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Abstract

This report discusses the usefulness of creating a work zone traffic safety culture as a
methodology to improve the overall safety of both work zone personnel and the traveling public
in Missouri. As part of this research, the existing MoDOT work zone rating survey was analyzed
and augmented to collect the public’s perception of work zone safety. Historical data on work
zone crashes were evaluated to identify trends that are particular to severe crashes, and attributes
that are associated with these crashes were identified.

Results from the existing work zone rating survey show a difference in the stakeholders’
perceptions regarding the adequacy of work zone warning signs and the safety level in traveling
through work zones. Based on survey responses from current MoDOT employees, existing work
zone warning signage and guidance (barrels, cones, and striping) are adequate to protect the
driving public and are in accordance with the MoDOT Temporary Traffic Control Elements.
However, responses from the general public reveal that a plurality of respondents perceived that
the warning signs were insufficient in terms of the information provided, or the provided
information was either inaccurate or wrongly placed.

An evaluation of crash data shows that there is not an elevated risk in work zones when
compared to non-work zones. Fatal and severe crashes occurred more frequently when roadway
conditions were dark or involved multiple vehicle interactions. Contributing circumstances in
work zone crashes involving vehicle interactions suggest that human factors are key risk
elements. Solutions to mitigate fatal or severe crashes should include stakeholder education,
higher enforcement and legislation designed to minimize distracted driving, and engineering

solutions designed to increase driver awareness.
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Executive Summary

To improve the overall safety of both work zone personnel and the traveling public in
Missouri, work zone crash data from 2009 to 2011, collected from the state, was used for
analysis. As a comparison, overall Missouri crash data from 2009 to 2011 was also used,
including non-work zone data. In addition, crash analyses from reports such as the MoDOT
tracker and Missouri’s Blueprint to Save More Lives were also used as references. The result
shows that there is not an elevated risk in work zones when compared to roadways with no work
zones. The percentage of crashes in the fatal, injury, and PDO categories between work zones
and non-work zones differed by less than one. In contrast, other states have reported an elevated
risk in work zones.

Crashes occurred when dark seemed to be overrepresented in fatal and severe crashes.
Therefore, it might be useful to consider improving lighting, delineation, and visibility at
nighttime work zones. In terms of the types of accidents that occurred, a large number of work
zone crashes involved vehicle interactions. These crashes point to possible factors such as traffic
queues, lane drops, or distracted driving. Of the two-vehicle collisions, rear-end crashes are the
most significant, and they tend to be more severe. The failure to stop could be due to a lack of
perception/reaction or a failure to brake. Countermeasures that increase driver attention and
compliance such as enforcement, larger fines, and education could be useful in reducing two-
vehicle and read-end crashes. If the categories regarding contributing circumstances of
aggressive drivers, distracted drivers, and driving violations were viewed together, it would
imply that human factors are a great contributing factor to crashes. This fact, again, points to

solutions related to education, enforcement, and legislation more than just engineering.



In contrast to all crashes, work zone crashes involved fewer run-off-road and more on-
road crashes. In terms of traffic conditions, accidents ahead were overrepresented which means
congestion and lane drops at work zones could be significant factors. For probable contributing
circumstances, aggressive and distracted driving are major problems. The examination of the
crash distribution of MoDOT districts, urban versus rural, functional classifications, speed limit,
and AADT shows rural crashes are disproportionally more severe. Major collectors experience
the highest percentage of severe crashes, almost three times as much as interstates and freeways.
Low AADT routes are overrepresented in more severe crashes. Rural fatal and disabling injury
crashes occur at a higher proportion than in urban or urbanized regions.

Statistical models using the multinomial logistic regression were utilized in the analysis
of the influence of light conditions, road conditions, traffic conditions, weather conditions, road
profiles, road alignments, and the severity of a two-vehicle crash. The model produced
descriptive statistics on the features of the crashes and a comparison of the attributes of crashes
with minor injury relative to property damage only and disabling injury/fatality relative to

property damage only.



Chapter 1 Introduction

Work zones can involve reduced speeds, traffic congestion, and lane transitions, thus
increasing the risk of injuries and fatalities that occur in those areas. Between 2008 and 2012, 61
people were killed and 3,654 people were injured in Missouri work zones (ARTBA, 2014). Since
2000, there have been 16 MoDOT employee fatalities in the line of duty.

There is a wide range of literature available on work zones in the U.S. This literature
provides important usable information on different aspects of work zone crashes and modelling
information. According to the Fatality Analysis Reporting System (FARS), maintained by the
National Highway Traffic Safety Administration (NHTSA), the number of fatal motor vehicle
traffic crashes in the state of Missouri was 826, 7 of which took place in work zones [1].
According to the Federal Highway Administration (FHWA), motor vehicle fatal injuries in work
zones average around 900 persons every year, and fatalities increased more than 50% in a span
of 5 years. The majority of work zone crashes occurred under daylight conditions (79%) and in
clear weather (58.4%) (Akepati, 2010). Inattentive driving and following too closely are two
major factors. Most crashes are Property Damage Only (PDO). In a study of 5 states, 72.2% of
them were PDO (Dissanayake and Akepati, 2007). Driver error was involved in 82% of the
injury crashes. Rear-end collision was the most common cause for crash injuries, and head-on
collision was the most common cause for fatal work zone accidents (Bai and Li, 2007). Some
research suggested that following too close, failure to control, and improper lane
change/improper passing accounted for 71% of all fatal and injury crashes at interstate freeways
in Ohio work zones (Salem, 2007). From 2003 to 2007, approximately 70% of accidents

occurred between 8 a.m. to 4:59 p.m. (Pegula, 2010).



Traffic safety culture is a new area of research that examines the behavior of roadway
users and the effect of various behaviors on the traffic safety outcome. Traffic safety culture is an
extension of safety culture research and is still in its infancy. Ward et al. explained that the term
“traffic safety culture” contains the three elements of cognition, behavior, and artifacts. The
general public’s perceptions of a work zone affect their cognition and thus affect their behavior
while traveling through work zones (2010). This study evaluated the public’s perception of work

zone signage and perceived safeness when traveling through a work zone.



Chapter 2 Work Zone Rating Survey

2.1 Introduction

This chapter presents an overview of MoDOT’s work zone survey on public perception
and evaluates and identifies the potential for obtaining more information. The results from an
expanded survey are also presented.

This chapter is organized as follows. First, a brief literature review on the factors that
affect roadway user behavior is presented, including behavior approaching and traversing work
zones. Second, existing MoDOT work zone survey results are analyzed. Third, the potential to
obtain in-depth information from roadway users is identified. Fourth, a modified survey is
presented along with the results from the pilot study. Then, a comparative study between the
existing survey and the expanded survey is presented. Last, recommendations based on the
results are presented.

2.2 Literature Review

The Literature that is relevant to examining work zone safety surveys are organization
culture, safety culture, and situation awareness. Organization culture presents the norms,
behavior, and effects of decision making by people within an organization. Safety culture
represents attitudes and behavior towards safety. Situation awareness is concerned with how
humans process information in a dynamic situation and make decisions based on that
information.

2.2.1 Organizational Culture

The study of culture by sociologists, psychologists, and anthropologists generally focus

on understanding the norms, thoughts, and behaviors of people within a group. Organizational

culture focuses on people within a certain organization or within an industry. Organization



culture is distinctive from military culture, college culture, etc. Schein’s definition of
organizational culture is the most often-cited definition, describing it as, “a pattern of basic
assumptions — invented, discovered, or developed by a given group as it learns to cope with its
problems of external adaptation and internal integration that has worked well enough to be
considered valid and, therefore, to be taught to new members as the correct way to perceive,
think, and feel in relation to those problems” (1985).

The relationship between organization culture and organization performance is well
established in literature. Deal and Kennedy found that a strong organization culture leads to a
strong performance (1982). Denison established that the effectiveness of an organization is a
function of values, beliefs, policies, and practices (1990). Studies also found that organization
culture affects organization effectiveness, job satisfaction, quality, safety, and reliability
(Sandoval, 2005). The literature on organization culture suggests that driver culture in Missouri
and MoDOT’s organization culture both influence work zone safety.

2.2.2 Safety Culture

Safety culture studies generally focus on the norms and behavior of an organization in
terms of how they approach work safety. The U.K. Health & Safety Commission defined safety
culture as, “the product of individual and group values, attitudes, competencies, and patterns of
behavior that determine the commitment to and the style of proficiency of an organization’s
safety and health programs. Organizations with a positive safety culture are characterized by
communications founded on mutual trust, shared perceptions of the importance of safety, and

confidence in the efficacy of preventive measures” (1993).



Cooper stated that unless safety is the dominant characteristic of the organization, as in
the high-risk industry (e.g., nuclear, aircraft carrier, air traffic control), safety culture is “a
subcomponent of corporate culture, which alludes to individual, job, and organizational features
that affect and influence safety” (2002). In other words, for organizations operating in a non-
high-risk industry, safety is usually not the driving force behind the organization culture; instead,
the organization culture has a strong influence on the safety culture.

With regards to the safety culture in transportation, Ward et al. explained that the term
“traffic safety culture” contains the three elements of cognition, behavior, and artifacts (2010).
Cognition is defined as the perceptions people have about what behaviors are normal in their
peer group and their expectations for how that group reacts to violations of these behavioral
norms. In terms of traffic safety, behaviors can either increase crash risk (e.g., speeding) or
decrease the risk (e.g., wearing seatbelts). Behaviors can also relate to the acceptance or rejection
of traffic safety interventions. Artifacts are symbols that reveal cognition and the resulting
behavior. Traffic safety artifacts include traffic laws and traffic safety policies.

2.2.3 Situation Awareness

Situation awareness was first introduced in aviation psychology and was later applied to
various industries including aviation, the military, medicine, and nuclear power. The focus of
situation awareness research is on factors that influence decision making in highly complex and
dynamic environments (Sandoval, 2005). Situation awareness is generally defined as, “the
perception of elements in the environment within a volume of time and space, the
comprehension of their meaning and the projection of their status in the near future” (Endsley,

1998). The three main requirements of situation awareness, as defined by Endsley are:



o Level 1: Perception. This is the first step in situation awareness and requires the
user to identify the information in the environment.
o Level 2: Comprehension. This level requires the user to understand the
information identified.
o Level 3: Projection. This level requires the user to predict the change of
information in the environment. (1998)
To increase the likelihood of making a good decision, a user must accurately achieve all three
levels listed above, and then the user will be able to form a realistic view of the situation, and
thus make a good decision (Sandoval, 2005).

