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1. Introduction and Problem Statement

The primary reasons for installing traffic signals are to control conflicting traffic
movements and assign right of way. At the same time, it has long been argued that
installing traffic signals (or other intersection traffic control devices) will sometimes result
in the increase of certain types of crashes while others decrease. However, even though
raw frequencies may increase, signalization is also hopefully accompanied by a reduction
in the severity of crashes. For example, installing a signal may result in additional rear-end
collisions while decreasing some types of angle crashes. Indeed, these were generally
found to be among the results noted in earlier studies of signal installations in Michigan. It
is clear (e.g., from the Michigan Manual of Uniform Traffic Control Devices) that there
are a variety of reasons (warrants) for introducing signals to the intersection environment
(i.e., from those related to vehicular volumes to crash experience and delay).

1.1. Problem Statement

The principal question of interest to the Michigan Department of Transportation (MDOT)
was: What are the safety-related effects of moving from STOP-controlled to signalized
operation at intersections on state trunklines in Michigan? As noted above, the
conventional wisdom regarding signalization of intersections is that while absolute
numbers of crashes may increase, severity is likely to decrease. One project task was to
review the published literature to determine if past history in Michigan and elsewhere
supports this assertion.

Originally, the research effort was also to include some examination of tradeoffs among
safety effects, the actual cost of signal installation and maintenance, and operational effects
such as delay. However, site selection and, especially, data collection developed into tasks
which were far more time consuming than had been anticipated—far more resources had
to be invested in data collection than planned. Thus, the research plan was modified—
while the principal question regarding the safety effects of signalization was addressed, the
secondary tradeoff issues were not.

The sites were identified by MDOT and included all trunkline intersections which were
upgraded from STOP- to signal-control between January 1986 and December 1992. The
classification of sites turned out to be fairly straightforward: 4-way, 3-way, driveway,
cross-over, and ramp-end intersections. Of those, 4-way and 3-way intersections were
studied extensively while driveway and cross-over intersections were examined at a more
general level. Ramp-end intersections were formally eliminated from the study although a
separate report will be made available at a later date.

1.2. Project Outcomes

This final report provides MDOT with important information for making decisions
regarding intersection signalization. Basically, the conventional wisdom is validated. A
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very brief overview of the results of the safety analysis is provided below while far more
detail is provided in chapters 4 and 5.

Total crashes for all intersections were generally observed to increase as a result of
signalization although increases in the mean number of crashes were not statistically
significant. Indeed, there was substantial variation in the numbers of crashes per
intersection. The variation results from numerous factors (some which can be addressed
and some not) and supports the notion that for any given intersection, an increase or
decrease in the number of crashes would be difficult to predict, at least without more
complex analysis. In some situations, decreases in the number of crashes at a specific site
are certainly possible.

For all intersection types, the shifts in crash type were as expected a priori—that is, angle
crashes decreased while rear-end crashes increased. This shift was most always observed
and generally fairly dramatic. However, this shift also varies considerably based upon
different conditions. This variation notwithstanding, this result is clearly the most reliable.
This shift was evident for all types of intersections and, to the extent it could be examined,
in all types of situations.

While there were increases in crash frequency, there was generally an offsetting trend in
crash severity from more to less severe crashes. This trend was most notable for 4-way
intersections and more modest for other types. However, it should be noted that in some
instances, the net increase in crashes serves to offset some of the shifting among severity
categories (e.g., while there may be relatively fewer “B-injury” crashes, the absolute
number of “B-injury” crashes may still be higher (as a result of the overall increase in crash
frequency).

As a result of this project, the Michigan Department of Transportation will be better able
to assess the likely safety impacts resulting from signalization of previously unsignalized
intersections. In addition, materials generated as a result of this project will be of
assistance in explaining those impacts in a variety of forums.
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2. Literature Review

The primary purpose of installing traffic signals at intersections is to promote efficient
traffic operations while assigning the appropriate right of way and safely controlling
conflicting traffic movements. While the overall purpose of this study is the assessment of
the safety-related impacts of installing signals at a set of intersections on state trunklines in
Michigan, the purpose of the literature review was more broadly defined as describing
what is known about the effects of signalization from previous experience in Michigan and
elsewhere. In this context, it is instructive to review the literature regarding the
signalization of typical STOP-controlled intersections as well as at least some other related
topics such as signalized diamond interchanges and the removal of unwarranted signals—
the idea being that such related findings might provide insight to the specific problem at
hand.

The literature review is, in turn, addressed to the warrants that are used for signal
installation, the safety effects of signalization, and signal removal and other related issues.

2.1. Warrants and Warrant-Related Research

According to the Manual of Uniform Traffic Control Devices (MUTCD), a highway
traffic signal will operate to the advantage or disadvantage of the vehicles and persons
controlled (FHWA 1988). The number of warrants has varied over time from, for
example, eleven in the 1988 MUTCD to the seven proposed in 1993. Both sets are
presented here since many of the studies to be examined were based on intersections
which were signalized under the “old” warrants. In any event, the warrants should be
used as guides in determining the need for traffic control signals rather than absolute
criteria. Therefore, before installation takes place, the intersection and all its
characteristics must be taken into account with a thorough engineering study of the
roadway and traffic conditions. The traffic studies must be used to determine what type of
installation is necessary, if any.

According to the MUTCD, comprehensive engineering studies should precede the
installation of a signal and include the investigation of the appropriate warrants. These
studies are necessary to determine the need for the signal, type of signal, timing program,
and signal design. Some of the suggested data included: traffic counts, turning
movements, pedestrian volumes, the eighty-fifth percentile speed, a diagram of the
physical layout, a collision diagram, distribution of gaps, vehicle-seconds of vehicle, and
pedestrian delay time (FHWA 1988). Data suggested to be acquired for evaluations
using the 1993 warrants include: the number of vehicles entering an intersection in each
hour per approach during twelve consecutive hours of an average day, vehicular volume
for each traffic movement from each approach, classified by vehicle type during each
fifteen minute period of the morning and afternoon peak hour of travel at the intersection,
pedestrian volume counts on each crosswalk during the same periods of vehicle counts
and during hours of highest pedestrian volumes, eighty-fifth percentile speed on
uncontrolled approaches to location, diagram showing details of physical layout, and a
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collision diagram showing crashes by type (FHWA 1993). Some other data collection
items for a more precise description of the intersection include: vehicle seconds delay per
approach, the number and distribution of gaps in traffic on major street, eighty-fifth
percentile speed on controlled approaches, and pedestrian delay time for at least two 30-
minute peak pedestrian delay periods on an average day (FHWA 1993).

The eleven warrants defined in the 1988 MUTCD are described below. (These warrants
are the relevant ones for many of the studies discussed later and provided at least some of
the basis for signalizing many of the intersections included in this study.)

Warrant One: Minimum Vehicular Volume. The volume of intersection
traffic is the principal reason for traffic signal installation. The warrant is
satisfied when for each of any eight hours of an average day (a weekday
representing traffic volumes normally and repeatedly found at the location) the
traffic volumes in the table below exist on the major street and on the
higher-volume minor-street approach to the intersection.

Minimum vehicular volumes:

number of lanes vehicles per hour vehicles per hour
each approach major street high volume minor
major street minor street both approaches single approach
1 1 , 500 150
2+ 1 600 150
2+ 2+ 600 200
1 2+ 500 200

Warrant Two: Interruption of Continuous Traffic. This applies to traffic
conditions where the traffic volume on a major street is so heavy that traffic
on a minor intersecting street experiences long delays before entering the flow
of the major streets traffic volume.

Minimum vehicular volumes:

number of lanes vehicles per hour vehicles per hour
each approach major street high volume minor
major street minor street both approaches single approach
1 1 750 75
2+ 1 900 75
2+ 2+ 900 100
1 2+ 750 100

Warrant Three: Minimum Pedestrian Volume. If the pedestrian traffic is
one hundred or more for any five hours in a day or one hundred and ninety in
one hour then a signal is warranted. There shall also be less than sixty gaps
per hour in the traffic stream of adequate length for pedestrians to cross
during the same period.
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Warrant Four: School Crossings. A signal may be warranted at an
established school crossing in relation to the size of the pedestrian groups
crossing the intersection along with the adequacy of gaps in the vehicular
stream. A minimum of at least fifty children should be utilizing the crossing
before applying this warrant. Less restrictive measures should also be
considered before installing a traffic signal.

Safe Gap: T = 3 + (width of street/401) + F
where F = (number of children per group-1/5) (2)

Warrant Five: Progressive Movement. This is for an intersection that may
not qualify otherwise for a signal such as a one-way street with few signals
which do not provide the necessary degree of vehicle platooning and speed
control or a two-way street which adjacent signals do not provide the
necessary degree of platooning or speed control and proposed adjacent signals
could constitute a progressive signal system. Signal spacing must be more
than one thousand feet apart in addition to an area study should indicate that a
minimum of two hundred vehicles per hour for each eight hour period benefit
from a gap produced by a signal installed under this warrant.

Warrant Six: Accident Experience. This is met when all of the following
apply: lesser remedies were unsuccessful, five or more accidents (crashes)
occurred in one year which could have been prevented due to the installation
of a traffic signal, there exists a vehicular and pedestrian volume eighty
percent or greater than specified in warrants one, two and three, and lastly the
signal will not seriously disrupt the traffic flow.

Warrant Seven: Systems. This is to encourage concentration and
organization of traffic flow networks. This warrant is applicable when the
common intersection of two or more major routes has a total existing or
immediately projected entering volume of at least 1,00 vehicles during the
peak hour of a typical weekday and has five-year projected traffic volumes
which meet one or more of warrants 1,2,8,9 and/or 11 during an average
weekday or has a total existing or immediately projected entering volume of at
least 1,00 vehicles for each of any five hours of a Saturday and/or Sunday. A
major route has one or more of the following characteristics: it is part of the
street or highway system the serves a principal network for through traffic
flow, a highway out side of, entering or traversing a city and/or it appears a
major route in an official plan.

Warrant Eight: Combination of Warrants. No single warrant is satisfied
but warrants one and two must be met by eighty percent of MUTCD
standards.
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Warrant Nine: Four-Hour Volumes. This is satisfied when each of any
four hours of an average day the plotted points representing vehicles per hour
on the major street and the corresponding vehicles per hour on the higher
volume minor street approach all fall above the curves shown in MUTCD for
the existing combination of approach lanes.

Warrant Ten: Peak-Hour Delay. The traffic volumes are such during peak
hours that traffic entering the major street from the minor street suffers undue
delays due to excessive traffic on the intersecting street. The total peak hour
delay must exceed four hours, the side street approach must be 100vph per
one lane or 150vph per two lanes and the total entering volume for the
intersection during the hour equals or exceeds 800vph.

Warrant Eleven: Peak-Hour Volume. In this warrant the traffic volumes
are also such during peak hours that traffic entering the major street from the
minor street suffers undue delays due to excessive traffic on the intersecting
street. This warrant is satisfied when the plotted point representing the
vehicles per hour on the major street and corresponding vehicle per hour of
the higher volume minor street approach for one hour of an average day falls
above the curve for the existing combination of approach lanes.

Past research has been directed to the examination of the effectiveness of traffic control
device warrants due to averse changes in traffic conditions at newly signalized
intersections. The question of safety in relation to crashes is raised by the MUTCD in the
“accident” warrant which states "a traffic signal is warranted when five or more crashes
susceptible to correction have occurred in a twelve month period" (MUTCD). Baldwin
(1966) noted that the manual was directing engineers to respond to conflict rather than to
anticipate it, i.e., there was no warrant which is forward looking. As time has passed and
the need arisen, the warrants have been modified to reflect research findings and practice
regarding signal installation. Researchers have raised questions regarding the effectiveness
of the warrant system along with questions concerning the effectiveness of individual
warrants.

In 1981, Clement stated that he believed the warrants based on approach volumes such as
warrants one and two needed to be modified and modernized. He stated that, "In fact the
approach volumes do not reflect the need for signalization, rather the conflicting traffic
volumes within the intersection itself do" (Clement 1981). The argument was that if
traffic is light and there are sufficient gaps in the traffic, a signal may not be necessary
even if the traffic signal warrants based on approach warrants have been met.

The more recent modifications of the 1988 warrants is, for the most part, a condensation
of the eleven warrants to seven. The actual text of the warrants have changed for easier
use and understanding although the actual numerical criteria within the warrants have not
been altered. Former warrants 1,2, and 8 have been combined into Warrant 1. Warrants
10 and 11 now make up Warrant 3. Warrants 9 is now warrant 2 and warrant 3 is now 4.

page 2-4



The previous warrant (4) regarding school crossings has been moved to Section 7D.4 of
the manual and finally warrant 5 and 7 have revised titles (FHWA 1993).

The new language of the MUTCD indicates that a signal should not be installed unless an
engineering study indicates it should, at least one or more of the warrants are met, the
signal will not seriously disrupt the traffic flow, and solid engineering judgment is used
(FHWA 1993). The following is an abridged description list of the 1993 version of the
signal warrants (for tabular values, reference is made to the earlier version of the warrants
on page 3-2).

Warrant One: Eight-Hour Vehicular Volume. Condition A: applies
where the volume intersecting traffic is the principal reason for
consideration of the traffic control signal installation. Condition B: applies
when traffic volumes on a major street are so heavy that traffic on a minor
intersection street suffers excessive delay or hazard upon entering or
crossing the major street.

Warrant Two: Four-Hour Vehicular Volume. The four-hour vehicular
volume warrant conditions are intended for application where the volume
of the intersection traffic is the principal reason for consideration of traffic
control installation.

Warrant Three: Peak Hour. This warrant is for use at intersections
where traffic conditions are such that for a minimum of one hour of an
average day the minor-street traffic suffers undue delay in entering or
crossing the major street.

Warrant Four: Pedestrian Volume. To be applied where the traffic
volume on a major street is so heavy that pedestrians suffer excessive delay
or hazard in crossing the major street.

Warrant Five: Coordinated System. Progressive movement in a
coordinated system requires a traffic control signal installed at intersections
where they would not otherwise be needed in order to maintain proper
platooning of vehicles.

Warrant Six: Accident Experience. Applies where the severity and
frequency of accidents (crashes) are the principal reasons for considering the
installation of a traffic control signal.

Warrant Seven: Roadway Network. This warrant applies to when the

justification to install the signal is to encourage concentration and
organization of traffic flow on a roadway network.
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2.2. Safety Effects of Signal Installation

The safety effects of traffic signal installation have long been in question. One of the
earliest studies was done in 1953 by McMonagle who questioned the safety-related effects
of moving from stop-controlled to signalized operation. McMonagle analyzed case
histories from Michigan's signalization experience by reviewing documents regarding the
relationship between traffic signals and intersection crashes. He came to the conclusion
that signal installation must be properly warranted and installation methods must be
improved to avoid crashes and negative travel pattern changes. While at the time of this
study traffic warrants did not exist as they do today, his study still has relevance regarding
the negative effects of installing a traffic signal and has often been cited by later
researchers.

Datta and Dutta (1989) did work similar to McMonagle's. Their study was directed to an
analysis of the safety effects at intersections with newly-installed traffic signals. Datta and
Dutta used before-and-after approach to examine crashes at signalized intersections,
ramps, and crossovers to evaluate the change in crash characteristics resulting from signal
installation. They analyzed 155 intersections where signals had been installed between
1978 and 1983 and examined the total number of crashes at the intersections as well as the
types of crashes and injuries. The comparison between various intersections showed that
properly installed signals reduced total injury and right-angle crashes at intersections and
ramp locations while rear-end and head-on collisions increased. Datta and Dutta noted
that the results of their study of newly signalized intersections compared favorably with
past studies with respect to the number of crashes at the intersection as well as the types
of crashes and injuries (Datta and Dutta 1990). While there were some questions about
details of the Datta and Dutta study (see Mercer 1988), many other studies have been
conducted along the same line using a before-and-after approach.

By using before and after (signalization) crash histories, one can determine the change the
signal has had on the intersection and what it might be in similar intersections. Many
researchers have tried to determine the impact a new signal will have on categorized
motor vehicle crash occurrences within an intersection. For example, from a review of
before-and-after crash studies of newly-signalized intersections, Clyde notes that "traffic
signals are not safety devices, but rather a means of assigning right-of-way” (Clyde 1964).
Clyde believed traffic signals required the driver to stop, which he felt was an unnatural
action when the driver is not expecting to have to stop therefore increasing the chances of
the driver causing a crash. Goldblatt and King attempted to determine the impact a new
signal has on categorized vehicle crash occurrences. They examined 30 intersections in
Virginia and found that when the number of right-angle crashes at a unsignalized
intersection is low, the installation of a signal could cause as increase in the total number
of crashes (Goldblatt and King 1975).

Hakkert and Mahalel conducted a study of 34 intersections with recently installed traffic

signals in Israel. The authors found that the installation of the traffic signals did not have a
uniform effect. Intersections with more than five crashes per year generally experienced a
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reduction of crashes while intersections with less then two crashes per year generally
experienced an increase (Hakkert and Mahalel 1978). This is similar to Goldblatt and
King's 1975 study results insofar as intersections with a small number of crashes before
signalization tend to experience more crashes after signalization. The opposite is believed
to be true when there is a larger number of crashes occurring at the intersection prior to
signal installation. Similarly, Baldwin (1966) also noted in his study in New York City
that where there have been a large number of crashes, a signal usually reduces the
frequency. Intersections with relatively moderate crash frequency experience little change
while those with a relatively low crash frequency will normally experience an increase.

More recently, Vey (1933) also found similar results when he analyzed approximately 600
intersections in the United States with newly installed traffic signals. He concluded that
after signals were installed at intersections with three or less crashes per year, the crash
frequency increased 39-70%; after a signal was installed at intersections with three or
more crashes per year, crashes were reduced 19-49% (Vey 1933). According to the
research it also seems to hold true that intersections with low traffic volumes tend to
experience fewer crashes but if a signal is installed which is not necessary, even though the
warrants have been met, crash numbers tend to increase. In 1959 Solomon examined
intersections with low traffic volumes to determine what the safety implications of
installing traffic signals would be. Solomon's results revealed that an increase in crashes
occurs at intersections with low traffic volumes such as those with less than 20,000
average daily trips (Solomon 1959).

It would also appear that signalization tends to reduce certain types of crashes (e.g., angle
crashes) while increasing other types (e.g., rear-end crashes). From the previous studies it
alsc appears that the decrease in angle crashes is sometimes not great enough to offset the
increase in rear-end crashes therefore actually showing an overall increase in crashes at
some intersections. Schoene and Michael examined intersections with low crash
frequencies to determine the safety implications of traffic signal installation in 1968. Their
results showed that if there are fewer than five right-angle crashes per year prior to
signalization, the increased number of rear-end crashes is usually large enough to offset
the small decrease in the right-angle crashes after signalization (Schoene and Michael
1968). Many of the studies have shown that signal installation can either help increase
traffic safety or it can cause more traffic conflicts. As Baldwin stated "One must first ask
will installing the signal improve traffic conditions, or will results be worse?" (Baldwin
1955).

Yiu-kuen Lau and May developed injury-crash-prediction models for signalized
intersections in order to estimate the rate of crashes that will occur at signalized
intersections in California (Yiu-kuen Lau and May 1988). This study was developed using
the data base from the Traffic Accident Surveillance and Analysis System (TASAS). The
models include factors such as traffic intensity, percentage of cross street traffic,
intersection type, number of lanes on main and side streets, and left-turn arrangements. A
rural versus urban differentiation was not been found to be significant. For this study
injuries included all injuries from slight to severe. Three models were developed to predict
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crashes and were based on traffic intensity, intersection characteristics, and information
that includes individual crash histories (Yiu-kuen Lau and May 1988). These models can
be useful in determining crash forecasts at signalized intersections. -

The basic conclusion that can be drawn from the work to date is that intersections should
be thoroughly analyzed before signals are installed—crash savings (or costs) are related to
a variety of factors that go beyond just signalization per se. It should be determined if the
intersection is better suited for stop sign or for signal control. It should be clear that the
warrants are met, and even then intersection should be monitored after the signal is
installed to analyze its effectiveness. NeudorfT stated that improved crash experiences
occur at newly signalized intersections with large traffic volumes, a high crash frequency,
and a geometrically complex intersection with five or more approaches although these
types of intersections are not as common (Neudorff 1978). Similarly Knox and Warden
contend that if the warrants are correctly followed, traffic signals probably provide the
strictest, although most costly method of intersection control (Knox and Waldron 1972).

2.3. Signal Removal

In some instances it may become necessary to remove traffic signals that were never
warranted to begin with or where the warranting conditions have changed. Traffic signals
provide the maximum intersection control to regulate traffic flow. Itis possible that
unwarranted traffic signals may be installed in many communities due to neighborhood or
other political pressure or a lack of transportation engineering knowledge. These same
reasons also make it difficult to remove the signal.

Signal warrant reviews and updates need to take place at intersections were signalization
appears questionable. Intersections where there is excessive delay or high crash rates
should be reexamined to ensure that the warrants which originally indicated that the signal
was needed are still valid. For example, a warranted signal which was installed to ensure
safety for pedestrians at a school crossing may later be a candidate for removal if the
school is no longer in operation or if the use has changed dramatically. Other reasons for
a valid removal include excessive delays in traffic flow or projected traffic volumes which
are never reached. It is also worth mentioning that the operation and maintenance of the
signal itself is much more costly than the placement of STOP signs. According to a study
conducted in 1981, a signal may consume over $500 of electricity a year and maintenance
cost have been recorded as high as $3550 a year (unknown 1981). If the signal is not
necessary, it is in the best interest of the community to have it removed or not installed in
the first place due to unnecessary costs.

