine the minimum sight distance for the posted or operating speed at the intersecting
roadway (see Table 4.2).

Obtain or Construct Sighting and Target Rods

Sighting and target rods are illustrated in Figure 4.5. The target rod can be constructed out of 2-
inch by 0.75-inch wood. The target rod should be 4.25 feet tall to represent the vehicle height
and be painted fluorescent orange on both the top portion and bottom 2 feet of therod. The
bottom 2-foot portion represents the object height for measuring stopping sight distance. (This
will be further explained later in the stopping sight distance section.) The sighting rod should be
3.5 feet tall to represent the driver’s eye height. The sighting rod can be constructed out of the
same type of wood but should be painted flat black. The sighting rod and target rod are used in
measuring sight distance.
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Figure 4.5. Sighting Rod (left) and Target Rod (right)

Measure Current Sight Distances and Record Observations

Sight distance measurements should be gathered for all legs of the uncontrolled intersection.
Traffic approaching from both the left and right should be considered for measurements. On the
sight distance intersection diagram (a blank diagram form is provided in Appendix C), the
observer records the date and time, posted or operating speed, site location, and weather
conditions. The measuring processis represented in Figure 4.6 and described below.

X L 4

/
—
ﬁ Assistant

Obstruction

Decision /Observer

Point

Figure 4.6. Sight Distance M easurement at Uncontrolled Inter section
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The observer holds the sighting rod, and the assistant holds the target rod. They position
themselves on two intersecting approaches at the appropriate stopping sight distances taken from
Table4.2. Thesearethe X and Y dimensions. The observer represents the approaching vehicle
and islocated at the decision point. The observer uses the 3.5-foot sighting rod, which represents
the driver’s eye height. The assistant represents the intersecting vehicle. The assistant uses the
4.25-foot target rod, which represents the height of the approaching vehicle. The observer sights
from the top of the sighting rod to the target rod.

If the target rod is visible, the approach sight triangle for the intersection is appropriate. If the top
of thetarget rod is not visible, the assistant holding the target rod should walk toward the
intersection along the centerline of the intersecting lane until the observer can see the target rod.
When the target rod is visible, the position should be marked and the distance to the intersection
should be measured along the centerline of the roadway. Thisisthe X dimension.

Perform Sight Distance Analysis

The analysis of intersection sight distance consists of comparing the recommended sight distance
to the measured sight distance. The measured sight distance should be equal to or greater than
the recommended stopping sight distance. If the measured sight distance is less than the
recommended sight distance, some mitigation may be required. Some mitigation measures are as
follows:

* Remove/modify obstruction.
* Reduce speeds.
* Instal traffic control devices (if warranted by the MUTCD).

Example Sight Distance Study at an Uncontrolled Intersection

The city of Cottonwood Glen noticed an increase of crashes at the intersection of 6th Street and
Phoenix Avenue. The city suspected that the crash problem may be related to sight distance. The
problem seemed to be centered around vehicles traveling northbound at the intersection.
Cottonwood Glen decided to conduct a sight distance study at the intersection to see whether that
was a contributing factor.

The intersection of 6th Street and Phoenix Avenue has no traffic control. The posted speed limit
for both of the roadways is 25 mph. Cottonwood Glen referred to Table 4.2 for the recommended
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sight distance for this situation: 115 feet for both roadways. Cottonwood Glen conducted the
study on a Tuesday at 2:00 p.m. under clear weather conditions. The study was conducted early
afternoon to avoid heavy traffic volumes. City staff measured the sight distance for the
eastbound and westbound approaches.

Figure 4.7 shows that the measured sight distance on the west approach is 140 feet. The
recommended stopping sight distance for this approach is 115 feet. Thistells us that the
measured sight distance satisfies the minimum recommended. No sight distance related
improvements need to be considered on the west approach.

Figure 4.8 shows that the measured sight distance on the east approach is 100 feet. The
recommended stopping sight distance for this approach is 115 feet. Thistells us that the
measured sight distance does not satisfy the minimum recommended. The stopping sight
distance diagram shows that there is an obstruction limiting the sight distance, located outside of
the right-of-way. In this situation, the property owner should be contacted for cooperation in
eliminating, modifying, or moving the obstruction. If they are unwilling to cooperate, other
mitigation measures should be considered.
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Date MM/DD/YY Major Roadway Width 40 feet
Time of Day 1400 No. of Lanes 2
Posted Speed Limit or 85% for : .
Major Roadway (X(R)) 25 mph Minor Roadway Width 30 feet
Posted Speed Limit or 85% for
Minor Roadway () 25 mph No. of Lanes 2
Traffic Controls Present No Control
Intersection Maneuver N.A. Y Stopping Distance 115 feet
\Weather Clear X(R) Recommended 115 feet
Horizontal Curve N X(M) Measured 140 feet
Vertical Curve N
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Conclusion: X(M) > X(R). The measured sight distance was 140 feet, which is more than the

recommended sight distance of 115 feet. Sight distance on the west approach is adequate.

Figure4.7. 6th Street and Phoenix Avenue, West Approach
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Date MM/DD/YY Major Roadway Width 40 feet
Time of Day 1400 No. of Lanes 2
Posted Speed Limit or 85% for ; .
Major Roadway (X(R)) 25 mph Minor Roadway Width 30 feet
Posted Speed Limit or 85% for
Minor Roadway (Y) 25 mph No. of Lanes 2
Traffic Controls Present No Control
I ntersection Maneuver N.A. Y Stopping Distance 115 feet
\Weather Clear X(R) Recommended 115 feet
Horizontal Curve N X(M) Measured 100 feet
Vertical Curve N
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Conclusion: X(M) < X(R). The measured sight distance was 100 feet, which is less than the

recommended sight distance of 115 feet. There is an obstruction limiting sight distance and

it is outside of the right-of-way.

Figure 4.8. 6th Street and Phoenix Avenue, East Approach
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INTERSECTIONS WITH STOP SIGN CONTROL

Vehicles stopped at an at-grade intersection must have sufficient sight distance to permit a safe
departure. At intersections with stop sign or yield control, close attention should be given to

departure sight triangles.

Vehicle Maneuvers at Intersections with Stop Sign Control

Three maneuvers can be completed for vehicles stopped at an intersection: crossing maneuver,
left-turn maneuver, and right-turn maneuver. See Figure 4.9.

Minor-Street———-

<
7

Major Street

Left Tum Maneuver (_\

(—) Right Tum Maneuver

4

¢ Stop

Figure4.9. Three Maneuversat an Inter section with Stop Sign Control

Crossing Maneuver from the Minor Roadway

When adriver is completing a crossing maneuver, there must be sufficient sight distance in both
directions available to cross the intersecting roadway and avoid approaching traffic. The sight
distance required for this maneuver is based on the distance approaching vehicles will travel on
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the major road during the time period it takes a stopped vehicle to clear the intersection. Table
4.3 lists the recommended sight distances for this maneuver based on design speeds.

Turning Left from the Minor Roadway

The left-turn maneuver requires first clearing the traffic on the left, then entering the traffic
stream on the right. The required sight distance for this maneuver is affected by the amount of
time it takes the stopped vehicle to turn left clearing traffic and reach average running speed
without affecting the speed of the approaching vehicle. Table 4.3 lists the recommended sight
distances for this maneuver based on design speeds.

Turning Right from the Minor Roadway

The right turn maneuver must have sufficient sight distance to permit entrance onto the
intersecting roadway and then accelerate to the posted speed limit without being overtaken by
approaching vehicles. Table 4.3 lists the minimum recommended sight distances for this
maneuver based on design speeds.

Table 4.3. Minimum Recommended Sight Distances Based on Vehicle Maneuver

Vehicle Speed Stopping Sight Distance for Stopping Sight Distance for Crossover
(mph) Left-Turn Maneuver (feet) and Right-Turn Maneuvers (feet)
15 170 145
20 225 195
25 280 240
30 335 290
35 390 335
40 445 385
45 500 430
50 555 480
55 610 530

Note: Distances are from the 2001 AASTHO Green Book and are for two-lane roadways. Distances may
change in future versions.

Key Steps to a Sight Distance Study at an Intersection with
Stop Control

A sight distance study at an intersection with stop control includes four key steps:
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1. Determine the minimum recommended sight distance.
2. Obtain or construct sighting and target rods.

3. Measure current sight distances and record observations.
4. Perform sight distance analysis.

Determine the Minimum Recommended Sight Distances

Determine the minimum sight distance for each maneuver and speed (see Table 4.3).

Obtain or Construct Sighting and Target Rods

Sighting and target rods are illustrated in Figure 4.5. The target rod can be constructed from 2-
inch by 0.75-inch wood. The target rod should be 4.25 feet tall to represent the vehicle height
and be painted fluorescent orange on both the top portion and bottom 2 feet of therod. The
bottom 2-foot portion represents the object height for measuring stopping sight distance. The
sighting rod should be 3.5 feet tall to represent the driver’ s eye height. The sighting rod can be
constructed from the same type of wood but should be painted flat black. The sighting rod and
target rod are used in measuring sight distance.

Measure Current Sight Distances and Record Observations

On the sight distance intersection diagram (a blank diagram form is provided in Appendix C), the
observer records the date and time, posted or operating speed site location, and weather
conditions.

The observer with the sighting rod stands at the center of the approaching lane and 10 feet back
from the stop bar or aligned with the stop sign. The observer’s eyes should be at the top of the
sighting rod.

The assistant walks away from the observer along the intersecting roadway toward approaching
traffic. The assistant should stop periodically and place the target rod on the pavement for
sighting by the observer. This process should continue until the top of the target rod can no
longer be seen. The point where the target rod disappears is the maximum sight distance along
that leg and should be recorded from the observer’ s sight.
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Perform Sight Distance Analysis

The analysis of intersection sight distance consists of comparing the recommended sight distance
to the measured available sight distance. The comparison of the actual distances should be
performed with consideration to the greater of the 85th percentile of speed or the posted speed
limit. If the measured sight distance is less than the recommended sight distance some mitigation
may be required. Some mitigation measures are as follows:

* Remove/modify obstruction.
* Reduce speed.
* Ingtal traffic control devices (if warranted by the MUTCD).

Example Sight Distance Study at an Intersection with Stop
Sign Control

The city of Cottonwood Glen was changing the speed limit on one of their arterial streets from
25 to 30 mph. This change required the city to conduct an intersection sight distance study. The
only intersection in question was the T-intersection of Ross Road and 13th Street. The east
approach for both left- and right-turn maneuvers need to be studied. The city obtained
recommended sight distances from Table 4.3: 335 feet for aright-turn maneuver and 290 feet for
aleft-turn maneuver.

The study was conducted on a Wednesday at 2:00 pm at the intersection of Ross Road and 13th
Street. Because of the need for adequate sight distance for both left- and right-turn maneuvers,
two separate sight distance measurements were made.

Figure 4.10 shows the measurement that was conducted for the right-turn maneuver. The
measured sight distance for this maneuver is 350 feet. The minimum recommended sight
distanceis 335 feet for 30 mph. This shows that there is adequate sight distance for aright-turn
maneuver from the side road, 13th Street.

Figure 4.11 shows the measurement that was conducted for aleft-turn maneuver. The measured
sight distance for this maneuver is 300 feet. The minimum recommended sight distance is 290
for 30 mph. This shows that there is adequate sight distance for a left-turn maneuver.
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Date MM/DD/YY Major Roadway Width 40 feet
Time of Day 1400 No. of Lanes 2
Eﬂogggsgﬂ;;w(%)%% for 30 mph Minor Roadway Width 30 feet
Traffic Controls Present Stop No. of Lanes 2
I ntersection Maneuver Right Turn
\Weather Clear Y Stopping Distance N.A.
Horizontal Curve N X(R) Recommended 290 feet
Vertical Curve N X(M) Measured 300 feet
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Conclusion: X(M) > X(R). The measured sight distance was 300 feet, which is more than the
recommended sight distance of 290 feet. Sight distance for aright-turn maneuver is adeguate.