2.3 MoDOT Work Zone Rating Survey

The MoDOT Work Zone Rating Survey is an instrument to evaluate the safety of the
work zone within the state of Missouri. Both MoDOT employees and non-employees (general
public) are encouraged to participate in the survey to provide MoDOT with feedback. To provide
useful feedback, this survey is analyzed in terms of organization culture, safety culture, and
situation awareness.

MoDOT employees are influenced by the organization culture of MoDOT. In addition to
the norms and behavior, this influence also includes the organizational knowledge and the
understanding on how things should be done. Thus, MoDOT employees rate work zone safety
differently than the general public, who, as an outsider, are not influenced by the organization
culture and do not have prior knowledge on standard operating procedures (SOP) and work zone
protocols. The feedback from both MoDOT employees and the general public are equally
important, as they serve different functions and purposes. Understanding the effect of situation

awareness is especially important in understanding the perceptions of the general public, as the



way the general public perceives work zone warning signs will inadvertently affect their
comprehension and decision on how to perceive and navigate through a work zone.
2.3.1 Existing Work Zone Rating Survey

As an ongoing effort to evaluate work zone safety, MoDOT utilizes the work zone rating
survey which is available on the internet and in a post card form. The work zone rating survey
allows road users and MoDOT employees to provide input to MoDOT on their perceived safety
of MoDOT work zones throughout Missouri. The work zone rating survey provides a tool to
quantitatively measure the safety of MoDOT work zones. Quantitative measures are simple and
effective for communicating with stakeholders. This section examines the existing survey setup,
and the results received over a six-week period. The implications of the results and the potential
for making work zone safety improvements are also discussed.

The current work zone rating survey consists of five Yes/No questions, two of which
allows the user to enter the reason for responding “no”. The survey also contains background
questions on the roadway location, date, time, weather conditions, and the user’s vehicle type
(see Appendix A for a printout of the web-based survey).

2.3.2 Cross Sectional View

Between the dates of May 1%and June 13", 2013, 487 respondents participated in the
MoDOT work zone rating survey. Of the 487 participants that completed the survey, 426 of the
participants (87%) identified themselves as MoDOT employees, and 61 participants (13%)

identified themselves as non-MoDOT employees.



Figure 2.1 shows the response to the first question, “Did you have enough warning before
entering this work zone?” Almost all of MoDOT employees answered yes, while 73% of non-

employees answered yes. The total percentage who answered yes was 96%.

Enough Warning
100%

80%

60%

40%

20%

0%

Employee Non-employee
H No 1 16
HYes 421 44

Figure 2.1 Enough warning before entering work zone?

Figure 2.2 shows the responses to the second question, “Did the sign provide clear
instructions?” Again, almost all MoDOT employees answered yes, while 63% of non-employees

answered Yyes.



Signs Provide Clear Instructions
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HYes 423 37

Figure 2.2 Clear instructions?

Figure 2.3 shows the response to the question, “Did the cones, barrels, or striping
adequately guide you through the work zone?”” Of the MoDOT employees, 12% responded that
none were present, 0.4% responded no, and 87% responded yes. Of non-employees, 10%
responded that none were present, 16% responded no, and 74% responded yes. The gap between

employees and non-employees was smaller than previous questions.



Cones Guide through Work Zone
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Figure 2.3 Adequacy of cones, barrels, or striping?

Figure 2.4 shows the response to the question, “Did you make it through the work zone in
a timely manner?”” Most of the MoDOT employees (99%) answered yes, while 58% of non-

employees answered yes.
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Through in a Timely Manner
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M Yes 422 35

Figure 2.4 Responses to question on getting through work zone in a timely manner

Figure 2.5 shows the response to the question, “Were you able to travel safely in the work
zone?” All MoDOT employees responded yes, while 63% of non-employees responded yes. For

a detailed breakdown of the survey results, please see Appendix B.

Able to Travel Safely
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® No 0 22
HYes 418 37
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Figure 2.5 Responses to question on safe travel in the work zone




2.3.3 Results and Analysis from Existing Survey

The results were obtained from May 1% to June 13", 2013. This time period took place
when there was heavy road work as well as a high travel demand. The total trend of the results
was positive: the “yes” rating to all questions was over 93%, with some as high as a 96%
positive rating. From the total survey response, one can conclude that the “no” rating was
negligible. However, as shown in figures 2.1 through 2.5, the responses differed significantly
between MoDOT employees and non-employees. The non-employees responded more
negatively than MoDOT employees. Since the non-employee respondents were much fewer in
number than employee respondents, the non-employee results were masked.

The current survey design is intended for MoDOT employees and the general public to
rate the work zone that they have experienced. The limited number of questions and answer
choices allow users to complete the survey easily, thus generating a large response rate. This
fulfills MoDOT’s goal of collecting work zone rating information, and allows MoDOT to have a
measurable rating on the work zones in Missouri.

2.3.4 Implications of Survey Results

The discrepancy between the ratings by MoDOT employees and non-MoDOT employees
is most likely due to the baseline upon which the ratings were given. MoDOT employees
evaluate the work zone based on the established safety protocols and standard operating
procedure (SOP), whereas non-MoDOT employees evaluate the work zone based on the
perceived safety level and perceived inconvenience that the work zone created.

MoDOT employees are trained and have appropriate knowledge on the setup and SOP of
work zones. This organizational knowledge is crucial in the rating of the work zone — especially

on whether a work zone complies with warning and signage requirements. This prior knowledge
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allows MoDOT employees to immediately spot any warning signs that are missing, which is
essential to rating the work zone safety. The organizational culture has conditioned MoDOT
employees to quickly spot the lack of safety in a work zone from the perspective of established
work zone safety protocols and SOP.

However, MoDOT employees’ work zone rating is different from how the general public
perceive the warning signs. The general public does not have the knowledge of how a work zone
should be set up, and thus, they are not bound by the organizational knowledge on what is
required of work zones. The general public rates work zones based on their perceived usefulness
regarding signage and warnings. The general public is more concerned about perceived safety
and perceived inconvenience due to work zone activities, and less concerned about SOP and
work zone safety protocol as evidenced from the following : “ruining my Saturday”, “ridiculous
schedule”, and “work zone sign but no workers”. Even though survey participants had the
opportunity to provide open-ended comments, the small number of “no” responses resulted in
very few comments. Because the general public did not have knowledge of engineering
terminology and procedures, the comments were more descriptive of the entire situation and
reflected personal experiences and feelings.

The knowledge of the perceived safety and concern of work zone safety management is
crucial in improving work zone safety. As research in situation awareness has shown, the
perception of the situation by the user will affect the user’s decision-making in a given situation.
Identifying the perception of the general public regarding work zone safety and signage will
allow MoDOT to utilize this information to modify work zone signage to increase the general
public’s awareness and to conduct work zone educational campaigns.

2.4 Expanded Work Zone Safety Survey and Pilot Study
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An expanded survey was created in order to gather more information about public
perception of work zones. Once a participant completed the original survey on the MoDOT
website, the participant was given an opportunity to take an expanded survey. The expanded
survey contained the same five questions with a “Yes/No” rating as the original work zone rating
survey by MoDOT. The additions to the expanded survey only occur if the survey participant
rated “no” to any of the questions.

The data collected from the existing work zone rating survey directly feeds into the
MoDOT’s tracker, a compilation of performance indicators for MoDOT. Any changes to the
existing survey will have a long term effect on the MoDOT database. The expanded survey is
treated as an external link to prevent making changes to the database. Participants who answered
“yes” to all the questions get the exact same questions in the expanded survey, without seeing
any of the conditional questions. This is necessary to prevent any unnecessary changes being
made to the performance indicators tracker database.

2.4.1 Expanded Survey Questions

A question was added to identify the distance to the work zone when a warning sign was
spotted. This question allowed for the assessment of the perceived distance and attentiveness of
road users. Additional questions were asked only if the survey participants answered “no” to any
of the lead questions. Once the participant selected “no”, a list of potential reasons for the
response was presented along the opportunity to type in a non-pre-defined reason. For example,

the additional question related to question 2 on sufficient signage is presented in figure 2.6.
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2) Did the signs provide clear instructions?
[]Yes [1No

Logic: If answer “No” in Question 2, display the following:

Please let us know the issues with the signs. Please check all that applies.*
[ 1 Confusing symbol

[ 1 Confusing message

[ 1 Message too long

[ 1 Words too small

[ ] Better locations

[ 1 More visible signs

[ ] Other (Please provide more

information): *

Figure 2.6 Extension on question 2 of the expanded survey

The benefits of providing a predefined list of potential reasons are two-fold. First, this
reduces the likelihood of a participant entering an overly long description of the situation
without actually stating the reason. Second, the list of potential reasons serves as a guide for the
participant on the type of information that is of interest to MoDOT, especially for those who are
unsure of the type of information that is asked. See Appendix C for the complete Expanded work
zone rating survey.

2.4.2 Pilot Study

A pilot study was conducted from May 1%, 2013 through December 31%, 2013. Upon
completion of the original survey on the MoDOT website, a link to this pilot study on the
expanded survey was provided to the participant. Upon entering the site for this expanded
survey, the participant was informed that if their responses were all “yes” on the original survey,
then the expanded survey will be identical to the original. The participant is then informed that

he/she may exit the survey at any time.
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2.4.3 Pilot Survey Results

A total of 194 participants clicked on the link provided at the end of the original survey.

Of the 194 participants, 176 participants completed the expanded survey in its entirety. For the

176 participants that completed the survey, the option to skip any questions they did not want to

answer was provided. The participant affiliation was divided nearly evenly between MoDOT

employees (51%) and non-employees (49%). The following figures present the findings from the

survey. The detail survey results are presented in Appendix D.

Figure 2.7 shows the responses to the first question, “Did you have enough warning

before entering this work zone?” The figure shows almost all MoDOT employees answered

“yes”, while 58% of non-employees answered “yes”.

100%

80%

60%

40%

20%

0%

Did you have enough warning before entering this work zone?