Nuedorff indicated that after traffic signals were removed from intersections which no
longer needed them, the number of crashes generally decreased (Neudorff 1978). It is
possible that the removal of an unnecessary signal can actually reduce the number of
crashes that occur at an intersection. Instead of an increase in right-angle crashes there
was a significant decrease after the signal was removed but the study did not determine
that there will be a significant decrease in crashes at low volume previously signalized
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intersections. On the other hand, the authors of a 1981 study noted that while the overall
number of crashes was not found to change significantly following signal removal, the type
of crash did. Following conversion from signal to two-way stop control, the number of
rear-end crashes tended to decrease by nearly fifty percent, while the number of right angle
crashes was found to increase by approximately the same proportion (Unknown 1981).

2.4. Diamond Interchanges

In addition to traditional isolated intersections, intersections at diamond interchanges can
also be signalized and experience related safety effects. Diamond interchanges are
commonly used in Texas and in the western United States in both urban and rural areas as
ameans to transfer freeway traffic to and from the surface street system. Diamond
interchanges are typically shaped like a diamond although there are many variations such
as compressed and stacked diamond interchanges. The basic shape consists of a T-shape
intersection with a major road crossing over a freeway. Diamond interchanges either have
stop signs or traffic signals to control traffic. Often stop signs are found to be adequate
but as traffic volumes increase sometimes it is necessary to replace the stop signs with
signals (Oliver 1987).

There has been little research done involving signalization at diamond interchanges
(Oliver 1987). Like isolated intersections, signals at diamond interchanges are based on
MUTCD warrants. These warrants are based on traffic volumes at isolated intersections
therefore they may not adequately reflect the characteristics at diamond interchanges nor
are they sensitive to the traffic patterns between two intersections at a diamond
interchange. The study conducted by Oliver compared all-way stop signs with traffic
signals at different sites in Texas (Oliver 1987). The results revealed that a discriminating
traffic volume at diamond interchanges exists, beyond which traffic signal control is better
than stop control in terms of a combined performance of queue and travel speed.
Diamond interchanges operate much differently than isolated intersections therefore
diamond interchanges should have separate criteria regarding effective warrants (Oliver
1987).

2.5. Conclusion

Based on the results of the review of previous work, it is clear that there is some variation
in the safety-related impacts of signalization. Notwithstanding that variation, there are
some recurring themes. Many of the studies have shown that the signal installation
guidelines set by MUTCD are not guarantees that signalization is the most effective
control for a particular intersection. Different intersections surrounded by different land
uses will normally require individual study. For example, rural intersections should
probably be treated differently than urban and intersections at diamond interchanges.
Variations in traffic volumes, prevailing speeds, and surrounding land uses are all likely to
be important factors involved in determining the appropriateness of the installation of a
traffic signal. Some intersections will need to be reevaluated over time to determine if the
signal control installed at the intersection is still warranted. It is possible that the signal
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may no longer be warranted or necessary due to the dynamic patterns of land usage and
the transportation system surrounding the intersection.

Traffic signals have been regarded as the strictest form of traffic control and the most
effective control when appropriately used. After a traffic signal is installed it has been
noted that there is often little change in the total number of crashes at the intersection.
There typically is an increase in the number of rear-end crashes at the intersection while at
the same time there is a decrease in the number of angle crashes. It is also been noted that
there is an increase in the number of crashes at intersections with low crash frequencies
and a decrease in crash frequency at intersections with many crashes. These basic results
were found to be fairly consistent over time. This is interesting since warrants have been
modified in the MUTCD but the effects of signalization are no more or less consistent
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3. Data Collection, Data Issues, and Research Approach

The approach taken in this research was relatively straightforward. A set of recently-signalized
intersections was identified by MDOT, and the safety effects of installing the signals at these
intersections were evaluated in a before-after (signalization) study. While the study was
conceptually quite simple, the execution was deceptively difficult. The study approach and the
problems encountered (insofar as they are useful to discuss) are described below.

3.1. Identification of Intersections to be Evaluated

MDOT identified an initial set of about 350 intersections which had been signalized in the last
several years (1986-1992). These included numerous types (e.g., simple 4-way, simple 3-way) of
intersections with a considerable amount of variation even within a given type (e.g., actuated
versus non-actuated signals, protected versus permitted phasing). The intersections did have the
common characteristic of being on the state trunkline system although the intersecting
streets/roads were often non-trunkline. It should be noted that not all of these intersections are
valid sites for this study—many were eliminated for a variety of different reasons (e.g., some were
“upgradings” where the intersection was already signalized and the signal was being modified in
some significant way). The initial list of intersections is provided in appendix 3-1.

3.2. Available Data

The data available for this study primarily consisted of information from the (paper) “spot” files
maintained by MDOT for each signal location (i.e., a signalized intersection is a “spot”) and crash
records. Other data were available from MDOT’s computerized intersection features file.

The crash records were based on the crash master file maintained and/or managed by the
Michigan State Police and MDOT. The crash data actually used in this project were from the
MDOT trunkline crash file, updated to 1995. These data are in a “short” form relative to the
available crash data master (103 versus 252 or more characters in the record). The short-form
data were used because they are updated to a consistent location frame of reference. This was
necessary so that crashes could be matched to the appropriate intersections using the MDOT
referencing system (and use of the long-form did not permit such accurate matching). The crash
data that were used in this project were from the years 1985 through 1995.

For this project, a new intersection characteristics file was constructed, primarily by hand, from
data available from MDOT’s “spot” files. For example, intersection geometric features, traffic
volumes, type of signal, and other descriptive features were coded into this file. These data
allowed the intersections to be grouped by, for example, physical characteristics for the analysis—
e.g., simple 3-way intersections could be separated out. The data in this file were obtained by
manually reviewing the spot files for all of the relevant intersections, transferring information onto
coding sheets, and then transferring that information into a computerized spreadsheet.
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The primary use of MDOT’s intersection features file was in merging the intersection
characteristics information obtained from the spot files (and the resultant spreadsheet) with the
crash data. ~

3.3. Merged Data Files

The intersection characteristics and crash files are separate and at different “levels”—that is, the
unit of observation for the former is the intersection itself while in the latter it is a crash. It was
necessary to merge these two files to undertake the planned analysis. The observations in the
merged file are crashes—however, in almost all instances the results are aggregated to the
intersection (or intersection type) level.

Based on the location data included in the intersection files, the crash data file could be entered
and all relevant crashes retrieved. For example, assume that an intersection exists on control
section X at milepoint Y. Code was written so that an intersection’s area of influence was defined
as that location plus or minus Z distance up- and down-stream of the intersection. That code
provided a screen through which all trunkline crashes were passed. The crashes that were
“caught” in the screen can be attributed to the specific intersections (defined by their area of
influence) that caught them. Crashes that occurred within 45m (150°) of the intersection on the
cross street are automatically assigned to the intersection and would also be “caught.” For the
initial construction of the file used for analysis, 150m (500”) was used as the largest possible area
of analysis. Most analysis is, however, reported for an influence area of 150 which is the
definition most-often used by MDOT.

As noted above, in the actual file on which the analysis was done, a single observation is a crash.
Each crash carried with it, as part of its record, the description of the intersection at which it
occurred. This file (as well as the other files created for this project) is available to MDOT.

3.4. The Temporal Dimension

The final issue with the data concerns the point in time that the intersection was signalized and the
identification of before and after periods. From the spot files it is not at all clear when the traffic
signal was actually “turned on”—that s, while there is a general record of when the signalization
project was done, there is nothing that says that the signal actually started operating on a specific
date. The best indication of this time is the “last action date” which is available. Thus, that date
was used in the analysis as an indication of when the signal was actually in operation. To account
for the unknown time difference between that recorded date and the “real” date, a 30-day window
on either side of that date was used to discard some crash data (since it was not necessarily
known that a crash within this time period really should be in the “before” or the “after” period).

The use of the window described above may have some effect on the results of the analysis. If
there are some crashes that occur because the signal “surprises” a driver who is familiar with the
site in its unsignalized operation, they will not be included in any analysis that was done where the
data in the window are discarded.
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Tt should also be noted that the real time specifications of before and after windows vary by signal
installation. That is, for example, a two-year before period for intersection X is different from the
two-year before period for intersection Y (unless both intersections were signalized at the same
time).

3.5. Data Issues

The construction and merging of the various files used in this project was extremely labor
intensive and there were many mis-steps along the way. If MDOT is interested in tracking long-
term trends for signalized (and potentially other) intersections, an automated file should be
developed which is consistent with other MDOT-generated/maintained data. That is, materials
contained in the spot files should be routinely entered into a computerized file which has location
and identifying information which is consistent with other files (e.g., the crash file). Similarly,
consistent information should be collected and checked for each intersection.

A related issue is the lack of complete, consistent traffic volume information. Traffic volume data
were not necessarily available or consistent from site to site. Before and after (signalization)
volume data were virtually non-existent. Thus, for example, before and after crash rate
determinations that are made here are somewhat crude. While collection of such data on a
comprehensive statewide basis would almost certainly be cost-prohibitive, it may be appropriate
(if interest warrants it) to consider such a program on the basis of a scientifically-determined
sample.

Finally, there are also some questions regarding the accuracy of different data. Traffic volume
data are typically from one-day counts that may be seasonally affected and are not necessarily
from a similar time period as the sometimes-available 24-hour machine counts. It was also not
clear when/if different actions occurred in the intersection—for example, were “new signal” signs
used (and when were they put up/taken down), when was the signal actually operational.

3.6. The Research Approach

The original approach that was planned was to compare and contrast the characteristics,
frequencies, and rates of crashes that occurred before and after signalization of various
intersections. These changes, if any, were also to be compared with any changes that might have
occurred at a set of unsignalized, “control” intersections. It turned out that the identification ofa
set of control (untreated) intersections was prohibitive (due to data availability and resources) so
that was not done.

The fundamental comparisons that were to be made included the number and rates of crashes that
occur as well as the character and severity of those crashes (e.g., does the distribution of crashes
by type and/or severity change with signalization). In order to do this, a before-and-after
approach to the analysis was taken.
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3.6.1. Intersection Types

There is a large variance in defining types of intersections. While the “typical” intersection is
perceived as being between two, 2-way streets, there are almost endless variations. For example,
an intersection between two, 2-way, 2-lane streets/road is different from an intersection between
two, 2-way, 4-lane streets/roads and whether the signal is actuated or not adds another level of
“definition.” Given that at some level each of the intersections on the original list from MDOT is
unique, some characteristics will be ignored in the aggregation into a “type.” The fundamental
types of intersections (found on the initial list) defined for this project are presented and
discussed below.

Standard 4-way intersections are those formed by the intersection of two streets/roads. There
were 106 of these on the initial list. Of these, 85 were determined to be “simple” and useable 4-
way intersections—that is, they are the intersections of two, 2-way streets/roads and are not
missing extensive data or have other significant (e.g., locational) problems. This group of
intersections is probably perceived as being “most typical.”

Standard 3-way intersections are the next simplest intersection—these are basic “T”
intersections. Of the 57 3-way intersections on the initial list, 36 were “simple” intersections of
two, 2-way roads and useable.

Much of the analysis reported later was done on these first two types of intersections.

Ramp-end intersections, which occur when a ramp from a limited-access highway intersects
with a surface street/road, account for an additional 35 intersections on the initial list. Defining
the location of these intersections in terms of control sections and milepoints was quite difficult as
crashes on the ramps are assigned to the highway mainline. Thus, another approach to location
determination was necessary. While this information was provided by MDOT, this problem was
not resolved until late in the project and these intersections will not be analyzed in any detail here.
It should be noted that a separate effort (outside of the current project and this report) will be
undertaken to investigate the safety effects at these intersections. It is not expected that
signalization at this type of intersection will result in drastically different outcomes than at
standard 3- and 4-way intersections.

Driveway intersections are those typically associated with large new developments (e.g., a
shopping mall). These signals are typically installed when the development is opened to the
public. In most instances, during the “before” period there was no intersection present—thus, a
before-and-after comparison for the effects of signalization can be undertaken only with extreme
caution.

Crossover intersections accounted for 28 of the original intersections. Crossovers have been
studied in the past under a separate contract with MDOT and, in addition, there is considerable
site-to-site variation in how crossovers function (e.g., number and placement of the signals
themselves). Given the relatively small sample size, the existence of the prior study devoted to
crossovers, and the variance within the type, only very general analysis was done on this group.
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Service drive intersections constitute the final type. The service drives constitute another very
specific kind of intersection (i.e., along freeways) and, in this instance, were almost all associated
with one freeway in the Detroit area. For this reason (and because these intersections are, once
again, so different from standard 3- and 4-way intersections), this type was excluded from further

analysis.
3.6.2. Other Important Intersection Characteristics

There are other important characteristics of intersections that can be used to further define sub-
categories of “type.” As noted previously, these include things like the type of signalization,
geometry, and so forth. The issue that arises in defining sub-types is one of sample size—e.g.,
there may be only one or two 3-way intersections formed by one 2-way, 2-lane and one 2-way, 4-
lane road. Generalizations become impossible to make with such small samples. The effects of
such characteristics are developed and discussed, as possible, in the context of the analysis
presented later.

3.6.3. Measures of Safety Effects and Research Hypotheses

The principal measures of the safety effects of signalizing intersections have been mentioned
previously. They are defined in more detail here and are used in the analysis that follows.

Crash frequency is a fundamental measure of “what happens” when a signal is installed—did the
number of crashes increase, decrease, or stay the same as a result? However, crash frequency can
be somewhat misleading if not taken in the context of the traffic volumes that are present. If the
traffic volumes experienced at a site are the same during the before and after periods, then
comparisons of frequencies are more appropriate.

Crash type distribution is another measure of the results of signalization. The relevant
comparison here is whether the distribution of crash shifts—e.g., is there a higher proportion of
rear-end crashes after signalization. Crash type changes might be an effect of signalization even if
there is no change in the number of crashes.

Crash rate is another safety measure which, in essence, “adjusts” crash frequency for some
measure of traffic volume. A comparison of crash rates, for example, would allow intersections
which experience significantly different traffic to be compared. A major problem in using crash
rates is the lack of dependable and consistent traffic volume data (e.g., virtually no intersections
had before and after volume data available).

Crash severity is a measure of how serious crashes are. In this instance, each crash is classified
according to its most serious outcome. For example, an crash that resulted in property damage
only (PDO) would be classified as a PDO whereas one which included both property damage and
an “A” injury would be classified as an “A-injury” crash. The shift in the distribution of crashes
by severity would be relevant for comparison.
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The research hypotheses that were pursued are structured around the measures just described. In
a formal sense, the hypothesis could be stated as, for example:

Ho: signalization did not result in a change in crash frequency
H,: signalization did result in a change in crash frequency

While the hypotheses are generally not so formally stated in the analysis which follows, they are
implicitly of this form.
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4. Analysis and Results

The analysis of the data for the several signalized intersections proceeded according to the general
outline presented in the last chapter. The presentation and discussion of the results of that
analysis is generally divided according to the type of intersection (e.g., 4-way) being considered.
This is preceded by a consideration of some statewide background trends in crashes. In the
concluding part of this section, results from the different types of intersections are compared and
contrasted. A note on statistical testing is appropriate at the outset. In general, the results of the
statistical testing that was done are not explicitly shown in the text that follows. When statistical
testing was done, the results are generally reported with the criterion that was invoked being a
significance of 0.05.

4.1. Background Trends in Statewide Crashes

One of the problems in determining the effects of signalization in terms of crash frequencies for
time-based before and after windows defined around the actual time of signalization is that there
may be some natural background variation in crash frequencies. For example, if traffic volumes
and/or vehicle-miles of travel are generally increasing over time, it would be expected that the
number of crashes would generally be increasing as well. Thus, the effects of some intervention
(e.g., signalization) would have to be tempered by a consideration of the background trend. If,
for example, the general frequency of crashes at intersections is increasing by 3%/year, then for
signalization to have resulted in an increase in frequency, the increase would have to exceed
3%/year. Contrarily, if the crash frequency for the newly signalized intersections was not shown
to increase at all (0% change) then, relative to the statewide trends, this would represent a
decrease in real terms. To that end, statewide crash trends were analyzed.

It is also important to remember that in 1992, the statewide crash reporting form (the UD-10) was
significantly changed. Thus, any changes in, for example, crash type distributions that occur
around this time have to be evaluated with reference to those that were induced by the change in
form and those that occur for other reasons. ’

The top part of table 4-1, which contains some general crash statistics over the period from 1985
to 1995, can be used to illustrate both of the above points. First, the total number of crashes
(crash frequencies), the bottom line in the first section, is seen to vary fairly substantially on an
annual basis. The total number of crashes increases annually from 1985 to 1989; then decreases
for 1990, 1991, and 1992; and finally increases in 1993, 1994, and 1995. The crash figures for
1992 and after may be slightly low since unlocated trunkline crashes are allocated as non-trunkline
crashes resulting in the 1992 and later counts being approximately 2 to 5% low (according to
MDOT sources).

A gross measure of intersection crash trends is also seen in table 4-1. The classification that is
shown (middle section of table), the distribution of crashes by “highway area type” (a relatively
crude indication of where on the road system an crash occurred), illustrates both the trend in
intersection crashes as well as potential effects of the form change. The percentage of crashes
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that occurred at intersections versus interchanges, non-interchange/non-intersection, and non-
motor vehicle is seen to be just under 50% in 1985, risen slightly (50.4%) in 1986 and then
steadily declined through 1995. The drop between 1991 and 1992 is only slightly greater than
other years. While the proportion of all crashes that occurred at intersections is decreasing, the
actual numbers of crashes occurring at intersections (referring back to the top section of the table)
varies considerably—there are significant yearly decreases from 1989 to 1990, from 1990 to
1991, and from 1991 to 1992; then increases from 1992 to 1993, from 1993 to 1994 and from
1994 to 1995. The lowest number of intersection crashes, 56,065, occurs in 1992 while the
highest numbers occur during 1986-1989 when the yearly totals are all 72-73,000.

The changes in the other two primary crash categories shown in table 4-1-(interchange, non-
interchange/non-intersection) vary considerably. While interchange crashes account for 8-10% of
the crashes from 1985 to 1991, this percentage jumps to 21-22% for 1992-1995 (with a similar,
off-setting, change in the non-interchange/non-intersection crashes)—this is a form-related
change.

Finally, the bottom portion of table 4-1 is an illustration of the year-to-year percent change in the
general crash types. For example, there is an approximate 4% increase in intersection crash
frequency from 1985 to 1986. This is followed by very small changes (<1%) over the next three
years, substantially larger decreases from 1989 to 1990 (7%), 1990 to 1991 (7%), and 1991 to
1992 (11%). Conversely, the last three years (1992-93, 1993-94, and 1994-95) in the period
studied showed increases of 3%, 4%, and 3%. The reasons for this variation in intersection crash
frequency are not known. Moreover, 1992 crashes are suspected by MDOT to have been under-
counted due, in part, to the form changes.

These variations are also illustrated in figures 4-1 and 4-2 which serve to highlight the year-to-
year variations and the changes in the highway area type distributions, respectively. The latter is
especially useful for seeing the changes presumable resulting from the form change in 1992.

The root causes for the variations in number of crashes, number of intersection crashes, and the
changes in the proportion of all crashes that occur in intersections are unknown (with the
exception of the form-related changes). The lack of explicitly-known (versus conjectural) causes
notwithstanding, these numbers serve to illustrate the extent of the background variation which
must be considered when other signalization-related effects are discussed later.

4.2. Intersection Area of Influence

Another issue that needs to be resolved before extensive before-and-after analysis can be done
involves defining the area of influence of the intersection—which crashes are and are not
attributable to the intersection (and its signalization).

MDOT generally defines the area of influence of an intersection as 45m (150°)—crashes
occurring within that distance are assumed to be related to the intersection. Obviously, the area
of influence can extend further back than 45m (150°) under some conditions. The 45m (150°)
distance translates to a queue length of 6-9 vehicles depending on the assumption made for
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Figure 4-1. Crash location by area type (#)
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Figure 4-2. Crash location by area type (%)
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vehicle spacing. A scenario of a rear-end collision that occurs more than 45m (150°) from the
intersection, but at the end of a queue caused by a signal, is fairly realistic. For that reason,
“intersection” crashes may be declared by an investigating officer in such an instance. At the same
time, 45m (150°) is used to attribute side-road (non-trunkline) crashes to the intersection with the
state trunkline. ‘

On the other hand, as the distance from the intersection increases, the likelihood of crash
occurring that was net intersection-related increases—for example, it may occur because of
someone turning in to or out of a driveway or passing another vehicle. Clearly there is a trade-
off: with a larger area of influence: it is more likely that all crashes correctly attributed to the
intersection would be captured; conversely, it is also more likely that more-crashes that are not
correctly attributed to the intersection operation will also be captured.

To this end, three different distances from the intersection were used to define the area of
influence: 45, 75, 150m (150, 250, and 500 feet, respectively). (Notwithstanding that
intersecting local, non-trunkline streets and roads always had, by definition, a 45m [1507]
influence area.) The idea was to undertake analysis and see if there were significant differences in
the analysis and to determine whether a “best” distance could be determined. Basically, the
finding was that when before-after crash statistics were compared, it was found that there were
basic shifts in the type of crashes that were occurring (e.g., more rear-end, fewer right-angle) and
that this shift was evident at all three distances. However, the magnitude of the difference in the
shift was somewhat more subtle at greater distances from the intersection. Thus, it was decided
to define the area of influence as within 45m (150”) of the intersection. Any important crash shifts
will be evident at this distance, and it is consistent with both the general definition that MDOT
uses as well as results reported in the literature.

4.3. Definition of Before and After Time Window

Similar to the question of how far the area of influence of the intersection extends in terms of
distance, there is a question of the length of time period over which the effects of signalization
should be measured. As before there are tradeoffs in defining the appropriate time period. For
example, it could be argued that the time period before and after should be as long as possible, say
five years. Problems with long time windows include the effects of simple background trends
(e.g., increasing traffic volumes) which may tend to overpower the effects of signalization; major
improvements elsewhere in the system changing the traffic routing/flow patterns; and significant
changes in development in the vicinity of the intersections. On the other hand, shorter time
windows are hampered by the so-called novelty effect of the new signal; the effects of differential
signing (e.g., “new signal ahead”); relatively low numbers of crashes occurring; and, in the case of
the current work, not knowing when the signal was actually put into operation. While the novelty
effect is arguably something that should be measured in the analysis, measuring this effect is
significantly hampered by the lack of knowledge of when the signal was actually put into regular
operation.