Figure 4.10. Ross Road and 13th Street, Right-Turn Maneuver
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Date MM/DD/YY Major Roadway Width 40 feet
Time of Day 1400 No. of Lanes 2
hpﬂogggsg?\;v;rz])l(t(%)%% for 30 mph Minor Roadway Width 30 feet
Traffic Controls Present Stop No. of Lanes 2

I ntersection Maneuver Left Turn

\Weather Clear Y Stopping Distance N.A.

Horizontal Curve N X(R) Recommended 335 feet

\Vertical Curve N X(M) Measured 350 feet
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Conclusion: X(M) > X(R). The measured sight distance was 350 feet, which is more than the
recommended sight distance of 335 feet. Sight distance for aleft-turn maneuver is adequate.

Figure4.11. Ross Road and 13th Street, Left-Turn Maneuver

Sight Distance
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STOPPING SIGHT DISTANCE

To allow driversto perceive, react, and safely stop, a minimum stopping sight distance must be
available. Stopping sight distance is defined as the sum of two distances (AASHTO, Green
Book):

1. Reaction distance—the distance traveled by the vehicle from the instant the driver
sees an object necessitating a stop to the instant the brakes are applied; plus

2. Braking distance—the distance traveled by the vehicle from the instant brake
application begins to the instant when the vehicle has come to compl ete stop.

The reaction distance is based on the reaction time of the driver and the speed of the vehicle. The
braking distance is dependent upon the vehicle speed and the coefficient of friction between the
tires and roadway.

Table 4.4 lists minimum recommended stopping sight distances based on design speed and the
sum of reaction distance and braking distance. At 25 mph, for example, 91.9 feet are needed for
reaction distance and 60 feet are needed for braking distance. When these numbers are added, the

total distanceis 151.9 feet. For performance purposes this figure has been rounded up to 155

feet.
Table4.4. Minimum Required Stopping Sight Distances

Vehicle Speed Reaction Braking Summed Stopping Sight
(mph) Distance (feet) | Distance (feet) | Distance (feet) Distance (feet)

15 55.1 21.6 76.7 80

20 735 38.4 111.9 115

25 91.9 60.0 151.9 155

30 110.3 86.0 196.7 200

35 128.6 117.6 246.2 250

40 147.0 153.6 300.6 305

45 165.4 194.4 359.8 360

50 183.8 240.0 423.8 425

55 202.1 290.3 492.4 495

Note: Distances are from the 2001 AASHTO Green Book and are for dry conditions. Distances
may change in future versions.
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For stopping distance calculations, the height of the driver’s eye is 3.5 feet above the roadway
and the object height is 2 feet above the roadway surface, asillustrated in Figure 4.12. The 2-foot
object height represents an object that the driver of an approaching vehicle would want to avoid.
One element to consider for stopping sight distance is vertical curvature of the roadway. On
straight roadway sections, the obstruction that blocks the driver’s vision of the roadway ahead is
the vertical curvature of the road surface. Asthe vertical curvature increases, stopping sight
distance aso increases.

I L (Dbject Height) SIGHT LINE 3.5 fi[Dwiver Eye Haight

Recommended Stopping Sight Distance [Xx)

Figure4.12. Heights Pertaining to Stopping Sight Distance

Key Steps to a Stopping Sight Distance Study

A stopping sight distance study includes four key steps:

1. Determine the minimum recommended stopping sight distance.
2. Obtain or construct sighting and target rods.

3. Measure current sight distances and record observations.

4. Perform sight distance analysis.

Determine the Minimum Recommended Stopping Sight Distance

Determine the minimum stopping sight distance for the posted speed limit (see Table 4.4).

Obtain or Construct Sighting and Target Rods

Thetarget rod can be constructed from 2-inch by 0.75-inch wood. The target rod is 4.25 feet tall
to represent the vehicle height and be painted fluorescent orange on both the top portion and
bottom 2 feet of the rod. The bottom 2-foot portion of the target rod is the height for conducting
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stopping sight distance. The 2-foot height is representative of an object that involvesrisk to
drivers and can be recognized in time to stop before reaching it (AASHTO, Green Book).

The sighting rod is 3.5 feet tall to represent the driver’s eye height. The sighting rod can be
constructed from the same type of wood but should be painted flat black.

Measure Current Sight Distances and Record Observations

On the sight distance diagram (a blank diagram form is provided in Appendix C), the observer
records the date and time, posted or operating speed, site location, and weather conditions.

Standing at a pre-determined location along the road, the observer should sight from the top of
the sighting road while the assistant moves away in the direction of travel. The assistant stops
when the bottom 2-foot portion of the target rod is no longer visible. Thisisthe distance at which
a 2-foot tall object can no longer be seen by an approaching driver. The distance from the
disappearing point to the observer is measured and recorded.

Perform Sight Distance Analysis

The analysis of stopping sight distance consists of comparing the recommended sight distance to
the measured sight distance. The measured stopping sight distance should be greater than the
recommended stopping distance. On a horizontal curved roadway, a sight obstruction may be
due to the curve or to physical features outside of the roadway. On a straight roadway, the sight
obstruction will be due to the vertical curvature of the roadway aone.

Example Stopping Sight Distance Study

The city of Cottonwood Glen may be undergoing new development near an established housing
district, currently including multiple families and many with children. The proposed
development is anew city park and is proposed to be directly across the roadway from the
housing area. There is no established traffic control and no crosswalks in the area. At public
meetings, parents have voiced concern about the safety of their children crossing the roadway to
the park. This roadway does have a vertical curve, which may affect the stopping sight distance.

4.20 Sight Distance



The city of Cottonwood Glen conducted the study on a Thursday at 10:00 a.m. on Washington
Avenue. The posted speed limit on this roadway is 25 mph. The recommended stopping sight
distance from Table 4.4 is 155 feet.

The results of the study show that the measured stopping sight distance was 245 feet (see Figures
4.13 and 4.14). There is adequate stopping sight distance at the study location. However, if the
stopping sight distance would not have been adequate, the following actions could have been
considered:

* Install traffic control device(s).

* Establish no-passing zones.

 Conduct public awareness efforts.

* Install abarrier between the park and street to prohibit mid-block crossings.
* Provide input into the developmental planning of the park.

Recommended Stopping Sight Distance (Xz)= 155 feet

Measured Stopping Sight Distance (Xu)= 245 feet

Figure 4.13. Washington Avenue and 13th Street Stopping Sight Distance
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Date MM/DD/YY
Time of Day 1000
Speed (Posted or 85%) 25 mph
Traffic Controls Present No Control
I ntersection Maneuver N.A.
\Weather Clear
Horizontal Curve N
\Vertical Curve Y

Major Roadway Width 40 feet
No. of Lanes 2
Minor Roadway Width N.A.
No. of Lanes N.A.
Y Stopping Distance N.A.
X(R) Recommended 155 feet
X(M) Measured 245 feet

g

3
8
=

13th Street

Established Housing District

RecommendedSight Distance (X(R))

Washhgton Avenue

Proposed Park

Conclusion: X(M) > X(R). The measured sight distance is 245 feet, which is more than the

recommended sight distance of 155 feet. Sight distance for this section of roadway is adequate.

Figure 4.14. Washington Avenue and 13th Street Sight Distance Diagram
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CONTRACTING FOR A SIGHT DISTANCE STUDY

Information Gathering

Before ajurisdiction contacts an engineering consulting firm to perform a sight distance study, a
variety of information may need to be collected. The following isalist of possible information
that an engineering consulting firm may request:

issue at hand

existing traffic control devices
conditions map/existing photographs, etc.
right-of-way information

roadway geometry

roadway classifications

crash history

posted speed limitsin and around study area
preliminary speed studies

citizen input

location map

appropriate contact persons

any other relevant information

The following project work order may assist local government is contracting to an engineering
firm. The example project work order contains information from the stopping sight distance
example (ablank form is provided in Appendix E).
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Project Work Order: Sight Distance Study

Referenced Agreement

Thiswork order is part of an agreement between Mattson and Associates and the city of Cottonwood Glen for
municipal engineering services.

Project Location Description

Thiswork involves conducting a stopping sight distance study around the location of Washington Avenue and 13th
Street. A map depicting the location is attached.

Obligation of the City/County

The city shall provide the following items to the consultant: existing traffic control, volumes, right-of-way
information, roadway geometry, posted speed limits, crash history and alist of important contacts.

Scope of Consultant Services

Thiswork includes obtaining and evaluating sight distance measurements on the east side of the proposed driveway
for the apartment complex.

Schedule

Field meeting date:
Estimated date of preliminary deliverable:
Estimated date of final deliverable:

Compensation
Labor cost $
Direct expenses $
Subcontractor cost $
Overhead $
Maximum payable $
Authorization
City of Cottonwood Glen Mattson and Associates
City/County Contractor
City/County Administrator Project Manager’s Name/Title
Signature Signature
Date Date
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INTRODUCTION

Crashes are rare events. A typical intersection experiences less than one crash per million
vehicles that navigate the intersection. Crashes occur because of various factors including the
driver, vehicle, roadway, and environment. The primary source of crash data is the local law
enforcement agencies. Local law enforcement agencies are usually an excellent source for

current conditions at a particular crash location.

Crash data are used to help understand why crashes occur, to help identify high-crash locations,
to aid in the choice of safety programs or countermeasures, and to assist evaluations of
countermeasure effectiveness (Robertson 1994). The main purpose of crash analysis is to
improve safety by identifying crash patterns, mitigating crash severity, and reducing the number

of crashes by adopting suitable countermeasures.

KEY STEPS TO A CRASH ANALYSIS STUDY

A crash analysis study includes six key steps:

Identify the locations that are candidates for improvement.
Quantify the main crash trend(s) at a particular location.
Determine the source of the problem(s).

Evaluate types of improvements to address the crash problem(s).
Obtain an expert opinion about safety improvement(s).

Obtain funding to implement a safety improvement.

A

Identify the Locations That Are Candidates for Improvement

The Iowa Department of Transportation (Iowa DOT) Office of Traffic and Safety has developed
a website to assistant jurisdictions in identifying locations within their jurisdiction that are

candidates for safety improvement. Please refer to www.dot.state.ia.us/crashanalysis/.
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The first place to navigate on the website is the City or County (as appropriate) Safety
Improvement Candidate Locations (SICL) link. See Figure 5.1. An individual can select their
jurisdiction from a list of all cities or counties in lowa having a candidate location. Once a city or
county is selected, the intersections, links and nodes with the highest ranking of crashes, crash

rates, and crash severity for that jurisdiction are listed.

Crash Analysis Resources - lowa Department of Transportation Office of Traflic and Safety Page 2 of 2

Safety Improvement Candidate Locations (51CL) (Top 200 List)

Towwen [3CIT ||||'| L) )] ‘iinli;l_'_. Improvement Candidate Locations | 599595- 1995 | statewide )

Uiy Salety Improvemend Candiudate Locations 19951999 (by cily, MicroSall™ Excels E
filesh

County Salety Improvement Candidate Locations 1 9935-1999 (by county, MicroSoft~ Excels
E 1]
Safery Ilmprovement Candidate Location (SICL) Methodologies E

Satety Improvemend Lanchdale Location (510CL) Methodologies P

Figure 5.1. Iowa DOT SICL Link Listings

The same website also provides a list of the top 200 Safety Improvement Candidate Locations
(SICL) within Iowa as shown above. This link provides the same information as listed above but

for the top 200 intersections of concern within the state.

Quantify the Main Safety Concern(s) at a Particular Location

The main safety problem(s) at a given location can be quantified a few ways:

» Refer to the lowa DOT’s lists of safety improvement candidate locations.
* Obtain and use crash data and analysis programs from the lowa DOT.

* Consult the Iowa Traffic Safety Data Service.