Employee Non-employee
H No 1 29
HYes 88 58

Figure 2.7 Enough warning before entering work zone?
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Figure 2.8 shows the responses to the second question, “Did the sign provide clear
instructions?”” Again, almost all MoDOT employees answered “yes”, while 56% of non-

employees answered “yes”.

Did the signs provide clear instructions?

100%

80%

60%

40%

20%

0%

Employee Non-employee
H No 1 38
HYes 88 49

Figure 2.8 Clear instructions?

Figure 2.9 shows the response to the question, “Did the cones, barrels, or striping

adequately guide you through the work zone?” None of the MoDOT employees answered “no”,

while 18% of the non-employees answered “no”.
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Did the cones, barrels, or striping adequately guide you

100%

80%

60%

40%

20%

through the work zone?

0%
Employee Non-employee
= None Present 26 11
H No 0 16
HYes 63 60

Figure 2.9 Adequacy of cones, barrels, or striping?

Figure 2.10 shows the response to the question, “Were you able to travel safely in the

work zone?” Almost all MoDOT employees answered “yes” while 66% of the non-employees

answered “yes”.

100%
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60%

40%

20%

0%

Were you able to travel safely through the work zone?

Employee Non-employee
H No 3 30
mYes 86 57
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Figure 2.10 Safe travel in the work zone?
2.4.4 Results from Expanded Questions
Three questions contained expanded questions, which only appeared if the participant
answered “no” in the prompting question. Participants were encouraged to select all the reasons
that applied for the “no” response. Figure 2.11 shows the breakdown of the reasons provided by

the participants for a negative rating for each of the three questions.

Question 2: Did the signs Question 3: Did the cones, Question 5: Were you able to travel safely
provide clear instructions? barrels, or striping adequately in the work zone?
guide you through the work
zone?
Yes 137 Yes 123 Yes 143
No 39 No 16 No 33
Count |Reasons for "No" Rating Count |Reasons for "No" Rating Count |Reasons for "No" Rating
0 [Confusing symbol 1 |Wrong location 7 |Roadway too narrow
7 |Confusing message 3 |Too few/missing 8 |Worker's proximity to the roadway
0 |Message too long 7 |Confusing 2 |Speed limit at work zone was too high
0 [Words too small 1 |[Not visible 11 [Stopped traffic or traffic backups
9 |Better locations 11 [Other 23 |Others
10 |More visible signs
27 [Other

Figure 2.11 Reasons provided by participants for no response for Questions 2, 3, and 5

On whether the signs provide clear instructions, 39 participants believed that the signs did
not provide clear instructions, 10 of them believed that the signs should be more visible, 9
believed that the sign should be at a better location, and 7 of the participants felt that the signs
had a confusing message. Regarding whether the cones, barrels, or striping guided them through
the work zone adequately, 16 participants felt they were inadequate and 7 participants indicated
they were confusing.

On whether they were able to travel safely in the work zone, 33 of the participants did not

feel safe traveling in the work zone, 11 indicated that stopped traffic or traffic back-ups posed an
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unsafe travelling condition, 8 indicated that the workers are were close to the roadway, and 7
indicated that the roadway was too narrow.

At a first glance, the “other” category seems to have the highest numbers, indicating that
the reasons for their negative ratings were not listed. However, when compared to the overall
negative ratings for each of the questions, the reasons that were provided to the participants seem
to cover a large number of the negative ratings. In question 2, for example, 10 of the 39
participants that responded “no” on this question felt that more visible signs are necessary to
provide clear instructions for the general public, 9 of the 39 participants agreed that the locations
for the signs need to be adjusted, and 7 out of 39 thought the message was confusing. One
commonality among the comments entered by non-MoDOT employees is on the warning signs:
the signage didn’t provide enough information, the signage was improperly placed, or the
signage was up but there were no activities in the work zone.

Expanded questions with reasons for negative ratings simplify the process for MoDOT to
identify potential changes that can be made to work zone signage and warnings. These changes
could be a simple usability issue or a modification in the general public’s perception. Appendix
E shows the breakdown on the reasons provided by the participants for negative ratings on the
questions. For comparative purposes, Appendix F shows the comments received through the
MoDOT’s original work zone rating survey for question 5, “Were you able to travel safely in the
work zone?”

Figure 2.12 shows the weather condition when the participants passed through the work
zone and the type of vehicles that the participant drove. Due to the small sample size (174), and
the large percentage of participants driving a car or pickup and passing through a work zone in

clear weather conditions, the analysis based on weather and vehicle type is not conclusive.
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Weather Condition Vehicle Type

m Clear mCloudy = Rain © Windy m Car/Pickup Commercial

0%

Figure 2.12 Weather condition at the work zone and participants’ vehicle type

2.4.5 Perception of Distance of First Warning and Time in Traveling through Work Zone

In the expanded survey, questions 1 and 4 ask the participants the distance between the
first warning sign they saw and the actual work zone and the time they think it took them to
travel through the work zone. As most of roadway users rarely take an actual measurement of the
distance, or measure the actual time, both of these questions are largely based on the perception
of the participants. As research has shown, perception is influenced by the environment and prior
experience. The results from these two questions mainly demonstrate how the participants
perceived the distance and time.

Participants for this expanded survey rated work zones in 41 counties and a few unknown
counties. The counties with the most participants were Greene and Jackson, with 23 and 22
participants respectively. Due to the spread in geographical area, the non-standardized method in
identifying the work zone they rate, and with at most two participants rating possibly the same

work zone, the results from these two questions are not conclusive, but remain illustrative.
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Figure 2.13 shows the perceived distance when the participants first saw the work zone
warning sign. This is the first question in the expanded survey. It is interesting to note that both
the general public and MoDOT employees noticed the first warning sign between half a mile and

one mile prior to entering the work zone. A rather high percentage of the general public did not

see the warning sign at all.

When did you first notice the warning sign while approaching the work
zone?

36%

16%
13% 13%13%

8%
2%

7% 7%

|

0% 0%
. . . . . . Don't .
3 miles 2 miles 1 mile 1/2 mile | 1/4 mile | 1/8 mile Didn't see
know
B Employee 7% 4% 29% 36% 0% 8% 13% 2%
® Non-Employee 7% 14% 23% 15% 0% 13% 13% 16%

Figure 2.13 Distance between the first warning sign and the work zone

Figure 2.14 shows the response to the time it took participants to travel through work
zones. It is interesting to note that the MoDOT employees’ perception of the time it took to travel
through a work zone is skewed towards 5 minutes or less, whereas only 52% of the general

public self-reported that it took them 5 minutes or less to travel through the work zone.
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How long did it take you to make it through the work zone?

91%

20% 20%

7% . %
2% o N

. . . M than 30
5 or less minutes 6 to 15 minutes 16 to 30 minutes org an
minutes
B Employee 91% 7% 2% 0%
H Non-Employee 52% 20% 20% 9%

Figure 2.14 Time it took to travel through the work zone

2.4.6 Discussion of Expanded Survey Results

In the expanded survey, the participants were nearly evenly distributed between MoDOT
employees (51%) and non-employees (49%). Table 2.1 can be used to compare the original
survey results (May 1% through June 13", 2013) with the expanded survey results (May 1%
through December 31%, 2013). The results show that MoDOT employees consistently rate the
work zone higher than non-employees. As discussed earlier, this is likely due to employees and
non-employees rating the work zone from different baselines. Employees have the organizational
knowledge of the SOP and the protocols of work zones and rate the work zone accordingly.
Whereas non-employees do not intrinsically have a baseline and rate the work zone based on
their perceptions, and their perceptions can be easily influenced by the surrounding environment

at that time.
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Table 2.1 Comparison of results between original and expanded survey

Existing Survey

Extended Survey

Affiliation
MoDOT Employee 426 87 47% 89 50.57%
Non-Employee 61 12 53% 87 49 43%
Sum 487 176
Question 1: Enough warning:

Yes No Sum Yes No Sum
Cverall 96.47% 3.53% 100.00% 82.95% 17.05% 100.00%
Employee 99.76% 0.24% 100.00% 98 88% 1.12% 100.00%
Mon-employee 73.33% 26.67% 100.00% 66.67% 33.33% 100.00%
Question 2: Signs provide clear instructions:

Yes No Sum Yes No Sum
Overall 95.04% 4 96% 100.00% 77 .84% 22.16% 100.00%
Employee 99.53% 0.47% 100.00% 98 88% 1.12% 100.00%
Non-employee 62.71% 37.29% 100.00% 56.32% 43 68% 100,00%
Question 3: Cones guide through work zone:

Yes Mo None Present Yes No None Present
QOverall 8571% 2.10% 12.18% 69.89% 9.09% 21.02%
Employee 87.32% 0.24% 12.44% 70.79% 0.00% 29.21%
Non-employee T4.14% 16.52% 10.34% 68.97% 18.39% 12.64%
Question 5: Able to travel safely:

Yes No Sum Yes No Sum
Overall 95.39% 4 61% 100.00% 81.25% 18.75% 100.00%
Employee 100.00% 0.00% 100.00% 96.63% 3.37% 100.00%
Non-employee 62.71% 37 29% 100.00% 65 52% 34.48% 100.00%

The “yes” response by MoDOT employees in both studies indicated that the MoDOT

work zones met the requirements in terms of warnings and signage, and there was no concern in

terms of work zone signage and warning compliance. One reason for explaining the differences

between MoDOT employee responses and the general public responses is that the general public

lacked the safety awareness and knowledge of existing protocols and the SOP for work zones.

Thus, their perception naturally differed from existing standards. Anecdotal evidence from the

comments received through the surveys suggests that the lax enforcement of traffic laws in
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Missouri contributes to the general public’s disregard of work zone signs and warnings,
especially the reduced speed limit warning.

Another possible reason is that the existing SOP and protocols (e.g., Engineering Guide
Policy) were insufficient for certain work zone locations due to geometrics, terrain, and other
challenges of the location. The response discrepancy between employees and non-employees
may be due to the influence of organization culture on MoDOT employees. Under the influence
of organization knowledge, MoDOT employees seek confirmation of the existence of signage
and warnings when they approach a work zone. Employees can easily spot missing signage and
warnings and will disregard information that is not pertinent to the work zone protocols. The
mental process to eliminate or disregard information that is not pertinent to the decision on hand
is a mechanism that is used to cope with the dynamic and ever changing environment and is not a
conscious process to disregard information.

