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model will be built that uses input variables such as ADT (average daily trafﬁc;), accident
history and complaint history. The model will output the intersections in a ranked list for
signal installation depending on volumes, complaints, and accident severity. Detection
of these intersections in a proactive way would enable transportation agencies to prevent
many of these accidents and long delays before they occur. Morcover, it would reduce
complaints and increase customer satisfaction.

Decisions about traffic cobntrol devices are based on systematic procedures that
identify the locations where controls are needed. This allows transportation officials to .
respond to requests for control at specific locations. If all requests were complied with,
there would be numerous unwarranted controls on public roads. This would result in
high expenses, inconvenience, and even danger to road users. Responding with a 'no' to
specific requests would be much easier and cause fewer problems if the officials could
demonstrate the nationally accepted criteria their decision was based on.

Installing traffic signal controls has several advantages, some of these are:

- Orderly movement of traffic,

Increase in traffic capacity of an intersection,

- Reduction in the number of certain types of accidents,

Allowance of traffic to enter or cross heavy traffic,

Allowance of continuous flow of traffic at a certain speed on major roadways.

However, installing unwarranted traffic signals can result in adverse traffic
conditions, such as:

- Increased delay,

N



- Disobedience of signals,

- Diversions of traffic to less adequate roads,

- Increased rear-end type accident frequency.

Before a traffic signal is installed at a Jocation, the ﬁfst question to ask is whether
or not a signal is needed. Traffic signals are considered to be the most restrictive control
devices. Therefore, they should not be used unless less restrictive methods have been
studied and do not provide enough control. The need for a traffic control signal at any
particular location must be carefully evaluated in relation to the eleven signal warrants in
the Manual on Uniform Traffic Control Devices (MUTCD). The MUTCD is the
document that all public agencies in the United States must comply with regarding traffic

control devices. This manual insures the uniformity of highway traffic control devices

~ across the country. The MUTCD lists several engineering studies that need to be

conducted to gather the information required for signal warrant evaluations. This
information includes:

(I) number of vehicles entering the intersection in each hour for sixteen
consecutive hours of an average day. These hours should include the highest volume
hours of the day.

(i1) pedestrian volume counts for each crosswalk. These should be taken during
the two peak traffic volume times, one in the morning for two hours and one for two

hours in the evening. Counts should also be taken during the highest pedestrian volume

hours.



(111) 85th percentile speed for all vehicles on the uncontrolled approach.

(1v) conditions diagram showing the physical layout of the intersection, including
distance to nearest signal, parking conditions, etc.

(v) collision diagram showing accident experience by type, severity, location, etc.

This 1s a large amount of data to be collected. However, much of this
information is already available to ODOT employees through the ODOT mainframe
computer system. Most of the information needed to study the volume warrants 1, 2, and
8 from the MUTCD is available. This is one reason for choosing to work with these

specific warrants.

1.2 Contributions

This study will produce a procedure to determine the intersections that will
warrant a signal and the time when the warrant will be met. A prioritized list of all
intersections in the region (state, district, or county), will show the need for traffic
signals. The benefits from a proactive signal warrant model are:

(I) the need for a signal will be identified before the situation deteriorates to the

point of it needing to be reported,

(if) a list in numeric order by counties and/or districts of which intersections have

priority for the need of a signal,

(1ii) the main goal of a transportation agency is to satisfy its customer (the road

user);, a proactive practice of signal installation will decrease complaints,



improve the agency’s image and increase customers’ satisfaction when an
inquiry/request for a signal is received, the agency can refer to the list and
respond to the caller with the rank of the intersection and the likely

treatment.

1.3 Report Qutline

In the next chapter we review the literature. This involves a description of
warrants 1,2, and 8. Chapter 2 also provides a brief description of the literature
reviewed on topics including, warrants, traffic forecasting, growth rates, and accidents.
The data collection stage is discussed in chapter 3. The data collection included
reviewin_g past signal warrant studies and gathering needed database information from
the mainframe at The Ohio Department of Transportation. It contains the information
we collected to develop the method and why we focused on that specific information.
Chapter 4 is the methodology used to combine all the information gathered in chapter 3

into a Paradox table. The information inputted into the Paradox table includes

-~ intersection logpoints, volumes, accidents, complaints, etc. Chapter 5 contains a

description of how Paradox works. It also contains a description of the procedure for
signal warrant analysis. Along with the description are the five programs written in
Paradox. Chapter 6 is the description of all the program results. Future extensions to

the research are described in Chapter 7.



CHAPTER 2

LITERATURE REVIEW

Signals can not be installed unless one or more signal warrants are met. The
literature in this chapter and the data collection chapter describes the reasons for
choosing to use the volume warrants. The first section of this chapter contains a
description of warrant 1 “minimum vehicular volume”, warrant 2 “interruption of
continuous traffic”, and warrant 8 “combination of warrants.” This chapter also gives a
brief description of the literature reviewed. This includes such topics as estimated ADT,
traffic forecasting, continuous warrants, adjustments for demand models and traffic

delay.

2.1 Warrant Review

For a signal to be installed it must meet at least one Warrant. Most traffic
engineers use the volume warrants to determine if a signal should be installed. Warrants
1,2, and 8 are the volume warrantsr. The warrants are satisfied when the volumes given
below occur for eight consecutive hours of an average day. The volumes given are for
the total on both approaches of the major street and for the higher-volume approach of

the minor street. An average day is a Tuesday, Wednesday, or Thursday representing the



normal traffic conditions repeatedly found at that location. These volumes are for the
same 8 hours on each approach. During these 8 hours, the direction of higher volume on
the minor street may be for one approach during some hours and the other approach for
the rest of the time. When the 85th percentile speéd of the major street traffic is greater
than 40 mph or when the intersection is in an urban area or isolated community having a
population less than 10,000, the warrant is 70% of the below mentioned requirements.

(This is due to the fact that there is less platooning in rural areas.)

Warrant 1 Volumes:

Number of lanes on each approach Vehicles per hour  Vehicles per hour
Major street Minor street on major street on minor street

1 1 500 150

2 or more 1 600 150

2 or more 2 or more 600 200

1 2 or more 500 200

Warrant 2 Volumes:

Number of lanes on each approach Vehicles per hour  Vehicles per hour
Major street Minor street " on major street on minor street
1 1 750 75
2 or more 1 900 75
2 or more 2 or more 900 150
1 2 or more 750 150
7



Warrant 2 is needed for intersections where the volumes are not quite as evenly
distributed as they must be for Warrant 1. In Warrant 2, the major volumes needed are

much larger than in Warrant 1; however, the minor street volumes needed are much less.

Warrant 8 Volumes:
This condition is for cases where no single warrant is met but where warrant one

and two are satisfied at eighty percent (80%) or more of the values listed for each

individual warrant.

2.2 Literature Review

Hawkins [1992] studied the history of traffic signals in the Uhited States. The use
of traffic signals began in 1914 in Cleveland, Ohio. At that time, there were no standard
systems for their use. In 1924, a committee made the decision to have some uniformity
in the color of the lenses used in traffic signals. Red was for stop, green for proceed, and
yellow for caution. The first MUTCD (Manual of Uniform Traffic Control Devices) was
published in 1935. This manual provided the first warrants for traffic signal installation.
These warrants were minimum vehicular volume, heavy left turn, minimum pedestrian
volume, coordinated movement, through highway, accident hazard, and combination of
warrants. This manual was the first transportation manual to have a national acceptance.
New signal warrants that had criteria for rural and urban areas were added in the 1948
MUTCD. The required volumes for Warrants 1 and 2 in the current MUTCD were

established in 1961.



Todd [1989] believes one of the major sources of problems between highway
departments and citizens is the installation of traffic lights. The public believes that
signals are a svymbol of safety. However, installing a light does not always reduce
accidents. A traffic signal results in rear-end accidents occurring instead of the right
angle accidents that occur without the signal. Engineers need to use the minimum degree
of control to maintain the safety of the traveling public. Unfortunately, the pressure from
the public drives some engineers to manipulate the volume traffic numbers until they
meet a warrant. This is an incorrect proceduré and we must not allow it to happen.
Engineers need to learn to communicate with the public in a way that the public will

understand.