* Calculate the crash rate for an intersection.
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Refer to the lowa DOT’s Lists of Safety Improvement Candidate Locations

The Iowa DOT Office of Traffic and Safety’s City or County (as appropriate) Safety
Improvement Candidate Locations (SICL) listings (www.dot.state.ia.us/crashanalysis/) provide
each location’s statewide rank and crashes by year for a five-year period. Locations that do not
meet minimum criteria are not included in the listings. The minimum criteria are at least one
fatal crash, four injury crashes, or eight total crashes in the most recent five-year analysis period.
The locations are ranked according to a composite of the number of crashes, the severity of the
crashes, and the crash rate per traffic volume. SICL listing also provides a breakdown of crashes

at each location by crash severity and injury severity.

Obtain and Use Crash Data and Analysis Programs from the lowa DOT

Free of charge, the lowa DOT Office of Traffic and Safety will provide statewide crash data,
programs to query and print crash data, and training to use their computer programs (see also
Appendix D.2). The computer programs are Access-ALAS (accident location and analysis
system) and Crash Mapping and Analysis Tool (CMAT). See Figure 5.2. These two programs
are available as a set. To find information about obtaining these programs, refer to
www.dot.state.ia.us/crashanalysis/. The most currently available crash data can be viewed
within these programs. Every year the lowa DOT Office of Traffic and Safety distributes the new

crash data to the jurisdictions that have the programs.

Table of Cortents

Figure 5.2. Iowa DOT Crash Analysis Tools Information
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CMAT is used to view crash locations on a map and select the crashes needed for further
analysis. An individual can enter CMAT, zoom to an intersection, select the crashes needed for
analysis, and export them to Access-ALAS. The crash data is then queried and printed from
Access-ALAS. A step-by-step process is given in Appendix D.2. Once the data are active in

Access-ALAS, an individual can find the number of crashes for the predetermined study period.

Consult the lowa Traffic Safety Data Service

The Center for Transportation Research and Education (CTRE) also offers a service to
jurisdictions called the ITowa Traffic Safety Data Service (ITSDS). ITSDS provides timely access
to crash analyses and reports from many safety and geographic information systems tools
developed by the lTowa DOT and CTRE in recent years. ITSDS facilitates decision-making,
effective presentation of information, and education. The ITSDS is not available to all requestors
and is not meant to relieve all traffic data users from performing their own analyses. Rather, it
fills the large gap between what data users can get for themselves and what can be obtained by
experts with the best software and hardware. An example of crash mapping produced by ITSDS
is shown in Figure 5.3. For more information, visit the ITSDS website at

www.ctre.iastate.edu/itsds/.

SHERRILL

RICKARDSVILL

Figure 5.3. Example Crash Mapping Produced by ITSDS
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Calculate the Crash Rate for an Intersection

Finally, a jurisdiction can calculate the crash rate for an intersection and compare the rate to

statewide averages as shown in Table 5.1 (Iowa DOT 1989).

Table 5.1. Iowa Statewide Average Crash Rates by Daily Entering Volume

Rural Municipal
1-999 1’000*2’2’5004’5’00079’10,000+ 1-2,499 2,500 5,000-9, 10,000~ 25,000+
DEV 499 999 999 DEV | DEV 4,999 999 DEV 24,999 DEV
DEV | DEV | DEV DEV DEV

Average crash rate per

o ! . 2.1 1.2 0.9 0.7 0.7 1.3 1.0 0.7 0.8 1.0
million entering vehicles

Note: DEV = daily entering volume.

To calculate the crash rate for an intersection, the following data are needed: the number of
crashes at the intersection for the time period of the study (found using the computer programs as
described above), the number of years in the study, and the annual average daily traffic (AADT)
for each leg of the intersection. To develop a crash trend, it is recommended to collect three to

five years of crash data.

To obtain the AADT for your intersection, you may have to perform a traffic volume count study
as described in Chapter 3 of this handbook. The AADT is sum of the two-way traffic counts for
all the intersection’s legs, factored to account for the day of the week and the month of the year.
In order to calculate the AADT for an intersection, a jurisdiction may conduct pneumatic road
tube counts for all legs or 8 hours of intersection volume counts. These counts are typically
conducted between 7:00 a.m. and 11:00 a.m. and between 2:00 p.m. to 6:00 p.m. Once a
jurisdiction has obtained these volumes, they may contact the lowa DOT Office of

Transportation Data for assistance in using factors to calculate AADT.

The Iowa DOT provides the AADT for some legs of intersections at
www.mmsp.dot.state.ia.us/trans_data/traffic/aadtpdf.html. A jurisdiction can enter this website,
click on their city or county and an AADT map will appear. It is on this map that a jurisdiction

may find the AADTs that are needed to calculate the crash rate.
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When using AADT to calculate crash rates, use the following equation (lowa DOT 1989):

._ 2*(C*1,000,000
Ri

= 5.1
S AADTs*Y *365 ° G-

where Ri = crash rate per million entering vehicles, C = number of crashes, and Y = number of
years analyzed. For example, at the intersection of 4th Street and Main Street, a total of fifteen
crashes occurred in five years. The two-way AADTs for the legs of the intersection were 4,000,
4,000, 1,000, and 1,000. The sum of these AADTSs equals 10,000 vehicles. The crash rate per

million entering vehicles is as follows:

_ 2 *15 crashes *1,000,000
10,000 vehicles *5 years* 365 days

= 1.64 crashes per million entering vehicles.

The calculation shows that there were 1.64 crashes for every million vehicles that entered the
intersection of 4th Street and Main Street during the given five year period. The statewide
average crash rate for this type of intersection is 0.8 crashes per million entering vehicles. That
indicates the crash rate at this intersection is approximately twice as high as the statewide
average and the intersection should be considered for further analysis. A crash may be higher

than the state average but not significantly different.

Determine the Source of the Problem(s)

The source of the problem may be identified in different ways, including using Access-ALAS

and Intersection Magic software programs and completing a crash analysis observation report.

Access-ALAS provides a major crash cause summary, a day/time and accident rate summary, a
surface and light condition summary, and details for all crashes. See Appendix D.2 or go to

www.dot.state.ia.us/crashanalysis/ for more information.
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Also, free of charge, the ITowa DOT will provide another program—Intersection Magic—for
crash analysis purposes. To find detailed information about obtaining this program, go to
www.dot.state.ia.us/crashanalysis/. Intersection Magic is a Microsoft Windows based PC
application for crash analysis. Intersection Magic is a node-based application that generates
collision diagrams. Starting in the year 2000, crash data were recorded by real coordinates.
Because of this, at this point in time, Intersection Magic cannot analyze data more current than
1999. Intersection Magic requires intersection node numbers locate crashes. The intersection
node numbers may be obtained within the CMAT program. Use the crash data selection process
described in Appendix D.3 to select the node numbers and then use Intersection Magic to create

a collision diagram. See Figure 5.10.

A jurisdiction may also fill out a crash analysis field observation report (a form is provided in
Appendix D.1; FHWA 1991). The report includes a checklist relating to physical and operational
characteristics. A jurisdiction may wish to fill out the observation form and then compare the
results to those from the crash analysis programs. This may highlight consistencies between the

conditions of the particular location and the type of major causes of the crashes.

Evaluate Types of Improvements to Address the Crash
Problem(s)

Once a safety concern is identified, a jurisdiction can begin to evaluate possible
countermeasures. Table 5.2 provides a list of possible countermeasures for safety concerns
relating to pedestrians, speed, and sight distance (Ogden 1996, SEMCOG 1998, NCHRP 2000).
Additional information is provided in Appendix D.4 (FHWA 1991).
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Table 5.2. Major Safety Concern Causes and Countermeasures

Major Cause

Possible Countermeasures

Ran traffic signal

Remove signal sight obstructions

Post “Signal Ahead” warning signs
Install/replace signal visors and back plates
Add signal back plates

Install advance flasher signs

Install (additional) 12-inch signal lenses
Upgrade signalization

Review warrants/consider removing signal
Synchronize adjacent signals

Ran stop sign

Remove sign sight obstructions

Install larger signs

Install “Stop”/“Yield Ahead” signs

Construct rumble strips in pavement

Review warrants/consider removing sign

Replace “Stop” with “Yield” sign, if feasible
Place flashing beacons overhead or on “Stop” sign
Place red flags on “Stop” sign

Place “Stop” signs on both sides of road

Failed to yield right-of-way to pedestrian

Add stop bars/crosswalks

Post “Ped Xing”/“Advance Xing” signs
Place advance pavement messages
Add/improve lighting

Post “School Xing”/“Advance Xing” signs
Use crossing guards near schools

Reroute pedestrians to safer crossing
Signalize pedestrian crossing

Install barrier curbing

Add pedestrian refuge islands

Post “No Right Turn on Red” sign, if at intersection

Exceeded speed limit

Post/reduce speed limit

Increase traffic/speed enforcement

Install traffic-calming measures: refer to www.ite.org
Install larger signs

Install flashing beacons on signs

Turned improperly

Prohibit turns

Signalize intersection

Reduce speed limit

Install raised median

Install left turn bays

Widen approaches to handle turn lanes
Improve signing and pavement markings

Vision was obscured

Eliminate parking

Remove obstructions from sight triangles
Close/relocate driveways near intersections
Signalize intersection

Install intersection warning signs

5.8

Crash Analysis




Obtain an Expert Opinion about Safety Improvements

Jurisdictions in Iowa may receive an expert opinion about a safety improvement by applying for
a Traffic Engineering Assistance Program (TEAP) study through the Iowa DOT. The intent of
this program is to offer traffic engineering assistance to local governments for improvements in
traffic safety and operations including high crash locations, confusing intersections, school

pedestrian routes, railroad crossings, and truck routes.

Obtaining Funding to Implement a Safety Improvement

The Iowa DOT offers three funding programs to assist jurisdictions with safety improvements.
The programs are the Traffic Safety Improvement Program (TSIP), the Urban-State Traffic
Engineering Program (U-STEP), and the County-State Traffic Engineering Program (C-STEP).
These programs are described below. Additional detailed information about the current status of

the funding can be found in the lowa DOT Funding Guide at www.dot.state.ia.us/fundguid.htm.

Traffic Safety Improvement Program

The intent of the TSIP program is to offer funding for traffic safety improvements or studies on
public roads under county, city, or state jurisdiction. Funding per project cannot exceed
$500,000. TSIP provides Traffic Safety Funds (TSF) on an annual basis to projects with the

greatest safety benefit/project cost ratio.

Urban-State Traffic Engineering Program

The intent of the U-STEP program is to offer construction funding to solve traffic operation and
safety problems on primary roads in lowa cities. Funding per project cannot exceed $200,000 for
spot improvements and $400,000 for linear improvements. Linear improvements are those that
span for two or more intersections. The city must engineer and administer the project, and the

project costs are split, 45% city and 55% state.
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County-State Traffic Engineering Program

The intent of the C-STEP program is to offer construction funding to solve traffic operation and
safety problems on primary roads outside incorporated cities. The county must engineer and
administer the project. Funding cannot exceed $200,000 for spot improvements (those limited to
one location). Construction costs are split, 45% county and 55% state. Funding breakdowns for
linear improvements are described in the lowa DOT funding guide at

www.dot.state.ia.us/fundguid.htm.

EXAMPLE CRASH ANALYSIS STUDY

The city of Carroll needed a crash analysis conducted at a high-volume intersection (US 30 and
Grant Road) that had numerous vehicular crashes in the recent past (see Figure 5.4). The city

decided to analyze the crash data for a five-year period.

. FE - S ¥ o .
T ol it 5 e - lypoma

Figure 5.4. Example Crash Analysis Intersection (US 30 and Grant Road, Carroll)
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Carroll opened the Access-ALAS program and selected Carroll County from the database. They
then located the intersection of US 30 and Grant Road within the CMAT program and selected

the crashes at the subject intersection. The data were then exported to Access-ALAS.

Once the data were in Access-ALAS, they could be broken down and specified into three
summaries: (1) major cause summary, (2) day/time and accident rate summary, and (3) surface

and light condition summary. A listing of all crashes was also available. The city printed out the

three Access-ALAS data summaries as shown in Figures 5.5, 5.6, and 5.7.