Table 4-2 shows the results of a general analysis of 169 intersections (an early version of the final
data base that was used for this project) where the effects of the time-window definition are
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shown. Basically, the shorter-term effects of signalization tend to be more striking. If same-
length before and after periods are compared with one another, it is noted that there are always
more crashes in the after period than in the comparable before period. That notwithstanding, it
should also be noted that in some of the “shorter” periods (e.g., 30 and 60 days), there is, on
average, less than two crashes per intersection—i.e., sample size is quite small. Notwithstanding
these findings, it should also be noted that the 30-day window is subject to unknown error with
respect to when the signal was actually put into operation (i.e., some after-crashes may have

actually occurred in the “true” before period or vice versa).

Table 4-2. Percent changes in total crashes by time period

number of | number of | percent |incremental
time crashes crashes change % change
period before after after after
(days) |signalization|signalization|signalization|signalization
30 97 168 73.20% n/a
60 211 314 48.82% 19.05%
90 318 485 52.52% 20.38%
180 671 874 30.25% 7.42%
365 1325 1640 23.77% 12.81%
730 2588 3061 18.28% 9.63%
730 2377 2747 15.57% n/a
Note: last row excludes crashes within 30 days of assumed date when
signal was activated

Plots of crash frequency versus time window length (not shown) show that there is a fairly
distinctive linear trend for both before and after periods. That is, as the time window increases in
length, the number of crashes that occurred increases linearly.

It was decided to use longer crash windows for this project, one of which excluded crashes
occurring around the time of the signalization. The latter prohibits making inferences about the
novelty (or newness) effect but comments about that effect, at least using the data available here,
would be problematic anyway. Use of the larger time windows also allows more stratification of
crashes (since sample size is larger). For example, analysis may be done on more than one factor
at a time. In the end, 180-day and 2-year time windows were used for the analysis. The 2-year
window excludes 30-day signalization implementation periods on both sides of the assumed

signal-in-actual-operation date.

A final cautionary note is that the analysis done for this project was done in the aggregate (i.e., all
intersections in a given group were lumped together). Thus, for example, a two-year before-after
window for intersection S; might be 1991-92 (before) and 1993-94 (after) whereas the window
for another intersection, S,, in the same group might be 1988-89 (before) and 1990-91 (after). In
the analysis that was done, all before data for all intersections in the group were grouped together
as were all after data. This complicates any attempt to make adjustments for background trends:
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for example, the background trend for intersection S; is that, statewide, intersection crashes
increased while for S,, they decreased (see table 4-1 for trends).

4.4. Analysis of 4-Way Intersection Crashes

The analysis that was done for 4-way intersections was somewhat more extensive than that for
other types. The reasons for this include: 4-way intersections are considered to be most typical,
4-way intersections are probably best understood with respect to operation; and several levels of
analysis were done with 4-ways to determine which were most illuminating with respect to
understanding what’s happening from an crash perspective.

It should be remembered that the 4-way intersections considered here are “basic”—that is they are
simple intersections of two 2-way streets. While intersections with turning lanes and other simple
geometric variations are included, any geometrically or operationally “odd” 4-way intersections
are excluded (e.g., intersections of two one-way streets were excluded even though the
intersection would have four legs). There was a total of 91 4-way intersections used in the
analysis.

4.4.1. 4-Way Intersections: Total Crashes and Crash Type Distribution

The most fundamental information about these intersections includes the number and type of
crashes that occurred before and after signalization. This information is shown in table 4-3 for
two time windows: 180 days (with no exclusion of a signal implementation period) and two years
(with exclusion of the implementation period). It should be noted that the sample size for the two
time periods varies: for 180 days, there were 91 intersections; for 2 years, there were 80.

Table 4-3. 4-way intersections: before-and-after comparison of crash
type 45m (150") from signal for 180 days and 2 years

180 days |2 years
crash type before |after before |after
rear-end count 121 193 468 734
percentage | 29.30%| 40.46%| 28.98%| 43.33%
right-angle count 172 122 659 368
percentage | 41.65%| 25.58%| 40.80%| 21.72%
head-on/left-turn count 35 47 152 213
percentage| 8.47%| 9.85%| 9.41%| 12.57%
other count 85 115 336 379
percentage | 20.58%| 24.11%| 20.80%| 22.37%
total count 413 477 1615 1694

The first thing that should be noted from the numbers noted in the table is that for the 180-day
period, an increase of about 15% in the number of crashes was observed. Over the longer 2-year
time period, the increase was somewhat less striking, about 5%. Given the overall trends in
intersection crashes (see table 4-1 and figure 4-1 and accompanying discussion in section 4.1), it

page 4-8



appears that signalization resulted in an increase in crash frequency. For example, examining table
4-1, if all 4-way intersection signalizations had occurred in the last four years of the overall
analysis period (the only period of steadily increasing numbers of intersection crashes), an increase
of about 6% in intersection crashes would have been expected as a background trend. Any other
4-year window results in a lower rate of increase or a decrease as a background trend. Indeed the
change in intersection crashes over the entire analysis period (1985 to 1995) is a reduction from
69,862 to 61,334, a net decrease of 12% (this figure obscures the fact that there were, however,
increases to over 73,000 during the period). On the other hand, the average number of
crashes/intersection for the 2-year analysis period increased by almost one—from 20.2 to just
over 21, a difference which was not statistically significant. Interestingly, for the 180-day analysis
period, the average increase in crashes is about the same (0.89, from 5.0 to 5.89).

Of primary interest is the distribution of crashes by type. The distributions shown in table 4-3 are
based on the crash types defined in the crash data files but several types are aggregated into the
four key types shown in order to highlight the changes attributable to signalization. Over both the
short (180 days) and long (2 years) term, a significant shift between crash types is noted: rear-end
crashes increase by 10-12% (of the total) while right-angle crashes decrease 11-14%. The other
categories shift by significantly smaller percentages. These distributions, it should be noted, are
unaffected by any background trends in raw frequencies. Thus, it can be concluded that
signalization resulted in clear shifts in the type of crashes occurring at intersections—from angle-
type crashes to rear-end and with a lesser increase in head-on/left-turn crashes. This is consistent
with other research reported in chapter 2.

A more detailed presentation on crash types is provided in table 4-4 which shows all of the crash
types that are differentiated in the MDOT/MSP crash files. The same trends are noted as had
been observed in table 4-3.

4.4.2. 4-Way Intersections: Crash Severity

Crash severity changes that may result from signalization are also of interest. In this instance,
each crash is classified according to its most serious outcome. That is, if an crash resulted in
some property damage, an “A” injury, and a “B” injury, the crash would be classed as a “A-
injury” crash which is the worst outcome. The five crash severity categories that are used here
are: fatal; A (incapacitating injury), B (non-incapacitating injury), C (possible injury), and PDO
(property-damage-only). The before-and-after distributions of crashes by severity for 180-day
and 2-year windows are shown in table 4-5.

While the number of fatalities is fairly low in general (and fatalities are relatively rare events in
general), it is seen that there were fewer fatalities after signalization for both time windows. More
importantly, however, is the general distributional shift from more severe to less severe crash
outcomes. For both time windows, there is decrease in fatalities, a decrease in A crashes, a
decrease in B crashes, and increases in C and PDO crashes. These percentage changes are driven
by absolute decreases in the numbers of fatal and A crashes for both time windows, an increase
for the 180-day period and a decrease for the 2-year period for B crashes, and increases in C and
PDO crashes for both time windows. Thus, in spite of overall increases in the total
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Table 4-4. 4-way intersections: before-and-after comparison of detailed crash

types 45m (150" from signal for 180 days and 2 years

180 days 2 years
crash types before after before after
misc 1-vehicle count 4 5 10 22
percentage 0.97% 1.05% 0.62% 1.30%
overturn count 1 1 10 4
percentage 0.24% 0.21% 0.62% 0.24%
wi/parked vehicle count 3 2 12 7
percentage 0.73% 0.42% 0.74% 0.41%
backing count 2 10 18 28
percentage 0.48% 2.10% 1.11%) - 1.65%
parking count 2 1 4 6
percentage 0.48% 0.21% 0.25% 0.35%
pedestrian count 2 2 6 6
percentage 0.48% 0.42% 0.37% 0.35%
fixed object count 16 23 68 56
percentage 3.87% 4.82% 4.21% 3.31%
other object count 5 0 4 3
percentage 1.21% 0.00% 0.25% 0.18%
animal count 1 3 13 17
percentage 0.24% 0.63% 0.80% 1.00%
bicycle count 3 4 8 15
percentage 0.73% 0.84% 0.50% 0.89%
head-on count 5 1 23 11
percentage 1.21% 0.21% 1.42% 0.65%
angle-straight count 115 88 435 259
percentage 27.85% 18.45%) 26.93% 15.29%
rear-end count 109 178 405 695
percentage 26.39%| 37.32%| 25.08%} 41.03%
angle-turn count 57 34 224 109
percentage 13.80% 7.13%| 13.87% 6.43%
side-swipe/same  count 4 3 5 29
percentage 0.97% 0.63% 0.31% 1.71%
rear-end/left-turn  count 8 4 40 10
percentage 1.94% 0.84% 2.48% 0.59%
rear-end/right-turn count 4 11 23 29
percentage 0.97% 2.31% 1.42% 1.71%
other driveway  count 6 8 32 33
percentage 1.45% 1.68% 1.98% 1.95%
angle at driveway count 5 10 42 41
percentage 1.21% 2.10% 2.60% 2.42%
rear-end/driveway count 17 27 62 70
percentage 4.12% 5.66% 3.84% 4.13%
side-swipe/opp  count 8 9 11 21
percentage 1.94% 1.89% 0.68% 1.24%
head-on/left-turn  count 35 47 152 213
percentage 8.47% 9.85% 9.41% 12.57%
daul left-turn count 1 2 5 3
percentage 0.24% 0.42% 0.31% 0.18%
dual right-turn count 0 4 3 7
percentage 0.00% 0.84% 0.19% 0.41%
total count 413 477 1615 1694
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numbers of crashes between the before and after time periods, the severity of those crashes was

somewhat lower.

Table 4-5. 4-way intersections: before-and-after comparison of crash
severity 45 m (150" from signal for 180 days and 2 years

180 days 2 years
crash severity before |after before [after
PDO count 276 316 1085 1134
percentage | 66.83%| 66.25%| 67.18%| 66.94%
C-injury count 68 96 262 329
percentage | 16.46%| 20.13%| 16.22%| 19.42%
B-injury count 38 42 152 146
percentage| 9.20%| 8.81%| 9.41%| 8.62%
A-injury count 28 22 110 82
percentage | 6.78%| 4.61%| 6.81%| 4.84%
fatal count 3 1 6 3
percentage| 0.73%| 0.21%| 0.37%| 0.18%
total count 413 477 1615 1694

4.4.3. 4-Way Intersections: Ambient Light, Time of Day, and Day of Week

Several other factors were also examined through cross-tabulations. Ambient light was defined
using the standard UD-10 code (i.e., daylight, dawn or dusk, dark wistreet lights, dark w/no street
lights, and unknown). It should be noted that no attempt was made to verify the values of that
code by using actual time of day and month—the codes were taken at face value. For ambient
light there were generally only modest before-after differences in the distributions (not shown).
For example, using the 2-year window, the percentage of crashes occurring during daylight hours
decreased from 75.4 to 75.1%. Some of the other shifts were somewhat more notable but they
were not necessarily consistent between the 180-day and 2-year time windows, and the
differences were attributed to general variance.

Similarly, the before and after hour-by-hour distribution of crashes was also examined.
Distributional shifts in this instance were limited to generally much less than 1% (with a maximum
of about 3% in one instance). Again, these shifts seem quite insignificant and seem likely to be a
result of natural variation. It is marginally interesting to note that the highest percentages of
intersection crashes (both before and after signalization) occurred after 12:00 noon and before
6:00 PM. The maximum percentage for an hour (in the 12:00-6:00 block) was on the order of
12% and the minimum was about 6%. The highest hour not within this time block was 7.00-8:00
AM where the percentage was around 5% (and the adjoining hours were much less) and 6:00-
8:00 PM where the hourly percentages were 5-6%. Over 50% of the intersection crashes
occurred in the six-hour period from noon until the end of the evening rush hour.

Finally, before and after crash distributions by day of the week were also investigated. Once
again, there does not appear to be much difference that is attributable to signalizing the
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intersections. Generally speaking, weekdays account for a somewhat greater percentage of the
crashes than weekends—if crashes occurred randomly by day (i.e., 14+% each day), it would be
expected that the two weekend days would account for about 29% while the statistics show that
they account for something on the order of 20-24%. Fridays account for the greatest percentage
of intersection crashes, generally 16-21%, and there appears to have been a slight decrease in that
percentage between the before and after periods (about 4% using the 180-day time window,
about 2% using the 2-year window). Again, this relatively small decrease may be due to natural
variation. If there is an effect, signalization seems to have “smoothed out” the distribution over
the week (each day accounted for a more equal amount).

Notwithstanding the minor effects that have been noted, signalization effects on these three
variables appear to be relatively uninteresting and are not discussed further (i.e., for other
intersection types) in any detail.

4.4.4. 4-Way Intersections: Crash Type and Other Factors

In addition to the general examination of crash type that was discussed in section 4.4.1., the
crashes were also broken down into type-based groups (i.e., head-on/left-turn, right-angle, rear-
end, and other) and re-examined with respect to severity, contributing circumstances, time of day,
light conditions, weather, and day of week. That is, for example, all the rear-end crashes were
broken out and the before-after comparison was examined with respect to the other variables just
noted. In addition, both the 180-day and 2-year windows were also examined.

4.4.4.1. Level of Severity by Before/After for Different Crash Types

The general shift toward more, but less severe crashes noted above was broken down by crash
type. For different types of crashes, the shifts in severity were noticeably different. The
discussion that follows is based upon the comparison of 2-year before/after windows, unless
otherwise noted.

Rear-End Crashes

There were large absolute and relative increases in rear-end crashes when before and after periods
are compared (468 to 734, 29 to 43%). Examining only the rear-end crashes, there is a shift in
severity as well: PDOs, while increasing in number (358 to 520) account for a lower percentage
(77 versus 71%, respectively) of all rear-end crashes. The C crashes increased in both absolute
(75 to 171) and relative (16 to 23%) terms while both B and A crashes increased in absolute
terms but decreased relatively. Thus, the severity-related changes in rear-end crashes were mixed:
while rear-end crashes generally increased in number there was a shift toward minor injury
crashes. That is, category C increased both absolutely and relatively, while PDOs and other injury
categories decreased relatively, they all increased in an absolute sense. There were no fatal rear-
end crashes reported in either the before or the after period.
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Right-Angle Crashes

Unlike rear-end crashes where there were notable changes in both the numbers and severity of
crashes, the severity distribution of right-angle crashes remained fairly constant. The biggest
relative shift was that PDO crashes decreased from 58 to 55%. This relative decrease was offset
by minor increases in all but the fatal crash category. In absolute terms, there was a large overall
before-after decrease in right-angle crashes (see table 4-3b) and in each severity category.

Perhaps most notable is that right-angle crashes account for all fatal crashes in the study.
Moreover, this number decreased from 6 to 3 between the before and after periods. While fatal
crashes are relatively rare events and the decrease could be simply a statistical anomaly, it is
nonetheless noteworthy that all the fatal crashes were this type. It does appear that the decrease
in the number of fatal crashes is most likely due to the general decrease in this type of crash.

Head-On/Left-Turn and Other Crashes

The other two crash types that were studied in detail were head-on/lefi-turn and (all) “other”
crashes. While there were almost across-the-board absolute increases in each severity category
for both of these types of crashes, the severity distribution did not change markedly. For both
types, the PDO percentage varied by about 1% or less and there was some shifting among the
personal injury categories—the largest change being a 3.6% increase in B head-on/left-turn
crashes.

4.4.4.2. Crash Type by Before/After for Different Levels of Severity

The relationship between type of crash and the severity of those crashes can also be looked at “the
other way around.” In the last section cross-tabulations of level of severity by before/after for
different crash types was examined. In this section cross-tabulations of crash type by before/after
for different levels of severity will be examined. Table 4-6 is an illustration. Each section of the
table shows a cross-tabulation of crash type by before/after for a different level of severity (PDO,
C, B, and A). Fatal crashes are discussed separately.

PDO Crashes

As noted earlier, the absolute number of PDO crashes increased between the before and after
periods from 1085 to 1134 (49 crashes, about 5%). While head-on/left-turn and “other” crash
types increased only marginally (in both absolute and relative terms), there was a relatively large
shift between rear-end and right-angle crashes. Rear-end crashes increased dramatically while
right-angles decreased similarly. '

C-Injury Crashes

While the increase in number of C crashes (262 to 329) was somewhat higher than that for PDOs
(67 versus 49), the percentage increase was substantial, almost 26%. “Other” crash
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types accounted for a considerably lower proportion although it was fairly constant as it was for
head-on/lefi-turn crashes. Again the large shift was from right-angle (large absolute and relative
declines) to rear-end crashes (large absolute and relative increases).

B-Injury Crashes

B-injury crashes actually declined by almost 4%, from 152 to 146. Interestingly, the shifts among
crash types was somewhat different than for other crash severity categories. Rear-end crashes
showed only marginal absolute and relative increases; right-angles decreased somewhat more
strikingly; and “others” held steady. The other difference was head-on/leﬁ-tum crashes which
accounted for absolute and relative increases in B crashes.

A-Injury Crashes

The final category shown in the table is A-injury crashes which showed the largest overall
decrease in crashes (110 to 82) in spite of being the smallest category (other than fatals). Once
again, there were increases in rear-end crashes in both absolute and relative terms, decreases in
right-angle crashes and modest relative increases in head-on/left-turn and “other” crashes.

Fatal Crashes

Fatal crashes are not shown in the table because there are so few, and all of which were right-
angle crashes. There was a decrease of three fatal crashes (6 to 3) between the before and after
periods. As noted earlier, all fatal crashes (both before and after) were associated with some sort
of turning movement. Examination of other characteristics of these crashes showed the
following: only one of the crashes (during the after period) was associated with DUIL or drug
use as a contributing circumstance while one had “none” (before) as a contributing circumstance
while 7 (5 before, 2 after) had “other;” two of the after crashes occurred in the 1:00-2:00 AM
time period while one occurred in the 6:00-7:00 PM period whereas the “before” crashes were
scattered throughout the afternoon and evening (1 during 11:00AM-noon, 1 during 4:00-5:00
PM, 2 during 5:00-6:00 PM, 1 during 6:00-7:00 PM, and 1 during 9:00-10:00 PM); all 6 “before”
occurred during daylight or dawn/dusk hours while all 3 “after” occurred during dark conditions;
with exception of 1 after crash which occurred in the rain, all others occurred when it was
clear/cloudy; and, finally, the before crashes were distributed during the week 1 on Sunday, 1 on
Tuesday, 2 on Thursday, and 1 each on Friday and Saturday while the after crashes occurred on
Tuesday (1) and Saturday (2). Given the small number of fatal crashes that do occur, not much
insight is gained on how the signalization affects these crashes although it is interesting to note
that they were all angle crashes; and these sorts of crashes typically decrease as a result of
signalization.

Summary and Discussion

The results arrayed in table 4-6 clearly shows that there was an overall increase in PDO and C
crashes and some offsetting decreases in B and A crashes (plus the decrease in fatal crashes not
shown in the table). Generally speaking, the differences in the type of crashes show up in the shift
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from angle to rear-end crashes. There are significantly more of the latter and fewer of the former.
The increases in the overall crash numbers are attributable primarily to the additional rear-end
crashes with more modest contributions from head-on/left-turn and “other” crash types. Right-
angle crashes decrease in absolute and relative terms for all severity classes.

4.4.4.3. Contributing Circumstances, Time of Day, Light Conditions, Weather, Day of
Week and Crash Type

Contributing circumstances, time of day, light conditions, weather, and day of week were also
considered with respect to crash type. For the most part, none of these factors were interesting—
that is, there were few distributional changes that might be attributable to the signal installation.
Some observations regarding each type of crash follows.

For “other” crashes, it was noted that there was a decrease (both in absolute, 15 crashes, and
relative, six percentage points, terms) in crashes after dark where there were no street lights
present. On the other hand, crashes occurring under clear or cloudy conditions increased (in
absolute and relative terms).

Head-on/left-turn crashes increased in both absolute and relative terms in dark/no-street-light
conditions and snowy conditions while decreasing in relative terms for clear/cloudy conditions.

For right-angle crashes there were fewer distributional variations with the most notable being an
absolute and relative decrease in daylight crashes which was offset, in a proportional sense, by
increases in the percentages of nighttime crashes. Variations due to weather conditions were slight
although there were significant reductions in absolute terms.

Finally, for rear-end crashes, there were only minor changes in the distributions of any of these
factors.

4.4.5. 4-Way Intersections: Type of Signal Installed

There were two basic classifications of the signals that were installed: fixed timing and actuated.
The same types of variables and issues were examined for each type of signal. The fundamental
issue that is being addressed is whether the type of signal that is being installed results in any
differential effects with respect to the crash statistics that have been examined. For this analysis,
the 91 original intersections were broken down into 10 actuated signal sites and 81 fixed-time
sites although this was further reduced to 9 and 70 for the 2-year analysis period.