Todd [1982] states that the topic of signal warrants is a controversy that is going
to continue. The MUTCD has eleven warrants for traffic sighals. Warrants 1 and 2 are
the most frequently used and account for 70% of all the signals installed. However,
warranté 1 and 2 have several flaws that keep coming back to haunt the traffic engineer
trying to appease the public.

Flaw 1: No rationale exists as to why the warrants are based on an eight hour
count.

Flaw 2: The warrants do not address the total amount of traffic entering an
intersection. For example, they do not consider the case when both roads have a volume

of 400 vehicles entering the intersection distributed equally between both directions.



The distribution does not meet a warrant; however the volume may meet a warrant if
distributed differently.

Flaw 3: The 70% requirement for rural or high speed areas is not based on any
study:.

These controversies have been an ongoing topic of discussion for many years.
Engineers should use their best judgement when the public comes asking questions and
placing blame. The public should not be brushed aside with the response that they do not
understand the warrants. No mathematical computation that the engineer can produce

will convince the public that these traffic signal warrants make sense.

Clement [1981] agrees with Todd that there are several problems with signal
warrants and it is time for a change. The warrants used most often today are Warrant 1,
minimum vehicular volume warrant, and Warrant 2, interruption of continuous traffic
warrant. These warrants are based on volumes being met for eight hours of an average

day. However, the warrants should be used as a guide and the engineers judgement;

- based on factors such as roadway features, age of pedestrian, etc.; should be used in the

final decision.

One basic complaint about these two warrants is that they do not account for the
traffic patterns (such as right or left turns). A method to adjust this problem is the
“Summation of Critical Movements.” This method determines the levels of service of
the intersections. It considers the movement of conflicting vehicles within the

intersection being studied. Another complaint is the split of the volumes (such as right

10



and left turns). However, near capacity volume splits are also considered in the critical
movements summation technique.

Clement believes existing warrants can be used for initial investigations and the
levels of service calculations determined from the “Summation of Critical Movements”

can determine the actual need. This is a simple method that can be easily understood by

the public.

Sharp and Parsonson [1988] created a system called SCAD - Signal Complaint |

Aid for Dispatchers, to increase the efficiency of responding to signal malfunctions.

SCAD is designed to provide the engineer’s knowledge about the operation to a
dispatcher who does not have the same in-depth knowledge. SCAD guides the dispatcher
through situations by providing the questions that need to be asked of the person calling
in the problem, contacting the correct person to fix the problem and giving the person the
correct information.

SCAD is started as soon as the dispatcher is contacted with a complaint. The
dispatcher starts the program and the first menu is a question about signal complaints.
Based on the complaint type, a series of specific questions are asked. Some responses
require additional questions and others do not. This system is designed to get the needed
information and minimize the tixﬁe in doing so.

The next step is for the program to run through a series of analyses. It compares
the complaint with that specific signal’s characteristics to determine which areas of the

operation may be causing the complaint. The final step 1s a printout of the location and

11



description of the complaint, urgency, agencies to notify and the actions needed to fix the

complaint.

Falcochio et. al. [1994] noticed many transportation departments’ need to
prioritize a list of locations that need improvement. One way to produce such a list is by
weighing the multiple measures being analyzed. In Brooklyn a model was devised to
rank locations by evaluating the severity of delay, the frequency of accidents, and the
volume. Intersection stopped delay was calculated using the afternoon peak hour volume
multiplied by the average delay for individual automobile operators. To find the severity
of delay, the severity for each location was divided by the sum of the average delay for
all intersections. Accident rates were calculated by dividing the number of annual
accidents by the annual traffic volume for that location. To calculate the severity of the
accidents, the accident rate for each location was divided by the sum of the average
accident rate for all intersections. Volumes were used to calculate the importance factor.
The imbortance factor was found with the following equation:

1 + (Average Volume for Inter. - Lowest Ave. Volume of Intersections)

(Highest Ave. Volume of Intersections - Lowest Ave. Volume of Inters.)
These three factors were then weighted by importance and a final ranking was produced.
This ranking allowed the transportation departments to focus their attention and money

on the most important locations.
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Beaton et.al. [1996] compares the stated choice analysis and the revealed
preference analysis. In the stated choice analysis, several options or situations are
presented to the commuter. The revealed preference analysis uses the observations of the

actual behavior of the commuter in the past.

Saka [1993] studied the ‘Post Calibration Adjustment of Travel Demand Models’.
He stated that travel forecasting involves two steps. The first is developing the base year
model. This model is produced from the traftic volumes from the base year. The second
step is choosing the forecast year and, depending on the land use and socioeconomic

data, modeling the travel demand for the forecast year.

Paquette, et.al. [1992] studied several ways to predict future traffic volumes on
specified roadways. A wide variety of techniques are used ranging from complex
computer programs to the simple method of growth factors. For urban roads the four-
step mddeling process 1s most often used and the uniform érowth factor method is

usually used in rural areas. The four step process consists of:

Step 1. Trip Generation - the goal of trip géneration 1s to estimate the number of
vehicle trips made in a specified area. The number of trips is broken into two categories
- trip attraction and trip production. Trip productions are related to the home end of a
trip, whereas trip attractions are related to employee, shopping, entertainment, etc.

Step 2: Trip Distribution - now that an estimate has been produced for trip

attractions and trip productions, an idea must be formed on their origins and destinations.

13



A model such as the gravity model 1s used. The result of using this model is a trip table.
This table gives the number of trips between each origin and destination in the specified

area. Trip distribution is completed separately for each trip purpose.

Step 3: Modal Split - modes of transportation used between each origin and
destination

Step 4: Traffic Assignment - determines the travel paths chosen between every

origin and destination. The result is a network of roads with volume assignments made
for each link. When this is used with future trips, the process shows how well the

proposed growth will be handled.

The uniform growth factor method is the simplest. This method calculates a
growth rate for an entire area. This can be expressedas T=t * F. Where:

T = future trips

t = base year trips

.F = average area wide growth factor.
This is a very simple method but not always accurate. It assumes that the growth rate is
consistent from year to year. This growth is predicted by recent growth trends in the
traffic. However, one must be careful because past growth rates do not always reflect the
future growth rates. The uniform growth factor is calculated to determine the annual

change in the number of vehicles using a roadway.

14



ITE Technical Council Committee 6F-41 [1991] described a survey taken of
many transportation highway agencies on the type of traftic forecasting they use. A
survey was sent out to all 50 state highway departments with 41 of them responding. The
results showed that highway agencies use a wide variety of methods to predict future
traffic volumes. These methods range from complex computer models to trend lining of
base year volumes. The four step modeling process, involving trip generation, trip
distribution, modal split and traffic assignment, is used 1n many urban areas and the
simpler method of growth factoring or trend lining of traffic counts is used in rural areas.
However, most agencies are improving their current procedures and updating to more
high-tech computerized methods.

Erhunmwunsee [1991] stated that knowing traffic volumes 1s important for traffic
control planning. One aspect of the study in this report was to investigate whether
shorter counts reduce the accuracy of the predicted annual flow. Shorter counts are
more cbnvenient and cost less than twenty-four hour counts. Once these short counts are
produced they can be used in models that have factors for various things to find daily
counts, monthly counts, and yearly counts. Compared to counts taken for much longer
amounts of time (weeks), the results were accurate to within 10 percent. Obviously, the
longer the length of count used in an estimate, the better the result. However, using the
estimated AADT method, engineers can have a quick response to constituents’ requests

and save time, money, and staff.
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2.3 Conclusion

In later sections of the research, it is shown how the warrants described above are
used for the Proactive Signal Warrant Analysis. The literature that was extensively
reviewed shows that no other research has been conducted for the “The Methodology for
Proactive Signal Warrant Analysis”. The literature reviewed included signél warrant

history, current problems with the warrants, and traffic forecasting.