Instructions for this entire process are given in Appendix D.2.

Major Cause Summary
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Figure 5.5. Example Major Cause Summary (Access-ALAS)
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Day/Time and Accident Rate Summary

Accidents by Time OFf Day and Day of Weak *
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Figure 5.6. Example Day/Time and Accident Rate Summary (Access-ALAS)
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Surface and Light Condition Summary

Surface Conditions Light Condition :
14 Wel 52 Daylight
3 Snow 2 Dusk
3 ley 13 Darkness (Roadway Lighted)
46 Dry
1 Unkniown

Night to Day Ratio
(3 x @Night | #Dawy)
087 To1

Figure 5.7. Example Surface and Light Condition Summary (Access-ALAS)

As illustrated in Figure 5.5, there were 67 intersection-related vehicular in the five-year period of
the study. Failure to yield to the right-of-way while making a left turn accounts for 30 of the

vehicular crashes at the intersection.

The data may also be exported to Microsoft Excel (not provided by the lowa DOT) for further

analysis (see Figures 5.8-5.10). The annual number of crashes is shown in Figure 5.10.
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Figure 5.9. Example Crash Count by Day of Week (Microsoft Excel)
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Figure 5.10. Example Crash Count by Year (Microsoft Excel)

The Access-ALAS analysis shows that most crashes occurred in the daylight under dry
conditions. The major cause of crashes at the intersection of US 30 and Grant Road was failing
to yield to the right-of-way left turning. Half of the crashes occurred on the days of Wednesday,
Thursday, and Friday between 4:00 p.m. and 6:00 p.m.

In order to better visualize the types of crashes within the intersection, the city needed a collision
diagram. Collision diagrams may be constructed within the program Intersection Magic. The
node number for the intersection is needed to run Intersection Magic. CMAT can be used to
obtain the node number. The node number is used in Intersection Magic to obtain a collision
diagram of all crashes at the intersection of US 30 and Grant Road during the five-year time

period. See Figure 5.11. Instructions for this process are provided in Appendix D.3.

The intersection of US 30 and Grant Road was ranked 21st on the lowa DOT’s list of statewide
candidate locations for safety improvements. At the time period of the study, the intersection has

a leading left-turn phase for eastbound to northbound traffic. From the Access-ALAS queries,
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left-turn crashes on the US 30 approaches may be identified as the predominate crash type.
Vehicles making left turns from US 30 onto Grant Road may have limited sight distance. Some

of the possible countermeasures to reduce these types of crashes are as follows:

* Split-phase the signal operation for the US 30 movements.
* Construct left-turn bays with or without raised medians.
* Re-time the traffic signal.

Information on contracting for a crash analysis study, including a project work order using the
city of Carroll example, is provided near the end of this chapter.
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CONTRACTING FOR A CRASH ANALYSIS STUDY

Information Gathering

Before a jurisdiction contacts an engineering consulting firm to perform a crash analysis study, a
variety of information may need to be collected. Any information may aid the consulting firm in
adequately completing the study. The following is a list of possible information that an

engineering consulting firm may request:

* issue at hand

* crash history

» traffic volumes

* sight distances

* right-of-way information

* roadway geometry

* roadway classifications

* posted speed limits in and around study area
* preliminary speed studies

e citizen input

* location map

* appropriate contact persons

* any other relevant information

The following project work order may assist local governments in contracting to an engineering
firm. The example project work order contains information from the city of Carroll example (a

blank form is provided in Appendix E).
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Project Work Order: Crash Analysis Study

Referenced Agreement

This work order is part of an agreement between Smith Consulting and the city of Carroll for municipal engineering
services.

Project Location Description

This work involves conducting a crash analysis study at the intersection of Highway US 30 and Grant Road. A map
depicting the location is attached.

Obligation of the City/County
The city shall provide the following items to the consultant: historic traffic volumes, current traffic volumes, posted

speed limits, available sight distances, crash history, roadway geometry, roadway classification, and a list of
important contacts.

Scope of Consultant Services

This work includes gathering and analyzing crash data. Crash mitigation recommendations will also be required, if
needed.

Schedule

Field meeting date:
Estimated date of preliminary deliverable:
Estimated date of final deliverable:

Compensation
Labor cost $
Direct expenses $
Subcontractor cost $
Overhead $
Maximum payable $
Authorization
City of Carroll Smith Consulting
City/County Contractor
City/County Administrator Project Manager’s Name/Title
Signature Signature
Date Date
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INTRODUCTION

School zone safety is one of the most pressing, controversial, and emotional concerns that
elected officials, traffic engineers, city staff, school officials, and enforcement agencies are faced
with. Pedestrian and bicycle safety depends upon public understanding of accepted methods for
traffic control. This understanding becomes extremely important in a school zone. School
children and motorists cannot be expected to navigate safely in school zones unless they
understand the need for traffic control devices and how these controls function for their mutual
benefit.

The following facts may be considered in the developmental stages of a school zone program
(MUTCD 2001):

* Analysis shows that at many locations school crossing controls requested by parents,
teachers, and other citizens are unnecessary and costly and tend to lessen the respect
for controls that are warranted.

» Pedestrian safety depends in large measure upon public understanding of accepted
methods for efficient traffic control.

* Non-uniform procedures and devices cause confusion among pedestrians and vehicle
operators, prompt wrong decisions, and can contribute to accidents.

* Thetype of school areatraffic control used, either warning or regulatory, must be
related to the volume and speed of traffic, roadway width, and the number of children
crossing.

Note that the school zone program described here does not serve to select the device or solution
for a particular situation. Instead, a procedure is outlined for logical selection of locations where
school zone safety concerns exist. Engineering judgment is applied to the process of selecting a
uniform approach.
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RESPONSIBILITY FOR THE SAFETY OF SCHOOL
PEDESTRIANS

The responsibility to provide safe walking and biking conditions and to develop self-reliance and
safe habits among children is shared by parents, school authorities, government agencies, and the
children themselves. Parents hold the basic responsibility of their children walking and biking to
and from school. School and traffic officials work to provide the appropriate traffic control
devices. Without the full cooperation of the parents, the program may not be successful. Parents
are obligated to understand traffic regulations and control measures and to make sure their
children also understand them (Des Moines Safety Council 1997). By their example, parents are
the greatest influence in their child’s development of safe and self-reliant actions.

KEY STEPS TO A SCHOOL ZONE PROGRAM

Development of a school zone program includes six key steps (ITE 1988):

1. Organize atraffic safety committee.

2. Develop a school route plan.

3. Configure the school site.

4. Consider other relevant elements.

5. Select mitigation measures (not within the scope of the handbook).
6. Distribute and maintain school route plan.

Organize a Traffic Safety Committee

The traffic safety committee is akey tool to aid in the development and maintenance of a school
zone safety program. The traffic safety committee should be composed of government and
school board officials who have the authority, interest, and ability to get things accomplished. A
jurisdiction’ s traffic engineer, the chief of police, and school representatives should be officia
members. The manager of the local safety council, the presidents of parent-teacher associations
(PTAs), and representatives of other interested organizations can also serve on the committee.

The duties of the committee are to guide and coordinate all activities connected with the school
zone safety program. These activities may include the following (ITE 1988):
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Establish policies and procedures within the program.

Develop a school route map.

Review and approve the various phases of the school traffic safety program.
Review and handle complaints and requests from citizens.

Establish priorities on projects to administer.

Promote good public relations.

Take immediate action to correct emergency school traffic safety concerns.

Develop a School Route Plan

The school traffic safety committee should take the lead to develop a suggested school route plan
for schools serving elementary and kindergarten students. Many kinds of existing information
may be necessary to develop the plan. The school principal, the PTA, or any organized citizen
group involved in public safety may provide information pertaining to the following items:

student walking areas

safety patrol and/or crossing guard locations
locations of concern

school hours

The school route plan should include a map that shows the following (see Figure 6.1; ITE 1988):

the school

nearby roadways

existing traffic control devices

the suggested school route for children to follow

The following criteria may be considered when developing a school route plan (ITE 1988):

The school route plan should be designed to provide maximum protection to the
children at a minimum cost to the taxpayer.

School route plans should be designed to take advantage of existing of traffic control
devices.

School children should be thoroughly instructed by the schools and parents on the
purpose and proper use of the school rout plan. Each child should be provided with a
copy of the map showing the school route plan.
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» Specia precautions should be taken in those areas where unusual conditions exist that
create problems for school children.

The following factors may be considered when determining the feasibility of requiring children
to walk alonger distance to alocation with existing traffic control: the availability of adequate,

safe sidewalks or off roadway sidewalk areas to and from the location with existing control; the
number of children using the crossing; the age levels of the children using the crossing; and the
total extrawalking distance (MUTCD 2001).
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Figure 6.1. Example School Route Plan
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Theideal uses and functions of the school route plan map are as follows (Bismark 1986):

» toguide children and avoid roadside and intersection hazards

» toprovide for the most effective use of protective measures such as traffic control
signals, stop signs, pavement markings, and sidewalks

* to minimize the number of crossings on major traffic roadways

» to maximize the use of existing sidewalks and roadways that have wide smooth
shoulders

» to choose roadway crossings with adequate sight distance

» toprovide abasisfor engineering studies of school related traffic control devices

» toindicate priorities for sidewalk construction

Configure the School Site

Figure 6.2 is an example school site configuration. This site was reconstructed some years after
the initial construction was completed. The purpose of the reconstruction was to provide a higher
level of safety. The school site was designed to separate staff and visitor parking (bottom left)
from the student drop off and pickup area (top left). As shown, the arterial roadway (off the
school site) in front of the school is designed for student drop off and pickup. The only parking
that is allowed in the access driveway on the school siteis for school buses (bottom right) and
handicapped individuals (top right). Thereis awide sidewalk between the school building and
the access driveway to allow students to move fredly.
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Consider Other Relevant Elements

A school zone safety program may aso consider the following relevant elements:

» school bus operations
» school crossings where concerns have been expressed
» appropriate traffic control devices or assistance measures

School Bus Operations

The safe and efficient management of bus transportation of studentsisacritical element of a
school zone safety program. Although school buses are not involved in alarge number of traffic
crashes, they are important because of their size, limited maneuvering characteristics, and the site
restriction they create.

It isimportant to establish school bus routes that provides safe, efficient, and economical
transportation of students. Bus stops should be designed to provide the safest location for
stopping the bus and loading or unloading students. This includes the bus stop(s) located at/on a
school site. A safe sight distance of approaching vehiclesis one of the critical elements of
providing a safe bus stop. Children need this critical sight distance for crossing the street safely.

The following information may be helpful in establishing school bus routing (Missouri Safety
Center 1996):

the location of students’ residences

the grade and age of studentsto be transported

the type and condition of roads

the standard of service required

the funds available for transportation service

the general safety of al routesin relation to hazards such as hills, intersections,
railroad crossings, bridges, sharp curves, and obstructions to sight distance

the safety of loading/unloading stopsin relation to visibility of approaching vehicles
» thewalking distance to the bus stop in relation to the age of the student

School Crossings Where Concerns Have Been Expressed

During the development of the school route plan, a school route may cross a major roadway. By
applying a uniform procedure of study and analysis to each crossing, it is possible to make
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recommendations and assign priorities for the application of traffic control devices or other
measures.

For information regarding the procedure for making field studies for an analysis at alocation
where concerns have been expressed, refer to A Program for School Crossing Protection (ITE
1988). The recommended procedure for study is based on the following assumptions:

» Alternating gaps and blockades are formed in the vehicular traffic stream in a pattern
related to each location. This requires an analysis of the concerns at each location.

» Pedestrians will wait areasonable time for an adequate gap in traffic before crossing a
roadway.

Appropriate Traffic Control or Assistance Measures

There are several specific standard guidelines and warrants for the application of signs,
markings, and signals that would ordinarily be installed on roadways near school sites. To obtain
these detailed guidelines, refer to Part 7 (Traffic Controls for School Areas) of the Manual for
Uniform Traffic Control Devices (MUTCD 2001). Some example traffic control devices and
assistance measures are given here. Note: the decision to use a particular device at a particular
location should be made on the basis of an engineering study.