A third reason to explain the difference in responses between MoDOT employees and
non-employees is that some drivers require and expect more instructions and guidance than the
majority of drivers. Another possibility, as suggested by anecdotal evidence, is that the general
public is less tolerant of work zones as it affects their daily routine, and they are unwilling to
modify their daily routine. To improve the safety of work zones, re-calibrating the general
publics’ perception and expectations of the work zone is crucial. As indicated by research, the
perception of the situation will affect the comprehension and thus the decision making of the
drivers that pass through work zones.

2.5 Conclusion and Recommendations

The original work zone rating survey with a limited number of questions is very effective

in evaluating the perceptions of individuals traveling through work zones and provides
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quantitative measures for simple evaluations. Expanding on this original survey allows for a
collection of reasons behind the responses that could lead to devising strategies for improving
work zone safety.

Survey respondents from the general public can be classified as two populations: one that
is genuinely interested in providing useful input to MoDOT, and one that is more interested in
venting frustrations about work zones. Both populations can provide useful information, though
in different manners.

For the future of the work zone survey, the simple original survey and the expanded
survey bring different trade-offs. Even though the expanded survey reveals more information, it
requires a change in the MoDOT information system, and its interpretation requires further
analysis. Also, the expanded survey does not easily fit within the space of a postcard for the
mail-back version.

In terms of safety culture, since most of the contractors operating on the work zones are
not part of MoDOT, the effect of a change in MoDOT organization or safety culture in the
contractors’ organization culture may be insignificant. To increase work zone safety from the
behavioral aspect, tightening the guidelines for the contractors and consistent monitoring by

MoDOT employees (using the work zone rating survey) may be more effective.
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Chapter 3 Historical Data Analysis

3.1 Introduction

This chapter presents a review of the recent historical data on work zone accidents and
crashes, including fatal and severe crashes. The result is a cross-sectional view of the existing
level of work zone safety. This view includes an examination of the hazards and risks resulting
from both human and environmental factors. This chapter is organized as follows. First, existing
reports on work zone crashes are summarized, including tables and results that are particularly
noteworthy. Second, the historical data and the data querying procedures are documented. To
conclude, work zone data is described in various ways using descriptive and inferential statistics.

3.2 Overview of Work Zone Safety

One useful resource on work zone safety is the NCHRP Report 500 Volume 17
(Antonucci et al., 2005) entitled, “A Guide for Reducing Work Zone Collisions.” Taken from
this report, table 2.1 compares fatal crashes occurring at work zones against all fatal crashes. For
each factor, the percentage distribution of each category is given. For most of the factors the
difference in the percentage distribution is not large. For example, for work zone crashes there is
a slight decrease in the winter season and a slight increase in the summer season. This difference
IS intuitive since construction is either reduced or put on hold during the winter. Even if the
seasonal differences were to be large, it would only reflect the number of work zones (i.e.,
exposure) and not the underlying safety. In terms of roadway function, work zone crashes
represent a larger percentage of crashes on interstates, both rural and urban. If this fact is not due
to a larger number of work zones on the interstate, then it could be used to understand work zone
safety. The speed limit factor might be correlated with the previous factor since interstates have

higher speed limits and prevailing speeds than other facilities. Here, work zone crashes occur at a
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higher percentage on higher speed limit facilities. The number of vehicles involved in crashes
occurs at a slightly higher percentage for work zones. This could be related to a difference in
accident types such as single-vehicle run-off-road crashes versus multi-vehicle crashes. In other
words, there are fewer single-vehicle run-off-road crashes in work zones. The NCHRP study did
not try to correlate these related factors. A factor exhibiting large differences in percentages is
the manner of two-vehicle collisions. There is a much larger percentage of rear-ends in work
zones and a smaller percentage of head-on, angle, or side-swipe accidents. The higher percentage
of rear-ends is related to a larger number of multi-vehicle crashes and a decrease of the capacity

in work zones which can result in queuing.
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Table 3.1 Comparison of fatal crash factors from FARS 2003 (Antonucci et al., 2005)

Factor | All Fatal Crashes (%) | Work Zone Fatal Crashes (%)
Time of day

Night 49 47
Day 50 52
Unknown 1 1
Day of week

Weekend 34 31
Weekday 66 69
Season

Winter 22 16
Spring 24 26
Summer 27 31
Autumn 27 27
Roadway function

Rural, interstate 7 13
Rural, other 51 39
Urban, interstate 6 15
Urban, other 35 32
Unknown 1 1
Speed limit

1-50 mph 44 38
55-75mph 52 58
Unknown 4 4
Number of vehicles involved

One 57 53
Two 36 35
More than two 7 12
Manner of two-vehicle collision

Rear-end 13 35
Head-on 26 21
Angle 32 22
Side-swipe, opposite direction | 21 15
Side-swipe, same direction 6 7
Other or unknown 2 0

There are some existing reports from Missouri that discuss work zone crashes. The
MoDOT tracker (MoDOT, 2012) contains a discussion on the number of fatalities and injuries in

work zones as reported under section 3g of the chapter on a safe transportation systems. This
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report was used as a consistency check for this project as is discussed in the chapter on historical
data analysis. Missouri’s Blueprint to Save More Lives (“the Blueprint””) (MCRS, 2012) was
published by the Missouri Coalition for Roadway Safety. Even though the Blueprint does not
analyze work zone crashes in great detail, it does paint a general picture of crashes in Missouri.
This picture can be compared against the one painted by work zone crashes.

Table 3.2 shows select crash types that resulted in fatalities or serious injuries. For both
severities, the highest-occurring crash type is run-off-road crashes, accounting for around 35-
36% of the crashes listed. Horizontal curve crashes were second, being around a quarter of the
crashes. Table 3.3 shows select driver/passenger characteristics that resulted in fatalities and
serious injuries. The two highest-occurring characteristics were aggressive drivers and
unrestrained occupants, accounting for approximately a quarter. Distracted drivers, young

drivers, and substance-impaired drivers were also significant.

Table 3.2 Fatalities and serious injuries by crash type (MCRS, 2012)

Fatalities Serious Injuries
Crash 200
Type o |2010] 2011 | % |% | 2009 |2010 | 2011 | T [% | Total
Run-Off-
Road 308 |395 |398 | 1,191 |36 | 2,692 | 2,543 | 2,312 | 7,547 |35 | 8738
Horizontal
Curves 203 | 262 | 270 |825 |25 | 1,783 | 1,636 | 1,521 | 4,940 |23 |5765

Intersection | 150 | 165 | 113 | 428 13 11,926 | 1,747 | 1,642 | 5315 |23 |5,743

Tree
Collisions 162 | 145 | 162 | 469 14 | 911 772 696 2,379 |11 | 2,848

Head-On 140 | 106 | 121 | 367 11 | 582 478 487 1547 |8 1,914
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Table 3.3 Fatalities and serious injuries by driver/passenger characteristics (MCRS, 2012)

Fatalities Serious Injuries
Crash Type 2009 | 2010 | 2011 | Total | % | 2009 |2010 |2011 | Total | % | Total
Aggressive Drivers
Involved* 370 [339 |310 |1,019 |24 |2,337 |2,237 | 1971 |6,545 | 26 | 7,564
Unrestrained
Occupants 425 392 |380 |1,197 |28 |1,703 |1,598 | 1,451 | 4,752 | 19 | 5,949
Distracted Drivers
Involved 155 182 161 498 12 11,590 | 1,428 | 1,327 | 4,345 | 17 | 4,843
Young Drivers
Involved (15-20) 156 119 151 426 10 | 1,646 | 1,444 | 1,252 | 4,342 | 17 | 4,768
Substance-Impaired
Drivers 264 | 229 | 221 |714 17 |1,103 | 926 900 |2,929 | 12 | 3,643
Unlicensed,
Revoked, or
Suspended Drivers | 123 | 120 | 135 | 378 9 | 756 686 594 |2,036 |8 |2414

*Includes speeding, driving too fast for conditions and following too close

The Blueprint presented discussions on work zones. For example, it mentioned that
approximately 70% of fatal crashes that occurred in a Missouri work zone involved a distracted,
speeding, or substance-impaired driver. The Blueprint presented the number of fatalities per age
group but the sample size was too small to result in any meaningful conclusions. The key
strategies for improving work zone safety were divided into six areas. For education, it
recommended a high standard of training for contractors, engineers, maintenance personnel and
law enforcement. The Blueprint also recommended regular flagger training and certification,
distributing and analyzing work zone surveys, and incident management responder education on
quick clearance. For emergency medical services (EMS), it recommended high-visibility apparel
for responders and greater coordination. For enforcement, it also recommended high-visibility
apparel for officers and increased enforcement. The highest number of recommendations was for
engineering, including proper work zone setup, traffic plans that minimize traffic impacts,
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requiring contractors to submit worker and traffic safety plans, implementing sequential lighting,
including contractors in work zone reviews, using simulation to predict impacts, and promoting
contractor safety incentives. In terms of technology, it recommended speed/delay/queue
monitoring, safety and alerts on Dynamic Message Signs and traffic-impacts and traveler
information. Lastly, it recommended banning hand-held cell phones and texting while traveling
through work zones.

All the reports discussed previously will be compared with the project data in the
subsequent sections. Similarities and differences between work zones crashes and other crashes
will be highlighted and discussed.

3.3 Historical Data Procedure

This section is written in a comprehensive manner so that any person who intends to
replicate this research using crash data in future years can do so easily. This also allows future
research to be compatible with the current one so that work zone safety can be tracked over time.
Thus, certain sections of this report will be familiar to MoDOT employees who work in the
safety area. Some of the details related to technology could become outdated due to software
changes such as a new operation system (e.g., Windows 8).

3.3.1 Accident Data Overview

The Statewide Traffic Accident Records System (STARS) manual (MTRC, 2002) is the
document that describes in detail the Missouri Uniform Crash Report (MUCR). As the name of
the report implies, the STARS manual seeks to bring uniformity to accident reporting throughout
the state of Missouri. Such uniformity allows for the effective analysis of traffic crashes
throughout the state. The STARS manual gives guidance and procedures for completing the

MUCR. The four-page MUCR contains information such as the location of the accident, driver
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information, vehicle information, collision diagrams, road characteristics, and even the traffic
condition. Figure 3.1 shows examples of sections from the MUCR. Figure 3.1 (a) shows general
information about the accident including the date, time, and location. Figure 3.1 (a) also shows
detailed information about drivers and vehicles. Figure 3.1 (b) shows other relevant information
about the circumstances surrounding the crash including road characteristics, weather, visibility,
and probable contributing circumstances. Specifically, figure 3.1 (b) shows field 21, traffic
control, which denotes if the accident occurred in a work zone. It is easy to see from figure 3.1
how this wealth of information can be used for identifying and understanding patterns that may

exist with work zone crashes.