16



CHAPTER 3

DATA COLLECTION

The data collection included two separate procedures. The first procedure was
gathering 100 past warrant studies to determine which warrants were met most often and
which warrants to select. This is described in 3.1's ‘Past Warrant Studies.” The second
procedure dealt with gathering needed information from all sources. See sections 3.2
and 3.3. The information gathered included volumes, accident history, and number of
complaints. This chapter also describes the database produced from all of the collected

data.

3.1 Past Warrant Studies

The data collection task of the resedrch began with finding a sample of the last
100 signal warrant studies performed on Ohio state highways. Samples of these studies
are located in Appendix A. These studies were found in the files of the ODOT’s Office
of Traffic Engineering. One-hundred signal warrant studies were found and used to
identify the following information:
(I) which signal warrants were met?

(i1) why were certain locations chosen to be studied?

17



Through the one-hundred sample signal locations, seven of the eleven warrants in
the MUTCD (Manual of Uniform Traffic Control Devices) were met. The following are

the percentages of times that each warrant was met:

Warrant 2 (Interruption of Continuous Traffic)............. 27%
Warrant 8 (Combination of Warrants).......................23.4%
Warrant 1 (Minimum Vehicular Volume)..................21.6%
Warrant 9 (Four Hour Peak)...................................... 10.8%
Warrant 11(Peak Hour Volume)................................. 10.8%
Warrant 6 (Accident Experience).............cccoooooienee. 4.0%
Warrant 10 (Peak Hour Delay)................c...oooei 1.8%

Because of the outcome of these percentages we focused the rest of our research
on Warrants 1, 2, and 8, which all deal with the volumes of the major and minor roads.
As a second criteria we used the accident warrant (Warrant 6). This warrant was chosen
becausé it has the highest % of being met of the non-volume warrants and the data on
accidents is readily available.

The next task in the data collection stage was to determine why these one-
hundred locations were chosen to be studied. The majorfty (51%) of the studies were
done because of proposed development (e.g., stores, restaurants, service stations, etc.).
For proposed development, the ITE Trip Generation Manual was assumed to be used to
predict the future trips based on new development.

In addition, we interviewed traffic engineers that are responsible for signal
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installation. We obtained insight into exactly where ODOT stands with their signal
warrant process. After talking with them we decided to focus the rest of this study on
current intersections rather than proposed deVeIopment. In beginning the procedure to
produce our methodology, we determined that one county had sufficient information to
produce our method. Therefore, we chose a county that included both urban areas and
rural areas. Ashland County met all of our required needs; therefore, it was selected
Ashland County is only being used as an example. This methodology can be applied to

any area being studied.

3.2 Ohio Department of Transportation’s Data Files

This study (using Ashland County as an example) included gathering large data
files from The Ohio Department of Transportation’s Office of Traffic Engineering.
Many of these files are located on the mainframe computer system which is available to
all employees of ODOT.

f’ll"he first database which was studied was the signal inventory file. This file
contains all the signals installed throughout Ohio. It also has information about the
signals such as the type of controller, type of monitor, date of installation, number of
phases, etc. From this database the only information needed for the research was the
Jocation of the signals and the type of signals at each of these locations.

The second database used was Destape. Destape includes such information as
intersection, bridge, overpass and railroad locations. It also contains information on

where routes begin and end , and enter and exit counties. Destape was used to gather the
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following information: county, route, route suffix, log point, cross route and cross route
suffix.

Road inventory was the third database used from ODOT. After speaking with
several ODOT employees and discussing what was needed, the road inventory system
was chosen over the volume file. Road inventory includes the number of lanes for the
approaches whereas the volume file does not. The road inventory file also includes such
information as volumes for the route and cross route, classification of the roadway,
surface characteristics, road widths, etc. The number of lanes and the volumes were the

information used from this database.

33 Acci-dent Data Collection

Information was needed about the accidents occurring at the intersections in
question. For this report, the intersections in Ashland County were the ones of interest.
The federal law states that each state must maintain a system for all accidents that occur

on the roads and streets in the state. The Ohio Department of Transportation has The

- Highway Safety Program - High Hazard Location System (HSP). Three years of accident

data are used to calculate several values for each location: accident frequency, accident
rate, delta-change (change in the number of accidents over time), EPDO (equivalent
property damage only) rate, RSI (relative severity index), and density. Each location
must meet a minimum value for at least one of these values to remain a candidate for
HSP. HSP then calculates a priority index for each of these locations to determine

overall rankings. These priority index values are then sorted in ascending order (with a
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rank of 1 being the worst accident location in the state), giving the HSP hazard index
rank for all locations.

Accident data for the period of January 1993 to December 1995 was obtained
through the mainframe at The Ohio Department of Transportation. [The reason for using
this time period was that not all of the accident information for after 1995 was available ]
The information used from this file was the route logpoint and the location description.
The location description stated whether the accident occurred at an intersection, was
intersection related or if it was non-intersection related. The accidents we used were
those that occurred at an intersection or were intersection related.

The number of injury and fatal accidents was obtained from the engineers in the
area being studies that worked with the accident data. This information was needed to
produce the accident severity index. Other important data collected from the engineers
was the number of complaints received from their constituents. As mentioned earlier the
main goal of transportation agencies is to satisfy their customérs. One benefit from a
proactive practice of signal installation is to decrease the number of complaints they
receive.

The only information needed to determine which intersections meet warrants 1, 2,
and 8 is the volume on the cross routes of the intersections. After speaking with ODOT
employees and Franklin County Traffic Engineer, Michael Meeks, it was discovered that
these volume counts are not available for all county and township routes. Therefore, the
analysis on meeting volume warrants would only include the volumes on the major

routes.



3.4 Database Table

The Destape, road inventory, and signal file information described above was
downloaded from the mainframe into database files which were transferred into Paradox
(a database for Windows.) Paradox was used for two reasons:

1) all districts in Ohio have easy access to Paradox, and
2) programs can be written in Paradox and easily run.

A final Paradox Table was manually produced which included the downloaded
information, HSP ranking, and accident and complaint information. This table was
named the “Ashland” data table. The Paradox table arranges the data in rows and
columns. A horizontal row contains information about a particular item (e.g.,an
intersection.) This is called a record. Each column contains one category of the data that
makes up the record. This is called a field. In the Ashland data table, fields one through
six were created from information obtained from Destape. Columns seven through nine
contain data that was obtained from the road inventory file. The information for columns
ten and.eleven was downloaded from the signal inventory file. The last five fields
(twelve through sixteen) include accident and complaint information. The following is a
description of each of these columns.

Column 1 - County

For this study only Ashland County information is needed.

Column 2 - Route

This is the state route or US route in question.
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Column 3 - Route suffix

R 1s used for the regular routes, C is used for the connector routes.

Column 4 - Logpoint

Straight line mileage of the route in question is given to the nearest 0.01
miles.

Column 5 - Cross-route

The numeric name and/or the alphabetic name of the cross-route.

Column 6 - Cross-route logpoint

The straight line mileage of the route listed in column five approximated
to the nearest 0.01 miles.

Column 7 - Lanes

The number of total lanes on the segment of highway in question.

Column 8 - ADT

The average daily traffic for the segment of the highway.

Column 9 - Cross-route ADT

The average daily traffic on the cross route (for locations where the data is
available).

Column 10 - Signal

“Y” indicates a signal is present at the particular intersection.
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Column 11 - Signal tvpe

The type of signal installed at the location.

FA-fully actuated SA-semi-actuated
FT-fixed time FO-overhead flasher
FS-sign-mounted flasher SS-stop sign flasher

SC-school flasher

Column 12 - HSP listing

The HSP’s rank for the intersection.

Column 13 - Accidents

Number of accidents that occurred for the three-year period between
January 1992 and December 1995.

Column 14 - Injury and fatal accidents

Number of injury and fatal accidents occurring between January 1992 and
December 1995.

Column 15 - Complaints

Number of complaints from the public over the past three years.

Column 16 - Severity Index

Calculated by the number of injury and fatality accidents in the last three
years divided by the number of accidents over the same time period (field

fourteen divided by field thirteen).



The organization of the printout includes column headings on each page with the
intersection information on the following lines. Appendix' B contains the entire Ashland
data table.

The file to be used to produce a methodology for proactive signal warrant

analysis is now complete with all the information available to us.