4.4.5.1. Signal Type and Crash Type

While the general trends in distributional shifts that were discussed earlier were also apparent here
(e.g., an absolute and relative increase in rear-end crashes as a result of signalization), there were
some basic differences between the distribution of crashes by type for the two different types of
signal. For example, rear-end crashes accounted for 30% (439) of the before crashes and 44%
(687) of the after crashes for fixed timing sites while, for actuated signal sites, rear-end crashes
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accounted for only 19% (27) of before crashes and 35% (42) of the after crashes. These
distributions are shown in table 4-7. The largest part of the differences between the two types of
sites is accounted for in the differences between rear-end and right-angle crashes. In general,
fixed-timing sites had proportionately fewer right-angle crashes and more rear-end crashes. The
differences were especially noticeable during the before period. The higher percentage of right-
angle crashes at actuated signal sites may well be explained by more equal and possibly higher
volumes being experienced at those sites both before and after signalization.

Table 4-7 also indicates that there are some other fundamental differences between fixed and
actuated signal sites. For fixed-time sites, there was an absolute increase in the number of crashes
(in addition to the distributional shifts just noted) which resulted in a mean increase of 0.76
(although this is not statistically significant). On the other hand, for actuated sites, there was an
absolute decrease in crashes and a sizable, but statistically insignificant, mean decrease (4.22).
There were, however, only nine actuated sites.

Table 4-7. 4-way intersections: before-and-after comparison of crash
type by timing type 45m (150") from signal for 2 years

: fixed actuated
crash type before |after before |after
rear-end count 439 687 27 42
percentage |30.13% [44.24% |18.49% |35.00%
right-angle count 582 336 75 27
percentage |39.95% {21.64% [51.37% {22.50%
head-on/left-turn count 132 189 19 23
percentage |9.06% |12.17% [13.01% [19.17%
other count 304 341 25 28
percentage |20.86% [21.96% |17.12% |23.33%
total count 1457 1553 146 120

4.4.5.2. Signal Type and Severity

The general trend noted earlier of typically more crashes but with less severity is also in evidence
for both types of signals. For fixed-time signals, there are absolutely and relatively fewer A
crashes, about the same number but relatively fewer B crashes, absolutely and relatively more C
crashes, and relatively the same percentage but a greater number of PDO crashes. For actuated-
signal sites, C crashes “collect” absolutely and relatively more crashes than the other categories.
Crashes at actuated-signal sites are, in general, more likely to be more severe than those at fixed-
time signal sites, notwithstanding the fact that all fatal crashes were at fixed-time sites. These
results are summarized in table 4-8.
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Table 4-8. 4-way intersections: before-and-after comparison of crash
severity by type of signal timing 45 m (150") signal for 2 years

fixed actuated
crash severity before |after before |after
PDO count 984 1045 90 75
percentage | 67.54%| 67.29%| 61.64%| 62.50%
C-injury count 241 298 20 27
percentage | 16.54%| 19.19%| 13.70%| 22.50%
B-injury count 133 131 19 12
percentage | 9.13%| 8.44%| 13.01%| 10.00%
A-injury count 93 76 17 6
percentage| 6.38%| 4.89%| 11.64%| 5.00%
fatal count 6 3 0 0
percentage| 0.41%| 0.19%] 0.00%| 0.00%
total count 1457 1553 146 120

4.4.5.3. Signal Type and Other Variables

Several other variables (detailed crash type, contributing circumstances, time of day, light
condition, weather condition, and day of week) were also examined with respect to differences
that might be attributable to the type of signal that was installed. While most of these effects were

not dissimilar from those already noted, there were a couple of notable exceptions.

For light conditions, there were very minor differences in the before-after distribution of crashes
occurring under different light conditions for fixed-time signal sites (a maximum difference of
about one percentage point). However, for actuated signal sites, there were some notable before-
after changes. For example, the percentage of crashes that occurred during daylight conditions
decreased from 77 to 68% and dark/street lights present increased by about the same amount (10
to 19%). There is no ready explanation for this shift—i.e., why the installation of one type of
signal would make a difference in the distribution of crashes by light condition.

A similar outcome was noted when weather conditions (at the time of the crash) were considered.
There was little change in the distributions for fixed-time sites but significant shifts at actuated
signal sites. The latter consisted of a decrease during clear or cloudy conditions (82 to 70%) with
an offsetting increase for rainy conditions (10 to 22%).

4.4.6. 4-Way Intersections: Geographic Area

Another classification that was investigated was a rough definition of “where” the signalized
intersections were located. This definition was based on the general character of the county
where the signal was installed: metro, mixed, and rural. Metropolitan counties were those such
as Wayne which has a primarily urban, very-built-up character. Mixed counties are those such as
Ingham which contains a significant amount of urban development (Lansing in this case) but also
significant suburban and rural areas. Rural counties are those where there is no principal urban
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center. The breakdown of the original 91 intersections into the three groups just defined was:
metro, 15; mixed, 63; and rural, 14. (For the 2-year analysis period, these numbers were further
reduced to 14, 53, and 13, respectively.) '

Although the definitions of the three geographic area types are crude, the results were,
nonetheless, interesting. While the mixed category represented the most sites, there was a
reasonable distribution among the three categories. While the trend of more crashes in the after
period that was noted earlier is still evident, the percentage change in total crashes varied by area:
in rural areas, the increase was almost 9% (208 to 226); in mixed areas, the increase was about
5% (1136 to 1187); and for metro areas, the increase was the lowest, almost 4% (271 to 281).
While this could easily be explained by changes in traffic volumes and so forth, it could also be
argued that the signals in more rural-oriented areas would typically result in the most
(unexpected) change to traffic patterns and, hence, be more likely to result in a higher increase in
traffic crashes. There is no way to prove this contention, but it seems a logical explanation.

The mean number of crashes also varies by geographic type. The before-and-after mean values
were: rural-16 to 16.1; mixed-21.4 to 22; and metro-19.4 to 18.7. The mean decrease in metro
being an artifact of a change in sample size. None of the differences was statistically significant.

While the general tendencies in the shifts among crash types is the same as reported earlier, there
are differences for the different areas and are shown in table 4-9. For the rural sites, the
percentages of rear-end crashes increase only 5% with signalization while for the mixed areas the
increase is about 15% and for metro areas, about 20%. This is accompanied, and largely offset,
by decreases in right-angle crash percentages: the rural decrease is 6%, mixed is 21%, and metro
is 17%. Depending on the type of area in which signalization occurs, somewhat different crash
shifts could be expected. In general, the shifts are much more pronounced in more suburban
and/or urban areas.

Table 4-9. 4-way intersections: before-and-after comparison of crash type by type of
area 45m (150') from signal for 2 years

rural mixed metro
crash type before |after before |after before |[after
rear-end count 71 90 317 504 80 140
percentage | 34.13%| 39.82%| 27.90%| 42.46% 29.52%| 49.82%
right-angle count 64 56 493 255 102 57
percentage | 30.77%| 24.78%| 43.40%| 21.48%) 3 7.64%| 20.28%
head-on/left-turn  count 22 28 108 160 22 25
percentage | 10.58%| 12.39%| 9.51%| 13.48% 8.12%| 8.90%
other count 51 52 218 268 67 59
percentage | 24.52%| 23.01%| 19.19%| 22.58% 24.72%| 21.00%
total count 208 226 1136 1187 271 281
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There are also some differences in the severity of crashes by type of geographic area. For rural
sites, there is a shift from the PDO category (which accounted for 76% of all before crashes
“before” signalization and decreased to 66% “after”) to C (14 to 19%), B (5 to 10%), and A (4 to
5%) injury crashes. There were, however, two fatal crashes in the before period but none after.
For mixed areas, the proportion of PDO crashes increased from 66 to 68% while C crashes
increased (17 to 19%), B crashes decreased (10 to 8%), and A crashes decreased (8 to 5%).
Fatal crashes in mixed areas decreased from 4 to 3. Finally, for metro areas, the shifts were:
PDOs decreased (68 to 62%), C crashes increased (15 to 24%), and both B and A crashes
decreased (10 to 9% and 10 to 5%, respectively). There were no fatalities in the metro grouping.
In summary, rural sites tended to experience more serious crashes as a result of signalization,
mixed areas had somewhat reduced severity, and metro areas experienced some compensating
shifts (fewer PDOs but also fewer A and B-injury crashes with an increase in C crashes). The
increase in severity in rural areas may be hypothesized to result from problems with generally
higher speed vehicles although that was not tested in any way.

The results for the other variables that were examined (e.g., contributing circumstances, light
condition) showed no other striking resuits.

4.4.7. 4-Way Intersections: Summary and Synthesis of the Effects of Signalization

Based on the analysis of the 4-way intersections included in this study, the following synthesis and
summary of findings can be presented.

* Notwithstanding variations in the background trends in intersection crashes over the entire
analysis period, it appears that signalization results in an increase in crash frequency—using a
2-year analysis before and after window, the increase was about 5%. However, the extent of
the increase varies according to several factors and is difficult, if not impossible, to predict for
any given site. Moreover, changes in the mean values of crashes per intersection are generally
small and statistically insignificant.

* The shifts in crash type as would be expected a priori—that is, angle crashes decreased
while rear-end crashes increased. This shift was most always observed and generally fairly
dramatic. It too varies considerably based upon different conditions.

* Notwithstanding an often-observed increase in crash frequency, there is also a shift in
crash severity from more severe to less severe crashes. PDO and C-injury crashes tend
to increase in both absolute and relative terms while A-injury, B-injury, and fatal crashes
decrease in both absolute and relative terms.

* While there does not appear to be any relationship between signalization changes and light
conditions with respect to the incidence of crashes, it is interesting to note that over 50% of
intersection crashes occur between noon and 6:00 PM. Otherwise, there is nothing notable
with respect to signalization effects with respect to light conditions, time of day, or day of
week.
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* The absolute and relative increases in rear-end crashes was accompanied by a shift toward
minor personal-injury (C-injury) crashes. That is, C-injury crashes accounted for a higher
percentage of the crashes after signalization. However, there were absolute increases in the
numbers of crashes in all severity categories.

* While the relative distribution of right-angle crashes by severity effectively remained the same,
there were significant reductions in the absolute number of such crashes in all severity
categories.

* Right-angle crashes accounted for all fatal crashes during both the before and after periods
and decreased from six (6) to three (3) between the before and after periods.

* Differences in crash distributions are difficult to relate to the type of signal, fixed-time versus
actuated, that is installed since there are differences between these two sets of sites during the
before period. That is, sites where fixed-time signals are installed appear to have different
crash statistics than those where actuated signals are installed. Fixed-time sites tended to
have proportionately fewer right-angle and more rear-end crashes that actuated sites.

* Actuated signal sites tended to have less severe crashes than fixed-time sites although all fatal
crashes were at the latter. It should be noted, however, that there were relatively few
actuated sites.

* For actuated signal sites, there was a noticeable distributional shift from crashes occurring
under daylight to dark/no-street lights conditions. There was also a distributional shift from
clear/cloudy to rainy conditions for actuated signal sites. There is no ready explanation for this
shift.

* Increases in crashes as a result of signalization appeared to be related to type of area (metro,
mixed, rural) in which a signal was found. Intersections in rural areas increased the most (9%)
followed by mixed areas (5%) and metro areas (4%). The changes in the mean number of
crashes was not, however, statistically significant.

* The right-angle-to-rear-end shift in crash distributions also vary by type of area with rural
areas experiencing less of a shift than the others.

* With respect to crash severity, rural sites tended to shift to more serious crashes while
mixed areas had somewhat reduced severity and metro areas had some compensating shifts
(fewer PDOs but also fewer A- and B-injury crashes). Fatal crashes occurred in rural areas
(2 before) and mixed areas (4 before, 3 after).

4.5. Analysis of 3-Way Intersection Crashes
The analysis of 3-way intersections proceeded in a parallel fashion to that done for the 4-way

sites. As was the case for the 4-ways, the intersections analyzed were “simple” 3-way
intersections—that is, basic “T” intersections of two 2-way streets. Any other geometrically or
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operationally “odd” intersections were excluded. The discussion presented here is somewhat
briefer as only those issues which were found to be important are discussed (the discussion of 4-
ways had been somewhat more comprehensive to illustrate the breadth of the work that had been
done). There was a total of 37 3-way intersections (35 for the 2-year analysis period).

4.5.1. 3-Way Intersections: Total Crashes and Crash Type Distribution

Table 4-10 shows the basic cross-tabulation of the before and after signalization crashes
distributed by crash type (only the data for the 2-year window are shown). In the discussion that
follows, there are references back to table 4-3 to show fundamental differences between crash
type distributions at the two different types of intersections. -

Table 4-10. 3-way intersections: before-and-after
comparison of crash type 45m (150")
from signal for 2 years

crash type before |after
rear-end count 334 536
percentage | 36.99%/ 49.49%
right-angle count 240 147
percentage | 26.58%| 13.57%
head-on/left-turn count 42 86
percentage | 4.65%| 7.94%
other count 287 314
percentage | 31.78% 28.99%
total count 903 1083

First, it is noted that there is again an increase in total crashes from the before to after periods—in
this instance, the increase is from 903 to 1083, almost 20% and sizably more than the 5% increase
noted for 4-way intersections. The mean number of crashes obviously increases as well, from
about 26 to about 31, although the increase was not statistically significant. Compared to 4-way
intersections, the mean number of crashes at 3-way intersections is higher for both before and
after periods. The crash rates for 3-ways are, however, about the same as for the 4-ways. Thus,
the differences in the mean number of crashes are likely to be simply artifacts of the traffic
volumes at the 4-way versus 3-way intersections. (Other crash rates are not discussed in any
detail given that before and after ADTs were not available in the data base and, hence, rate
changes mirror the frequency changes).

The distributions of crashes by type are also different from the 4-ways although the shifts among
crash types are somewhat similar. For the 3-way intersections, head-on/left-turn crashes comprise
a smaller proportion of all crashes while the “other” crashes are substantially larger. It should be
noted that with 3-way intersections the absolute number of head-on-related conflicts would,
assuming equal roadway volumes, be less than for 4-way intersections (by definition). The
primary shift though is still between rear-end and right-angle crashes: rear-end crashes increase in
both absolute and relative terms (from 334 to 536, and from 37 to almost 50% of all crashes); and

page 4-22



right angle crashes decrease in both absolute and relative terms (from 240 to 147, and from 27 to
14%). Right-angle crashes are the only type that shows an absolute decrease from the before to

the after period.
4.5.2. 3-Way Intersections: Crash Severity

Changes in crash severity for 3-way signalization sites are shown in table 4-11 (again, only the 2-
year window is illustrated). While the substantial increase of 180 crashes has already been noted,
a large proportion of the increase is in PDO crashes, although the PDOs account for a slightly
decreasing percentage of all crashes. The C-injury category is the only one that increases in both
absolute and relative terms. While B-injury crashes increase slightly in number, the proportion
decreases. A-injury crashes decrease in both relative and absolute terms while fatal crashes

remain the same.

Table 4-11. 3-way intersections: before-and-after
comparison of crash severity 45 m
(150" from signal for 2 years

crash severity before |after
PDO count 646 765
percentage | 71.54%| 70.64%
C-injury count 147 208
percentage | 16.28%| 19.21%
B-injury count 70 75
percentage| 7.75%| 6.93%
A-injury count 37 32
' percentage| 4.10%{ 2.95%
fatal count 3 3
percentage| 0.33%| 0.28%
total count 903 1083

A comparison of the results shown here and those in table 4-5 for 4-way intersections reveals that
the same general trends are evident: in absolute terms the PDO and C-injury categories account
for the most of the change in absolute terms and the C category accounts for a somewhat higher
percentage of crashes overall. However, whereas with the 4-way intersections there was a
marginal tendency toward less severe crashes overall (A, B, and fatal crashes all decreased
although C and PDO crashes increased), any severity “improvement” is more modest with C- and
A-injury crashes increasing and fatal crashes remaining the same. Percentagewise, there is still,

nonetheless, some improvement.
4.5.3. 3-Way Intersections: Crash Type and Other Factors

As was done for the 4-way intersections, the before and after crashes were broken down by crash
type and further analysis was done. Only the data for the 2-year window are shown. In the next
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part of this section, crashes are grouped by type, and then examined. After that, the crashes are
grouped “the other way,” that is, by severity level.

4.5.3.1. Level of Severity by Before/After for Different Crash Types

The four (basic) different types of crashes are rear-end, right-angle, head-on/left-turn, and “other”
and are addressed in turn.

Rear-End Crashes

For rear-end crashes, the before-after comparison shows that there are more crashes in every
severity category in an absolute sense (PDOs increase from 248 to 365, Cs from 68 to 137, Bs
from 17 to 28, and As from 1 to 6) and a primary shift from PDO to C-injury crashes. That is, the
percentage of crashes in category C increases from 20 to 26% and is largely offset by a
corresponding decrease (74 to 68%) in the percentage of PDO crashes. Thus, it seems clear that
rear-end crashes generally become not only more numerous in the after period, but also somewhat
more serious.

Right-Angle Crashes

Right-angle crashes, on the other hand, show decreases in all severity categories (PDOs from 165
to 100, Cs from 30 to 24, Bs from 21 to 14, As from 23 to 9, and fatal crashes from 1 to 0). Ona
percentage basis, there is some minor shifting from the fatal and A categories to B and C
categories. Given that the numbers of crashes in the personal injury categories are relatively
small, it is not clear that this really represents a significant shift in severity.

Head-On/Left-Turn Crashes

For head-on/lefi-turn crashes, there was an overall increase in the number of crashes, from 42 to
86, an increase of over 100%. This increase showed up, in absolute terms, in all severity
categories. In relative terms, PDO crashes decreased in a relative sense (from 28 to 53 crashes,
but 67 to 62%), C crashes increased in absolute terms (6 to 12) but stayed approximately the
same at 14%, while B crashes increased from 4 to 13 (10 to 15%), and As increased from 4 to 8
and held relatively steady, proportionately, at about 9-10%. In general, this represents an increase
in this type of crashes and a general increase in severity (although the numbers driving the
distributions are smalil).

“QOther” Crashes
Other crashes also increased in overall number (287 to 314) but here there was a clear trend, in a
both absolute and relative sense, toward less severe crashes—PDO crashes increased in both

absolute and relative terms while all others decreased, except for fatal crashes which increased
from 2 to 3.
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4.5.3.2. Crash Type by Before/After for Different Levels of Severity

Crashes were also grouped into the different severity categories and examined in more detail with

regard to shifts among crash types. The crash type distributions for each severity level (except for
fatal crashes) are shown in table 4-12 and discussed below. (This table is comparable to table 4-6

for 4-way intersections.) :

PDO Crashes

The 18% increase in PDO crashes between the before (646) and after (765) periods varied by
crash type. The largest increase was in rear-end crashes which rose from 248 to 365 and
accounted for 38 and 48% of all before and after PDO crashes, respectively. There were also
increases in head-on/lefi-turn (28 to 53) and “other” (205 to 247) crashes. On the other hand
there was a decrease in right-angle PDOs (165 to 100).

C-Injury Crashes

C-injury crashes also increased (147 to 208), a greater percentage increase than was seen for
PDOs, but a smaller number in absolute numbers (61 versus 119). The distribution by crash type
for C crashes is somewhat similar to the PDOs but there is an even greater domination by rear-end
crashes—rear-end numbers increase from 68 to 137, accounting for 46 and 66% of all C crashes
during the before and after periods, respectively. Right-angle crashes decrease in absolute and
relative terms, while head-on/left-turn crashes are few in number (6 and 12, accounting for 4 and
6% of the before and after crashes, respectively). Other crash types also decrease in both absolute
and relative terms.

B-Injury Crashes

Compared to PDOs and C-injury crashes, there are relatively few crashes in the other severity
categories. The increase in B-injury crashes is only from 70 to 75, accounting for 8 and 7% of all
before and after crashes. The small numbers notwithstanding, the pattern of change with respect
to crash type is similar—an increase in rear-end crashes (17 to 28), a decrease in right-angle
crashes (21 to 14), an increase in head-on/left-turn crashes (4 to 13), and a decrease in “other”
crashes (from 28 to 20).

A-Injury Crashes

The A-injury crashes are even smaller (37 and 32) but do represent a net decrease. While the
numbers are small, there was an increase in rear-ends, a decrease in right-angles, an increase in
hear-on/left-turns, and no change in “others.” Most notable of these changes is the reduction in
right-angle crashes which decreased from 23 to 9.
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Fatal Crashes

Unlike the 4-way intersections where all fatal crashes were associated with angle-turning
movements, only one before crash was in the right-angle category for the 3-ways. The other five
fatal crashes were in the “other” category. Four of these (2 before, 1 after) were head-on
collisions and one was a pedestrian crash.

Summary and Discussion

The changes attributed to signalization for 3-way intersections are not all that dis-similar from
those noted for 4-ways. Much of the increase in PDOs was from rear-end crashes in both
absolute and relative terms with a decrease in right-angle crashes. There were also increases in
rear-end crashes in all other severity categories. The most notable off-setting trend was the
decrease in right-angle crashes, in both absolute and relative terms, in all severity categories and
especially so for A-injury crashes (although the numbers were not large). Fatal crashes at 3-way
intersections, while, again, a very small number were much more varied in type than they had been
for 4-way intersections—whereas all fatals had been right-angle crashes, for 3-ways, this was the
case for only one crash.

4.5.4. 3-Way Intersections: Type of Signal Installed

The 3-way signal installations were also examined with respect to differences in crash types,
severity, and so forth, as was the case for the 4-way sites. As appropriate, references are made to
the latter results which were shown in tables 4-7 and 4-8. Of the original 37 3-way intersections,
six (6) had actuated signals and the remaining 31 were fixed-time.

4.5.4.1. Signal Type and Crash Type

The cross-tabulations of the crash type distribution for both (fixed and actuated) signal types are
shown in table 4-13. A comparison of the two before distributions shows that there are some
differences in the crash distributions in these two sets of sites prior to signal installation. While
there is about the same proportion of rear-end crashes (37%) at both types, there is a significantly
higher percentage of right-angle crashes (28%)) at fixed-time sites versus actuated sites (19%).
The compensating differences are found in the remaining two crash types—the percentages for
both head-on/left-turn and “other” types are higher at the actuated sites.