Signs. Uniformity of the physical characteristics of signsiscritical in school areas.
Consequently, the removal of any nonstandard signs should carry ahigh priority. Signs that are
associated with school areas include “ School Crossing,” “ School Bus Stop Ahead,” “ School
Speed Limits,” “End of School Zone,” and “Flashing Y ellow Breakers’ signs. See Figure 6.3.
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Figure 6.3. School Site Signs

Markings. Markings have definite and important functions in a proper school areatraffic control
plan. Markings may be used to supplement the regulations and warnings provided by other
devices such as traffic signs or signals. Markings can also be used on their own to produce
results that cannot be obtained from any other device. See Figure 6.4.

Figure 6.4. School Site Markings
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Crosswalks. Crosswalks are marked when there is a need for increased visibility and designation
of the crossing area. Crosswalks are typically marked at the following locations:

» school crossings approved by the local agency, governing body, safety commission,
school principal, etc.

arterial crossing manned by adult crossing guards

signalized intersections equipped with pedestrian signals

crossing on recommended school route plan

crossings at two-way and four-way stop intersections

intersection crossings with unusual geometric design where the pedestrian or bike
path is confusing and could lead to potential conflict

See Figure 6.5.
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Flgure6 5. Marked Crosswalk

Traffic Signals. Standard traffic signals may be warranted at established school crossings where
there is a need to create adequate gaps in vehicular traffic for pedestrian and bike crossings. The
patterns of adequate vehicular gaps in the traffic stream are unique to each crossing and form the
basis for determining the proper control device or technique. See Figure 6.6.
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Figure 6.6. Signalized Crosswalk

Crossing Supervision. Many school crossings involve traffic situations problematic to young
pedestrians despite the proper application of traditional traffic control devices. In these cases,

adult crossing guards, police officers, or student patrol may supervise school crossings. See
Figures 6.7 and 6.8.
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Figure 6.8. Adult Crossing Guard
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Distribute and Maintain School Route Plan

Once the school route plan has been developed, it is distributed to users and maintained by
school authorities.

School Route Plan Distribution

The school route plan should be transmitted to the agency responsible for traffic control in a
given jurisdiction for final approval. Upon approval, the school should post a copy where
everybody can view it. Instructions should be given on general pedestrian safety rules, and on of
the use the plan. A copy of the plan should be sent home with each student so that parents can
assist in identifying and explaining the correct route to school for their children.

School Route Plan Maintenance

Regular field checks by school authorities should be undertaken to make sure that students are
following recommended routes to school. Lack of compliance with the plan should be
investigated to determine if corrective measures or a plan revision is required.

The school route plan is reviewed annually to determine whether revisions are necessary due to
changesin school district boundaries, new sidewalk construction, installation of new traffic
control devices, or other factors that affect pedestrian and bike safety. Along with changes,
necessary revisions should also be made on the map that displays sidewalk location, intersection
traffic controls, and school-related traffic controls.

EXAMPLE SCHOOL ZONE PROGRAM STUDY

The city of Scottsville's elementary school is considering developing a school zone safety
program. Concern has been expressed at PTA meetings about the overall safety of children
walking or biking to and from school. Currently there is not a school route plan in place.
Consequently, Scottsville Elementary School has decided to implement a school zone saf ety
program.

Scottsville Elementary School organized the Scottsdale Elementary School Traffic Safety
Committee. The goal of the committee was to develop a school route plan. Along with the
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development of this plan, the committee desires to handle public input positively and to promote
good public relations.

The committee devel oped a school route map depicting the school, roadways, existing traffic
control devices, and a suggested route for children to follow walking or biking to and from
school. During the process of devel oping the school route map, the committee identified two
intersections of concern, asillustrated in Figure 6.9. These were also the areas that the PTA had
expressed concerned with. The committee desires to evaluate the traffic conditions at these
locations.
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Figure 6.9. Example School Zone Map

The committee met with the local law enforcement and city traffic engineering officials to
present the school route map. The main concern of the committee was the crash history and
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speeding in thisarea. The local law enforcement officials replied that the only concern they had
was at the intersection of Main Street and 8th Street. There had been complaints from citizens
about speeding and there was an existing crash history at that intersection.

The committee presented the school route map to the city administrator for Scottsville and
requested assistance in conducting initial traffic studies.

The city conducted preliminary spot speed studies (as explained in Chapter 2 of this handbook)
at both of the intersections. The city calculated the 85th percentile of speed for both
intersections. The city found that at the intersection of | Avenue and 8th Street the 85th
percentile of speed was 1 mph below the posted speed limit. At the intersection of Main Street
and 8th Street the 85th percentile of speed was 7 mph over the posted speed limit. A 5-mph rule
of thumb is sometimes used to determine whether the 85th percentile of speed is high compared
to the posted speed limit. If the 85th percentile of speed is5 mph or more above the posted speed
limit, the situation should be evaluated. In this case, the 85th percentile of speed was 7 mph
above the posted speed limit, so speeding may be an issue. This intersection should be
considered for further speeding evaluation. Several actions may be considered as described in
Chapter 2 of this handbook.

The city also conducted preliminary 15-minute traffic volume counts at both intersections (as
described in Chapter 3 of this handbook). The city conducted the volume counts and compared
the results with historic traffic volume counts. The 15-minute counts were consistent with the
historic traffic counts.

The city staff used a measuring wheel, atarget rod, and sighting rod (as shown in Chapter 4 of
this handbook) to conduct an intersection sight distance study at both intersections. The results of
the study showed the sight distance at both intersections was adequate.

At this point, the city decided the school route plan could not continue without further assistance
because of possible safety issues within the school route area. The city wishesto have a
consulting engineering firm analyze the traffic conditions within the area included within the
school route map. Information on contracting for a school zone safety program study, including a
project work order using the Scottsville example, follows.
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CONTRACTING FOR A SCHOOL ZONE PROGRAM
STUDY

Information Gathering

Before ajurisdiction contacts an engineering consulting firm to perform a school zone study, a
variety of information may need to be collected. Any information provided may aid the
consulting firm in adequately completing their analysis. The following isalist of possible
information that an engineering consulting firm may use:

issue at hand

crash history

preliminary speed studies

traffic volumes

sight distances

documentation from PTAS
traffic control devices

roadway classifications

posted speed limitsin and around study area
school hours

list of regularly scheduled events
student demographics

school site map

school bus operations/schedules
pedestrian access ways

citizen input

location map

appropriate contact persons

any other relevant information

The following project work order may assist local governments in contracting to an engineering
firm. The example project work order contains information comes from the school zone example
(ablank form is presented in Appendix E).
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Project Work Order: School Zone Program Study

Referenced Agreement

Thiswork order is part of an agreement between Mclntyre Engineering and the city of Scottsville for municipal
traffic engineering services.

Project Location Description

Thiswork involves conducting a school zone safety study around the location of Scottsville Elementary School. A
map depicting the location is attached.

Obligation of the City/County

The city shall provide the following items to the consultant: traffic volume counts, traffic volume projections, right-
of-way information, truck route information, student population and address, and school hours.

Scope of Consultant Services

Thiswork scope includes the completion of atraffic and pedestrian and bike operations study. Traffic volume
counts, speed studies, sight distance measurements, and crash analysis are also included. This work involves data
collection and evaluation of existing traffic control devices within the study area.

Schedule

Field meeting date:
Estimated date of preliminary deliverable:
Estimated date of final deliverable:

Compensation
Labor cost $
Direct expenses $
Subcontractor cost $
Overhead $
Maximum payable $
Authorization
City of Scottsville Mclntyre Engineering
City/County Contractor
City/County Administrator Project Manager’s Name/Title
Signature Signature
Date Date
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APPENDIX A: SPOT SPEED STUDY DATA FORMS

A.1. Stopwatch Spot Speed Study Data Form

Date:

Name:

Location:

Speed Limit:

Start Time:

End Time:

Down Time:

Weather:

Seconds

mph for
_ feet

Passenger
Vehicles

Buses

Trucks

Record

No.

Record | No.

Record | No.

Total

1.0

1.2

14

1.6

1.8

2.0

2.2

2.4

2.6

2.8

3.0

3.2

34

3.6

3.8

4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

Total
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Stopwatch Spot Speed Study Data Form for 88 Feet

Date: Start Time:

Name: End Time:

Location: Down Time:

Speed Limit: Weather:
Passenger

Seconds rgg?ef;r Vehicles Buses Trucks Total
Record | No. | Record | No. | Record | No.

1.0 60.0

1.2 50.0

14 42.8

1.6 375

1.8 33.3

2.0 30.0

2.2 27.2

2.4 25.0

2.6 23.0

2.8 21.4

3.0 20.0

3.2 18.7

3.4 17.6

3.6 16.6

3.8 15.7

4.0 15.0

4.2 14.2

4.4 13.6

4.6 13.0

4.8 12.5

50 12.0

52 11.5

5.4 111

5.6 10.7

5.8 10.3

6.0 10.0

6.2 9.6

6.4 9.3

6.6 9.0

6.8 8.7

7.0 85

Tota
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Stopwatch Spot Speed Study Data Form for 176 Feet

Date: Start Time:

Name: End Time:

Location: Down Time:

Speed Limit: Weather:
Passenger

Seconds T7p6hfg Vehicles Buses Trucks Total
Record | No. | Record | No. | Record | No.

1.0 120.0

1.2 100.0

14 85.7

1.6 75.5

1.8 66.6

2.0 60.0

2.2 54.5

2.4 50.0

2.6 46.1

2.8 42.8

3.0 40.0

3.2 375

3.4 35.2

3.6 33.3

3.8 315

4.0 30.0

4.2 28.9

4.4 27.2

4.6 26.1

4.8 25.0

50 24.0

52 23.0

5.4 22.2

5.6 21.4

5.8 20.6

6.0 20.0

6.2 19.3

6.4 18.7

6.6 18.1

6.8 17.6

7.0 17.1

Tota
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A.2. Radar Meter Spot Speed Study Data Form

Date:

Name:
Location:
Speed Limit:

Start Time:

End Time:

Down Time:

Weather:

Speed Passenger Vehicles

Buses

Trucks

Total

Record

No.

Record

No. Record No.

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42
43
44
45

46

47

48

49

50

Total

7.4
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APPENDIX B: TRAFFIC VOLUME COUNT
INTERSECTION TALLY SHEET

Casepng s g Intersection Volume Count

Trucks=other frucks and buses. (Record

school buses with SB.) Time to
N/S Street Date
E/W Street Weather @
Intersection Control Observer
! i
! |
! |
! |
| |
! |
! |
! |
! |
! |
— | |
Trucks ! Cars 1 Cars Trucks
| .
_— |
| k-»
|
Cars Trucks

Cars iTmcks , l x Trucks } Cars
|

Cars iTrucks Cars iTmcks

Cars iTmcks l T ‘ Trucks

Cars iTrucks

Cars

Cars Cars Trucks
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APPENDIX C: SIGHT DISTANCE DIAGRAM FORM

Date

Time of Day

Speed (Posted or 85%)

Traffic Controls Present

I ntersection Maneuver

\Weather

Horizontal Curve

Y orN

Vertical Curve

Y orN

Conclusion:

Magjor Roadway Width

No. of Lanes

Minor Roadway Width

No. of Lanes

Y Stopping Distance

X(R) Recommended

X(M) Measured

Morth
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APPENDIX D: CRASH ANALYSIS FIELD OBSERVATION
REPORT, SOFTWARE INSTRUCTIONS, AND
GUIDELINES

D.1. Field Observation Report

A crash analysis field observation report (from the Federal Highway Administration, 1991)
appears on the following three pages.
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FIELD OBSERVATION REPORT

Location Date

Observer Time

PART 1 - PHYSICAL CHECKLIST

. Are there sight distance obstructions to:
a. Traffic control devices?
b. Intersections and driveways?
c. Turning or oncoming vehicles?