33



MISSQURI UNIFORM ACCIDENT REPORT

PAGE OF
1- AGENCY NAME AND ORI
SPACE USED FOR BARCODE
LEFT THE SCENE  CLEARED ACCIDENT PROPERTY DAMAGEONLY  NUMBERINJURED  NUMBERKILLED | REPDRT /GASE / INCIDENT NUMBER
Oves Ono | O ves Cno [CUASSIFIGATION [m] |
NUMBER OF VEHICLES INVOLVED ACCIDENT DATE ACCIDENT TIME (MIL ) TIME NOTIFIED {MIL | TIME ARRIVED (ML) INVESTIGATION DATE
2. LOCATION
COUNTY MUNICIPALITY BEAT / ZONE TRP/DIST/PCT | INVESTIGATED AT SCENE
Oves Ono
ON DISTANCE FROM | LOCATION | INTERSECTING STREET OR ROADWAY
reer | O AFTER
ROADWAY DIRECTION SPEED LIMIT [] eEFORE | SPEEDUMIT | GEO - CODE a3
eS| Oar LONGITUDE
ROAD MAINTAINED BY O 1. State O 2 county ) 3. MUNICIPAL O 4. PRIVATE PROPERTY 0O s OTHER |(ATITUDE
3 - DAMAGE TO PROPERTY OTHER THAN VEMICLES [ NONE
GIVE OWNER'S NAME AND ADDRESS, DESCRIPTION OF PROPERTY, AND DAMAGE.
O McDOT
.| DRIVER'S FULL NAME (LAST, FIRST. MI) ADDRESS (STREET, CITY, STATE, ZIF|
D
R | DRIVER LICENSE NUMBER /10 NUMBER STATE m&g O 1.OPERATOR CLASS [ 3 PERMIT D5 wcony MCENDORSEMENT
. C2coL CLASS ] 4. UNLICENSED Cves Ono Ona
R | PROOF OF INSURANCE INSURANCE COMPANY [ oRiven | POHCY NUMBER
1| Oves O nNo [J NOT REQUIRED O venice |0 na
YEAR MAKE MODEL COLOR
; LIC. PLATE NO. STATE | YEAR N TOTAL NO. OF OCCUPANTS
M
,'; VEHICLE OWNER NAME (LAST, FIRST. MI) | COMMERCIAL CARRIER ADDRESS (STREET, CITY, STATE, 21P) [ SAME AS DRIVER
L
E
VEHICLE DAMAGE (Circle all damaged areas) 2| 3|4)5| 6|7 18 - Undercariage | TOWED FROM | TOW CO. INFORMATION
1 —f <} R 19-wincehiet SGENE
0 nonE 1 [1s |7 8 F  20-Bumed
INTIAL IMPACT NO. Sl —j— A 21 Towes O ves
] NA u[13]2]11f10 |9 2. Cano Owo
(a) Page 1
REPORT W PAGE oF_____
18. PROBABLE CONTRIBUTING CIRCUMSTANCES | 19. PEDESTRIAN INVOLVEMENT 20. VISIONOBSCURED | 21. TRAFFIC CONTROL 22. ROAD
i v2 P1 P2 [ NA Vi v Ve V2 _
[0 [0 1. Vehicie Defects (expiain) 0 O 1 Atlnwersecton [0 O 1. Windshield g g;_ m“m““ Zone N"'?“f".r
[ [0 2 Traflic Control Inoperabie of Missing | [] [ 2. Not At Intersecticn 0 O 2 Lead o Vehicle O] O & SenoolZone Dz' e
[ O 3 Improperly Stopped on Acadwey T o R e R O O3 Tees/Basn | U LS SO0 | 02 Cuve
[0 O ¢ Speed- Excesded LUmit s Wik O O 4 Buiding J O 4 Siop Sign PROFILE
O Os TooFastfor Cordiikes 210 Epooiononly O Os Embanmort | 0 0 & Blectéc Sgnal O e
O O 6 tnproper Passing DDS:‘ O O 6 Sgovoarcs O O AAsgalGae O2 Gae
] O 7. Viciation Sigral / Sign O CLs semne O O7 Hices 0 07 veasg 03 Hikrest
[0 O 8 Wrong Sde inct passing) o D,,' iz I O 8 PakesCas | [J [J & Officer / Flagman
00 O 9 Fotowing Too Ciose D L e O Ol 9 MovingCars | [ 16 No Passing Zone
0O O 10. improper Signal | O 08 WekinMwked Cromeak _l o gw cee O] 0110. Tum Rostrexd
1 [J11. Improper Backing Oo0Os Boring/ 1n Fronl of Parked Cac | [ [111. Other (expain) | [] [111. Signal on School Bus
O [J12 impropar Tum 0O 010, With Trafmo O D12 Ne:Obscured | [J [J12 None
[0 113 Improper Lane Lisage / Change O O11. Against Trate fr— =
O O+, Wrang Way (Cne-Viay) O C112 Geking On /O Venicte 23, LUGHT CONDITION 24. WEATHER CONDITION | 25. ROAD CONDITION
O C115. Impropor Start From Park [0 [013. Seanding / Lying / Sittng on Road | 01 1. Dayight [t Clear g Dy
P1 P2 [ (16 Impropary Parked [J [ 14. Pushing / Working on Vehicle [0 2 Carkwith Steet Lignts On | [J 2. Cloudy 02 We
0 O O 17 Failed o Yield O [115. Other Working [0 3 Dekwith SreetLigns Oft| [ 3 Rain 03 Snow
0O 0O O 018 Alechol O O Playing on Road [J 4 Dek-NoSweetlghts | [J 4 Snow O4 ke
0O 0O 0O 019 dags 1 C117. Off Roadway [0 5 Indeterminate (expain) [ 5 Seet O 5 Sksh [
0O O 0O D20 Physical impaimont (explain) [ & Freezing (temp.) 0s M
O O O [J21. materson (expiain) 28. ROAD SURFACE 0 7. Fog/Mist O 7. Standing Waser
P1 P2 Vi Ve [ t. Concrete 3 Bnck [0 5 oOrt/Sand [ & Indetorminate O 8 Moving Water
OO0 D Oz None 02 Asphait [ 4 Gravet [ 6 Muit-Surtace (explain) [0 9. Other (expizn)
(b) Page 4

Figure 3.1 Examples of the MUCR (MTRC, 2002)
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The Missouri State Highway Patrol is the lead agency in providing STARS training for
all police agencies and partners with the Missouri Department of Transportation (MoDOT) to
store and archive this information. Because such information is composed of standardized fields
and stored in an electronic database, it can be queried using common database language such as
ANSI’s (American National Standards Institute) SQL (Structured Query Language). Thus, the
data for this project is obtained from MoDOT’s Transportation Management System (TMS)
database. The data querying process will be described in more detail later.

The most recent version of the manual was published in January, 2012. The name of the
committee that develops this manual changed its name slightly from Missouri Traffic Records
Committee to Missouri STARS committee. The most recent version was not used for this project
because the crash data used for this project was collected before this version took effect. Thus,
the 2002 version was used in this project.

3.3.2 MoDOT TMS Overview

MoDOT TMS was designed to collect, organize and process data to support decision
making throughout the organization (Noble et al., 2003). TMS’s primary components include
data inventory, report generation, and data analysis. Some types of data available within TMS
that are relevant to this project include safety/accident data, travelway data, and pavement data.
TMS supports various interfaces such as desktop, web, and ODBC (Open Database
Connectivity). The desktop solution is generally used by MoDOT employees. The web-based
applications can be available to MoDOT’s research partners via the use of a VPN (Virtual
Private Network). A VPN is a dedicated connection that allows access to MoDOT’s intranet via
a public network. Such a VPN connection requires a MoDOT-approved account and is not

available to the general public. A Web-based TMS utilizes graphical user interfaces for obtaining
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items such as maps, ARAN (Automatic Road Analyzer) video, accident data, traffic data, reports

and facility inventories (MoDOT, n.d.). ODBC provides platform-independent remote access to

database management systems at MoDOT. A DSN (Data Source Name) is a connection to a

specific data source provided by a system administrator. Using ODBC, the TMSPROD DSN can

be accessed using common database client software such as Microsoft Access. ODBC was the

data access method employed for this research because of the complexity of the queries that had

to be issued for this project. Such queries could not have been performed using web-based

applications. The instructions for establishing a remote ODBC connection are outlined below:

Step 1.

Install Cisco’s AnyConnect VPN Client software from the MoDOT

website.

Installation URL.: https://vpn.modot.mo.gov

Establish VPN connection

Map network drives to fixed drive letters

Map as K: \\ghapps011\apps

Map as Y: \\ghsmdataO1\tms

Install TMS ODBC software

Execute Y:\Setup\TMSinstall.bat

For Windows 7 machines, also execute Y:\Temp\00981\00981.vbs
Confirm TMSPROD DSN driver installation

Open Microsoft ODBC Administrator

Confirm that TMSPROD is available under the System DSN using Oracle
in OraHome 1120 Driver

Test connection
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3.3.3 TMS Databases

The databases used for this research are described in Table 3.4. The name “table” is often
used for referring to databases, but such a name is avoided in this report to avoid confusion with
the tables in the report text. The first four databases are mostly information derived from the
MUCR report, thus they are specific to particular accidents. The fifth database is independent
from any accidents and refers to the traffic information from a road segment. Database 1 contains
such information from the accident such as date, time, travelway identification, route name, route
direction, log mile reference, accident severity, number of persons injured or killed and number
of vehicles. Database 2 provides vehicle and driver specific information such as the type of
vehicle(s) involved and the state of the operator and the vehicle license. Database 3 is derived
from field 18 of the MUCR that contains a checklist of possible contributing circumstances, such
as “too fast for condition” or “physical impairment”. Database 4 is derived from field 17 of the
MUCR and describes vehicles actions and the sequence of events leading to the accident (e.g.,

changing lanes). Finally, database 5 provides road segment information such as AADT.