3.5 Conclusion

The data collection task was very extensive. Information was gathered from
various sources (such as The Ohio Department of Transportation, The Ohio Highway
Safety Program, and Ashland County) on volumes, accidents, complaints, etc. This

information was then combined in a table to allow the procedure for analysis to be

I
l started.
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CHAPTER 4

METHODOLOGY

This chapter describes the information needed and the steps that were taken to
produce “A Methodology for Proactive Signal Warrant Analysis.” The information
gathered in Chapter 3 and used in the Methodology were the volumes (ADTs) on the

major and minor routes, the accident information, and the complaint information.

4 1 Development of the Volume Analysis

Based on the assessment of data availability discussed in Chapter 3, we néxt
developed the volume values that can be indicators of whether an unsignalized
interseétion potentially warrants a signal now or in the future.

As mentioned in Chapter 3 the volumes received from the databases are the
ADT’s (average daily traffic). ADT is the total volume of traffic during a specified time
period (more than one day and less than one year) divided by the number of days 'in that
time period. To meet the standards of the warrants 1, 2, and 8, the intersection must have
a specified volume for eight consecutive hours of an average day. However, this
information is not readily available to us. Therefore, calculations were done to

determine the approximate ADT needed on all approaches to warrant signalization. It
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was assumed from past experience and studies by engineers in District 3 that 52.5% of

all the ADT (average daily traffic) occurs in the eight highest volume hours in a day.

From this assumption the minimum ADT required to meet Warrants 1, 2, and 8 was

found.

Table 4.1.

Warrant 1 at 100% of its required volume.

Example to Find Minimum ADT Requirements

Approach | No.of | Required | Needed | Required | Multiplied Minimum
Lanes | Volume Hours 8 Hr. by 52.5% ADT
Volume
Major 1 500 8 4000 7619 x1 7600
Minor ] 150 8 1200 2286 x2 4600
Table 4.2.
Approximate Minimum ADT for Warrant 1

___-_.;A_p_proach No. of Lanes 100% 70%*

Major 1 7600 5320

Minor 1 4600 3220

Major 2 or more 9100 6370

Minor 1 4600 3220

Major 2 or more 9100 6370

Minor 2 or more 6000 4200

Major 1 7600 5320

Minor 2 or more 6000 4200
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Table 4.3.

Approximate Minimum ADT for Warrant 2

Approach No. of Lanes 100% 70%
Major ] 11400 7980
Minor 1 2300 1610
Major 2 or more 13700 9590
Minor I 2300 1610
Major 1 2 ormore 13700 9590
Minor 2 or more 3000 2100
Major 1 11400 7980
Minor 2 or more 3000 2100

Table 4.4.

Approximate Minimum ADT for Warrant 8

80 % of Warrant 1 80 % of Warrant 2
Approach | No. of Lanes | 100% 70% 1 100% 70%
T Major 1 7680 4260 9120 6380

Minor 1 3680 2580 1840 1290

Major 2 or more 7280 5100 10960 7670
Minor 1 3680 2580 1840 1290

Major 2 or more 7280 3100 10960 7670

Minor 2 or more 4800 3360 2400 1680

Major 1 7680 4260 9120 6380

Minor 2 or more 4800 3360 2400 1680
* The 70% columns are for the special cases listed under Warrants 1 and 2.
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These ADT volumes are not to determine which intersections meet the volume
warrants but rather to indicate which intersections deserve to have full blown engineering

studies conducted.

4.2 Development of the Proactive Warrant Analvsis Methodologv

From the information collected and described above in section 4.1, the most
important information was the volumes on the major and minor routes. When
determining a priority ranking for intersection improvements (such as signal installation)
several factors are taken into consideration. These factors include (ranked in order of
importance) volumes, HSP accident ranking, complaint history, and finally the accident
severity index information. Therefore, this is the order of importance we placed on these
pieces of information when determining our methodology.

The methodology to produce a prioritized list of intersections goes through
several steps:

_S_tgu:'

If a signal is already installed at an intersection, the intersection receives a
priority ranking of zero. We no longer need to work with these intersections because
they have obviously already met a signal warrant.

Step 2:

The next step in the methodology 1s to determine which intersections have a high

enough ADT (average daily traffic) volume on both the major and minor route that they

meet the ADT requirements for a signal installation. If the minor route volume is not
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available, then we base the decision just on the major route ADT. From the intersections
that meet the ADT requirements, we determine 1f it 1s high on the HSP listing - having an
HSP ranking of 1 to 350 (imeaning it is a high hazard location as far as accidents are
concerned.) If the intersection is high on the HSP listing then it is given a priority
ranking of 1. If it is not in the top 350 on the HSP listing it is given a priority ranking of
2.

Step 3:

The intersections given a ranking of 1 are then sorted based on their number of -
complaints and accident severity index. If the intersection has a high number of
complaints or a high accident severity index it is higher on the list among the
intersections with a rank of 1 than those that have littler or no complaints and a low
severity. The same is done with those intersections having a rank of 2. The result is a
listing of the intersections with high volumes ranked depending on their complaint
numbers and their accident severity. The ranking is in descending order by complaints
and severity index.

Step 4:

This step is to find the intersections where the ADT is not quite high enough to
warrant a signal but is very close or may meet the criteria if we use the 70% or 80%
warrant requirements. The intersections used in this step are those having an ADT of
greater than 5000 on the major route. We do not take into account the minor routes
because no information is available on their volumes and at this point we are just

estimating which locations may warrant a signal. We now move on to the second most
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important criteria, the HSP ranking. If the intersections found in this step (Step 4) have
an HSP ranking éf 1 to 350 they are given a ranking of 3, and if not, they are assigned a
ranking of 4.
Step 5

This step is the same as step 3 except instead of dealing with the Intersections
ranked 1 or 2 we are working with the intersections ranked 3 or 4. The intersections are
ranked depending on their number of complaints and accident severity index.
Step 6:

We now go back to working with the volume data. Step 6 is to determine all of
those intersections that do not have a signal, do not meet a warrant, and are not close to

meeting a warrant. All the intersections at this step have an ADT of less than 5000 on

their major approaches. If the intersections have an HSP listing of 1 to 350 they are

given a ranking of 5. The intersections without a listing in the top 350 are given a rank 6.
Step 7:

;l'hose intersections with a rank of 5 are then sorted based on their number of
complaints and accidents severity index. Intersections with a high number of complaints
or severity index are listed first among those intersections with a ranking of 5. The same
is done for those intersections with a ranking of 6.

Again all this prioritization was done based on the important aspects for traffic
engineers. These aspects include (based on order of importance) volume, HSP
ranking, number of complaints, and accident severity index. This methodology can be

seen in the flowchart on the following.page.
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4.4 Conclusion

A procedure has been developed to produce “A Methodology for Proactive Signal
Warrant Analysis” based on the volumes, HSP accident ranking, number of complaints,
and accident severity index. These four things are felt by many traffic engineers to be the

most important aspects in providing safety on their roadways.
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CHAPTER 5

IMPLEMENTATION

This chapter is a detailed description of the programs written in Paradox’s
ObjectPAL. Five steps are needed in writing a usable Paradox program. These steps are
described in section 5.1 ‘Paradox Programming.’ They are then implemented into the

programs ADTsort, Sort, and Futuresort.

5.1 Paradox Programming

The program was written in ObjectPAL, the programming language for Borland's
Paradox for Windows. PAL is a structured database programming language that allows
the usef to write sophisticated Paradox programs using statements, constants, and
conventions used to control the Paradox for Windows environment.

There are five basic stages to developing a Paradox program:

(1) Define the features of the application. To create a program, the programmer
must know what is given and what is required.

(2) Create the objects needed: tables, forms, etc. First the tables where the data

is to be stored need to be created. This is described above in Chapter 4 - Methodology.
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Then the form needs to be designed. This is the most important application because it is
where the program is generated.

(3) Create ObjectPAL code and attach it to the appropriate objects. During this ‘
stage the program is written. The code is attached to the objects that the programmer
wants the program to affect.

(4) Testing and adjusting the application. The program needs to be tested to
verify that it is working correctly. Adjustments can be made as necessary.