For the after periods, at the fixed-time sites there is a shift to rear-end and head-on/left-turn
crashes although the latter is more modest. The off-setting decrease is primarily in the right-angle
category. For actuated sites, it is interesting to note that while right-angle crashes increase in
number, the proportion of all crashes that this category accounts for is essentially unchanged. On
the other hand, there is a significant absolute and proportional increase in the rear-end category
and a corresponding decrease in “other” crashes, at least proportionately.

In general, the magnitudes of the shifts with respect to different types of signals are somewhat
different than those seen for 4-way intersections although the dominance of rear-end crashes is
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still apparent. However, for both 3-way and 4-way intersections, it should
fundamental differences in the crash distributions at fixed and actuated sites
installed. This is, no doubt, due to the types of sites that are chosen to have different types of
signals installed.

be noted that there are
before the signal is

Table 4-13. 3-way intersections: before-and-after comparison of crash

type by signal type 45m (150') from signal for 2 years

fixed actuated
crash type before |after before |after
rear-end count 281 449 53 87
percentage | 37.02%| 50.11%)] 36.81% 46.52%
right-angle count 213 113 27 34
percentage | 28.06%| 12.61%)| 18.75% 18.18%
head-on/left-turn count 33 74 9 12
percentage| 4.35%| 8.26%| 6.25% 6.42%
other count 232 260 55 54
percentage | 30.57%| 29.02%| 38.19% 28.88%
total count 759 896 144 187

4.5.4.2. Signal Type and Severity

The type of signal installed was also examined with respect to severity. These results are shown
in table 4-14. Again, it should be noted that there are some initial differences (i.e., in the “before”

 distributions) in the severity levels at the two types of sites. There are, generally speaking, more
PDOs at the actuated sites. These differences notwithstanding, the results in the table shows that
for fixed-time sites, there was a shift toward C-injury crashes, mostly from more severe crash
categories; for actuated sites, the shifts were much more slight, on the order of only one or two
percentage points (and with a relatively small sample size so that a shift of a few crashes could
account for a percentage point of change).

4.5.4.3. Signal Type and Other Variables

As was the case for 4-way sites, the effects of/on several other variables were also examined
although little of interest was noted. The sole exception was that for actuated signals, there was a
clear shift (in proportional and absolute terms) of crashes to daylight conditions. This was
primarily offset by an absolute and relative decrease in crashes occurring under dark/no-street
light conditions. No similar shift was evident for fixed-time sites (in fact, for those sites, there
was a relative increase in dark/no-street light crashes). For 4-way sites, the significant shifts
noted here were the reverse. Again, there is no ready explanation for these changes.
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Table 4-14. 3-way intersections: before-and-after crash severity
by type of signal 45 m (150") from signal for 2 years

fixed actuated
crash severity before |after before |after
PDO count 538 623 108 142
percentage | 70.88%| 69.53%| 75.00% 75.94%
C-injury count 127 180 20 28
percentage | 16.73%| 20.09%| 13.89% 14.97%
B-injury count 62 63 8 12
percentage | 8.17%| 7.03%| 5.56%| 6.42%
A-injury count 30 27 7 5
percentage| 3.95%| 3.01%| 4.86%| 2.67%
fatal count 2 3 1 0
percentage | 0.26%| 0.33%| 0.69% 0.00%
total count 759 896 144 187

4.5.5. 3-Way Intersections: Geographic Area

The definitions of the three geographic areas (rural, mixed, and metro) were provided in the

earlier discussion of 4-way intersections. There were 10 metro, 25 mixed, and only four (4) rural
3-way intersections. The crash-type distribution for each of the three areas is given in table 4-15
(the comparable table for 4-way intersections is 4-9). Interestingly, the crashes in rural areas
actually declined between the before and after periods while 23% increases were recorded for the
other two. This is quite different from what was found for 4-way intersections where the
differences were greatest for rural areas, less for mixed areas, and least for metro areas.

Table 4-15. 3-way intersections: before-and-after comparison of crash type by type of
area 45m (150" from signal for 2 years

rural mixed metro
crash type before |after before |after before |after
rear-end count 19 36 154 272 161 228
percentage| 17.12%| 33.64%| 35.81%)| 51 22%| 44.48%| 51.24%
right-angle count 35 24 123 68 82 55
percentage | 31.53%| 22.43%| 28.60%| 12.81% 22.65%| 12.36%
head-on/left-turn count 7 11 13 19 22 56
percentage| 6.31%| 10.28%| 3.02% 3.58%| 6.08%| 12.58%
other count 50 36 140 172 97 106
percentage | 45.05%| 33.64%| 32.56%| 32.3 9%| 26.80%| 23.82%
total count 111 107 430 531 362 445

The “before” crash type distributions are quite different for all areas with rear-end crashes, not
surprisingly, accounting for a higher fraction of crashes from rural to mixed to metro
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intersections. The shifts to rear-end crashes resulting from signalization, on the other hand, are
more pronounced in rural areas although the final proportion is not as high as it is for mixed and
metro sites. Unlike the 4-way sites, the shift in distribution away from right-angle crashes is
somewhat more consistent: a ten-point decrease for rural and metro sites, and a 16-point shift for
mixed areas.

The severity distributions show that rural sites increased in severity (although overall crash
frequencies actually decreased): PDOs had a twelve-point decrease while C and B categories
both increased (10 to 16% and 3 to 9%, respectively) and A decreased very modestly (<one
point). (See table 4-16.) For mixed areas, PDOs decrease in a relative sense as do A and B
categories while the C category increases—what appears to be a sort of “wash” in terms of
whether severity increased or decreased. For metro areas, the PDO proportion increases and all
others decrease. So, rural areas tended to see fewer, but somewhat more serious crashes, mixed
areas stayed about the same, and metro areas saw a shift toward less serious crashes. Finally, it
should be noted that all but one of the fatal crashes occurred in the mixed areas.

4.5.6. 3-Way Intersections: Summary and Synthesis of the Effects of Signalization

Based on the analysis of the 37 3-way intersections included in this study, the following synthesis
and summary of findings can be presented.

* Signalization appears to result in a sizeable increase in the number of crashes occurring at 3-
way intersections—on the order of 20% although that figure varies under different conditions.
While there is an (obvious) accompanying increase in the mean number of crashes per
intersection (~5), the increase is not statistically significant.

* The primary shift in crash type is to the rear-end category where there are both absolute and
relative increases. On the other hand, right-angle crashes decrease in both absolute and
relative terms.

* A large percentage of the increased number of crashes is accounted for by PDO crashes
although this category decreases slightly in importance in relative terms. C-injury crashes
increase in both relative and absolute terms while B-injury crashes increase absolutely and
decrease relatively and A-injury crashes decrease in both senses. Fatal crashes remain the
same. “Improvement” in terms of crash statistics is modest, if at all.

* Rear-end crashes become not only more numerous but also somewhat more severe at these
sites. They are the dominant type of crash in each severity category except fatal crashes.

* Right-angle crashes decrease in number although any shift in severity is modest.

* Head-on/left-turn crashes increase in number and there is a shift to more severe crashes.
The absolute numbers are relatively small and the distributional shift is sensitive as a result.
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* PDO crashes increased significantly and was dominated by rear-end crashes with lesser
numbers of head-on/lefi-turn and other crashes.

* Fatal crashes at 3-way intersections included one angle-turn crash (before) and five “other”
crashes. Four of these (2 before, 1 after) were head-on/left-turn collisions and one was a
pedestrian crash.

* Sites where fixed-time versus actuated signals were installed appear to be different from each
other prior to signalization (e.g., different crash type distributions during the before period).
Nonetheless, there is still a basic shift to rear-end type crashes as a result of signalization at
both types of site. -

* At fixed-time sites, the shift in crash severity is toward C-injury crashes (from less and
more serious categories, although the latter seems more dominant) while for actuated sites shifts
were much more modest (slight).

* At rural sites, signalization resulted in fewer crashes while relatively significant increases were
noted for mixed and metro sites.

* The shifts among crash type categories (to rear-end crashes) are more pronounced in rural
areas although the shift from right-angle crashes is clear in all cases (a ten-point decrease for
rural and metro sites, a 16-point shift for mixed sites).

* Rural sites saw an increase in severity (although frequencies decreased), while mixed sites had
largely compensating shifts among categories for, most likely, no real change in severity, and
metro sites shifted toward less serious crashes.

4.6. Analysis of Driveway Intersections

Several of the signal installations provided by MDOT were classified as “driveways” and are
singled out for analysis which is separate from the 4- and 3-way intersections discussed in the
previous sections. The primary difference with driveways is that these are generally sites where
there may not have been a real intersection present during the “before” period—i.e., a typical
situation is where a new shopping mall opens and the main entrance is signalized (although this is
not necessarily the case). While this may be a typical-looking 3- or 4-way intersection after the
mall opened, during the before period it may well have not existed. Moreover, depending on the
location of the driveway, the character of the development which it serves, the area, and whether
the intersection existed prior to signalization, there may be substantial changes in traffic volumes
on the state trunkline before and after the mall opens. In addition, there were only 12 usable
intersections in the initial set of intersections provided for the study (and that reduced to nine
when the 2-year analysis period was considered). Thus, the attention that “driveway”
intersections receives here is very broad—they are not generally comparable to other types of
sites.

page 4-31



4.6.1. Driveway Intersections: Total Crashes and Crash Type Distribution

The total crashes and crash type distribution for driveways are shown in table 4-16. It is seenin
that table that the total number of crashes increases from 122 to 189, a 55% increase. While this
increase is quite large, it should be remembered that, for the most part, the crashes in the before
period included many which were attributable to non-intersection locations (i.e., at least some of
the “intersections” did not exist prior to signalization). However, even with the large increase in
crashes and the accompanying increase in the mean number of crashes/intersection (from 13.3 to
20.6), the difference is not statistically significant.

Table 4-16. Driveway intersections: before-and- -
after comparison of crash type 45m
(150" from signal for 2 years

crash type before |after
rear-end count 24 66
percentage | 19.67%]| 34.92%
right-angle count 8 16
percentage| 6.56%| 8.47%
head-on/left-turn count 5 10
percentage | 4.10%| 5.29%
other count 85 97
percentage [ 69.67%| 51.32%
total count 122 189

It is also noted that the “before” distribution is quite different from others that have been
examined to this point. Only “rural” intersections exhibited so low a percentage of rear-end
crashes in the before period. In the same vein, the “other” type of crashes dominates the
distribution. The rear-end percentage is in the after period is reasonably consistent with the low
end of the range encountered thus far. Examination of the more detailed crash type distribution
(not shown) indicates that many of the crashes classified as “other” in table 4-16 are one type of

“driveway” crashes or another.

Overall, while these intersections are “different,” it is noted that the same general trends as were
noted for other more typical kinds of intersections are also noted here—a shift to rear-end crashes

once the signal is installed.
4.6.2. Driveway Intersections: Crash Severity

The crash severity situation for driveways is also fairly similar to that noted for other types of
intersections: there is an overall, although modest, shift to PDO crashes from the more serious
personal injury classifications. The PDO percentage increases from 60 to 64%. It should,
however, be noted that while this implies a safety benefit in a relative sense, there were absolute
increases in the numbers of crashes in all categories except fatal crashes which decreased from 2
to 0. These results are summarized in table 4-17.

page 4-32



Table 4-17. Driveway intersections: before-and-
after comparison of crash severity 45 m
(150" from signal for 2 years ‘

crash severity before |after
PDO count 73 121
percentage | 59.84%| 64.02%
C-injury count 30 46
percentage | 24.59%| 24.34%
B-injury count 12 13
percentage | 9.84%| 6.88%
A-injury count 5 9
percentage| 4.10%| 4.76%
fatal count 2 0
percentage| 1.64%| 0.00%
total count 122 189

4.6.3. Driveway Intersections: Summary and Synthesis of the Effects of Signalization

Based on the analysis of 12 driveway intersections included in this study, the following synthesis
and summary of findings can be presented.

* The increase in driveway crashes is most dramatic, 55%, but may well be attributable to
changes in development patterns and the opening of major new facilities (e.g., a shopping mall)
rather than the signalization of the intersections per se.

* Rear-end crashes dominate the crash type distribution after the signalization and are
generally consistent with other types of intersections.

* There is a general shift from personal injury to PDO crashes in a distributional sense although
all categories (except fatal crashes) saw substantial increases in the absolute number of
crashes.

4.7. Analysis of Crossover Intersections

Crossover intersections constitute another “different” type of intersection. These are intersections
where the left-turn movements are handled by median (boulevard) crossovers which are beyond
the core intersection. There is a variety of geometric and actual signalization possibilities which
makes the aggregation of a selected few of these into one group problematic. Indeed, the
signalization itself may well be accompanied by significant changes in the geometry that is present
at any give site and the allowable turning movements. For these reasons, and the fact that
separate studies have been done on crossovers, this type of intersection is also examined in the
most general of terms. There were 21 crossover intersections considered here (and only 14 for
the 2-year analysis period).
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4.7.1. Crossover Intersections: Total Crashes and Crash Type Distribution

The total number of crashes and the before and after distributions by crash type are shown in table
4-18. The increase in crashes, in this instance, is in the general range that has been found for the
traditional types of intersections. Moreover, the shifts among crash types is fairly consistent with
the findings thus far: the rear-end category increases (in absolute and relative terms) while all
other categories decrease except for head-on/left-turn crashes (of which there were very few)
increased. An examination of the more detailed crash types showed that left turn-related crashes
decreased substantially, which would be expected, although there only a few of them in the before

period anyway.

Table 4-18. Crossover intersections: before-and-
after comparison of crash type 45m
(150") from signal for 2 years

crash type before |after
rear-end count 66 90
percentage | 44.59%| 54.22%
right-angle count 32 28
percentage | 21.62%| 16.87%
head-on/left-turn count 1 4
percentage| 0.68%| 2.41%
other count 49 44
percentage | 33.11%| 26.51%
total count 148 166

4.7.2. Crossover Intersections: Crash Severity

Changes in crash severity (table 4-19) were minor in this instance. ‘While the predominant types
of crashes were PDOs and C-injuries, there was very little shift between the before and after
period although there were absolute increases in all but A-injury and fatal categories. Overall,
however, it could be said that these intersections appeared to become at least somewhat safer as

measured by severity.
4.7.3. Crossover Intersections: Summary and Synthesis of the Effects of Signalization

Based on the analysis of 21 crossover intersections included in this study, the following synthesis
and summary of findings can be presented.

* There is an increase in the number of crashes which is generally consistent with other
intersection types.

* There is a shift to rear-end crashes which is clear and consistent in both an absolute and
relative sense.
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Table 4-19. Crossover intersections: before-and-
after comparison of crash severity
45 m (150') from signal for 2 years

crash severity before |after
PDO count 101 119
percentage | 68.24%| 71.69%
C-injury count 30 35
percentage | 20.27%]| 21.08%
B-injury _ count 7 8
percentage| 4.73%| 4.82%
A-injury count 8 4
percentage| 5.41%| 2.41%
fatal count 2 0
percentage | 1.35%| 0.00%
total count 148 166

* The severity distributions changed only modestly as a result of signalization although the trend
is toward less severe crashes.
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5. Summary and Discussion

This study has been directed to the evaluation of the effects of signalizing previously unsignalized
intersections. The basic question to be answered was: What happens (from an crash perspective)
when an intersection is signalized. In order to answer this question, a set of intersections that had
been recently signalized was provided by the Michigan Department of Transportation (MDOQOT).
Descriptive data on these intersections as well as crash records were assembled from MDOT files
and combined for the analysis. The analysis that has been presented was fairly straightforward
and descriptive of general, broad trends for several classes of intersections: simple 4-way, simple
3-way, driveways, and crossovers. The primary focus was on the first two categories. Ramp-
terminal intersections were excluded from this study because of the additional (and different) data
manipulation required to identify the appropriate crashes. The analysis that was done was
generally directed to considering the changes in the frequency of crashes, identification of
intersection and/or signal characteristics that might also have an impact on the crash statistics, and
changes in crash severity. Crash rates have generally not been addressed in any detail. The
reason for this is the general lack of knowledge about the changing ADTs that the various
intersections experienced (i.e., for most intersections, only one characteristic ADT was available,
thus, crash rates “show” the same thing as frequency analysis).

5.1. Principal Results

The results that are reported below are based on consideration of a 2-year before and after
window around the time of the signalization (less 30 days on either side of the assumed
implementation date because of the inaccuracy inherent with that date). It should be noted that
indications of increased (or decreased) numbers of crashes should be interpreted with some
caution as there was substantial instability in the annual variations in statewide trends in all and
intersection-only crashes. Lastly, the relative shifts in severity and crash type should be more
reliable because these are largely unaffected by background variation.

5.1.1. Total Crashes

Notwithstanding variations in the background trends in intersection crashes over the entire
analysis period, it appears that signalization results in an increase in crash frequency. For 4-way
intersections, the increase was about 5%; for 3-ways, it was about 20%; for driveways, about
55%, and for crossover intersections, about 12%. The very large increase in crashes at driveways
is most likely explained by the fact that signalized driveways occur in conjunction with large new
land uses (e.g., shopping malls), thus, much of the increase is attributable to the substantial
changes in travel patterns. These increases can also be expressed in terms of the mean number of
crashes: for 4-ways, the increase was about one crash/intersection; for 3-ways, about 5 crashes;
for driveways, about 7; and for crossovers, hardly any change. Interestingly, none of the changes
in the mean number of crashes was statistically significant. This points to the fact that there was
substantial variation in the numbers of crashes per intersection. The variation results from
numerous factors (some which can be addressed and some not) and supports the notion that for
any given intersection, an increase or decrease in the number of crashes would be difficult to
predict, at least without more complex analysis.
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5.1.2. Types of Crashes

For all intersection types, the shifts in crash type were as expected a priori—that is, angle crashes
decreased while rear-end crashes increased. This shift was most always observed and generally
fairly dramatic. However, this shift also varies considerably based upon different conditions.

5.1.3. Severity of Crashes

There was generally an increase in crash frequency for 4-way intersections. Offsetting this trend
was a shift in crash severity from more to less severe crashes. PDO and C-injury crashes tend to
increase in both absolute and relative terms while A-injury, B-injury, and fatal crashes decrease in
both absolute and relative terms. On the other hand, the changes in severity observed for 3-way
intersections were more modest—i.e., it is not possible to conclusively say whether severity really
increased or decreased. For driveways, there was a general shift from personal injury to PDO
crashes in a distributional sense although all categories (except fatal crashes) saw substantial
increases in the absolute number of crashes. Finally, for crossovers, the severity distributions
changed only modestly, although the shift was toward less severe crashes.

For specific crash types, the absolute and relative increases in rear-end crashes observed at 4-way
intersections was accompanied by a shift toward minor personal-injury (C-injury) crashes. That
is, C-injury crashes accounted for a higher percentage of the crashes after signalization.

However, there were absolute increases in the numbers of crashes in all severity categories. At 3-
way intersections, rear-end crashes became both more numerous and somewhat more severe.

On the other hand, the relative distribution of right-angle crashes by severity at 4-way
intersections effectively remained the same although there were significant reductions in the
absolute number of such crashes in all severity categories. Similar shifts were observed for 3-way
intersections.

Finally, with regard to the most serious crashes at 4-way intersections, right-angle crashes
accounted for all fatal crashes during both the before and after periods and decreased from six (6)
to'three (3) between the before and after periods for 4-way intersections. The results for 3-way
intersections were not as clear-cut.

5.1.4. Type of Signalization

Differences in crash distributions are difficult to relate to the type of signal, fixed-time versus
actuated, that is installed since there are differences between these two sets of sites during the
before period. That is, sites where fixed-time signals are installed appear to have different crash
statistics than those where actuated signals were installed. This was the case for both 3-and 4-
way intersections although the same general trends were observed—e.g., shifts to rear-end
crashes. There were some modest differences in shifts among severity categories although these
would be hard to predict since the number of actuated sites was small.
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5.1.5. Type of Area

The type of area where the signal installation took place was also investigated. While results
seemed to differ by area type, it was also noted that the trends exhibited for 4-way intersections
were not the same as for 3-ways. Thus, explanation of the reasons for these results is
problematic.

For 4-way intersections, increases in crashes as a result of signalization appeared to be related to
type of area (metro, mixed, rural) in which a signal was found. Intersections in rural areas
increased the most (9%) followed by mixed areas (5%) and metro areas (4%). The changes in the
mean number of crashes was not, however, statistically significant. Contrarily, rural 3-way
intersections experienced fewer crashes while there were relatively significant increases noted for

mixed and metro sites.

For 4-way intersections, rural sites tended to shift to more serious crashes while mixed areas had
somewhat reduced severity and metro areas had some compensating shifts (fewer PDOs but also
fewer A- and B-injury crashes). Fatal crashes occurred in rural areas (2 before) and mixed areas
(4 before, 3 after). The results at 3-way intersections were similar with rural sites increasing in
severity (although frequencies decreased), while mixed sites had largely compensating shifts
among categories for, most likely, no real change in severity, and metro sites shifted toward less
serious crashes. '

5.1.6. Other Factors

At the level of analysis that was done, other factors that were investigated (e.g., time of day, day
of week) did not appear to have an identifiable effect on the results. It should be noted, however,
that some specific questions were beyond the scope of this project. For example, the effects of
flashing operations were not assessed and could not be picked up through a simple time-of-day
examination.

5.2. Discussion

Although (overall) there were consistent increases in crash frequencies for the various intersection
types, the changes in the average number of crashes per intersection were statistically
insignificant. The latter result was, in all likelihood, due to the variance in the before-to-after
changes. Thus, while the changes were evident, they were not statistically large enough. In
addition the changes in frequencies (or in average number per intersection) must also be
considered in the context of the background trends in crashes. The magnitude and direction of
changes in crash frequencies were also seen to vary according to several other factors—e.g., the
rural 3-way intersections included in the study actually experienced crash reductions while 4-way
intersections in similar locations experienced an increase. Overall then, on average, an increase in
crash frequency might be expected as a result of signalization although the magnitude of the
increase is virtually impossible to predict and decreases in the number of crashes are certainly

possible.

page 5-3



The most reliable finding was that signalization will almost assuredly result in a shift from angle to
rear-end crashes. This shift was evident for all types of intersections and, to the extent it could be
examined, in all types of situations. There was some variance in the magnitude of the crash type
shift. The general shift in crash type is consistent with findings elsewhere.