No Yes Comments

=

2. Does parking affect:
a. Sight distance? ik o . 5
b. Through or turning vehicle paths? L SO

3. Is horizontal alignment inadequate? PRI

4. Is vertical alignment inadequate? it b bt

5. Is pavement width or the number of lanes inadequate? R

6. Are intersection or driveway radii too short? il et PR

7. Are there problems with driveways such as:
a. Inadequate design?
b. Location near major intersection?
c. Too many driveways?

8. 1Is channelization inadequate for:
a. Reducing conflict points?
b. Separating traffic flows or defining movements?

9. Should pedestrian crosswalks be:
a. Added?
b. Relocated or repainted? T

10. Are there problems with traffic signs such as:
a. Inadequate or improper message?
b. Too many signs?
c. Placement or size?

11. Are there problems with traffic signals such as:
a. Timing?
b. MNumber of signal heads?
c. Placement or size?

12. Are there problems with pavement markings such as:
a. Vehicle paths not clearly marked? e R
b. Location of the markings? bl S

13. Do posted speed 1imits appear to be too high or too
low for conditions? BN A

14, Does the pavement condition (potholes, irregular
surface, etc.) appear to contribute to safety problems? el Al

15. Is roadway lighting inadequate? o S b

16. Are there tire skid marks on the pavement? SR AL

17. 1Is there evidence of vehicle accidents such as scar marks
on trees, utility poles, embankments, or other objects? R e,

18. 1Is there an abundance of vehicle accident debris such as
small pieces of crushed glass, plastic, etc., along the
shoulder or in the median area? gt e

15
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FIELD OBSERVATION REPORT (CONTINUED)

PART II - OPERATIONAL CHECKLIST

1.

12.
13.

14,
15.

16.

17.

18.

Do obstructions block the driver's view of opposing or
conflicting vehicles?

Do drivers have trouble finding the correct path through
the location?

Is there any indication of driver confusion about routes,
street names, or other guidance information?

Do steep grades create large speed differences?

Are pavement surface conditions creating erratic
driver movements?

Does the presence of existing driveways contribute to
erratic driver movements?

Is excessive vehicle delay creating unsafe risk taking
by motorists?

Are there large speed differences between vehicles:
a. Traveling through the location?
b. Turning at driveways or intersections?

Do drivers respond incorrectly to:
a. Signals?
b. Signs or other traffic control devices?
c. Turning lanes?

Are problems being cauged by the volume of:
a. Through traffic?
b. Turning traffic?

Do pedestrian movements create conflicts?
Do bicycle movements create conflicts?

Is there considerable weaving or lane changing by
drivers at the location?

Are there violations of parking at the location?

Are there violations of other traffic control devices
or regulations such as:

a. Running red 1ight?

b. Failing to stop or yield the right-of-way?

c. Speed limits?

d. Right-turn-on-red?

e. Other?

Are there traffic flow problems or traffic conflict
patterns associated with turning vehicles?

Are there any other unusual traffic flow problems or
traffic conflict patterns?

Does inadequate lighting cause drivers to slow down or
create erratic maneuvers?

16
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FIELD OBSERVATION REPORT (CONTINUED)

PART III - SKETCH OF LOCATION

Instructions: In the space below, draw a free hand sketch of the location and
identify areas with considerable vehicle accident debris and mark the paths of
any obvious high-risk movements.

17
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D.2. Access-ALAS/CMAT Instructions

A crash analysis can be performed using Access-ALAS (accident location and analysis system)
and Crash Mapping Analysis Tool (CMAT) software packages (available to jurisdictions from
the lowa DOT upon request). If these programs are not currently installed on your PC, follow the
installation directions, then proceed with the analysis as follows.

First, open AccesssALAS.

| Ble Edit Insert Becords Window Help

Search County/Cily

Cleanup WRility

Search
CorCity/RoutedaPoint

Search

Ahvays efore starting
Co/RoutaiiPost a NEW earch

. ; B roguast. oar aff search
Search e paramater Ces.

NodefLinkiS#ing

Search Route " -

WL Quit Access
ALAS

Search Statewida
lowa Department of Transportation
’ﬁ\ Highvay Division
Office of Traffic and Satety

Accident Location and Analysis System
D

[Ready

i i i i

S| | AFEEDEEEM =D [ S e Ry BRI B DR swan

Click the “Help” icon. Thiswill bring you to the next screen.
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Click the “Re-Link” icon. Thiswill bring up a new menu.

| Ble Edit Insert Becords wwindow Help

Search County/City

Accident Location any
Search

CofCity/Route P oint Access ALAS HELP

Search [
CoiRoute/iPost

CREATING ACCIDENT QUERY REPORTS | ry
B Re-Link the Database Tables ]

Search
Noded ink/String

Browse | I
Search Route -
(Wilepost) ! Re-Link
Search Statewide |[= Cancel

[nodes associated with civil map features.

Accident Location and Analysi
D the

of T

Wiew tire fowa Link-Node Systeut |

Re-Link: This feature can be used in cases where
the database tables need to be stored on some
drive other than a "C" drive.

‘ Re-Link the Database Tabies I

—a ; T T T T Rm[
#san| | AR ST GJEED || 33 ahoo! Messerger ™ ROBSHAD VA s

At this menu, click “Browse.” And select the C:/Drive, as shown below (the C:/Driveis where
the crash datafileisinstalled).
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(2] Accident Location-an

Access ALAS HELP

CREATING ACCIDENT QUERY REPORTS |

8 Re-Link the Database Tables
Please Select New Data File EE3

Lookin | = (0] H ﬁl Browse I
Frogram Files CIwINDOWS [mlauTOERE.

| RECYCLED [ windows Lipdate Setup Files =] AUTOEXEL M
temp s8] ~AC30B20.TMP [#]aUTOEXEC |Cancel
fedat [EYALAS subset mdb [FAutossecb
Trial_temp %] AMADEIEK 8] autoesec.n:

TvYWBE24h 2] ASD.LOG AUTDEXE[
‘ |

File pame:  [AD&IRsubset33-83 mdb

Accident Location an

Files of type: |AH[‘.*]

™ Open as ead-anly

| ‘ Re-link the Database Tabies

= T R [
B AR EEERAEEMABY w [RUBEE DDA sma

Once the C:/Driveis selected, find and double-click the ALAS Subset.mdb crash datafile. A
new menu should appear.

Click the “Re-Link” button. A message should appear saying the re-linking was successful.

Close the message window and re-link window. At this point you may choose to use either
Access-ALAS (for link-node searches) or CMAT (for map based searches).

Before entering CMAT, minimize (do not exit) AccesssALAS.
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Open CMAT by double-clicking the CMAT icon on the desktop. The screen below isthe first

screen that appears.

= Crash Mapping and Analysis Tools
y I

Breda

|
S=-=nunnhl

‘ Searroldl

TSa R B a
\ CART

e
| De (u-‘an\
L~
\'-

T

1995
W 199
1397
~ 1338
~ 1333

2000

Craches Selected: 0 Select Mode: Paint
Astan|| A B & ) @ &) ||[EFcrash Mapping and A__ | ] Document - Mistosoft o]

AT 2 113

Y ou can turn off any of the years of data not needed for your analysis by clicking on them.

Once you have selected the years for your query, select the “Crash Selection” menu.
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In the dropdown menu, select “Spatial Selection Settings.” Thiswill allow you to modify the
size of your analysis area.

= Crash Mapping and Analysis Tools 1.5 _[E]=]

Eile | Crash Selection Analpsi Years Querp  Tools

Point Selsct

| IE v Eectangle Select ] ﬂ ‘
Palygon Select

Flouts Segment Select

Intersection Select
City Select
County Select

Laneshorn
ep Coordinate Select ‘

Case Hlmber Gelest

Label Map Features
Lidderdale

Carrold)
BT ddem
CARROLL

L dempletor
Manning,

Coon Rapids

No Crashes Selected Select Mode: Rectangle
#Asan|| 4 B & © 5) B & ||[& Crash Manping and A | B]Dacunentl -Miciosaft Word| R HDE T wsram

When “ Spatia Selection Settings’ is selected, the following screen appears.

= Crash Mapping and Analysis Tools 1.5 —[&x]

File  Crash Selection  &nalysis Years Query  Tools

Breda

Search Distance Uni
’7f:FEEI  Yards T Miles  Meters " Kilometers ‘

Search Distan

Feet
Ok Cancel

Fempletore

Coon Rapids

o Crashes Selected [

Hsan| | AW EE 3B ) | B Ciesh Mopping and Ansls. | 8 Document] -Microsolt iord] REDRTHEDR S 10s6am

| Select More: Rectangle
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Thisiswhere you select the size of your analysis area. Choose the desired unit of length and then
move the bar from left to right using the mouse until the size of your analysis areais adequate.

Click on the “Crash Selection” menu again, and the same dropdown menu will appear.

In the dropdown menu, click on “Intersection Select.”

= Crash Mapping and Analysis Tools 1.5 [ [5]x]

File | Crash Selection Analysis'Years Query Tool

Point Select

‘ E v Rectangle Select :I ﬂ |
Palygon Select

Rioute Segment Select

jal Selection Settings
R Lanesboro ‘

e Coordiate SElEt
Case Himber Seleot

Label Map Features
Lidderdale

‘ BEc adila

£arrold
BTidden
‘ CARRUGLL

L TeEmp 1 et oy
Manning.

Dedham

Coon: Ra}li(lsJ

Ma Crashes Selected Select Mode: Rectangle
iR Start |J HEE K 3) @ & |J %2 Crash Mapping and A... @)D ocument! -MiclnsnFanld |@E 260D 2 Y 1057

Thiswill take you to any intersection of choice within a county. Select the two intersecting
roads.
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Y ou have two options for selecting the two intersecting roads:

1) Simply usethe pick list for the first road, then go to the 2™ window and use the pick list
for the second road.

2) Make aselection from each pick list item box (County, City, Road Class, Road Name) in
the first window and (Road Class, Road Name) in the second window.

= Crash Mapping and Analy:

Municipal v
e

ASHWOOD DR
BARE BT
BELLA VISTA DR

BOYLAM AVE
BURGESE RD

| Crashes Selected 0 | Select Mode: Paint |

s[4 B & E ) B &) || 8 Ciosh Mlapping ond Anabs [ RUBLHDDER 1197an
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Once the two intersecting roads are selected, a screen similar to this with acircle around the
intersection in it will appear. Every crash that occurred within the circular area during the given
time period will be selected.

1835
¥ 199
v 1997
~ 193
¥ 199

I~ 2000

Crashes Selested 61 Selest Made: Paint
Astan|| AR E T 3) B || B Cresh Mapping and Anals..| B Tutorildoc - Microsalt .. | | Ry @2 12

Now, select the “Query” menu, and a dropdown menu will appear.

Note: The map with the selected crashes can be printed.
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In the dropdown menu, click on “Export Query to AccessALAS.”

= Crash Mapping and Analysis Tools 1.5

Save Query
Load Query
Clear Selection

Crazhes Selected: 61 Select Mode: Paint
HAstan|| | A E T G)E Y | |[@Crash Mapping and A #Documentl - Mioisolt W]

REAIESR T o

The data you have selected within CMAT will now be activein Access ALAS.
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Maximize Access-ALAS.

| File E

Insert Records Window Help

Search County/City

Search
CosCity/Route\iP oint
Search
CoiRouteiPost

Cloznup Wility

Always '

A arcit
? | request...this will clear aif search
parameter choices.
Quit Access
ALAS

lovva Department of Transportation
Highuway Division
Office of Tratfic and Safety

T

At the left hand side click on * Search County/City.” Thiswill bring you to a new screen.
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Click on “Jump to Report.”

| Ble Edt Insert Records tindow Help

ACCESS ALAS STARTUP

Hode/Link/String of Hodes

Beginning Date: GChack Request

Ending Date: Dejete Requost
County ARROLL -

Preview
Crashes
Other Crash Quit Access
Ciick on "Accept Roguest'to accept LI G EREET Parameters ALAS
county and date, ud display the
Node Location Request Types.

lowa Departmert of Transport
Highrwvary Division
Office of Traffic and Safety

[ o .
s | AR @ EE E

[
Do | | (R 2BG DEQD AT 1282rM

@Y || Eioosor | f7ineseot | Euses- (w8
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The following screen should appear, and you can now choose your print options. Y ou want to
click on the print icon for “Major Cause,” Day/Time Matrix,” and “ Surface Light.” “Major
Cause”will summarize what the major causes of the accidents were. “Day/Time Matrix will
summarize when the accidents occurred. “ Surface Light” will summarize what the surface and
light conditions were for the accidents.