(5) "Delivering" the application. Once the program has been completed to
produce the desired results the application can be "delivered” to all those using the
application. When an application is "delivered,” unauthorized persons cannot change the
code v&ithout authorization.

Once the intersections are ranked, traffic engineers knowledgeable with the area
can determine which locations should have full warrant studies conducted. These studies
can enable them to determine the actual volumes on both the major and minor
approaéhes. The approximate ADT’s listed in the Paradox file should NOT be used as a
final count for a warrant analysis.

The first task was to create the form containing the programs (ADTsort,
Futuresort, Sort, help, and cancel) built for the proactive methodology. Each of these
programs has a push-button code attached to it. When the program buttons are clicked,
the programmed action occurs. Paradox is triggered to execute an event when specific
events happen. Here, when a button the code attached to it is executed. The basic code

attached to all of our programs is:
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method push-button

endmethod
This 1s because we want a particular code to execute when a certain button is clicked.

The third step in programming of ObjectPAL is to create the code and attach it to
a specific object. Since all the code is attached to push-buttons the only thing to do in
this step is to create the code. The code for each push-button is described below in
sections 5.3,5.4,5.5, and 56

The fourth step in programming ObjectPAL is to verify the program for
correctness.

The final step in programming paradox is to “deliver” the application. The reason
for delivering the application is so unauthorized persons cannot modify any of the design
or ObjectPAL characteristics of the delivered form. To deliver an object with code
attached to the form:

Select FORM - DELIVER

The delivered object contains the extension of .FDL on its file name.

5.2 ADTsort Program

The button “ADTsort,” sorts the Ashland table by the ADT (average daify traffic)
at each intersection. For the code to execute, the variables are first declared. Variables
are declared by specifying a name and data type.

ObjectPAL does not require that the variables be defined. However, the code

executes faster and there are fewer syntax errors when they are defined. After the
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variables were defined, a new table was created so the sorted table would not replace the
original table of data (the Ashland table.) The next step is to open a Tcursor in the table
(in this case the Ashland data table). Tcursors are used to access tables the user 1s not to
see. When the Tcursor is opened into a table it points to the first record. The Tcursor
allows the programmer to manipulate the data in the table in many ways. In ADTsort the
Teursor was used to scan the Ashland data table and sort the data in descending order
based on the average daily traffic at each intersection. The kevwords “sort” and
‘endsort’ must be used. First the table to be sorted must be declared. Then the specific .
fields to be sorted must be listed withan A ora D. (A for ascending order, and D for
descending order.) Then the destination table is listed. This is the table into which the
sorted data will be placed. The new table is then viewed and the program is ended with

the endmethod command.

5.3 Sort Program

;l’he push-button SORT is the main program in the Signal Warrant Analysis form.
This program begins in the same way as the ADTsort program. First the variables are
defined as Tcursors, tableviews, and tables. Then a new table is created so the new
sorting procedure does not overwrite the original table.

The keyword ‘scan’ is used to process the contents of a table. Using scan,
Paradox undergoes a set of ObjectPAL commands for each record of a table. The scan
command requires three words: 1) scan, 2) for (what to scan the records for), 3) endscan

(this ends the scan command once all the records in the table have been scanned.) When

36



scan is used as a command the Tcursor points to the {irst record in the table and if it
matches the “for” conditions then the statements that follow are carried out. If the “for”
statements are false, the Tcursor goes onto the next record and repeats the entire
procedure. When this is done for all the records, the scan looped is exited and the
Tcursor goes onto the next executable statement after the endscan command.

Thirtéen scan/endscan methods are used in this program. They are listed below in
the order in which they appear in the program. Each scan method searches through the
original data table (Ashland.dbf) for the intersections which meet certain requirements.
Once these intersections are found, they are inserted into a new table with a rank and a
label. The Tcursor then moves back to the first record in the original table to begin the
next scan command.

Scan Command No. 1 - searches for intersections that already have a signal
installed. They are assigned the title “Signal Installed” and a rank of 1.

Scan Commands No. 2, 3, and 4 - scan for intersections where the major and
minor sfreets both meet the warrants (#1, 2, and 8) for a signal to be installed but a signal
has not yet been installed. These intersections are given a rank of 2 (for warrant #1), 3
(for warrant #8), or a 4 (for warrant #2). They are labeled “Warrant 1 is met, Warrant 2
1s met, or Warrant 8 is met.”

Scan Commands No. 3, 6, and 7 - search for intersections where the major street
meets the warrant requirements but volume information for the minor street is not
available. The intersections must also be ranked in the top 350 of the HSP listing. The

intersections that meet these requirements are assigned the rank of 5, 6 or 7 and are
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assigned the labels of “1 may meet, HSP < 350", “2 may meet, HSP < 350", or “8 may
meet, HSP < 350".

Scan Commands No. 8, 9, and 10 - search for intersections where the major street
meets the warrant requirements but volume information fér the minor street is not
available. The intersections must also not be ranked in the 350 locations of the HSP
listing. The intersections are ranked 8, 9 or 10 and are labeled “I may meet, 2 may meet
or § may meet.”

Scan Command No. 11 - scans for major routes with a high enough volume that it
may meet a warrant later. This command is also looking for intersections with an HSP
ranking less than 350. These locations are given the rank of 11 and the title “May meet
at a later date, HSP < 350.”

Scan Command No. 12 - this command is the same as number 11, but the
locations have an HSP accident ranking higher than 350. The locations found are given a
rank of 12 and the label of “May meet ;t later date.”

Scan Command No. 13 - inserts the rest of the records into the new table. The
rank they are assigned is 13 and the label 1s “none.”

The program then uses the sort command. The new table is now sorted by: 1)
rank, 2) complaints, and 3)index (accident severity rating index). Once this table is
sorted, the intersections are first listed by the rank assigned to them in the scan command
loops. Then among the intersections with the same rank the intersections are sorted by
the number of complaints received from the public and the accident severity rating index.

This new sorted table is then viewed.
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5.4 Futuresort Program

The Futuresort program has the exact same scan commands as the sort program
except for two additional ones. The first addition scan command is the first scan
command in the program. It forces the program to go through all the intersections in the
original Ashland data table and calculate new ADTs. The present ADTs are used to
calculate what the ADT will be on the major route and cross route for each intersection
five years into the future. To calculate the future volumes an expected uniform growth
factor was used. For this project the Ashland county uniform growth factor rate is 0.020.
The second additional scan command is the last one of the program. It recalculates the
original data table for the present ADTs. This was done so the original data in the
Ashland data table always contains the present ADTs. This allows all three programs to
be run again and again. This program will allow engineers to base their decisions for

signal installations on projected traffic in the years to come.

5.5 Help and Cancel Programs

Help .

The help push-button gives a short description of what the other buttons do. A
brief description is given for ADTsort, Sort, and Futuresort.

ADTsort - sorts by the ADT

Sort - sorts by the intersections’ needs for a signal

Futuresort - sorts by the intersections’ needs for a signal in five years.
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Cancel
The cancel push-button describes to the user how to exit the program. “To close

the Signal Warrant Analysis Procedure - Go to File and Exit.”

5.6 Conclusion

This chapter describes the three different programs that produce ranked lists of
intersections based on their volumes, HSP ranking, complaints, and accident severity

index. The Cancel and Help programs are also deécribes.
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CHAPTER 6
APPLICATION OF THE MODEL TO THE ASHLAND

COUNTY NETWORK

This chapter includes the results of the implementation to the Ashland County
database. Section 6.1 describes the results received when ‘ADTsort’ 1s conducted.
Section 6.2 describes the results from the ‘Sort” program and 6.3 is a description of the

outcomes from the ‘Futuresort’ push-button program.

6.1 ADTsort Results

The results from the ADTsort push-button show all the Ashland county
intersec‘tions ranked in descending order by their average daily traffic count (ADT). The
first intersection on the list is US 42 with dn ADT of 13040. The ranking continues
downwards to the four SR 604 intersections with an ADT of 390. The results of this

program are in Appendix G.