Overall, there appeared to be some evidence that crashes will be less severe as a result of
signalization although, once again, the magnitude of the shift varies by intersection type and
sometimes other factors. In some instances, the net increase in crashes serves to offset some of
the shifting among severity categories (e.g., while there may be relatively fewer “B” crashes, the
absolute number of “B” crashes may still be higher (as a result of the overall increase in crash
frequency). -

There was no attempt to develop predictive models based on intersection or signal characteristics
or to analyze the intersections (and crashes) at any more sophisticated level. Itis possible, for
example, that there are more complex relationships among the several characteristics examined
that could be identified to determine whether there are differences between newly signalized
intersections that experience an increase in crash frequency (or severity) and those that do not.
That is, for example, is there any identifiable difference between newly signalized intersections
which experience crash increases and those where crashes decrease? Likewise, while there were
no general differences related to the time of day of crashes, it may be that flashing operations have
some other, as yet undetermined, impact(s). The availability of the combined intersection and
crash files produced as part of this project do, however, make such additional investigation
possible.
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Appendix 3-1

Initial List of Intersections from MDOT






1dvy 4o
1dvy 49
Idvy 4o
100w
Idvy 4y
1Oan
10an
loan
100n
LOQH
10aKW
100wW
10an
100aW
100K
100w
10an
100w
1oan
100K
10anW
100w
100w
100w
10QKW
100nW
1004
100KW
10aNW
10aKn
100w
100K
100KW
10an
10aw
100W
100K
10an
100KW
10an
100n
10awW
10anW
100nW
10aKW
100w
10aW
10QW
10aW
10aW
100K
100K
1oawW
100K

ON39V

A

(1 R840}
LSGEQD
68EE0
orveo
viigo
LOLED
8E0E0
8GGEY
8GSEQ
S¢9¢€0
SiveEQ

19LEQ

80ley
801€0
91620
8S1E0
820€0
YOEEQ
S0620

11620 -

osocey
060€0
£QZE0
96S€0
629€0
9882V
98820
8E£8E0
96820
8EEEQ
jeigeit]
26620
CE9ED
viLEO
£€50v0
08LE0
L6vEQ
LISEQ
BGLEQ
8L0Vv0
692¢€0
896L€0
680€0
vrL520
veveQ
b6vEQ
oeLvo
8LYEQ
6910
¢96E0
9z2zeo
£G9¢€0
2L9E0
vLLEQ

ON OM

w,,pbcxw .cwmmmwwzw

veeLee
V01662
vbZ98e
vEBZYZ ON
vi60L2
v960LZ  ON
voroLz
V08862
V08862 ON
VZZEOE
v$8062
v8ZSie  ON
Vb60LZ ON
Vb60LZ  ON
v9995Z 0N
VOLZLZ ON
V6EOLZ
VLEIBZ ON

ON
Vi¥S0Z | ON
VLEOLZ
VLEOLZ
vrioLe
V1600€ ON
VS5Z0E
VEBESZ ON
VEBEST
V809l€ ON
¥9196Z ON
VEBZBZ ON.
vZ150€ .

ON
VBGZOE ON
vZiL0E
vzigee
V6YELE  ON
Vb0EBT
v18E62
VIEELE ON
VIiGEE ON
vevLLe
vivvie
vbEOLZ

ON
vOEEEZ
VOEEEZ
velopE
VEEZEZ ON
vsZrre
vzvLzE
VEGYLZ ON
V31 E0E
v9050E
v6gsLE
ON 80P s

"

161021
981021
882050
88L260
682280
98LZ80
980101
68LLLO
88G2v0
88G0L0
680160
681290
881140
GBLZED
vy89CI |
G881014
98€1G60
188180
¥82190
6LEL LI
180190
G862ZLO
G8G1 Y0
885180
L80E60
98LIEQ
S8G080
68G1 11
£810L0
9880.L0
680EQ0
86290
683210
688160
065201
881180
88¥1 €0
L88OVO
68S1 21
889160
988080
68b1 11
986280
088220
881210
289001
060C1 1
881090
2692€0
065160
L820v0
880211
886180
062120

31va ¥l

1S
Y1

on4
on4
95y

W

W

W
DY 4

W
9Y4
9Y4
9Y4
DY4
DY4
DY 4
INW
dsy
5y 4
oY4
oS5y

W

W
9y
95y
DY
LHE
Y4
B4
INW
oy 4
o4
91s
DYy 4
on4
on4
DYy
9is
oSy
oy4
Y4

an4
ond
91S
on4
D1s
ond

W

W
ond
on4

s 1 SN

14 NyM Agv

voL1 aN
N10S34 Agv

SHO¥YY
N10S3y aagv
G.,b3Y 1oN
oS3y aagv

T4 NYAM
n1osiy
Nn10S3y agv
SAv3H .2t
N3Y ONVISI
4 NYVM AqQv
Q4-X N3IQIM
VOly gN
SAv3IH .2t
«NT L7=0¥4-%
ad3y 1SNOO
98-9 =0313N
1331S OH
G9-W ONIX
voiy 8s
0334 = Ot
SAv3IH .21

Agv
AQv

4 NY¥VM AQv
SQV3IH .21
98-9 =Qg33IN
1770=N3g1M
NDIS/0 M-b
SAv3iH .2i
04-X=5d001
GY-X =NQIAM

N1 14 8S
17713=N30IM
N10S3y nav
JYIM 1171dS

SOV3IH

v8-8 =0vz1
Y3HSV14
N10S3y Agv
Sd001

$Q3d w2l
ONI-X 1HOS
9IS YY-34d
NYH Agv g3
Ning/d 03id
SWYV 1SVKW

SQV3IH .21
Sa3d 2!
SAv3IH .21
49 nNyHL 93
SAVIH w2t
QY-X:NIgIM
SQU3d ON
n10S3y AQy
SAvaH .2l
NDIS/D
NYVM AQv
NINg/d a3d
avndb IN
SAVIH .21
SAViIH .21
1dW338d/4
281/M S/S
SAviIH .2t
Dmm:z_-‘—nmum
98-¥ =0vZI
/M avnd 3s
NLNg/d 0id
017 Dv1 93
1vnLov aid
VNLOV~IW3S
$d001 aav
WO<MI _-N—
SQid .2t
SNVId 139
SQg3id .2t
SQV3IH w23
Said 3

VHd L7 S/M
SAViIH .2)
SAViIH .2t
SQviH .21
SQviIH .2t
SOVIH w21
VNLOV-1K3S
DIS-34d uy
SQ3d .2}
SQViIH .21
8 S03d .2}
'3°'0°a Y3d
UVM AQY HO
H1YON =1N
SAVIH .2t
4A=N3QINM
SQV3H .2t
Sdid .2t
SQ3d .21
SAViIH .2
SQaid .2t
SQ3id w2t

Viva AYOLISIH Y3QHO NHOM

(

Gerd

o

\—
nw vt

QL

IW3S :Dvd3
281/M S/S
IW3S :s/s
o8L/M S/S

JYLINOD S/S
291/M S/S
241/M S/S

Sa3id agv

o81/M S/S
J8L/K S/S
IWIS :S/S

vNLav 1104

370d 20713y

VLIV IW3S

VNLOV- IW3IS

TYINOD S/S

VNLOV-1INW3S
o81/M S/S

YoV 1In4

S°1L Y04 $%
370d 143y

VNLOV-1H3S

TYINOD S/S

IN3IS S/S

YINOD S/S

SNT 14 aagv

vniov 11n3

281/M S/S

S8-+ ="1'9p

141NOD S/S
o81/K S/S
SaviH .zl

YNLOV-1W3S

TYINOD S/S

SHd ¥ :S/S

TYINOD S/S
281/M S/S
281/M S/S
291 /M S/S
281/M S/S
o8L/M S/S
J081/M S/S

TYINGD S/S

=110 3S01D

SAviIH w21

017 9N 1n4
IW3S :S/S
o491/M S/S
281/K S/S
J4L/M S/S

TYINOD S/S
2491/K S/S
081/M S/S
281/M S/S

140434 NOI11dO ON14 AHOLSIH ---

26L180
o6z
888211
682110
Lsvizy
182001
L8L080
68080
68+080
0611 L0
6822v0
060211
886090
886090
L802S0
189101
LBETLO
885160
LBEQLO
985080
L80€£60
LBOEBD
882260
06¢¥2S0
061150
988190
989190
16£0V0
98L190
68£280
062050
98€£20!
0602L0
069090
262090
16€0LO
686050
68E0S0
069260
[4:1293"
88Y2E0
065001
L8014 LD
L8501}
680160
680160
26€260
684060
26¥260
l61ELO
888020
682041
068260
061001

N

3137dW0D
3137dW0D
31374W02
3137dW00
3137dW0D
3137dWa2
3137dW0OD
3137diW02
3131dW0D
311371dW0D
3137dW0D
3137dW0D
3137dW0D
31371dW0OD
3137dW0D
31371dW0D
3137dW0D
3137dW0D
3137dW0D
3131dKW0D
3137dW0D
31371dW0D
3131dW02
3137dW0OD
3137dW0D
3137dW0D
3137dW0D
3137dW0D
3131dW0D
31371dW0D
3131dW0D
3137dH0D
3137dK0D
3137dW02
3137dW02
3137dW02
3131dW00
31374W0D
3137dW0D
3137dWCD
3137dW0D
3137dW0D
3137dW0D
3137dK00
3137dW0D
3137dW02
3137dW0D
3137dW0D
3137dW0D
31374W00
3137dW0D
3137dK0D
3131dK0D
31371dW0o

(o}
Q
a
0
0
o]
0
0
0
0
o]
o]
s}
¢}
0
o]
o
0
o]
0
4]
0
0
0
0
9]

0
0
o
0
0
0
o
o}
¢}
0
0
0
0
0
0
o]
0
o}
o
0
0
0
0
0
0
0
0
0

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
L}
M
M
M
!
M
M
M
M
M
M
M
M

NOILOV 1Sv1i
NVdS 3WIL

A

NOISIAIQ AL3dvs g
NOILVIHOdSNVYL 40 INIW1dVd3IQ NVOIHDINW

10 10 Y 1S NIVR LV (3AV A3TIVA AYHIHO)LE-W €00 LEOI b me
10 10 7 3NV 3937700 © dWvY 340 GM 96L-1 901 LzZOlp S
10 10 Y IAV_HINIVM LV dWVYH 440 BM 96-1 £00 9Z01b ox
10 10 Y 1S HL8Z © dWVH NO 8M 96-1 $00 bzl sy
10 10y H3IATY INDOY/ITIN L © (ONVTHLYON) bP-W 210 €104y of
10 t0 Y A310VHE © (SNWIY/HDIH)OZ-W 010 1ZOLE Sy
10 10 - 4 AVHRHOIH 3ININIQ © ¥3IAIY ONVYD)96-SE 0O
10 10 n -
10 10 7 QY 311101 © (I1VIS)99-W 010 ZEove Sy
0 10 ¥ 1S HLYOMOOOM 1v (Y01¥3dNS)¥8LZ-SN 010 1£06Z Sef
10 10 7°1S NIVR & 1Z-W 100 Z90G! Gy
10 10 f OVOY ON3ISNMOL 1V L2-SN ¥10 1E06) G
10 10 BV ANABY 435 £ 00— B 06 4—G—
10 10 0¥ 341 aNNoY @ £z-SN £00 LEOE ay
10 10 ¥ INVSVI1d LW/A31X01 © SS-W 200 LEOZL (D]
10 10 Y (LOP "M) NIVW © 8i-W © GG-W Z00 2Z0ZL 2
10 10 " (NIVH)ZE-W © dWVY 440 BN SL-1 201 1069 $w
10 10 ¥ "OATE MIIAONVYD © (093SL0) SL-18 SO0 § 1069 vy
10 10 ™ GS-W © EE-W 100 28059 VX
10 10 ’ ¥ 10M 3 GG-W @ SL-19 100 12069 ¥}
10 10 ——— G- ONONS 985 06-+0SE—b—
10 10 7Y "Od ONOWSI & S9-W 100 ZI0OSE Py
10 10 7 61-H © B9-W'1E-SN 200 IGO0V vy
10 10 WIAV 033 LV 1E-SN $Z0 110VT Py
10 t0 YLOM K EB-W @ £6-W ‘ZL-W 100 1200z 12
10 10 —56-5A-0—-(43783HN) 804+ N—-00—L8G—b—
0 10 7 €2-SN @ (13700IN)BOL-W 100 1209} ty
10 10~ MO YILNIO ONIJHOHS 2898 o (NIVH) Lz-W 510 2eogl vy
10 10 < "1OM °N (L2 Q10)89-W © 89-W 200 1z09t $?
FO 10YL2N"S(AMH SLIVN1S)Lz-SN Q109(NOSTIM)89-W 100 1209} v
10 10 (VY€ "GY¥ "00) QVOY NOOE @ LEI-SN 600 ZEOES £
10 10 2 LOP MN SS-W @ G11'SG-W £00 1Z0E8 £
0 10 —(dW¥H-NO-8S) GH¥I0IIU—+E-SA-0—+ £ 0+-SA-c00 Zcoes—£
10 10 7 GS-H @ 1E-SN 100 2101G £y
10 10 T Q4 AINYIW © 1E-SN L00 11015 py
10 50 7 QVOY N3I8 A¥YIHD & ZZ-W £00 1L0SH £y
10 50 ¥ QY AVAII0H LV (NOSNMW)ZL-W'IE-SN €20 £108Z 4
10 10 T ufy INIHO YIPIIW © LE-H/LE-SN ¥10 Z108Z Ec
10 10 IOV AL DIVH-SUIURLOVIANYH-O— LB~ W+ E-SA-900—E+ORE—b—
10 10 7(EE9 "OY "0D) GY 3INVI ¥IATUIS M © te-SN 200 11082 B4
10 10 7 IAV 1S3IUOTOOHIS © (NIMI DW)¥SLZ-SN 110 1£08) &7
10 10 2 (3LV1S)89-W LV (I9Q1¥8)1E-SN 100 }i0Gt £9
10 10 @ (°1OM °N) SHi-HW LV LE-SN 100 ZEOOH EY
10 10 X 1S ¥v03D o (Q3LvO013Y) Z-SN €00 120GL 9
10 10 X("3INV HI¥) SE-W @ 'p-SN ‘2-SN 100 SZ0iZ ZA
10 10 X GE-W 1V 1v-5n°2-Sn 100 52012 29
10 10 X1S HLOE ® (NOLONIONT)i¥-Sn*Z-SN 600 12012 1
'O 10X Y0 LINYVN SNN319/62)-H o (NNKWHSY) SL-S8 L10 28041 2%
10 10)3IINID INIJJOHS SONISSOMD 3AVOSYD @SL-Sg 100 ZEOL!) ﬁw\
10 10 A 3AY HIPL © (1S HLOL)Ib-5N £00 110SS (¢
10 10 X 3IAV NVIT3100K © (NOLONIHSYM)NEIb-Sn £10 tyozs 13
0 10 Aq 3AV NVIT13100W © SSVdAB 82-H'It-SN bEO Zb0ZG 12
10 10 vV (ONV1dN) 4O SINNIOVW o (ON3ISNMOL)1P-SN 910 1G0IE |
10 10 5 LS VADY 31SI @ GM(IAV NOGTIHS)Ib-SN £00 1G0le L
1S 17 NOILVIDY -10dS SI- @
INO SHIOHO MHOM 30IMILVIS TYNIIS .10, = 17
3114 SNLVIS TYNDIS D144vyl §6-22-S0 = 31vQ