Table 3.4 TMS databases used

# | TMS Database Name Brief Description

1 | TMS HP_ACCIDENT VW Accident specific information

2 | TMS_HP_VEHICLE_DRIVER Vehicle specific information for each vehicle
involved in accident

3 | TMS HP _CONTRB_CIRCM Probable contributing circumstances to the accident

4 | TMS HP SEQ OF EVENTS Sequence of events leading to the accident

5 | TMS _TRF_INFO_SEGMENT_VW | Segment traffic information

For databases 1-4, a unique identification number was assigned by the highway patrol for

each accident. The number HP_ACC_IMAGE_NO is used to link or join together the records
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pertaining to the same accident from the four databases. An inner join is used because there are

matching values in a field common to all the databases. The SQL syntax for the inner join

operation is: FROM tablel INNER JOIN table 2 ON tabl1.field1 compopr table2.field2, where

tableland table2 are the names of the database from which records are combined, field1, field2

are the names of the fields, and compopr is a relational comparison operator. Figure 3.2

graphically shows the joining of the four databases.

TMS_HP_SEQ_OF EVENTS

? HP_ACC_IMAGE_NO

% HP_VEH_DRVR_ID

? HP_SEQ_EVNT_SEQ_NO
EVENT_CODE

TMS_HP_CONTRB_CIRCM

? HP_ACC_IMAGE_NO
% HP_VEH_DRVR_ID
# HP_PERSOMN_NO
? HP_PERSON_INVL_CD

2 LN CORTRE SRkl

A=)

»

TMS_HP_ACCIDENT_VW

HP_ACC_IMAGE_NO
ACCIDENT_DATE
ACCIDENT_YR
SEVERITY
MODOT_PROCESS_IND
STATUS
ENTRY_SOURCE_TYPE
AGENCY_ORGN_ID
LEFT_THE_SCENE_IND
ACC_CLEARED_IND

| »

TMS_HP_VEHICLE_DRIVER

? HP_ACC_IMAGE_NO

% HP_VEH_DRVR_ID
VEHICLE_NUMBER
DRIVER_PRESENCE_CD
OPERATOR_LIC_NO
OPERATOR_LIC_STATE
OPERATOR_LIC_TYPE
OPERATOR_LIC_CLASS
OPER_CDL_LIC_CLASS

MOTORCYCIE OLIAL

| »

Figure 3.2 MS Access Design View representation of SQL joins

Table 3.5 shows the list of the data queries for this project as well as a brief description of

the data. Note that not all the data obtained were presented in this report, because some fields did

not contain enough data and others did not provide useful results. The data descriptions were

taken from the STARS manual, the TMS metadata, or both. Table 3.5 includes 51 fields from the

five aforementioned databases. Some of these fields will be discussed further in the data analysis

section.
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Table 3.5 TMS Crash field descriptions

Field Name

Description

Notes

ACCIDENT_YR

4 digit year of crash

HP_ACC_IMAGE_NO

unique 10 digit HP crash record
identifier, accident image #

MODOT_COUNTY_NM

county name where crash occurred

TRAVELWAY_ID

unique travelway (public path) ID by
direction, MoDOT designation

used to join separate tables

DESIGNATION

route designation

e.g. IS = interstate
US = U.S. highway
MO = state numbered
RT = state lettered
AL = alternate route
LP =loop

BU = business route
SP = spur

CST = city street
RP =ramp

CRD = county road
OR = outer road

TRAVELWAY_NAME

“name” of travelway, e.g., numbers,
letters

DIRECTION direction N, S, E, Wonly
E is primary for E/W
S is primary for N/S
Log MoDOT continuous log miles

VEHICLE_NUMBER

sequential number assigned to a
vehicle involved in crash

TRAFFIC_CONTROL_ZN

MUCR 821 traffic control

1 = construction zone
2 = other work zone (e.qg. utility,
striping, mowing)

PRIMARY_IND

primary travelway identifier

eg.Y

HIGHWAY_CLASS

L, K, A D

ACCIDENT_DATE

date-month-year format

SEVERITY

severity of crash

PDO, minor injury, disabling
injury, fatality

NUMBER_INJURED

number of persons injured

NUMBER_KILLED

number of fatalities

NO OF VEHICLES

number of vehicles involved

ACCIDENT_TIME

time of accident in
hour:minute:seconds

a date of 1/1/1901 also appears
with each record

MODOT_DISTRICT_NO

MoDOT district

1=NE

2=NW

3 = KC (Kansas City)
4 = CD (central)

5= SL (St. Louis)

6 =SW

7=SE
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Table 3.5 Continued

Field Name

Description

Notes

ON_LOC_SPD_LMT

posted speed limit

ONLOC_DIST_FR_FEET

distance to accident scene from
nearest intersecting street or
landmark in feet

INTERSECTION_LOC

accident location from intersecting
street or landmark

A, B; some missing

AT_LOCATION_STREET

intersecting street or roadway

AT _LOC_SPEED_LIMIT

posted speed limit on intersecting
street

GPS_LONGITUDE

GPS longitude

mostly missing

GPS_LATITUDE

GPS latitude

mostly missing

ON_OFF_ROADWAY

MUCR 8§15 accident type

1 = on roadway
2 = off roadway

ACCIDENT_TYPE

MUCR 8§15 accident type, collision
involved, non-collision

1 =animal

2 = pedalcycle

3 =fixed object

4 = other object (moveable)
5 = pedestrian

6 = train

7 =MV in transport

8 = MV on other roadway
9 = parked MV

10 = overturning

11 = other non-collision (e.g. fire)

TWO_VEH_ANALYSIS

MUCR 8§15 accident type, two
vehicle collision

60= head on

61 = read end

62 = sideswipe — meeting
63 = sideswipe — passing
64 = angle

65 = backed into

67 = other

ROAD_ALIGNMENT

MUCR 822 road character

1 = straight
2 = curve

ROAD_PROFILE

MUCR 822 road character

1= level
2 = grade
3 = hillcrest

LIGHT_CONDITION

MUCR 8§23 light condition

1 = daylight

2 = dark w/ street lights on
3 = dark w/ street lights off
4 = dark — no street lights
5 = indeterminate

WEATHER_COND_1

MUCR 8§24 weather condition

1 =clear

2 = cloudy

3 =rain

4 = snow

5 =sleet

6 = freezing (temp.)
7 = fog/mist

8 = indeterminate
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Table 3.5 Continued

Field Name

Description

Notes

ROAD_CONDITION_1

MUCR 825 road condition

1=dry

2 = wet

3 =snow

4 =ice

5 =slush

6 = mud

7 = standing water
8 = moving water
9 = other

ROAD_SURFACE

MUCR 8§26 road surface

1 = concrete

2 = asphalt

3 =brick

4 = gravel

5 =dirt/sand

6 = multi-surface

HIGWAY_CLASS

highway classification

A B L DH

EMERGNC_VEH_INVL_NA

MUCR 8§13 emergency vehicle
involvement

1 = police

2 = fire

3 = ambulance
4 = other

A = emergency vehicle on

emergency run

URBAN_RURAL_CLASS

population area

rural [0,5000)
urban [5000, 50000)

urbanized [50000, 200000)
metropolitan =>200,000

OPERATOR_LIC_TYPE

MO driver license code

1 = operator: E or F
2=CDL

INSURANCE_IND proof of vehicle or driver liability Y,N, U
insurance as required by law was
shown to officer
OPERATOR_LIC STATE driver’s state
VEHICLE_YEAR vehicle year
VEHICLE_MAKE vehicle make
VEHICLE_MODEL vehicle model some missing
VEHICLE_LICENSE_ST state of vehicle license e.g. MO
NO_OF OCCUPANTS number of occupants in vehicle
TRAFFIC_CONDITION MUCR 8§16 traffic condition 1 = normal

2 = accident ahead
3 = congestion ahead

41




Table 3.5 Continued

Field Name Description

Notes

VISION_OBSCURED MUCR 8§20 vision obscured

1 = windshield

2 = load on vehicle
3 =trees/brush

4 = building

5 = embankment
6 = signboards

7 = hillcrest

8 = parked cars

9 = moving cars
10 = glare

11 = other

12 = not obscured

VEHICLE_TYPE MUCR 8§12 vehicle body types
automobiles/special vehicles

1 = passenger car

2 = station wagon

3=SUV

4 = limousine

5=van

6 = small bus

7 =bus

8&9 = school bus

10 = motorcycle

19 = pickup

20 = single-unit truck: 2 axles
21 = single-unit truck: >=2 axles
22-26 tractor trailers

TRAFFIC_CONTROL_ELC_SGNL | MUCR 821 traffic control (second
part)

4 = stop sign

5 = electric signal

6 = RR signal/gate

7 = yield sign

8 = officer/flagman

9 = no passing zone

10 = turn restricted

11 = signal on school bus
12 = none

AADT Average Annual Daily Traffic

3.4 Historical Data Analysis

3.4.1 General Descriptive Statistics and Cross-Tabulation

A data check was performed by comparing the TMS query results with those reported in

the MoDOT tracker (MoDOT, 2012) and in the Missouri Traffic Safety Compendium (SAC,

2009-2011). The tracker from July, 2012, was used because crash reporting is not considered

stable until approximately sixth months after the completion of the year. Even though there were
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some differences among the data, the differences were not very significant. One reason for the
difference could be due to the highway patrol adjusting crash figures after the July tracker was
developed. The same query commands used for the tracker were also used in this project.

A pivot table was used for providing general descriptive statistics of the work zone crash
data. A pivot table is a tool for quickly sorting, summarizing, and presenting data in worksheets
or databases. One benefit of a pivot table is that the data manipulation is achieved graphically
from prebuilt commands without the need to enter functions or formulas. Cross tabulation of
different safety factors was also accomplished using the pivot table.