6.2 Sort Results

Using the sort push-button program, resulits are produced according to the

methodology described in Chapter 4. The first intersections listed are the ones with
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signals already installed. In Ashland County this results in fourteen intersections. This
is approximately four percent of the locations ranked.

The second group of intersections listed are the ones where both the major and
the minor approaches meet Warrants 1, 2, or 8. There is one intersection in Ashland
County where both the major and the minor approaches meet a warrant.i The
intersection of US 60 and SR 511 meets Warrant 2, Interruption on continuous traffic.

The next group of intersections listed are the locations where the major approach
meets the minimum ADT’s mentioned in ‘Methodology’ for Warrants 1, 2, or 8 and the
intersection is ranked in the top 350 HSP locations. Ashland County has no locations
that meet this criteria. However, it does have twenty-nine (approximately eight percent
of this county’s intersections) locations where the major approach ADT’s meet Warrants
1, 2, or 8 and is NOT ranked in the top 350 of the HSP.

The intersections that are listed next are the ones that may meet a warrant soon
but the minimum ADT’s are not quite as high as needed to meet a warrant at the present
time. 'fhese intersections have an ADT greater than 5000. There are thirteen
(approximately four percent of Ashland’s intersections) locations that may warrant a
signal soon.

The rest of the intersections are those that do not meet Warrants 1, 2, or 8 and
are not likely to meet these warrants in the near future. These locations have an ADT

below 5000.
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These results conclude that there are approximatcely forty-five locations that
currently meet a warrant or may meet a warrant sometime soon. The results of the Sort

program are in Appendix H.

6.3 Futuresort Results

The results obtained when the Futuresort program is run are in the same format
as the Sort program results. Many of the intersections continue to be in the same
“categories” as they were five years ago.

The signalized intersections are listed first. These are the same locations as
those in the Sort results unless new signals have been installed since the program was
last run.

The next group of intersections listed in the results are the ones where both the
major and minor approaches meet a warrant. Only one intersection meets this criteria
and it is the same one as in the sort results.

intersections listed next are those where the major approach meets the minimum
ADT needed but the minor approach does not meet the requirements or the data is not
available to us. For the Futuresort program this includes thirty-one intersections.
However, none of these intersections is ranked in the top 350 of the HSP list.

The next intersections listed are those that may meet a warrant soon but the
ADTs are not as high as the requirements specify. These intersections have a ADT of

greater than 5000. This includes fifteen of the intersections in the Ashland data base.
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The rest of the intersections have an ADT less than 5000 and therefore do not
meet Warrant 1, 2, or 8 nor are they likely to meet these warrants in the near future.

These results indicate that in the year 2001, if no other signals are installed and
the growth continues as projected, forty-seven intersections will need further study and

analysis for a signal to be installed. Appendix I contains these results.

6.4 Conclusions

This chapter contains descriptions of the results obtained from the ADTsort
program, Sort program, and Futuresort program. As mentioned earlier, it should not be
assumed that signals need to be installed at all or some of the top locations. A full
signal warrant study (described in the literature review) will need to be conducted by the
Jocal traffic engineer on the top ranked locations. This ranked list gives the engineer an
idea of which intersections need to be studies first. This is where an engineer’s
judgment is used based on his/her knowledge about the area to decide which locations

need an analysis conducted.
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CHAPTER 7

CONCLUDING REMARKS

This chapter contains the conclusion of the “The Methodology for Proactive
Signal Warrant Analysis.” It also describes the future research to be conducted to

continue with the procedure already produced.

7.1 Summary of Findings

The “Methodology for Proactive Signal Warrant Analysis” study was conducted
to determine if a procedure could be implemented in traffic departments to determine
the intersections that currently warrant a signal based on volume and accident
informétion and those that will meet the requirements for a signal soon.

It has been determined that such a procedure can be done. The information
needed has been determined methodology of ranking the intersections. The information
needed includes volumes, number of lanes, number of complaints, HSP listing and
accident severity. However, this program has not been fully developed to run for all
counties automatically. This particular procedure was performed on the above

mentioned data collected for Ashland County. Ashland County was selected for use in
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producing the Paradox program. The ADTsort, Sort and Futuresort programs written are

casily run with just the click of the button and results are produced within seconds.

7.2 Future Research

Unfortunately, the programs are inadequate in the area of automatic file
manipulation from The Ohio Department of Transportation’s mainframe computer
system. It is anticipated that this applicatiori will be expanded in the future to include an
automated process. Future researchers will work with employees of ODOT who work
with the files on the mainframe system. The information needed from Destape, road
inventory, and the signal file can currently be found on the mainframe and downloaded
manually into the Paradox format. The next step of the research would do this
automatically with a simple command. This could occur at regular intervals depending
on how often the traffic departments wanted updates of the information. Since most of
this information seldom changes, once a year would probably be adequate for the
downloéding process. The engineers knowledgeable about the area's locations could
easily enter the number of complaints concerning the intersection and the accident data.
Once this information is stored into the Paradox table, it would not have to be changed
until new data is acquired. When new information a‘bout accidents and complaints is
received it could quickly be entered into the database and the system will always be kept
up to date.

Another topic to address in the future research is using traffic assignment

procedures to enhance the future volume data. Using Transcad, traffic assignments
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could be used to get the flow on each link of the network being studied. These flows
could then be downloaded from Transcad into the Paradox table used in the
Methodology. This data would be closer to the actual volumes then a percentage growth

applied throughout the area of study.

7.3 _Conclusions

This proactive signal warrant analysis offers transportation officials a way to
rank the intersections in their area. This allows them to handle complaints from the
public in a quick and efficient manner. It also saves the engineer time in deciding which
locations need full warrant studies. The engineer can look at the list and quickly
determine by the ranking (based on volumes, accidents, and compléints) which

intersections are problem locations.
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SIGNAL WARRANT STUDIES
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APPENDIX C

ADTSORT PROGRAM
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ADTsort Program

var
ashTC, newashTC TCursor
tvnewash tableview
newTab table
endvar :

method pushButton(var eventlnfo Event)
newTab = create "new.dbt"
with "CNTY"
"RTE"
"SUF"
"LOG"
"CROSS _RTE"
"CRRTLOG"
"LANES"
"ADT"
"CRRTADT"
"SIGNAL"
"SIGTYPE"
"HSP"
"ACCI"
endcreate

ashTC.open("Ashland.dbf")

message("Sorting Database....Please Wait")

sort "Ashland.dbf"
on"ADT" D, "CRRTADT" D
to "New.dbf"

endsort

tvnewash.open ("New.dbf")
endmethod

;define variables

,create a new table

"C3",
"C3",
"Cl",
"C4",
"C32",
"C4",
"Cl1",
"Cé",
"Ce",
"C1",
"C2",
"C3",
nCon

;open Ashland data table

;view new table
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Sort Program

var

:declaring the variables
ashTC, newashTC, tempTC TCursor
tvnewash tableview
newTab table

endvar

method pushButton(var eventInfo Event)

‘beginning of the pushbutton program

newTab = create "new.dbf" .creating the table "new”
with  "CNTY" . "C3°,
"RTE" . "C3",
- "SUF" . "Cl",
"LOG" - "C4",
"CROSS_RTE" . "C32",
"CRRTLOG" - "C4",
"LANES" - "C1Y,
"ADT" - "N6",
"CRRTADT" . "N6",
"SIGNAL" - "Cl17,
"SIGTYPE" : "C2Y,
"HSP" : "C3",
"ACCI" . "C2",
"WARRANTS" - "C40",
"COMPLAINTS" . "C2Y,
"INDEX" : "C5",
"RANK" :"C2"

endcreate

ashTC.open("Ashland.dbf")
newashTC.open("new.dbf")

;opening the "Ashland” data table
;opening the "new" table

message("Scanning Database....Please Wait")

newashTC.edit() -editing the "new” table
ashTC.edit() -editing the "Ashland" table
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message("Scanning for Locations which Meet a Warrant")
scan ashTC for ashTC.Signal = "Y": ;scanning for intersections with
signals

newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "Signal Installed"
newashTC.RANK ="01"

endscan

ashTC.home()

message("Scanning for Locations which Meet a Warrant")