B Ele Edit Insert Records Windaw Help

ACCESS ALAS STARTUP

CRASH L OCATION SELECTION
Raview Return to
Parameters Startup

Reminderf!

Re sure to print your
Safect Report Type: focation parameter

repori..it shows your
Major regquest choices.
Cause

Day:Time

Matrix 5 Search Quit Access
Accident Count G

Surface
Light

Case List lowa Department of Trarsportation

@ Highravary Divizion

Office of Traffic and Safety

Case
List Detail

[taur repart is being prepared. ., T e
il Start “ % e E [E) @ “ Micmsu..l ﬂ\nlersec...l @USAA”‘— Ducum.. I ||@$ aquﬁﬁo@g@@ 1256 PM

After the crash analysis reports have been printed to meet your needs, exit the programs.

Note: Click the* Accident Count” button before printing to verify that the number of crashesis
the same as the CMAT Total.
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D.3. Intersection Magic Instructions

Intersection Magic is another crash analysis software program available from the lowa DOT
upon request. Intersection Magic provides access to data from individual crashes.

Intersection Magic is a node-based application, so numbers must be obtained from within
CMAT. To begin, follow the crash data selection process explained in CMAT:

Open CMAT. The screen below is the first screen that appears.

Mo Dt Taleoed bl Mhde. Mciarghe

Ao ABETEEEEE S |[Row newns i n RS2 HOA T nnw

At this screen, select “Analysis Years’ from the menu. This allows you to choose your study
period.
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When “Analysis Years’ is selected, you can turn off any of the years of data not needed for your
study by clicking on them.

| it Gl bt 6 bt b Poarnd

e | | 1 (5 B || s i ot | 8Bt et ] (RSO SRR now

Once you have selected the years for your data set, select “ Crash Selection” from the menu.
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In the dropdown menu, select “Spatial Selection Settings.” Thiswill allow you to modify the
Size of your study area.

= Cansh Mappirg sed Anales Tecls 1.5

[ | Coah Setegion Snedpirramn  Duey Toali

B ol |

]

Lanrszose

fann FAapess

o Crashes 5 eboied Bekeorbi Aotz
o | AFETEFEEEEY S ([ s ni s # Do s iy WD AT e

When “ Spatial Selection Settings’ is selected, the following screen appears.

ZE=1=N - [=0*] |

Eanach Distancs Linkz
[?Fn el e £ Huimr [ Flarmber

s Cazalies) Farleid el Minle R Ll

]| ATSEEEAEEE IO | Bt LA Hcrork iore] BUASIE0R T nem
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Thisis where you select the size of your study area. Choose unit of length and then move the bar
from right to left using the mouse until the size of your study area is adequate for the purpose of
the study.

Once this step is completed, click on “Crash Selection” again, and the same dropdown menu will
appear.

In the dropdown menu, click on “Intersection Select.”

[ Canrhe Snnciust Tuluct N cche Fractsgie
e AEEFHEMNERASD |[fowe .| B Dociren] - Hiowsalt wiosd R DTS o

This will take you to any intersection of choice within your county. Type in the two intersecting
roads.
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Once the two intersecting roads are typed in, a screen similar to this with the intersection in it
will appear. Every crash that occurred within the circular area during the given time period will
be selected.

= Crash Mapping and Analysis Tools 1.5

File Crash Selection Analpsiz Years GQuery Tools

| Crazhes Selectad: 99 | Select Mode: Point | 7

When the intersection is selected, the intersection node number will appear in the background
layer of the intersection. Record the intersection node number and exit CMAT.

Enter Intersection Magic. The following screen will appear.
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How| AFSEEEEEBUBD ([P Sl ol R

Click on “Utilities’ to get a drop down menu. When the menu appears, click on “Database” and
then click on “Select” from the next menu. The following menu will appear.

i

B
&
b
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Y ou want to select the folder where you installed the Intersection Magic crash data. In this case,
click on the “C” directory” to get another list. Now click “Progra“1.”

Another menu will appear. Click on “Magic.” From the next list, choose “Data’ and then
“imw_data.” This gives you the county list. From the county list, you want to choose, for
example, “Carroll” and then click “OK.” Once the above steps are completed, you get the
following blank screen again.

| TR s Wl oo B AT - " T BT .
o] AFETEAFIDE IS [ttt Mlorwtt b QWG BOQOT A= man

At this point, select “New” from the left-hand side of the screen. This alows you to construct a
new diagram.

The bottom dialogue box should appear. In this box, click on the “#’ symbol and then enter the
last six digits of your node number. After this is completed, click “OK.” That box will disappear.
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Click “OK” on the bottom box again, and Intersection Magic will construct a collision diagram
as shown below.

Mode 335301
01/01/95 - 12/30/99

7.30 Appendixes



The collision diagram tells you the total number of crashes at the top. At the bottom is a legend
with specific details to help you determine what the crashes are on the diagram.

The collision diagram may be printed out before you exit the program.
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D.4. Guidelines for Identifying Data Needs and Studies

Guidelines for identifying data needs and studies (from the Federal Highway Administration,
1991) appear on the following pages.
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Table 4.

and appropriate engineering studies.

Guidelines for identifying data needs

Accident Pattern

Possible Causes

Data Meeds

Procedures

to be Performed

Left-turn head-on
collisions

Large volume of left-
turns

Restricted sight
distance

Too short ambar
phase

Absence of special
left-turning phase

Excessive speed on
approaches

Yolume data

Vehicle conflicts

foadway inventory

Slgnal timing amnd
phasing

Travel time and
delay data

Roadway Inventory

Sight distance
characteristics

Speed character-
1stics

Spead character-
Istics

Volume data

Roadway inventory

Signal timing and
phasing

Yolume data
Roadway inventory
Signal timing and

hasing
DEfﬂj data

Speed character-
istics

Yolume Study

Traffie Conflict
Study

Roadway Inventory
Study

Capacity Study

Travel Time and
Delay Study

Roadway Inventory
Study

Sight Distance
Study

Spot Speed Study

Spot Spesd Study

Volume Study

Roadway Inventory
Study

Capacity Study

Yolume Study

Roadway Inventory
Study

Capacity Study

Travel Time and
Delay Study

Spot Speed Study

Rear-end collisions
at unsignalfzed
intersections

Drivers not aware of
intersection

Slippery surface

Roadway fnventory

Sight distance
characteristics

Speed character-
istics

Pavement skid re-
sistance charac-
Leristics

Conflicts resul-
ting from slip=-
pery surface

Roadway Inventory
Study

Sight Distance
Study

Spot Speed Study

3k1d Resistance
Study

Weather-Rel ated
Stusdy

Traffic Conflict
Study
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Table 4.

Guidelines for identifying data needs and
appropriate engineering studies (Continued).

Accident Pattern

Possible Causes

Daty Meeds

Procedures

o be Per{orned

Rear-end collisions

at unsignalized
intersectians

Large number of turn-
ing vehicles

Inadequate roadway
lTighting

Excessive speed on
approaches

Lack of adequate gaps

Crossing pedestrians

Volume data
Roadway Inventory
Conflict data

Roadway Inventary

Yolume data

Data on existing
lighting

Speed character-
istics

Roadway inventory
Yolume data
Gap data

Pedestrian volumes

Pedestrian/vehicle
conflicts

Signal inventory

Yolume Study

Roadway Inventory
Study

Traffic Conflict
Study

Roadway I[nventory
Study

Yolume Study

Highway Lighting
Study

Spot Speed Study

Roadway Inventory
Study

Yolume Study

Gap Study

Yolume Study

Pedestrian Study

Roadway Inventory
Study

Rear-end collisions
at signalized
intersections

Slippery surface

Large nunber of
turning vehicles

Poor visibility of
signals

Pavement skid re-
sistance charac-
teristics

Conflicts resulting
from sl ippery
surface

VYolume data
Roadway {nventory,
Conflict data
Travel time and
delay data

Roadway {inventary
Signal review
Traffic conflicts

Skid Resistance
Study

Weather-Related
Studdy

Traffic Conflict
Study

Volume Study

Roadway Inventory
Study

Traffic Conflict
Study

Delay Study

Roadway Inventory
study

Traffic Control
Device Study

Traffic Conflict
Study
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Table 4.
appropriate engineering studies (Continued).

Guidelines for jdentifying data needs and

Accident Pattern

Possfble Causes

Data MNeeds

Procedures
to be Performed

Rear-end collisions
at signalized
Intersections”

£

Inadequate signal
timing

Unwarranted signal

Inadequate roadway
lighting

Excessive speed on
dpproaches

Crossing pedestrians

Roadway fInventory

Signal timing
plans

Volume data

Travel time and
delay data

Roadway 1nventory
Yolume data

Roadway inventory

Volume data

Data on exfsting
lightimg

Speed character-
istics

Pedestrian
volumes

Pedestrian/vehi-
cle conflicts

Signal inventory

Roadway Inventory
Study

Intersection
Capacity Study

Travel Time and
Delay Study

Roadway [nventory
Study
Yolume Study

Roadway Inventory
Study

Volume Study

Highway Lighting
Study

Spot Speed Study

Yolume Study

Pedestrian Study

Roadway [nventory
Study

Right-angle colli-
sions at sigmal-
lzed intersections

Restricted sight
distance

Excessive speed an
&pproaches

Poor visibility of
signals

Roadway inventary

Sight distance
characteristics

Travel speed in-
formation

Speed character-
fstics

Roadway inventory
Signal review
Traffic conflicts

Roadway Inventory
Study

Sight Distance
Study

Spot Speed Study

Spot Speed Study

Roadway Inventory
Study

Traffic Control
Device Study

Traffic Conflict
Study
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Table 4.

Guidelines for identifying data needs and
appropriate engineering studies (Continued).

Accident Pattern

Possible Causes

Data Heeds

Procedures
to be Perlarined

Right-angle caolli=-
slons at signal-
lzed intersections

Inadequate signal
timing

Inadequate roadway
1ighting

Intersection advance
warning signs.

Large total inter=-
section volume

Roadway inyventory

Stgnal timing
plans

Yolume data

lelay data

Roadway inventory

Volume data

Data on existling
lighting

Roadway inventory

Speed character-
istics

Traffic conflicts

Yolume data
Roadway inventory

Roadway Inventory
Study

Volume Study

Intersection
Capacity Study

Travel Time and

Delay Study

Highway Lighting
Study

Roadway Inventory
Study

Volune Study

Roadway Inventory
Study

Spot Speed Study

Traffic Conflict
Study

Yolune Study
Intersection
Capacity Study

Right-angle "coll -
sions at unsignal-
1zed intersections

Restricted sight
distance

Large total intersec-
tion volumne

Excessive speed on
approaches

Inadequate roadway
lighting

Roadway inventory

Sight distance
characteristics

Speed character-
fstics

Yolume data
Roadway inventory
belay data

Speed character-
fstics

Roadway inventory

Yolume data
Data on existing
lighting

Roadway Inventory
Study

Sight bistance
Study

Spot Speed Study

Valume Study
Intersection
Capacity Study
Traffic Contral
levice Study
Travel Time and

Delay Study

Spot Speed Study

Roadway lnventory
Study

Volwie Study

Highway Lighting
Study
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Table 4.

Guidelines for identifying data needs and
appropriate engineering studies (Continued).