J133ivyl



100W €€1E0 viglLz 989260 ] NYVM AQY  SavIH .21 Q81/M S/S LBSZSO 3L371dWOD Or10 10 ‘0Y 31900 © HIAIY ONVHD Ev-W LEQ Z8oge nq
10aW siszv  vveesz  oN 98LIV0 9nW NVIQ3IW YHST4 NuvM AQY 0OV 986280 3131dW0D O M 10 10 a
100K s1820 vwbzesz o YBOIZ0 DNW 1+ 120:Q33IN 017 9v1 83 Q¥-X N3IOQIM 986280 3137dW0OD O M 10 10 QY INVT MUYd @ (HIAIY ONVYD)EV-W L20 Zsoce gf
10GW Lzszy vortgez on 98€010 9nW AVM-€ 35N b3Y MOY ON 984080 3137dW00 O M 10 10 IND08 © (Y3IAIY ONVYD)EY-W 600 ZBOEE m;
10OW Lzgzv volgez oN SBEZLO 9NN MOY Q33N AV1dS1Iqg ISIN3Y 98Y0ED ILITIWOD O M 10 10 008 —(UIATH-ONVUD ) B N-600—2508E—F
LOOW L2520 vglgeez ON £80£90 DNw 9317 S=503d 017 9v1 84 98YOED 3137dWO3 0 M 10 10 m:m0ml*tl*&W)*tlﬂZﬁkb%hf\’lﬂdO\Nulﬂh 2
ONISNVT 2eve0 vvsezz  ON 180220 ©n4 OYIINI QQv S'3°'N=S03d 986280 3137dK0OJ 0 M 10 10 ANV MITAYIVY LV (¥3A1Y aNVYD) E¥-W 810 2voEE 84
ONISNVT 19180 vbgzZLZ ON S8L220 W Qy-Xx N3gIm SA3d /M TYINOD S/S 881290 3137dW0OD 0 M 10 10 "LS dNYHIYON ® (¥v030)96-19 L£0 zeoee 1)
1OGW zeLev  vgssos 0660L0 ] 370d *NvdS 404 1S00 03dD 0av 0681L0 3131dWOD O M 10 10 AIm«¢wml2I@f+¢¢mm®¢®mlzlm®®|+m¢mml¢l
10aW 2zeLe0  vogsoc 686121 W VOiY am S03d w2} 281/M S/S 0681LO 3137dW02 0 M 10 10 (HSV)9E-W LV (¥vA30)9e-H 600 1Z0EE
1l00W 601E0 vSBOLZ ON 98V180 N4  QY-X NIQIM NYVM AQV  09L/M S/S L8SZ80 3137dWOD O M 10 10 QY dOHS19 © (0¥ Saldvy NOLV3)66-W 0£0 11oEE 84
ONISNVT Z69E0 vbBYOE 681110 bn4 SAQV3IH w2l 281/M S/S 0600} 3137dWO3 0 M 10 10 dWvY 440 M 96-1 o (NVD01)66-H €10 110EE 8N
100W 69820 veB2GZ G8EIEQ Hnd NYYH AQY VNLOV-1W3S 18INOD $/S 98800 3137dWOD O M 10 10 a4 170H @ (ay NVDIHOIN)66-H £00 260£2 8
100K 1¥0E0  VBbOLZ SB1Z90 YN4 S14 aav g3 Voly aM  2dL/M S/S L8SZBO 3137dWOD 0 M 10 10 "LS 3NN3r @ (MVYNIDVS)Eb-W 010 wvomw 9t
100K ¥S2E0 vOoS9LZ  ON G86260 W QY-X NOIM ALID :SQ3d T¥INOD S/S 882120 3131dW0J O # 10 3] AMH ONV1ISI © (Qy ONISNV1)69-18 010 Z10EZ 8%
100K SSIv0  vizhee 269050 W NI0S3y aqv SA3d w2l 081/M S/S 261260 31374W0D O M 10 10 (3Iva1yg J343A0J) 1S MUVID LV (N1VW)88-W 200 V'g08L LK
1lOUW og9le0 vsozLZ S86201 9N  ONI,X THDS NLInNg/d Gid D28L/M S/S L8060 31317dW00 O M 10 10 Ha SATVYNOGOW/TIZNIN @ (3771A4313N30)99-W L00 1508L Ly
100W 19820 G88Z90 INW .  SU3d .2t o8l /H TYINOD S/S 982160 3131dWOD O M 10 10 INVT 1TIMENL © (NIVW "M)EY-R L10 1806E IX
100W L60v0 vI9vgee oN 689290 9IS 1dWI3IY¥d ¥y SOV3H .21 081/M S/S Z60EHO 3137dWO3 0 M 10 10 - (QY Y314VHS)IS HiGE 1V (NVOIHDIW)96-W L10 THO6E I
LOOKW 618E0° voLgie - 060€€0 W nIOVd3w 93=YNISVHJ GM=SIN I6¥1S0 IL13I1dWOD O M 10 10 HO ONVINYO 1V SdWvd 440 gn 9 83 ¥6-1 v00 v206E LA
100K vvSEO0 vI9Bg96Z 8861 +0 DYl SQV3IH .2l 281/M S/S 682260 3137dWOD O M 10 10 "HO ONVINVO LV dRVY 440 83 b6-1 v00 vTo6E L¥
100W L0SZ0 vszegz £8L001 9Hy4 YHSTI WIY  SQVIH .2} VNLOV:IW3S 980290 3137dWOD O M 10 0 "G4 Y3AVHS © LEL-SN 200 £L06E L4
10aW ss0v0 velzee oON 065290 944 164211 =N] VOLOV-IWIS Hd ¥ YWIN 26L120 AL37dW0O 0 M 10 10 Gy S3ILLIVA LY (NVDIHOIW)v6-19 2e0 1dbel 2
100W £€820 verlgez V8EZLO DNW HOYd LT gM SAQV3IH w2} TYLNOD S/S 980€0 3137dW00 0 M 10 10 ‘40 LSIH © (NVDIHOIW)Y6-19 EO00 zZvoei h#
3711ve €1LE0 vOILO0E ON 8BLIGSO ON4  QY-X=NIQIM SG3d «24 281/M S/S 06L0S0 3137dW0D 0 M 10 10 IAV LT73IAIS00Y LV (V11dv2)99-W Lt0 zZEoEl L
10GKW 9eBzV 981E01 INKW ASVHd 17 4gS 3NOW3Y LBYII0 3137dWGD O M 10 10
100W 8€620 SBE190 INKW S03d w2l OL1 9S'S/S WALINOINd, L8110 3131dWOD O M 10 10 ANV NITSAVH © (NOLONIHSYM)LE-W 200 Zio€} Lx
100W G890 vize6Z L8BEISO DSY ON=NdM aAQv S03d «2l  091/M S/S 062100 3137dW0OD O M 10 10 QY ONVIHVS LV LE-SN 020 ZSO11 M)
loaW 6LLe0 vogsie oN 6810E0 DY QY-X=NIQIM ¥VM AQV 89S 08L/M S/S 16E0Y0 I13TdWOD O M 10 10 JAV NIOONIT 1V (S3ITIN)EYI-K LOC 2SO) 1
100W 82820 vezisz ON 6LLzZZ0 ond FE-SN 8N ' NYVM AQV 14INOD S/S 98L1+0 3137dW0D O M 10 10 muz_z\oOJumnn|ma©Ama«thoomv—mvw:.m—o g0t uh
100W s6820 Vi09sz S80110 944 98- =03IN SAVIH .2t 1YINOD S/S 98v2L0 31371dWOD 0O M 10 10 TIvyl ang a3y © 21-Sn L00 12011 Mh
loaw L8veo vezesz oON 8822Y0 W NTLY 8N SQV3H 21 VNLOV-1W3S 06EZIO 3137dW0D O M 10 0 NV N3IQIVW LV (34OHS INVI)¥6-19 $10 ZI1041L
loaw z8ile0 viovie 98v0SO DI  LB-Z1=0VZ1 HYM AGY 8GN THINOD S/S 88LZI0 ILI1dWOD O M 10 10 dWVY 440 9MS v6-1 © (IYOHS VI)Y6-18 .00 2101 LA
10aW 680%Y0 vso9ce ON 060280 DLS qy-X =NJIM Sd001 /M IW3IS*S/S 262190 3131dWOD 0 M 10 L0 QY M¥Vd IVIYISNAONI Ly (31V1S)E¥-W' LE-W €00 vE08O L
100W g0i€0 vZliLz ON 981050 ONd  NYM AGY HO NINg/d Qid 09L/M S/S 889190 3131dWOT O M 0 10 AV TYHINID @ (SSvdAg)le-Sn L10 CEOED L)
1oaw so0e0  vsvore G8EZBO HY4 SG3d  SQVIH .21 JHINOD S/S LBOELO 3131dW0I O M 10 10 40 7IVH SHVO SSOHD @ 68-W €10 €20ED Ly
100w 08620 €8L0L0 INW 98-6 =03iIN S03d /M THINOD S/S g8ellt 3137dW0OD O M 10 10 ONITT0D-NISTIONVA-HIJOOH 1V (31v1S)i18-N €00 1906L S\
100W vEGE0 v92S62 ON  1802L0 9Y4 QY¥-X 007138 SUVIH 2! JHL/M S/S 680101 3131dWOD O M 10 Y SUY NOLONITI3I-H3IAVIID 1y (QY 0uvVO)I8-W i00 ZCO6L 9
100K 9v¥E0 vioO0BZ 985050 W Q3¥-N-1S34 vN1OV 1In4 IYINOD S/S 68€290 3IL3IT1dWOD O M 10 10 (Z1YIW)¥Z-W LV (OVTINVS)9Y-W €00 1G06L mW
1l00W 109€0 Vv8LIOE ON 8801€0 oY4 IWNDIIV3IY Qy-X :Sa3d O8L/M S/S 0661410 JLITJWOD O H 10 10 NOSMYQ/AITIVA 3I1dVH © (OVIINVS)9Y-H/61-W SO0 Z90bL 9
1l00OW $BIED vZBELZ ON G8ZZSO D44 88-Gi-1=NI SQViIH .2l IW3S S/S 266190 3131dW0D O M 10 10O EB'YG-W O dWVY J40 8GN €2°01-SN'SL-1-100 tLIEL 9
L0aW v0L£0 voogoe oON c8BIig DY 4 SAINVT §  LONYLSNOD 1YINOD S/S OBLES0 3L3IT1dWOD O M 10 10 40 TIVH NVINVAYE © (°1S NIVW)ES8-W 110 IEIEL 9
1lOOW LEYED VvG806Z ON v80ES0 DY4 SU3d ON  SQV3IH W2}  IW3S ‘S/S 686290 1137dWOD O M 10 10 (°0Y v¥39)E8-H © (ONVTI0H)SY-H €00 1ElEL O
loaw Lieeo vazeLz G81290 DyI SAQVIH .2} 281/M S/S 881090 3137dWO2 0 M 10 10 AVHHOIH 3IXIQ © dWvY 430 €S GL-1 600 LIIEL 9
1l0GKW 62rEY  veg988Z 888021 W H4311041N0D 31vJ3073¥ 310d 21434 68Z101) 3137dKO3 0 K 10 10 = .
10OW 62VE0 ve988C 886180 W Y3TI04INOD 20734 1985 dwW3l NL3Y 682101 3L31dWCD O M 10 10 (NOLONIHSYM)1B-H ©dWvy 440 9N E2-SN'SL-1 €00 itiEL £ EY
100W 1I1vED vEelgse 489020 941 N10S3IY AQY  SAVIH nCl TYINOD S/S 6880€0 3I137dWOD CH IO IO G 33ISSYMVEVLILIL OL dWVY 440 8N SL9-1 Z00 101EL 9}
lOoaW 181v0 vigsre oN 1610+0 91S SQ3d 2! SQV3IH .21 SHd ¢ VWIN 264113 3131dWOD O M 10 10 SHA 8110 AMINNGD/MIIA410D O(1011VYD)9¥-W L10-290¢EL %
1OOW 1vievY  veozLZ 186180 944 5d007T N3S3yd 0av 060£50 3137dW02 0 M 10 10 ) *tkzkmmwmmltl@l**m*ﬁt&¢¢®fl:l¢¢¢l+®¢¢&4@
10GW I1v1e0 veozLz - ON 86150 944 VOLY¥/M 011 9v1 aM/83 TYINOD S/S 060£G0 3137dW0CO O M 1O 10 (KVHVYD)ZS-K @ (1011V49)9v-W €00 190€L ﬁ/
100K €22€0 VYv98LZ ON 9.£011 Q41 LB-Z TAWIY MYVd =ALID 03d.21°S/S 8810v0 3131dW0D O M 10 10 ~(1138)25-H © (HYNIDVS)ZS-W 100 1E0EL 9
ONVIQIN LIOVO VELOEE ON 06€Z210 9n4 VOLY M SQviIH .2t O81/M S/S 1BE00F 3JLI14WOD O M 10 10 (NVHISY3)¥801-SN @ Sduvy 84 01-Sn v0L pvogs 9A
ONVIGIW 810¥Y0 VvLiOEE ON 06€210 D4 V911 8S SQviH .2t J8L/M S/S 162001 3131dK0D O M 10 10 (NVWLSY3)u801-SN © Sdwvy 83 04-SNn ¥00 vvo9s gt
ONVIQIW 016£0 vVESKZE 68v021 N4 JUIMYVH S03d TYINOD S/S 181050 J137dW0D O K 10 10 1S Ss11AvE 9 93 (SNOA1)02-W' 4801 -SP £€0 £Z09g 9y
ONIDY ON OM ON dor rsy 31vg 41 aNnd SHYVWIY -31v0- NOILDV 1SVY 1S 11 NOILVI01 -10dS SO- 0
¢621-9810 = NVdS IWIL ATINO S¥3QY0 HMYOM 3QIM3ILVLS TVNDIS .10, = 11
Viva AHOLSIH HIQHO MyOM 180434 NOILdO ONIJ AMOLSIH --- 3714 SNLVLS TYNDIS DI44vyl 66-22-G0 = 31vd
S . NOISIAIQ AL3I4VS 8 DI44vyl

' NOILVIHOJSNYYL 40 IN3IWL¥vdiq NVOIHOINW



SdOM
SdOM
SdoM
SdIM
SdOM
SdOM
SdOM
SdIM
SdOM
SdOM
SdOoM
JYOH
J4IM
QYoM
SdOM
SdOM
SdOoM
SdIM
SdOoM
100K
100W
100K
3430
3400
3420
J400
o430
3420
2400
3400
J430
J4030
3430
2430
J420
420
J420
3400
3420
Y30
o400
Y400
Y30
2430
3420
JUON
QUOW
JYoH

JN3oV

98SE0
196€0
ELOEOQ
£9GE0
G939€0
vELYO
vLEEOD
Z8LEQ
£80€V
£80€E0
120€0
£9v20
99y 20
19v20
€CEED
S62E0
882€E0
9c¢0EQ
G20EQ
0LzZEo
100v0
898E0

SPZEQ
L9GEO
1OvEQ
LBLEO
2ezED
(44444
ovivo
S16€0
9veeD
9LIED
260€0
00iEQ
€10€0
S60¢0
66080
Zrieo
909€0
L2EED
ELSED
ZLSED
6SPEQ
8¥1E0
v9ceo
gv9ge0
€LL20

ON OM

VELOOE
viiiee
vo8e6ge
vsi66e
voeyoe
veiove
vevsee
vervic
V16692
VL6692
vZgoLe
veiiee
vV8llET
veilez
vvSeZee
V92082
V966.L2
V0888l
V088814
vOoEsLe
vo60i€E
vGgLLIE

vovvLre
vi686e
v.9982
v8zZgle
veeviLe
VG8GLZ
VELIVE
vseeeze
V8LSLZ
veiele
v0ozs9e
vioile
vivzge
v§zoce
Vool Lz
veieLe
vzgioe
voeese
v0686¢
V68862
veisse
vigeLre
VL89LZ
vGrzoe
vegLve

ON
ON

ON

ON

ON
ON
ON
ON
ON
ON

ON
ON

ON

ON

ON

ON

ON
ON
ON
ON

ON

88ZCEQ
§86080
$85090
888011
LBE180
168001
6802L0
6891390
L8S0S0
989101
681080
£BEZSO
£€8E2S0
£8ECSO
688220
180€LO
681080
08sizl
08G121
G881 L0
185160
888101
68¥210
98LOLO
688020
981021
06€010
S820L0
G86210
269020
6880214
9838290
988290
88220
86201
688001
162210
¥81E01
9881 L0
688110
L8Z110
8802¢0
88020
683160
GBL160
98€020
986180
$8S0L0

ON 800 NSO 31va Y1

EEZEEZTZ=

918
onid

on4d
ond
on4
on4
on4
ond
on4

D41
403
oY

Dyl
Oy}
Y41
oY1
W
W
1S
ond
H
H
W
ond
- W
01S
on4
W
W
W
Dyl
oY1
DYl
W
ond
4]
oy1

aNn4

SAV3H w21
SN1 Z=NOIM
SQViIH .2l
JUIROQYVH
40 3ISIA3Y
14 NYM AQv
QY-X=N3aimn
SAVIH .2l

L8-v Q33N
n1osiy aav

N7 OGN3LX3

SAVIH w2}
1Y o= 17110
1 10dS 3D

NYM AGY €S
SAV3H .21

X048 17vD
16-1 =021

Qy-X NaM
HO¥d 171 8S
06921 =dn3l

w AUV IY8d
ONNOJY3IINI
N10S3y4 AQv

SQid w2t
98-11=3S140

JYIMQUVH

SQV3IH w2}
JUINQUVH

JYIMAYVH

ISYHd €

JHIMQYVH
SdWVY Hl108
G8-8 =0vZ1}

Viva AYOLSIH ¥3Qy0

JHIMAYVH
SAV3IH w2l
Jg1/K S/S
SAViIH .2t

Sd3d w2l
SAV3H .2}

SQid 2}
1dW338d/4

$1S060
Ning/d 03d
TA37 MO B

JYIMAYVH
JYIACGHVH
SGV3IH .2}
98-21=0v2Z1
98-¢1=0vel
17 9v1 83s
SQV3H 2}
SAQV3IH .2l
$$ S3IH 02
SAviH .2}
vyniov 1ind
SAvIH 2Tl
SQV3H W2l
SQ3d w2l
Ning/d a3d
SAviH w2t
S43d .21
4I10N 3Sia
937 3 aav
o891 dav
W1SAS ALND
14/SSvd gM
SAV3iH .2l
0%8S 1LNOAV1
SAViH 21}
SQV3H .2}
JYINGYVH
SAV3IH w2l
SAV3IH .2
SGQViIH Tt
N1ng/d a3d
SAV3H .21
volyd 8 011
SAv3H .2}

HHOM

NOISIAIQ AL34vS 8 OIddvil
NOI1VIMOdSNVYL 40 INIWIYVd3IQ NVOIHOIW

TYLINOD S/S 68v0L) 3137dWOD O M 10 10 Q¥ vN3Y¥N3 S ,S8Y AD-X @ BN (LY04)S8-H €}} 11228 B,
281/# S/S Z6Z0S0 313TdWODI O M 10 10 Q4 37IW 8 © aM (HIINYIN)ZOI-H £20 bviZ8 6.
98S 00734 L8EZEO 3131dWOD O M 10 10 HQ ¥1V-138 YVIN ¥AO-X © 83 (31N 8)20I-K LIZ EVIZ8 K

TYINOD S/S GBETE0 3LITJWOD O M 10 10 JNANINDIQ 3 ,0S8 AO-X @ &M (3ITIW 8)20)-W SOZ E¥IZ8 B
J281/M S/S 689121 313TdWOD O H 10 10 “HO H3IANIO HOIL © (HLNOWATd)Pi-W Q10 $L0 10128 8
081/M S/S ZEIZTLO 3131dWOI O M 10 10 0¥ X338 © (QY HOBHY NNV)Vi-W Q10 110 10128 6,
281/M S/S 6LIB0 IL31dWO3 O M 10 10 QY YOTAVL-NOLYOW © (QH04)ESI-W SSO 18028 6.
091/M S/S 06G160 3131dWOD O M 10 10O AVMMYVd ALIO TVHINID LV (QYO4)ESI-W $90 18028 6
00 30 0Qv L8L290 3131dWOD O M 10 10 Y3INID ONIddOHS SIHOI3H © (ON04)ESI-W 290 180Z8 6
LOW/M S/S LBLZY0 3131dWOD O M 10 10 HIINIO~BNEAdOHS—SIHI IR TV (OO —EST-N=396=FE02D 6,

THLINOD S/S 888ZE0 3131dWOD O M 1O 10 NVISILYV © GM (QHO4)ESH-W EVO 18028 B,

880260 3137dH0D O M 10 1O NIYYVM 40 S,0S9 AO-X ©SN(HIVYYDI13L)¥Z-SN $0Z £5028 B
981€G0 3137dWOD 0 M 10 1O ODVOIHD - N,069 AO-X ©8S(HJV¥DITIL)PZ-SN 904 EG0Z8 g
980260 3IL37dWOD O M 10 10 NIYYVK 30 N.0OL AD-X ©8S(HJVHDITIL)bZ-SN $OI £50Z8 ‘6

JUINOD S/S 88vZ60 3LITAWOD O M 10 10 INITHLHON S ,SL9 AO-XOAN(HAVHD3ITIL)PZ-SN €11 2G0ZS '

TYINOD S/S 88LIG0 313TdWOD O M 10 10 QNVAGOD 40 N Y3IAD-X © BS(HJV¥D3IN3L)¥Z-SN €0} 25028 "B
J8L/K S/S 88L0G0 3137dW0D O M 10 10 QY 3SYOD3 © dWVY 440 §S (HdVEDI13L)bZ-SN P10 25028 6,

$$ 103r0Yd LBBOIO 3137dWO3 O M 10 10 —GY-HVHII— O30 BM P 6—1—B4—33038—6

$$ 103rQYd L880I0 3137dWOD O M 10 10 04 WVH13d @ dWvd 440 93 v6-1 810 22028 B

TYINOD S/S 882090 3131dWOD O M 10 10 13341S ¥31VM © dWVH 440 093 ¥6-1 £00 I41LL &

TYLNDD S/S 2664S0 3131dWOD O M 10 10 Qvoy 144vuM LV (37049 3INId) 9EI-W 910 I60LL O\
081/M S/S 16¥210 313TdWOI O M 10 10 IAV NYDIHOIW @ (YHSNA)6Z-W L1O ZSOLL 6

P0dd 00 A8 269020 3137dWOJ O M 10 10 (311K 91)43AVIE D19 9N OdWVH 340 §S SL-1 802 VLIES 6
0€l/M S/S 886280 I131dWOI O M 10 10 _ QY SWVaY © dWVY 440 EN SL-1 ¥00 bLIEQ']
081/M S/S 066160 3131dWOD O M 10 10 QVOY NAISOP © dWvY 440 €N SL-1 600 ZITES B
J€1/M S/S 686160 31L31dWOD O M 10 10 Qvod MVEVHSYS © diWvd 440 GN SL-1 800 ZLIES 'S,
291/M S/S 169280 3131dWOD O M 10 10 0¥ NIMOIVE © dWVY 440 GN SL-1 Z00 ZTLIEY9 &
081/M S/S 88L1Z0 3131dWOD O M 10 10 370410 AVIONVE @ (Y¥3ILS3HOOY)OSI-W 240 ZEIED |

1W3S:S/S 88L060 3I13IT1dWOD O M 10 10 QY SddI¥0S @ (YIIdV1)bZ-W LIO CHIE9 §
avdl :S/S 269160 3131dWOD O M 10 10O 1S HINOS @ (31TIANCLYD)SI-W €10 1LOES 6.
J81/M S/S 266060 3131dWOD O M 10 10 LS TTIW/QY T1VH JONVYD ©(3ITTIANDLHO)SI-W 800 1LOEY K
J8L/M S/S 883090 3IL31dHOD O M 10 10 HT N-TTVW 30V1d LIWANS ©(HIVHDITIL)01-SN SED~EG0ES &
O8L/M S/S 881110 3137dWOD O M 10 10 ¥O 1d LIWKNS/3Ld ONVINVO © (373L)0F-SN 620 ZGOEQ 6,
NT 1Y 8S L8SIS0 3131dWOJ O M 10 10 (U ¥31SIHODY)OSI-H © dWVM 340 M 6S-W 800 ELOEQ B,
SGVIH w2} LBEOGO 3131dWOD O M 10 10 ‘aY SY00YD © dWvY¥ 440 093 65-W LOO EFOE9 B
SUVIH 21 1890Z0 3137dWOD O # 10 10 (LON °"N) OVOY SWYOV © dWvY 440 GM 6S-H 900 £50E9 B,

wOVddn S/S Z6Vi60 IL31dWOD O M 10 10  ¥O 3ISOUWIYNA/AVIONVE © (NNNBNV)BS-W 010 DZUZHOES W

YHSTd ONVD L8bZ11 3137dWOD O M 10 10 QY 3IN0YD AYOMIIH © (HAvHD3I1IL)vZ-SN 920 IE0EQ ay
O8L/M S/S L8Y0Z} 3137dWOI O M 10 10 ITIW 8 N IW 8° AD-X © 8S(HdV¥DI13L)bZ-SN ¥ZO 1EOED &
J8l/M S/S 06b1Z1 3137dWCD O M 10 10 113937Q0IN 3S YAO-X © GMN(Y3IAIH OD)Z0L-H 0lZ ZZOE9 B,

TYINOD S/S 886121 3131dWOD O M 10 10 L13831Q0IK M ,SZS O-X ©93(¥IAIY ¥D)ZOI-W 01} 2Z0EQ g
281/M S/S 06E£0L0 3137dWOD3 O M 10 10 —~—GVOU-WEH MO -4H0-83-96—F-230-330E9-6—
081/M S/S 06E£010 3137dWO3 O K 10 10 QVOY WOXIM © dWvY 440 8M 96-1 ¥10 ZTZOES'|,
J81/M S/S 68Z1L0 3131dWOD O H 10 10 GUO4TIW)TIVYHL OVIINOd & dWVY 440 8M 96-1 0O ZZOE9 B

18W :S/S 882220 3131dWOD O M 10 10 1S IN0HD @ (¥INIY UNVYD)ZE-19 Q10 910 .uomm;/

THINDD S/S 889190 3131dWO3 © M 10 10 (0¥ 3TIW £2)62-W © dWYY 340 BN ¥6-1 100 Z110S §
281/ S/S 16L140 313TdWOI O M 10 10 HOVW 3TLL17 1V SAWVY 440 v6-1 600 14105 X

081/M S/S 9BLELD 3137dWOD O M 10 10 QY YINIY "N & dWVY 4J0 8GN ¥6-1 900 1110S

SMYVWIY -31V0- NOILOV LISV LS 11 NOILVD01 -10dS SO- @

Z6Z1-9810 = NVdS IWIL ATNO SHIGHO HuOM I01M3ILVIS TYNSIS ,10, = 17

140d38 NOI1d0 ONI4 AMOLSIH --- 3714 SNIVLIS TVYNDIS DI44vHl $6-22-60 = 31va

4



JYUI0

J430

2420

JHOHW

QYO

JHINW

JYIW

JYOH

J4INW

JHOW

J4OH

JHONW

JYOW

OHINW

JYON

JHINW

QUOW

100KW

100K

100W

100KW

100U
ONISNV1
100K

100w

100W

10GKW

100W

MO 3711vse
10aW

100w

100W

10an

10aW

100K

100N

1OaNW

100N

100K
SAIdvy 49
L0aKW
SAldvd
Saldvy
SGl1dvy
SAIdvy
SaI1dvy
Saldvy
Saldvy
SAIdvy
Sardvy
SaIdvy
10QKH