As shown in table 3.6, there were a total of 35 fatal crashes, 182 disabling injury crashes,
59 severe crashes, 1,425 minor injury crashes, and 5,107 property damage only (PDO) crashes in
Missouri work zones from 2009 to 2011. Severe crashes are crashes resulting in either fatalities
or disabling injuries, and they are not double-counted in all crashes. The total number of crashes
was 6,750. Because of the random factors inherent in crashes and the fact that not all factors are
captured in the MUCR, it is often useful to examine three year averages and confidence intervals
instead of annual frequencies. The three year averages were 11.7 fatal crashes, 72.3 severe
crashes, and 2,250 crashes. The confidence interval was determined at a 5% significance level

and appeared to be tight (narrow) for all severities due to large sample sizes.
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Table 3.6 Work zone crash severity

Year Std. | Confidence

200 | 201 | 201 | Tota | Averag | Dev | Lowe | Uppe
Severity 9 0 1 I e . r r %

11.7 21 |11.0 12.4 0.5

Fatal 11 14 10 35 2
Disabling Injury 48 77 57 182 | 60.7 14.8 | 58.5 62.8 2.7
Minor Injury 425 | 569 |431 |1425 | 475 81.5 | 471 479 21
Property Damage 171 | 193 | 145 1700 241 | 1700 |1710 |76
Only 0 9 8 5107
Severe Crashes 59 91 67 217 | 72.3 16.7 | 70.1 74.5 3.2

219 | 259 | 195 2250 325 | 2240 | 2260 | 100
All Crashes 4 9 7 6750

In Table 3.7, the crash severity of work zone crashes is compared with the crash severity

of all crashes which was obtained by querying the STARS (2013) system. Because the STARS

web-based querying tool does not differentiate between disabling and minor injuries, only three

severities are compared. The percentage of fatal, injury, and PDO crashes appear to be very

similar for work zones and non-work zones. There is virtually no difference in the percentage of

fatal crashes, and the difference for injury and PDO crashes are less than 1%. Despite some non-

Missouri literature pointing to elevated crash severities for work zone crashes, it does not appear

to be the case here in Missouri.

Table 3.7 Comparison of work zone vs. overall crash severity, 2008-2011

Severity | Work Zones | % All % Diff %
Fatal 35 0.52 | 3125 0.52 ]0.00
Injury 1607 23.81 | 148116 | 24.55 | -0.74
PDO 5107 75.67 | 452038 | 74.93 | 0.74
Total 6749 100 | 603279 | 100
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Table 3.8 shows the severity of work zone crashes for all seven MoDOT districts. At first
glance, the distribution of crash severities appears to be fairly similar across all districts. In other
words, PDO crashes account for approximately three-fourths of the crashes, approximately a
fifth are due to minor injury crashes, and approximately less than a tenth are severe crashes. A
closer examination reveals that the districts that have large metropolitan areas such as Kansas
City, St. Louis, and Springfield, have a lower percentage of severe crashes. The percentages in
metropolitan areas range between 2.8 and 3.0, while other districts range between 4.1 and 7.1.
This apparent difference will be investigated further by comparing urban versus rural crashes.
One could examine to see if the number of crashes is correlated with the number of work zones.
However, work zones differ significantly in characteristics such as length, duration, nighttime
and work intensity. Thus, a cursory comparison between the number of work zone crashes and
the number of work zones in a district could be counter-productive. Lastly, the total number of
crashes is somewhat correlated with the population of the districts. Kansas City (district 3),

Central (district 4), St. Louis (district 5), and Southwest (district 6) have more total crashes.

Table 3.8 Crash severity by MoDOT district in percentage

ST MoDOT District
1 2 3 4 5 6 7

Fatal 23 (06 (04 |02 |05 (04 [18
Disabling Injury 45 |65 [23 |43 |26 (25 |24
Minor Injury 23.0(20.2 (224 |20.4]19.1 (2431938
Property Damage Only | 70.3 | 72.6 | 74.8 | 75.0 | 77.9 | 729 | 76.0
Severe Crashes 6.8 |71 (28 [46 |30 (29 |41
Total Crashes 222 | 168 | 2241|460 | 2542 (977 | 338
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The effect of lighting on crash severity is examined in table 3.9. For each severity, the
columns should add up to 100%. As a whole, daytime crashes represent 77.7% of the crashes.
Accounting for exposure, this number could simply reflect the higher traffic demand during
daytime. The relationship between crash and AADT will be examined later. Looking at the
percentage of crashes for different lighting categories for each severity type, there appears to be a
significant difference between fatal crashes and other types of crashes. Since the sample size of
fatal crashes is relatively small, statistical testing is required to verify that this difference is not
merely random. The crashes that occurred when dark seemed to be overrepresented in fatal
crashes is at 48.7%, as opposed to only 21.3% for all crashes. As a result, it is worthwhile to
consider strategies for improving nighttime safety such as better lighting, delineation and

visibility at nighttime work zones.

Table 3.9 Crash severity by lighting in percentage

. . Dark |[Dark | Dark
Severity Daylight Lt on | Lt off | No Lts. Indet.
Fatal 48.7 7.7 0.0 41.0 2.6
Disabling Injury 75.3 8.9 1.1 14.7 0.0
Minor Injury 76.5 11.8 0.7 9.9 1.0
Property Damage Only 78.3 10.7 0.8 9.2 1.0
Severe Crashes 70.7 8.7 0.9 19.2 0.4
Total Crash Counts (not percentage) | 5398 754 55 673 68
Total 77.7 10.9 0.8 9.7 1.0

According to the STARS manual (MTRC, 2002), the accident type flows from the first
harmful event and involves the two major categories of collision and non-collision. A “fixed
object” is any object not in motion and attached to the terrain such as trees, embankments, poles,
fences, culverts, and curbs. A “fixed object” is also any object intentionally placed for an official
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purpose, such as traffic barricades or road machinery. According to this definition, many objects
involved in work zones, such as temporary traffic control devices and construction equipment,
are considered “fixed objects”. “Other devices” is a catchall category to encompass objects
outside the definition of fixed objects, such as objects dropped from motor vehicles and fallen
trees or stones. “Collision Involving Motor Vehicles in Transport” is a category that involves at
least two vehicles in transport on the same roadway or intersection and includes stopped,
disabled, and abandoned vehicles. “Other Non-Collision” is a non-overturning catchall category
and includes accidents such as carbon monoxide poisoning, vehicle breakage, explosions, fires,
and leaks.

Table 3.10 presents the severity of the various accident types in work zones from 2009 to
2011. There were a total of 6,750 harmful events. Table 3.11 presents the percentages of
accident types. In examining the percentages of different accident types, the non-collision
categories of “overturning” and “other” total only 3.2% of all crashes. In terms of collision
crashes, the two largest groups are “motor vehicles in transport” (74.3%) and “fixed and other
objects” (17.8%). When severe crashes are examined, the disparity between “motor vehicles in
transport” and “fixed and other objects” is reduced to 55.8% and 28.6%. Nonetheless, there is
still over 50% of work zone crashes that involve vehicle interactions, and they point to possible
factors such as traffic queues, lane drops, or distracted driving. Other MUCR fields will provide

more details on the causes of the crashes.
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Table 3.10 Crash by severity and accident type
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Table 3.11 Crash by severity and accident type in percentage
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All Crashes 09 |02 |135(43 |07 |743 (01 |28 |15 |18

According to the STARS manual (MTRC, 2002), two vehicle collisions are further
identified by the first harmful event. A “head on” refers to a collision between the front ends of
two vehicles or if two vehicles were traveling in opposite directions immediately preceding a
collision. A “rear-end” refers to a collision where two vehicles were traveling in the same
direction, even if the impact was not by the front end of one vehicle against the rear-end of
another. Table 3.12 shows the number of crashes for each two-vehicle collision type. The
percentage of each collision type among the severities is shown in table 3.13. Table 3.13 shows
the most common type of a two-vehicle collision is “rear-end” (56.1% for all crashes and 51.6%
for severe crashes). This type of collision occurs when the following vehicle is not able to stop in
time before contacting the leading vehicle. The failure to stop could be due to a failure of

perception/reaction or a failure of braking such as in inclement weather. To gain more insights,
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the two vehicle collision data will be analyzed with human factors such as inattention or
impairment, weather, or congestion.

Even though “head on” collisions only account for 1.2% of all crashes, it
disproportionately represents more severe (10.5%) and fatal (31.3%) crashes. As previously
discussed in table 3.2, “head on” was also highlighted in the Blueprint and accounted for 11% of
fatalities and 8% of serious injuries. The work zone settings in which opposite direction vehicles
could collide can be analyzed in the work zone context. Some possible settings include a two-
way (head-to-head), missing or unclear striping, unclear guidance, or encroachment on the
driving lane in one direction. Even though the sideswipe labels were not explained in the
previous STARS manual, the new STARS manual (MSC, 2012) re-labeled the two categories as
“opposite” and “same direction sideswipe”. Thus, the previous label of “sideswipe — meeting”
might have been interpreted as opposite direction sideswipe, while “sideswipe — passing” might
have been interpreted as “same direction sideswipe”. “Sideswipe — meeting” could share similar
conditions to the “head on”. While “sideswipe — passing” could share similar conditions with
“angle”. For example, in the case of a lane drop, an angle collision could occur at the taper, or a
sideswipe could occur in anticipation of the taper when changing lanes. If these assumptions are
correct, then 12.9% of severe crashes are “head on/sideswipe-meeting” and 33.9% are

“angle/sideswipe-passing”.

50



Table 3.12 Crash by severity and two vehicle collision type

gl 2
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Code 60 | 61 62 (63 |64 65 |67 | Total
Fatal 5 |6 1 2 2 0 0 |16
Disabling Injury 8 |58 2 7 31 0 2 | 108
Minor Injury 26 | 749 |7 48 1232 |11 |6 | 1079
Property Damage Only | 22 | 2100 | 90 | 695|832 | 179 | 74 | 4001
Severe Crashes 13 | 64 3 9 33 0 2 | 124
All Crashes 61 | 2913 | 100 | 753 | 1097 | 190 | 82 | 5205

Table 3.13 Crash by severity and two vehicle collision type in percentage
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Fatal 31.3(375(6.3|125]125|0.0(0.0
Disabling Injury 74 |537(19|65 [287]00]19
Minor Injury 24 (6940644 |215|10]|0.6
Property Damage Only [ 0.6 |52.623|17.4(208 45|19
Severe Crashes 105(516)|124|73 [266]0.0]|1.6
All Crashes 12 |56.1119|145(211(3.7|16

According to the STARS manual (MTRC, 2002), “probable contributing circumstances”

are determined by the investigator regardless of an arrest. At least one category is marked. Up to
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four can be marked in total. Examples of vehicle defects include failed brakes and headlights. An
example of an improperly stopped vehicle is an abandoned vehicle. When both “speed —
exceeded limit” and “too fast for conditions” apply, only the former is marked. The “violation
signal/sign” category includes both traffic control devices and officer/flagperson. The “failed to
yield” category applies when there are no traffic control devices specifically assigning the right-
of-way. The “alcohol” and “drugs” categories refer to instances where the officer decided that
alcohol or drugs contributed to the accident, but these categories are not synonymous with
intoxication. Examples of “physical impairment” include fatigue, being asleep, and illness. The
“inattention” category could be due to various factors such as using cell phones, stereos, other
electronic devices, taking with passengers, smoking, eating/drinking, reading, grooming, etc. The
category “none” is marked only when the officer decides that there was not enough evidence to
determine a cause.