Accident Pattern

Possible Causes

Data HNeeds

Proceduras
to be Performed

Right-angle colli-
sions at unsignal=
1zed intersections

Intersection advance

warning signs

Inadeguate traffic
control devices

Roadway inventory

Speed character-
Istics

Traffic conflicts

Roadway inventory

Yolune data

Traffic contral
device adherence

Roadway Inventory
Study

spot Speed Study

Traffic Conflict
Study

Roadway Inventaory
Study

Yoluwme Study

Traffic Control
Device Study

Pedestrian-vehicle
collisions

Restricted sight
distance

Inadequate protec-
tion for pedes-
trians

School crossing area

[nadequate signals

Inadequate signal
phasing

Hoadway inventaory

Speed character-
istics

Sight distance
characteristics

Pedestrian valumnes

5afe crossing gaps

Roadway inventory

Speed character-
1s5tics

Paedestrian volumes

Safe crossing gaps

Roadway inventory

Speed character-
istics

Pedestrian valumes

Pedestrian/vehicle
conflicts

Roadway inventory

Pedestrian volumes
Vehicle volunes
Roadway inventory
Pedestrianfvehicle
conflicts

Roadway Inventory
Stiedy

Spot Speed Study

Siyght Distance
Study

Yolume Study

Gap Study

School Crossing
Study

Roadway Inventory
Study

Spot Speed SCudy

Yol ume Study

Gap Study ;

School Crossing
Study

Hoadway Inventory
Study

Spot Speed Study

Yolume Study

Pedestrian Study

Roadway [nventory
SLudy

Volume Study

Roadway Inventory
Study

Pedestrian Study
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Table 4. : ;
appropriate engineering stu

Guidelines for identifying data needs and

dies (Continued).

Accident Patterm

Possible Causes

Data Meeds

Procedures
to be Performed

Pedestrian-vehicle
collisions

Oriver had Inadequate
warning of frequent
mid=block crossings

Inadequate pavement
mark ings

Inadequate gaps at un-
signalized intersec-
tions

Inadequate roadway
Tighting

Excessive vehicle speed

Pedestrian/vehicle
conflict

Speed character-
fstics

Pedestrian volumes

Roadway inventory

Roadway inventory
Traffic conflicts

Roadway inventory

Volume data

Gap data

Speed character-
istics

Pedestrianfvehicle
conflicts

Roadway inventory

Yolume data

Data on existing
1ighting

Speed character-
istics

Pedestrian Study

Spot Spesd Study

Volume Study

Roadway [nventory
Study

Roadway Inventory
Study

Traffiec Control
Peyice Study

Traffic Conflict
Study

Roadway Inventory
Study

Yolune Study

Gap Study

Spot Speed Study

Pedestrian Study

Roadway [nventary
Study

Volume Study

Highway Lighting
Study

Spot Speed Study

Run=of f=road
collisians

51 ippery pavement

Roadway design inade-
quate for traffic
conditions

Paor delineation

Skid resistance
characteristics

Conflicts resul-
ting from slip=
pery surface

Aoadway 1nventory

Speed character-
istics

Stght distance
character{stics

Roadway finventory
Erratic maneuvers

tkid Resistance
Study

Weather-Related
Study

Traffic Conflitct
Study

Roadway Inventory

Study
Spot Speed Study
Sight Distance
Study

Roadway Inventory
Study

Traffic Conflict
Study
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Table 4.
appropriate engineering studies (Continued).

Guidelines for identifying data needs and

Accident Pattern

Possible Causes

Pata Needs

Procedures
to be Performed

Run-of f-road
callisions

Inadeguate roadway
1ighting

[nadequate shoulder

Impraper channelization

Inadeguate pavenant
maintenance

Poor visibility

Excessive speed along
roadway

Roadway inventory

Volume data

Data on existing
| ighting

Roadway inventory
Erratic maneuvers

Roadway inventory
Erratic maneuvers

Pavement roughness
characteristics

Fog data

Speed character-
istics

Roadway Inventory
Study

Valume Study

Highway Lighting
Study

Roadway Inventory
Study

Traffic Conflict
Study

Roadway Inventory
Study

Traffic Conflict
Study

Roadway Service-
ability Study

Weather=-Related
Study

Spot Speed Study

Fixed-object
collisions

Obstructions in or too
close to roadway

Inadequate roadway
Tighting

Inadequate pavement
marking

Inadequate signs, de-
1ineators and guard-
raills

Roadway inventory
Erratic maneuvers

Roadway inventary

Volume data

Data on existing
lighting

Roadway inventary
Erratic mansuvers

Roadway inventory
Erratic maneuvers

Roadway Inventory
Study

Roadway Inventory
Study

Yolume Study

Highway Lighting
Study

Roadway Inventory
Study

Traffic Control
Device Study

Traffic Conflict
sbudy

Roadway Inventory
Study

Traffic Conflict
Study
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Table 4.

Guidelines for identifying data needs and
appropriate engineering studies (Continued).

Accident Pattern

Possible Causes

(ata Heeds

Frocedures
to be Performed

Flxed-object
collisions

Inadequate roadway
design

511ppery surface

Excessive vehicle speed

Roadway inventory

Speed character-
istics

Sight distance
characteristics

Skid resistance
characteristics

Conflicts resul-
ting from slip-
pery surface

Speed character-
fstics

Roadway Inventory
Study

Spot Speed Study

Sight Distance
study

Skid Resistance
Study

Weather=Related
Study

Traffic Conflict
Study

Spot Speed Study

Collisions with
parked or parking
vehicles

Improper pavement
marking

Improper parking clear-
ance at driveways

Angle parking

Excessive vehicle speed

11Tlegal parking

Improper parking

Large parking turnover

Roadway fnventory

Roadway fnventory

Roadway inventory
Traffic conflicts

Speed character-
1stics

Roadway invenbtory

Roadway inventory

Roadway inventory
Traffic conflicts

Roadway Inventory
Skudy

Traffic Contraol
Device Study

Roadway Inventory
Study

Roadway Inventory
Study

Traffic Conflict
Study

Spot Speed Study

Roadway Inventaory
Study

Roadway Inventory
Study

Roadway Inventory
Study
Traffic Conflict

Study

Sideswipe or head-on
collisions

Inadequate roadway
design

Roadway Inventory

Speed character-
1stics

Sight distance
characteristics

Roadway Inventory
Study

Spot Spead Study

Sight Distance
Study
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Table 4.

Guidelines for identifying data needs and
appropriate engineering studies (Continued).

Accident Pattern

Possihle Causes

Data Meeds

Procedures
to be Performed

Sidaswipe or head-on

collisians

B

Improper road mainten-
ance

Inadequate shoulders

Excessive vehicle speed

Inadequate pavement
marking

[nadequate channeliza-
Lion

Inadequate signing

Pavement roughness
characteristics

Roadway inventory
Traffic conflicts

Speed character-
Istics

Roadway inventaory
Traffic conflicts

Roadway inventory
Traffic conflicts

Roadway inventory
Traffic conflicts

Roadway Seryice=-
ability Study

Roadway Inventory
Study

Traffic Conflict
Study

Spot Speed Study

Roadway Inventory
Study

Traffic Conflict
Study

Traffic Control
Device Study

Roadway [nventory
Study

Traffic Conflict
Study

Roadway Inventory
Study

Traffic Conflict
Study

Driveway-related
callisions

Left-turning vehicles

Improperly located
driveway

Right-turning vehicles

Volume data
Traffic conflicts
Roadway inventory

Roadway inventory
Yolume data
Traffic conflicts

Yolume data
Roadway inventory
Traffic conflicts

Yolume Study

Traffic Conflict
Study

Roadway Inventory
Study

Roadway I[nventory
Study

Volwme Study

Traffic Conflict
Study

Yolume Study

Roadway Inventory
Study

Traffic Conflict
Study
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Table 4.
appropriate engineering studies (Continued).

Guidelines for identifying data needs and

Possible Causes

Data Heeds

Accldent Pattern

[riveway-related
collisions

Large wolume of through
traffic

Restricted sight dis-
tance

Inadequate roadway
Tighting

Excessive speeds on
approaches

Volume data

Speed data

Gap data

Travel time and
delay data

Roadway inventory

Roadway inventory

Spead character=
istics

Sight distance
characteristics

Roadway inventory

Volume data

Data on existing
1ighting

Speed character-
istics

Procedures
to be Performed

Yo lume studg

Spot Speed Study

Gap Study

Travel Time and
Delay Study

Roadway [nventory
Study

Roadway Inventory
Study

Spot Speed Study

Sight Distance
Study

Roadway laventory
Study

Volume Study

Highway Lighting
study

Spot Speed Study

Train-vehicle
accidents

Restricted sight
distance

Poor visibllity

Excessive speeds on
approaches

Improper traffic signal
pre-emption timing

Roadway inventory

Speed character-
fstics

Sight distance
characteristics

Railroad data

Roadway inventory

Foq data
Lighting data

Speed character-
istics

Roadway Inventory

Roadway Inventory
Study

Weather-Related
Study

Highway Lighting
Study

Roadway Inventory
Study

Weather-felated
Study

Highway Lighting
Study

Spot Speed Study

Roadway Inventory
Study

Volume Study

Railroad Crossing

Study
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Table 4. ]
appropriate engineering studies {Continued).

Guidelines for identifying data needs and

Accident Pattern

Data MNeeds

Procedures
to be Performed

PussiE1é Causes

Train=-vehlcle
accidents

Inadequate pavement
markings

Sl{ppery surface

Improper pre-emption
timing of KRR signals
ar gates

Rough crossing surface

Sharp crossing angle

Roadway inventory

Skid resistance
characteristics

Conflicts related
to slippery sur-
face

Speed data

Sight distance
characteristics

Roadway inventory

Railroad data

Roadway Inventory
Traffic conflicts

Roadway inventory

Speed data

Sight distance
characteristics

Railroad data

Roadway Inventory
Study

Railroad Crossing
Study

Traffic Control
Device Study

Skid Resistance
Study .

Weather-Related
Study

Spot Speed Study

Sight Distance
Study

Roadway Inventory
Study

Railroad Crossing
Study

Roadway Inventory
Study

Traffic Conflict
Study

Roadway Inventory
Study

Spot Speed Study

Sight Distance
Study

Ratlroad Crossing
Study

Wet pavement
accidents

S1ppery pavement

Inadequate drainage;
Inadequate pavement
markings

5kid resistance
characteristics

Conflicts resul-
ting from siip-
prey surface

Field review notes

Roadway fnventory
data

Traffic conflict

data

Skid Resfstance
Study

Weather-Related
Study

Safety Perform-

ance Study
Roadway Inventory
Study

Traffic Conflict
Study
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Table 4.

Guidelines for identifying data needs and
appropriate engineering studies (Continued).

Accident Pattern

Possibla Causes

Data Heeds

Procedures
to be Performed

Night accidents

Poor wisibility or
11ghting

Poor sign quality;
Inadequate channeliza-
tion or delineation

Roadway 1nventory
Volunme data

Data on existing
1ighting
Tref%1c conflicts

Fleld review notes

Roadway inventory
data

Traffic conflict
data

Roadway Inventory
Study

Yolume Study

Highway Lighting
Study

Traffic Comflict
Study

safety Perform-
ance Study

Roadway Inventory
Study

Traffic Conflict
Study
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APPENDIX E: PROJECT WORK ORDER (CONTRACTING OUT)

Referenced Agreement

Thiswork order is part of an agreement between

and

for municipal engineering services.

Project Location Description

A map depicting the location is attached.
Obligation of the City/County

The city/county shall provide the following items to the consultant:

Scope of Consultant Services

Schedule

Field meeting date:

Estimated date of preliminary deliverable:

Estimated date of final deliverable:

Compensation

Labor cost
Direct expenses
Subcontractor cost

Overhead

AR R H B

Maximum payable

Authorization

City/County Contractor

City/County Administrator

Project Manager’s Name/Title

Signature Signature

Date Date
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