100KW

AONIOV

vig662
V16662
voLeLe
VLiG95T
V15982
VLG9G2
vv9sse
Vv96S2
Vv96G6Z
VL6982
Y.LG9G2
VLG96e
VLS9G2
Vv96G2
VL5982
VLG9G2
VL1S952
v8e0ZE
vsiove
v8eQze
V8E0ZE
V8E0ZE
v66v0¢
vVivEGZ
V88662
V6ELST
V896LZ
vv8eLe
v8sGliie
V896L2
voeQCE
vziseZ
vovese
vreaee
V8B66¢
VLELSZ
VOGLIE
VEEQZE
VGGLiE
VGB66¢C

vebLSe
vS¥LSe
VSvLSZ
vevise
VGV LGE
VGbLGZ
Vy96.L2
vovrLSe

ALID
vvocLe
vzZeoze
VGGile

ON gor

S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3IA
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3IA
S3IA
S3A
S3IA
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3IA
S3A

S3A

S3A
S3A
S3A
S3A
S3A
S3A
S3IA

S3L’

S3A
S3A
S3A
S3A
S3A
S3A
S3IA
S3A
S3A
S3A
S3IA
S3A
S3A
S3A

rsd

68L020 94 JUYMAQUVH  SAVIH W2}
88G2v0 9Nn4d . SGViH «2}
88v1LO 9N4 JIVIL093N SAV3H .3t
LBELYO NN JHIMNQYVH SOV3IH w2t
LBEIYO 1NH JYINQYVH  SAV3H w2}
LBEIPO NN SaviH o2t
L8Y0ED NN JYIAGHYH  SAVIH w2
LB6090 MKW JUIAQYVH  SAviIH 2t
182180 NKW SAV3IH «Z! L1dW33y¥d/4
986180 NKW

986160 NN JYIMQYVH SaV3H w2}
986160 NK

986160 NKW JYIMOQYVH SAV3IH .2}
L8Y0EQD NW SAV3IH «2}  1dW33Y¥d/4
98GIG0 NW SAVIH w2}
98GIG0 NKW JYINGYVH SAV3IH .21
98G1G0 MW, JYUIMQYVH SAVIH W2t
68¥00} D¥4 NOIS/D M-Z SAVIH 2}
061060 DHN 26-9=% 91S SaAVIH .2ZI
066250 944 $Q03d .T} SAVIH .2}
68L10L HY4

68L10} Hud

LBOEQL d¥NW “TVNI4 NL3Y¥ SNOJ 3IDVIS
88220 W ININVHY3d Sv 98S
L8210} 9N4 YVM AQY 8N SGV3IH .2}
98EZP0 ON4  LT10 E€v-W SAVIH 4T}
L8LZIO 9Nd SGV3IH «2!
98v10} Hnd 10VHINGD aMis!a=dav
881ES0 dNd

98g9i¢t 9N4d  NI0S3Y Aav SQ3d w2)
682250 bnd SG3d «2} SAV3IH .2}
061€10 H4 S/2 AQV dM SAvIH 2!
982010 9yI 081/K S/S 98S M3IN
I6S1G0 VO3 X08® 30170d SHd L1 S/N
886Cv0 DUd JLVILI09IN NInG/d Q3d
988120 on4 N9IS/0 SaviH .2t
O6ECED 944 X08 3I0170d SdOOT 11VD
685280 Dd4 14 NYM AGV  SAVIH 2t
68E080 D44 NING/d 03d SHd L1 DV1
8801€0 5N4 Ning/d Q3d SQ03ad T}
LBEILO W Al 378v) Ning/d 4d3id
6BEIED HN4 Sd007 2JdLl/M S/S
682121 dNd  TVYNI4=NL3IY SNOD 3DVLS
BBELED ¥N4 SAV3H .2t 2491/M S/S
68ELEC HN4d S4007 0289i/M S/S
682121 un4d

68ELEQ dNd SAV3H «ZF 28L/M S/S
L80120 9nd SAV3H .2t
06¥280 9n4d JLIVILOD3IN SHd 8 VW3N
L8G080 SQ3d «2Zt IVdIIVNLOV
06e160 va3 SAV3H .2}
0680€0 9y 4 SG3d «Z} SAVIH W2t
682160 HNd S03d «Zt Hd 17=NLOV
3Llva I aNn4

2621 -9810 = NVdS 3IWIL
= ON €0r
V1va AHOLSIH H3IGHO MYOM

081/M S/S 066290 1dD LOVHINGD 10 10 3I¥INIDIDIIJ0 HOIITvYH SEN(HAVHDITIL)PZ-SN 1EQ LEOED 6~
J8L/H S/S 065290 14D LOVHINOD 10 10 Q4 IN 8 N ,086 AO-X @ GN(HdviD3I1IL)vZ-SN OE0 IEOEY 6~
HMOYVH:S/S 68E00L 1d0 LIVHLINOD 10 10 NITHNVYY S)H0 OSNIQ © 9S(HdVYDINIL)¥Z-SN 620 1E0ES AN
TYINDD S/S 066210 1dD LOVHINOD 10 10 (3IHAQ NVA)ES-H 3 ,0LS AD-X ©(8M)0Y IWN 9} Sik_1100S-6-
T4INOD S/S 68EC0} 1dD 1OVHINOD 10 10 (3INAQ NVA)ES-H K ,06E AO-X €(93)QY IH 91 91e-41008 6
J8L/K S/S 688260 LdO LOVHINGD 10 10 WVHONOHE $ ,0EE ND-X O 8S(INAQ NVA)ES-W €ge J1006-6-
TYLINOD S/S 06S1E0 1dD LOVHINGD 10 10 IW LI N ,0G9 YIAO-X @ €S (3INAQ NVA)EG-W SEZ_1100G &
TYINOD S/S 06G1E0 1dO LOVHINOD 0 10 3ITIW 81 N ,0E9 AD-X © €S (3INAQ NVA)EG-H manHHMWMHMH

JdL/M S/S 06S1E0 LdD LOVHINOD 10 10O MOOMEWNId S ,00Z AD-X @ BN(3INAG NVA)ES-W ST
688011 1dD LOVHINOD 10 10 IH 91 N ,OLS HIAD-X @ 85 (INAQ NVA)EG-HW 912 L0056~
TYLINOD S/S 689180 1dJ LOVHINOD 10 10 IW S N ,029 ¥INO-X & €S (3NAQ NVA)ES-W 21T 448686
TYINOD S/S 688260 LdD LOVHINOGD 10 10 WVHINOHE S ,0G) AD-X ® 8N(INAQ NVA)ES-H SGI4-+006-6,
TYINOD S/S 06SIED 1dD LOVHINOD 10 10 IW L} S ,00L H3NO-X @ ©N (3I¥AQ NVA)ES-W SEI L1006~
J9L/M S/S 06SHEQ 1dD LOVYINOD 10 10 YOO¥SWN1d N ,01Z AO-X & GS(IHAQ NVA)ES-W Szl HO0T 8~
08L/M S/S 06SIEQ 1d3 LOVYINOD 10 10 IW 2/} 9} N ,00b AO-X @ 9S(3INAQ NVA)EG-W vZl LI100G G-
1YLNOD S/S 88L10F LdD LOVHINOD 10 10 IK 81 S ,029 HINO-X © 9N (3INAQ NVA)ES-W 9)1 110066~
THLNDD S/S §82280 1dO LOVYHINOD 10 10 IW G} S ,018 HINO-X @ N (3INAQ NVA)ES-W 2} -1100G 6
04l/M S/S 268210 1dD 1OVHINOD 10 10 04 S30039 9 dWvY 440 N €2-SN GOI $LOIB 8\
281/M S/S 26€20l 1d0 LOVMINGD 10 10 (G3LVD013Y4) QY NILSNY © (NVOIHOIW)ZI-Si 110 1E0IS 8™
J8L/M S/S TEEOEO 1dD LOVHINOD 10 10 Y0 TVLIASOH ALINNWWOD VIST3HD LV 2S-W LOO 11018 8~
081/M S/S 26¥120 1d3 LOVHINOD 10 10 65-H 9 dWvd 440 8S €2-SN Ol viIOLY 8D
J81/M S/S TEEIZO 1dD L1OVYLINOD 10 10 6S-W & dWVY 440 @N £2-SN 010 viOLb 81
1vnldv G3d 061290 LdD LOVHINOD 10 10 100HOS LUVIH OVWWI/LS NOSVHS(HVO3D)96-18 TEL ZEOEE 8%
dh3l N13¥ 16S1¥0 1dD LOVHINGD 10 10 (avoyg)+EL-SN LV (NOLONIHSVM)IEL-SN-800 2108L L™
08i/K S/S 06620 1d0 1OVHINOD 1O 10 AVMOVOYNE LV 09-W'IEL-SN v00 Z108L L™
IW3S :S/S L8ElL} L1dD LOVYINOD 10 10 AV «9a & (1IND)EY-W  LIO TBOBE L~
J081/M S/S 88EZII 14D 1OVYHINOD 10 10 H10t /3NVT 39007 LV (NIVH "H)Ev-W v10 1806E L\
081/M S/S L8111 1dD LOVHINOD 10 10 JYLNID LV dWYY 440 €S IEI-SN 100 ELOBE L™
081/ S/S I61ELO 1dD L1OVHINOD 10 10 HVYHONIYLS LV (NVDIHOIW)6B-W LYO 180E4 LN
091/M S/S 68LOLO 14D 1DVHINDD 10 10 WVHONI LV (NVOIHOIW)66-W'v6-18 600 EVOE} I~
081/ S/S ZEILED 14D L1OVHINGD 10 10 JAV SHILING/NYILSIM LV (0DVIIHD)ZH-SN 110 12021 LN
J8L/M S/S TBZZOL 14D 1OVHINOD 10 10 1€-SN Q31lvo013Y LV 1€-SN A3S040Ud 200 LSOLE LN
dWVd 007134 681021 1dD LOVYINOD 10 10 QY INOLS3IdId @ dWVY 440 Q3N ve-1 TUFBIoN ¢
08L/M S/S 66111 1dD 1OVYHINOD 10 10 (HL19¥} /H18Y)OY-H LY (NIOONIT)Ob-H 200 ZLOED L «
08L/M S/S 0BELLO 1dD 1OVYINOD 10 40 1S HIZI LV 68-W 110 E20EQ LN
THINOD S/S L8LOZY 1dO LOVYINGD 10 10 VZNVNOS/TIVH OSSOMO © 1Z-W b10 Z2909L 9\
IWIS:S/S 166190 1d2 LOVYINOD 10 10 HO ALISHIAINA AITIVA MYNIDVS @ (AVE)Y8-W €10 EEOEL N
J0HL/M S/S TESZBO 1dO LIVHINOD 10 10 QY A31vQ @ (QY ¥33dV1) $2-H 210 ZIOvy 9N
VNLDV S/S 06900} 1dD LOVHINOD 10 10 (¥Q AINN 3LVLIS ATTIVA ONVYYD) ONZY @ Gv-HW LOO I¥O0L S
vNniov-11iNd 0660S0 1dD 1OVYINGD 10 10 TVHINIO ONVYD/O00M3ITON3 LV (1S HLIBZ)II-HW 0Z0 €90l SR
IN3S S/S LSBETII 1d0 LOVHINOD 10 10 AAV SNIMN3P @ (1S HLIBZ)II-W E10 2901 S\,
LSNGD QA8 066124 14D 1OVHINOD 10 10 QHDJAVHE N +B00-A—¥—SaSCINFHIGTIHF—W3H3+S0+Hr-G
, 98BS dW3L 066121 1dD 10VHINOD 10 10 86-1 30 N,OEt-—AS-H-e-85(INFHIIGT-Drr—N—HH8—80++—a
1SNOD aAT8 066121 1dd LOVHINOD 10 10 QYVNOIT N.OEQ AQ-Y 2 GS(3NIILIIG ) bb-W Q02 GO G
1SNOD OGN 066121 14O LOVHINGD 10 10 QHOJIOVYHE S ,003-AO-X—SaNCINFHII—Irr-—HIHIS0HFG
066121 1dD LIVUINGD 10 10 (3INILT3E Iy VP=Ro TnNvi—d0-En—e6~1—+++SoHr—&
1SNOJ an18 066121 143 LOVHINGD 10 10 Q¥VNO3I1 S ,053 NO-X O BN(INTIITIEDvi—H9c+—+e0+ra-
291/M S/S 88ELZI 1dD LOVHINOD 0 10 — VeI HN-G—O—- N3-SV PS04 5045,
09L/K S/S 160211 14O 1OVHINDD 10 10 —— GNP {(INFHI38-—T ) P r—H-860—S0Hr—S—
1INd :S/S 688080 1dD 1DVHLINOD 10 10 IATYA LUVA-X/3DATY NIIYD LV (INIAIV)LE-W E}} EEOLY g\
28L/M S/S 16922t 140 1JVHINGD 10 10 (MOLST33LS) HA NIQHVE LV (HOOWAvOYa)LE-W 04O 1E0IY GO
081/K S/S 26TZY0 14D LOVHLINOD 10 10 LS NOSLVM 1V (HDIH)OZ-W 600 t20LE S\
IN3S:S/S 161250 1dD LOVHLINGOD 10 10 mc SNdWY3/SSVHD3NTE LV (NOISSIW)HELZ-SN 100 L10LE S
SHYVWIY -3Lva- NOILOV LSV iS 11 NOILV301 -10dS S3- @
= ADN3IOV 10 1S ‘sor 9IS HINOD 1AIM3LVLS TYNDIS (10, = 17
140434 NOIL1dO ONI4 AYOLSIH --- 3714 SNIVLS TYNDIS OId4vyl S6-€2-G0 = 3ILVQ

NOISIAIQ AL34vS 8 OJI144viHl
NOILVIHOJSNVYL 40 INIWLYYJ3IA NVOIHOIW



AON3IDY

VLYLOO
VGEVFE
V6YL92
V6V LOZ
V6vL92Z
V6bLOZ
V6VLOZ
v0S8he
v0s8Yvz
vos8tz

Vi80€0
V160€0
VI60€E0
vZyoee
vevoee
v6lzZe2
velzez
V&ZrozT
vOL6LE
vOoL6LZ
vEBBLZ
Vi6662
vViivee
vOozZeElt
vEBBLE
VEBBLT
Vigiige
v8geleg
v8s8tle
v8G6I2

ON dgor

S3A
S3A
S3A
S3A
S3IA
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3A
S3IA
S3A
S3A
S3A

rso

G80EBO
y8E0S0O
68600
68600
6860€£0
6860£0
68600
$8GLEQ
PBSIEQ
b8GIE0
¥81E0I
9862v0
9862Y0
98620
881201
881201
685260
068180
882221
L810Y0
L810v0
98Gt2Z}
68L060
L86010
L8Y0OEQ
98L0}!}
98220
8810E0
680290
680290
982090

3ivag Y1

by N7 1930
HNW SQ3d w2}
UnW S03d «2Ct
UNH Sa3d 3.24
UOW Said «23t
UKW
66E#V30 0L
66E#V3D 01
66E4V30 OL
ALID A4
HIN0-X M3IN
HIN0-X MIN
Y3IN0-X
DY4
D4
17710
dngd
I 26-9-1 =NI
oni
on4
W VN3IYY
on4 31VILI093N
3LVILIODIN
qn4d
W
W
ond  N10S3Y¥ Agv
NK
N
1 VG-S3S
ONn4
2621-9810 =

JHINAYYH
SAV3IH «2}
SQviH .21
SAQV3IH w21
SQVIH w2l
SAVIH «2Z1

43434
4434 93:46S
4343y
40 301AY3S

JHINQHYH

JYIMAYYH
M3IN © 93S
SAVIH w2}
SQV3IH .21
SAv3iH w2}
SAVIH 2}

TYNI4=Ni3Y
Sa3d «2¢}
SAa3d w2}

SNO1SId
viLov 11nd
SAviH w2t
SQV3H .2t
3YTACYVH

JYINQYVH

SNOJ 39VIS

NVdS 3IWIL
ON gor

VIVQ AYOLSIH ¥IQUO MHOM

98S MIN 88S010 1dD 1OVHINOD 10 10O (L0S) QY 1S3M © (dWVY 440 ON MIN)GL-1 80Z 16128 6
THINO3 S/S 986150 1d0 1OVHINOD 40 10 3JYOWLTIQ 30 M HINO-X. @ 93 (3ITIW 8)Z0I-HW 910 1128 6~
04L/M S/S 06S111 1dD LOVHINOD 10 10 VAVA3N S ,SZ1 AO-X © A93S(OYVMAOOM)L-HW LL} 1E1Z8 &
081/K S/S 06SHEI 1dD LOVHINOD 10 10 IIVOXIYD S ,SZ AD-X @ a93IS(OYVMAOOM)i-W OL! 1EIZS By
08L/M S/S 08SHiL 14D LOVHINOD 10 10 YINO-X 8 VAVAIN M @ QHMN (QUVMAOOM)1-W 1L0 1ELZ8 6~
081/K S/S 06SHI} 1dJ LOVHINOD 10 10 ¥INO-X 9B IIVAXIYD M @ OEMN (QHYMOOOM)L-W OLO IELZS 6~
081/M S/S 06SHI1 1dD LOVYHINOD 10 10 VNOOHLVYLS $,SZ1 AD-X ©CEMN(QHVMGOOM)!-W 690 1EIZ8 6~
NOJ3Yd YINI 98120} 1dD LOVHINOD 10 10 SIONYIAIT M AO-X & ¥A A3S 93(390071)01-SN €0Z 21128 6\

Hd 17 dW31 981201 1dD LOVHINOD 10 10 7 SIONY3IAIT @ HO 33IAY¥3S 93 (3DA01)04-SN €04 21128 6
$$$ und 981201 1dO LOVHINOD 10 10 SIONYIAIT @ ¥G AYIS OM (AMY4 3D0071)01-SA EO0 ZH1ZB 6

319007 NiX3 98¥T1} 1dD L1OVHINDD 10 10 Aottt 043 Bt~ L 0—+4088 6
TYINOD S/S 882ZHE 1dD LOVHINOD 10 10 HHYNEMIN 3 ,0GY NAO-X @ 83I(NVDIHOIW)ZI-SN €12 19028 m/
THINOD S/S 881201 LdD LOVYINOD 10 $0 HOMNAMIN M ,5Z9 AO-X © G3(NVDIHOIW)ZI-SN €11 19028 6
TYLINOD S/S 881201 1dD LOVHINDD 10 10 XIH NHOM 3 ,GI6% AO-X ©83(NVOIHOIW)Z1-SN ¥G0 15028 .\
08L/M S/S Z6SILO 1dJ 1DOVHINOD 1O 10 NOLVd S ,0G} AD-X © 8N(HdVD313L)bZ-Sn 61 £S02Z8 B\
J81/M S/S TES1L0O 14D LOVHINOD 10 10 NOLV3 S ,00E AO-X © 9S(HdV¥DIT1IL)PZ-SN 6¥0 £50Z8 e\,
081/M S/S 06L260 140 LOVHINGD 10 10 INTYA IV QOOMHOYIE © (UINYNEWAT)SZ-W v00 ZEILL N
081/M S/S 060101 1dD 1OVHINGD 10 10 AV NIQHVMIIN © (HINYNBWAT)SZ-W EO0O ZEILL 6.
y8 H1MINT8 T69040 14D LOVHINOD 10 10 1S H3ILVM 9 dWVY 440 GMS ¥6-1 €01 I1ILL B\
081/KW S/S 686ZEQ 140 1DVHINOD 10 10 L13341S HLI91 LV GM (OT0MSIUD) 69-18 610 E20LL 8
,081/K S/S 68LIEOQ 14D LOVHINOD 10 10O 13341S HL9% 1V 83 (MVO) 69-18 €10 €ZOLL 6\
J81/K S/S 68¥120 14D LJIVYHINOD 10 10 8N (Y433dV1)vZ-W © (YOLO3INNOD)PZ-W'SL-1 LOO TLIES 6~
TYLINOD S/S 06S0S0 1dD LOVHINOD 10 10 (ad 377IANOLYO)SH-H © dWVY 340 GN GL-1 900 CLIED 6
J4L/M S/S 68LZI0 14D 1OVYINOD 10 10 40 ALISY3IAINN & dWVY 440 GN SL-1 SO0 CLIES By
06L110 1d0 1JVHINOD 10 10 GOOMNVIONI N ,0lt AD-X © 8S (433dV1)bZ-W ¥Z1 ZIIEY BN\
J8L/M S/S 68¥120 14D LOVHINOD 10 10 (¥G S) VNI¥Y STIIH NYNany @ (¥33dvi)¥Z-W 620 ZIIEY B~
08Ll/#M S/S 68VIZTO 1dD LOVHINGD 10 10 (VNIHV NOLSId) QY NOWHVH © (¥33dV1)bZ-W 820 ZIIES 6
081/K S/S 06102} 14D 1OVHLINOD 10 10 Qvoy 3INAQdO @ ( AYY¥3d) SL-18 LOO 2iiES 6.
THINOD S/S }6S0€0 1dD LOVHINOD 10 10 31IW O} 40 S HIA0-X @ (9N) Q¥ QI1II4INIIYD €ZL ZOIED m/
TYINOD S/S 16S0£0 1dD LOVHINOG 10 10 ITIW O} 40 N H3IAC-X @ (8S) G¥ Q1314NIIHD EVL ZOIED 6\
DBS MIN 682121 LdD LOVYHINOD 10 10 NIJUDYIAT M AO-X TVNIJ 94O AYIS €3 969-1 80V Z0IE9 6\

SHYVWIY -31v0- NOILOV 1SV1 IS 11 NOILVO01 -~10dS SO- @

= AON3OV 10 = 1S ‘80M DIS HiINQD 3Q1IM3ILVLS TVNDIS ,10, = 11

140434 NOILdO ONId AHOLSIH --- 3714 SNLVLS TVYNDIS OI44vyl G6-€¢-G0 = 3iva

NOISIAIQ AL3I4VS 8 O1ddvul

NOILVIHOJdSNVYL 40 INIWLHVAIA NYDIHOIW