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT >= 13700 and
ashTC.CRRTADT >=2300 and ashTC.Signal <> "Y") or
(ashTC.lanes = 2 and ashTC.ADT >=11400 and
ashTC.CRRTADT >= 2300 and ashTC.Signal <> "Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC.WARRANTS = "Warrant 1 is met"
newashTC.RANK ="02"
endscan
ashTC.home()

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT < 13700 and ashTC.ADT >=
10960 and ashTC.CRRTADT >= 3680 and ashTC.Signal <> "Y")
or (ashTC.lanes = 2 and ashTC.ADT < 11400 and ashTC.ADT
>=9120 and ashTC.CRRTADT >= 3680 and ashTC.Signal <
"Y"):
newashTC.insertRecord()
newashTC.copyrecord(ashTC)
newashTC.WARRANTS = "Warrant 8 is met"
newashTC.RANK = "03"
endscan
ashTC.home()

scan ashTC for (ashTC.lanes = 4 and ashTC. ADT < 10960 and ashTC.ADT >=

9100 and ashTC.CRRTADT >= 4600 and ashTC.Signal <> "Y") or
ashTC.lanes =2 and ashTC.ADT < 9120 and ashTC.ADT >=7600
and ashTC.CRRTADT >= 4600 and ashTC.Signal <> "Y"):

newashTC.insertRecord() ’

newashTC.copyRecord(ashTC)

newashTC. WARRANTS = "Warrant 2 is met"

newashTC.RANK = "04"
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endscan
ashTC.home()

message("Scanning for Locations which may meet a Warrant")
scan ashTC for (ashTC.lanes = 4 and ashTC.ADT >= 13700 and
ashTC.CRRTADT < 2300 and ashTC.HSP > 0 and ashTC.HSP
<= 350 and ashTC.Signal <>"Y") or (ashTC.lanes = 2 and
ashTC.ADT >=11400 and ashTC.CRRTADT <2300 and
ashTC.HSP > 0 and ashTC.HSP <= 350 and ashTC.Signal <>
"Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "1 may meet, HSP < 350"
newashTC.RANK = "05"
endscan
ashTC.home()

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT < 13700 and ashTC.ADT >=
10960 and ashTC.CRRTADT < 3680 and ashTC.HSP > 0 and
ashTC.HSP <= 350 and ashTC.Signal <> "Y") or (ashTC.lanes = 2
and ashTC.ADT < 11400 and ashTC.ADT >=9120 and
ashTC.CRRTADT < 3680 and ashTC.HSP > 0 and
ashTC.HSP <= 350 and ashTC.Signal <> "Y"):
newashTC.insertRecord()
newashTC.copyrecord(ashTC)
newashTC.WARRANTS = "8 may meet, HSP < 350"
newashTC.RANK = "06"
endscan
ashTC.home()

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT < 10960 and ashTC. ADT >=
9100 and ashTC.CRRTADT < 4600 and ashTC.HSP > 0 and
ashTC.HSP <= 350 and ashTC.Signal <> "Y") or (ashTC.lanes = 2
and ashTC. ADT <9120 and ashTC.ADT >=7600 and
ashTC.CRRTADT < 4600 and ashTC.HSP > 0 and
ashTC.HSP <= 350 and ashTC.Signal <> "Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "2 may meet, HSP < 350"
newashTC.RANK ="07"
endscan
ashTC.home()
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scan ashTC for (ashTC.lanes = 4 and ashTC. ADT >= 13700 and
ashTC.CRRTADT < 2300 and (ashTC.HSP < | or ashTC.HSP >
350) and ashTC.Signal <> "Y") or (ashTC.lanes = 2 and
ashTC.ADT >=11400 and ashTC.CRRTADT < 2300 and
(ashTC.HSP < 1 or ashTC.HSP > 350) and ashTC.Signal <> "Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC.WARRANTS ="1 may meet"
newashTC.RANK ="08"
endscan
ashTC.home()

scan ashTC for (ashTC.lanes =4 and ashTC.ADT < 13700 and ashTC.ADT >=
10960 and ashTC.CRRTADT < 3680 and (ashTC.HSP < 1 or
ashTC.HSP > 350) and ashTC.Signal <> "Y") or (ashTC.lanes = 2
and ashTC.ADT < 11400 and ashTC.ADT >=9120 and
ashTC.CRRTADT < 3680 and (ashTC.HSP < 1 or
ashTC.HSP > 350) and ashTC.Signal <> "Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC.WARRANTS = "§ may meet"
newashTC.RANK ="09"
endscan
ashTC home()

scan ashTC for (ashTC.lanes =4 and ashTC.ADT < 10960 and ashTC.ADT >=
9100 and ashTC.CRRTADT < 4600 and (ashTC.HSP < 1 or
ashTC.HSP > 350) and ashTC.Signal <> "Y") or (ashTC.lanes = 2
and ashTC. ADT <9120 and ashTC.ADT >=7600 and
ashTC.CRRTADT <4600 and (ashTC.HSP < 1 or ashTC.HSP >
350) and ashTC.Signal <> "Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC.WARRANTS ="2 may meet"
newashTC.RANK = "10"
endscan
ashTC.home()

message("Scanning for Locations which may Meet a Warrant at a Later Date")

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT < 9100 and ashTC.ADT >=
7100 and ashTC.HSP > 0 and ashTC.HSP <= 350 and
ashTC.Signal <>"Y") or (ashTC.lanes = 2 and ashTC.ADT < 7600
and ashTC.ADT >= 5600 and ashTC.HSP > 0 and ashTC.HSP <=
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350 and ashTC.Signal <>"Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC.WARRANTS = "May meet at later date, HSP < 350"
newashTC.RANK ="11"
endscan
ashTC.home()

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT <9100 and ashTC.ADT >=
7100 and (ashTC.HSP < 1 or ashTC.HSP > 350) and ashTC.Signal
<>"Y") or (ashTC lanes = 2 and ashTC.ADT < 7600 and
ashTC.ADT >= 5600 and (ashTC.HSP < 1 or ashTC.HSP > 350)
and ashTC.Signal <>"Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "May meet at later date"
newashTC.RANK ="]2"
endscan
ashTC . home()

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT < 7100 and ashTC.Signal <>
"Y") or (ashTC.lanes = 2 and ashTC.ADT < 5600 and
ashTC.Signal <> "Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "none"
newashTC.RANK ="]3"
endscan
ashTC.home()

message("Sorting the Data")

sort "new.dbf" ;sorting the "new" table by rank,
on "RANK", "COMPLAINTS" D, "INDEX" D ;no. of complaints,

and accid. index

to "temp.dbf" ;creating "temp” table
endsort
ashTC.endEdit() ;ending of the edit process
newashTC.endEdit ()
ashTC.close() ;closing the Ashland table
newashTC.close() ;closing the new table
tvnewash.open("temp.dbf") ;viewing the "temp" table
endmethod ;end of program
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Futuresort Program

var

ashTC, newashTC, tempTC

tvnewash
newTab
endvar

method pushButton(var eventInfo Event)

newTab = create "new.dbf"

with

endcreate

"CNTYH
HRTEH
HSUFH

"LOGH :HC4H,

"CROSS_RTE"
"CRRTLOG"
"LANES"
"ADT"
"CRRTADT"
"SIGNAL"
"SIGTYPE"
"HSP"

"ACCI"
"WARRANTS"
"COMPLAINTS"
"INDEX"
IIRANKII

ashTC.open("Ashland.dbf™)
;open Ashland table
newashTC.open("New.dbf")
;open New table
message("Scanning Database....Please Wait")

ashTC.edit()

newashTC.edit ()

:define variables

TCursor
tableview

table

:"C3”’
:"C3ll’
:HC 1 ll’

"C32",
MC4",
"C1Y,
"N10",
"N10",
MCl1Y,
C2n,
C3",
"C2",
"C35",

"C2",

:"Cs",
:"Cz”
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message("Creating New Volumes for Major and Minor Routes")

scan ashTC for ashTC.ADT > 0: :
ashTC.ADT = ashTC.ADT * 1.103 ;calculating future volumes
ashTC.CRRTADT = ashTC.CRRTADT * 1.103

endscan

ashTC home()

message("Scanning for Locations which Meet a Warrant")
scan ashTC for ashTC.Signal ="Y": ;scanning for intersections with
signals

newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "Signal Installed"
newashTC.RANK ="01"

endscan

ashTC.home()

message("Scanning for Locations which Meet a Warrant")

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT >= 13700 and
ashTC.CRRTADT >=2300 and ashTC.Signal < "Y") or
(ashTC.lanes = 2 and ashTC.ADT >=11400 and
ashTC.CRRTADT >= 2300 and ashTC.Signal <> "Y") :
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "Warrant 1 is met"
newashTC.RANK = "02"
endscan
ashTC.home() .
scan ashTC for (ashTC.lanes = 4 and ashTC.ADT < 13700 and ashTC.ADT >=
10960 and ashTC.CRRTADT >= 3680 and ashTC.Signal <> "Y")
or (ashTC.lanes = 2 and ashTC.ADT < 11400 and ashTC.ADT
>=9120 and ashTC.CRRTADT >= 3680 and ashTC.Signal <
"Y"):
newashTC.insertRecord()
newashTC.copyrecord(ashTC)
newashTC.WARRANTS = "Warrant 8 is met"
newashTC.RANK = "03"
endscan
ashTC home()

71



scan ashTC for (ashTC.lanes = 4 and ashTC. ADT < 10960 and ashTC. ADT >=
9100 and ashTC.CRRTADT >= 4600 and ashTC.Signal <>"Y")
or ashTC.lanes = 2 and ashTC.ADT <9120 and ashTC.ADT
>=7600 and ashTC.CRRTADT >= 4600 and ashTC.Signal <>
"Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC.WARRANTS = "Warrant 2 is met"
newashTC.RANK = "04"
endscan
ashTC.home()

message("Scanning for Locations which may meet a Warrant")
scan ashTC for (ashTC.lanes = 4 and ashTC.ADT >= 13700 and
ashTC.CRRTADT < 2300 and ashTC.HSP > 0 and ashTC.HSP
<= 350 and ashTC.Signal <>"Y") or (ashTC.lanes = 2 and
ashTC.ADT >=11400 and ashTC.CRRTADT < 2300 and
ashTC.HSP > 0 and ashTC.HSP <= 350 and ashTC.Signal <
"Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "1 may meet, HSP < 350"
newashTC.RANK = "05"
endscan
ashTC.home()

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT < 13700 and ashTC.ADT >=
10960 and ashTC.CRRTADT < 3680 and ashTC.HSP > 0 and
ashTC.HSP <= 350 and ashTC.Signal <>"Y") or (ashTC.lanes = 2
and ashTC.ADT < 11400 and ashTC.ADT >=9120 and
ashTC.CRRTADT < 3680 and ashTC.HSP > 0 and
ashTC HSP <= 350 and ashTC.Signal <> "Y"):
newashTC.insertRecord()
newashTC.copyrecord(ashTC)
newashTC.WARRANTS = "8 may meet, HSP < 350"
newashTC.RANK = "06"
endscan
ashTC.home()

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT < 10960 and ashTC.ADT >=
9100 and ashTC.CRRTADT < 4600 and ashTC.HSP > 0 and
ashTC.HSP <= 350 and ashTC.Signal <> "Y") or (ashTC.lanes = 2
and ashTC.ADT <9120 and ashTC.ADT >=7600 and

72



ashTC.CRRTADT < 4600 and ashTC.HSP > 0 and
ashTC.HSP <= 350 and ashTC.Signal <>"Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "2 may meet, HSP < 350"
newashTC.RANK ="07"
endscan
ashTC.home()

scan ashTC for (ashTC lanes =4 and ashTC.ADT >= 13700 and
ashTC.CRRTADT < 2300 and (ashTC.HSP < 1 or ashTC.HSP >
350) and ashTC.Signal <>"Y") or (ashTC.lanes = 2 and
ashTC.ADT >=11400 and ashTC.CRRTADT < 2300 and
(ashTC.HSP < 1 or ashTC.HSP > 350) and ashTC.Signal < "Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "1 may meet"
newashTC.RANK = "08"
endscan
ashTC . home()

scan ashTC for (ashTC.lanes =4 and ashTC.ADT < 13700 and ashTC.ADT >=
10960 and ashTC.CRRTADT < 3680 and (ashTC.HSP < 1 or
ashTC.HSP > 350) and ashTC.Signal <> "Y") or (ashTC.lanes = 2
and ashTC.ADT < 11400 and ashTC.ADT >=9120 and
ashTC.CRRTADT < 3680 and (ashTC.HSP < | or
ashTC.HSP > 350) and ashTC.Signal <> "Y"):
newashTC.insertRecord()
newashTC.copyrecord(ashTC)
newashTC.WARRANTS = "8 may meet"
newashTC.RANK = "(09"
endscan
ashTC.home()

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT < 10960 and ashTC.ADT >=

9100 and ashTC.CRRTADT < 4600 and (ashTC.HSP < 1 or
ashTC.HSP > 350) and ashTC.Signal <> "Y") or (ashTC.lanes = 2
and ashTC.ADT < 9120 and ashTC.ADT >=7600 and
ashTC.CRRTADT < 4600 and (ashTC.HSP <1 or ashTC.HSP >
350) and ashTC Signal <> "Y"):

newashTC.insertRecord()

newashTC.copyRecord(ashTC)

newashTC.WARRANTS = "2 may meet"
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newashTC RANK ="10"
endscan
ashTC.home()

message("Scanning for Locations which may Meet a Warrant at a Later Date")
scan ashTC for (ashTC.lanes = 4 and ashTC.ADT <9100 and ashTC.ADT >=
7100 and ashTC.HSP > 0 and ashTC.HSP <= 350 and
ashTC.Signal <> "Y") or (ashTC.lanes = 2 and ashTC.ADT < 7600
and ashTC.ADT >= 5600 and ashTC.HSP > 0 and ashTC.HSP <=
350 and ashTC.Signal <>"Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "May meet at later date, HSP < 350"
newashTC.RANK ="11"
endscan
ashTC.home()

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT <9100 and ashTC.ADT >=
7100 and (ashTC.HSP < 1 or ashTC.HSP > 350) and ashTC.Signal

- <>"Y") or (ashTC lanes = 2 and ashTC.ADT < 7600 and

ashTC.ADT >= 5600 and (ashTC.HSP < 1 or ashTC.HSP > 350)
and ashTC.Signal <> "Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "May meet at later date"
newashTC.RANK ="12"
endscan
ashTC.home()

scan ashTC for (ashTC.lanes = 4 and ashTC.ADT < 7100 and ashTC.Signal <
"Y") or (ashTC.lanes = 2 and ashTC.ADT < 5600 and
ashTC.Signal <> "Y"):
newashTC.insertRecord()
newashTC.copyRecord(ashTC)
newashTC. WARRANTS = "none"
newashTC.RANK ="13"
endscan
ashTC.home()

message("Sorting the Data")
sort "new.dbf" ;sorting the "new" table by rank,
on "RANK", "COMPLAINTS" D, "INDEX" D :no. of complaints,
and accid. index
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to "temp.dbf" ;creating "temp” table
endsort

scan ashTC for ashTC.ADT > 0:
ashTC.ADT = ashTC.ADT/ 1.103

ashTC.CRRTADT = ashTC.CRRTADT /1.103
endscan

ashTC.endEdit()
newashTC.endEdit ()
ashTC.close() ,
:close Ashland table
newashTC.close() .

;close new table
tvnewash.open("temp.dbf")

;view newly sorted table

endmethod
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Help Program

method pushButton(var eventinfo Event)
msglnfo("Information on Other Buttons","ADTsort - sorts by the ADT, Futuresort
- sorts by the intersections' need for a signal in five years, Sort - sorts by

the intersections' need for a signal")

endmethod
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Cancel Program

method pushBuﬁon(var eventInfo Event)

msglInfo("Cancel Information"”, "To close the Signal Warrant Analysis procedure -
Go to File and Exit")

endmethod
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