Table 3.14 shows the counts and table 3.15 shows the percentage of crashes for different
severities by contributing circumstances. One of the uses of tables 3.14 and 3.15 is to compare
the contributing circumstances among the different severities. Before comparing among
severities, the last row in table 3.15, all crashes, shows the overall distribution of crashes among
the contributing circumstances. This row shows that the last two columns, “none” and
“unknown”, represent a large percentage of all vehicle circumstances at 41.3%. As explained in
the STARS manual, the category “none” is marked only when the officer decides that there was
not enough evidence to determine a cause. The STARS manual did not explain what “unknown”
meant, although the percentage is relatively small at 1.3%. The next largest categories,
“inattention” (15.6%), “following too close” (13.8%), “improper lane usage” (7.7%), “too fast

for conditions” (6.0%), and “failed to yield” (5.4%), add up to 42.2% of the vehicle
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circumstances. If only severe crashes were examined, then the order of these categories changes
to “inattention” (17.3%), “too fast for conditions” (9.4%), “following too close” (7.6%),

“improper lane usage” (6.9%), and “failed to yield” (5.8%).
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Table 3.14 Crash severity by contributing circumstances
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Since the none and unknown categories are not helpful for analysis, only the known
contributing circumstances are analyzed further. Also, there are some categories that are closely
related and could be corrected by the same countermeasures. These categories are combined for
further analysis as was done in the Blueprint. The “aggressive drivers involved” category
includes “speed — exceeded limit”, “too fast for conditions”, and “following too close”. Although
unexplained in the Blueprint, the “distracted drivers” involved category is probably equivalent to
the MUCR term “inattention”. The “substance-impaired drivers” category includes both “alcohol
and drugs”. Table 3.16 shows the distributions for these categories by adding the applicable
percentages in table 3.15. Table 3.16 also compares work zone crashes with all crash types.
Because the data for all the crashes was generated by the STARS website, only one severity for
all injuries was available. In terms of all crashes, “aggressive drivers” and “distracted drivers”
appear less in work zone crashes than in crashes occurring elsewhere. However, the reverse is
true if the focus was on injury crashes. In fact, for injury crashes in work zones, these two
categories have a much higher percentage than other crashes, 43.1% vs. 28.8% for “aggressive
drivers” and 35.2% vs. 22.6% for “distracted drivers”. Thus, these two categories appear to
contribute to work zone crashes even more than normal.

Regarding the issue of “distracted drivers”, there are engineering counter measures that
could be applied. However, for “aggressive drivers”, the solutions are more suitable to
educational or legislative efforts. Looking at the related categories of “failed to yield” and
“violation of signal/sign”, summed together in the last row of table 3.16, it appears that these
circumstances appear less in work zone crashes than other crash types. If the categories of
“aggressive drivers”, “distracted drivers” and “failure to yield/violation” were viewed together,

one possible conclusion would be that human factors are a much greater contributor than non-
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human factors. This again points to solutions related to education, enforcement, and legislation,
more than engineering. Although engineering solutions might help to provide greater warning.
Lastly, “substance-impaired” and “improper lane usage” circumstances appear to be similar

between work zones and all crash types.

Table 3.16 Comparison of select contributing circumstances in percentage

Contributing Work Zones Crashes All Crashes
Circumstances All Fatal Injury | All Fatal Injury
Aggressive Drivers | 20.7 15.1 43.1 28.2 25.8 28.8
Distracted Drivers | 15.6 12.5 35.2 24.0 14.3 22.6
Substance-

Impaired 1.9 12.5 7 4.4 13.3 6.9
Improper Lane

Usage 7.7 13.8 10.1 8.7 12.6 7.7
Failed to Yield 5.4 3.8 12.4 13.3 7.9 15.1
Violation

Signal/Sign 1.4 2.5 5.9 3.4 3.2 5.0
Fail Yield/

Violation 6.8 6.3 18.3 16.8 11.1 20.2

According to the STARS manual (2002), up to seven chronological events of each
vehicle are recorded in section 17 of the MUCR. These events start from the first unstabilized
event and end with the final rest. The list of fixed objects (code 36) include items such as trees,
embankments, medians, guardrails, utility/lighting poles, fences, culverts, traffic signs, bridges,
curbs, barriers, and impact attenuators. Thus, these objects could include both permanent road
features and temporary ones related to a work zone. Table 3.17 shows the 18,743 crash

sequences by severity in work zone crashes from 2009 to 2011.

57



Table 3.17 Crash severity by vehicle sequence
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Table 3.17 Continued
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Table 3.18 shows the percentage of each vehicle sequence. Ordered by magnitude, the
vehicle sequences with the highest percentages are: “going straight” (22.9%), “collisions
involving motor vehicles in transport” (20.7%), “slowing/stopping” (11.3%), “stopping in
traffic” (7.8%), “skidding/sliding” (5.3%), “changing lanes” (4.7%), “collision involving fixed
objects” (4.7%), “avoiding” (3.9%), “run-off-road — right” (3.0%) and “run-off-road — left”
(2.5%). Since the vehicle sequence categories are not mutually exclusive, there could be many
ways of interpreting these percentages to understand the underlying causes of the crashes. One
way is to differentiate between on-road and off-road crashes. All the top vehicle sequences
appear to be related to on-road crashes. Thus, “going straight”, “collisions involving motor
vehicles in transport”, “slowing/stopping”, and “stopping in traffic’” add up to 54.9%, while
“collisions involving fixed objects” and “run-off-road incidents (right and left)” add up to only
10.2%. The STARS website does not have an easy way (i.e., pre-built) of querying for vehicle
sequences for all crashes, thus the comparison with all crashes will reference the Blueprint. As
presented in table 3.5, run-off-road incidents account for 36% of fatalities and 35% of serious
injuries resulting from all crashes. Here, only 11.9% of the severe work zone crashes involve
run-off-road collisions. Even though the Blueprint percentage is compiled from individual
fatalities or injuries, and the percentages listed in the table are compiled from crashes, it appears
that run-off-road crashes are much less of an issue at work zones than in other settings. Table
3.11 (accident type) also supports an on the road focus since “motor vehicles in transport”
accounts for 55.8% of severe work zone crashes and 74.3% of all crash severities. Thus, in

regards to work zones, safety improvements should focus on issues that occur on the road itself.
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It appears that there is a high percentage of work zone crashes that are related to traffic
conditions around the work zone. The vehicle sequence categories of “collisions involving motor
vehicles in transport”, “slowing/stopping”, “stopped in traffic”, “skidding/sliding”, and
“avoiding” could all be related to traffic conditions. These categories sum up to 49%. Since these
categories are not mutually exclusive, this does not mean that 49% of the crashes could be traffic
related. Nonetheless, the 49% does point to engineering and enforcement solutions that deal with
advance warning and driver alertness during congestion. This observation is consistent with
national work zone studies as shown in table 3.1 (NCHRP), which pointed to a higher number of
congestion-related crashes such as multi-vehicle and rear-ends.

The evidence from vehicle sequence data seems to re-affirm the contributing
circumstances data. As previously shown in table 3.14, the largest known circumstances include
“inattention”, “following too close”, and “too fast for conditions”. The data suggests that there
are a significant number of drivers who are not careful near work zones and who are surprised by

work zone-related congestion. This evidence also re-affirms the Blueprint’s emphasis on

aggressive and distracted drivers.
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Table 3.18 Crash severity by vehicle sequence in percentage
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Fatal 175(/11/00|/00/05(00|87|44 |11]/00|0.0/38|05|27|55(05/49|05|16
Disabling Injury 177/15/05/00|18(03({93|60 |10({01]01|49|00(14/49|/05(36|22|04
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* The all crashes row does not count the number in the severe crashes row twice
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Table 3.18 Continued
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* The all crashes row does not count the number in the severe crashes row twice
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As discussed in table 3.5, the population of the region where the work zone crash
occurred is divided into the classifications of urban, urbanized, and rural. The population
threshold is 50,000 for urbanized and 5,000 for urban. Table 3.19 shows that the largest
percentage of crashes for each severity occur in urbanized areas since there is more travel in
these areas and thus greater exposure. But there is a clear difference in severity among the
population categories as rural areas disproportionately account for a greater percentage of fatal
and disabling injury crashes. Rural crashes account for less than 20% of the total crashes and yet
account for 46.2% of fatal and 32.8% of disabling injury crashes. Even though the sample size of
fatal and disabling crashes is small compared to PDOs, it is still significant at 189 crashes. This
pattern of more severe rural crashes is consistent with other reports, such as the Missouri Traffic
Safety Compendium (MSAC, 2012) that reports 66.3% of crashes occurred in an urban area
versus 33.7% in a rural area, but 70.5% of fatal crashes occurred in a rural area. These results are
also consistent with the examination of crashes by MoDOT districts shown in table 3.8. Severe
work zone crashes are disproportionately represented in the more rural districts versus the more

urbanized St. Louis and Kansas City districts.

Table 3.19 Urban/rural classification by crash severity in percentage

Severity
Population | Fatal | Disabling Injury | Minor Injury | PDO | Total
Urbanized | 46.2 |55.6 73.7 725 | 721
Urban 7.7 11.6 7.8 8.2 8.2
Rural 46.2 | 32.8 18.4 19.3 | 19.7
100% | 100% 100% 100% | 100%

Related to the previous discussions on crash patterns in urban areas versus rural areas is
the analysis of the type of facilities within urban or rural regions. Two informative factors

64



include the speed limit and the functional classification. Table 3.20 shows the distribution of
crashes among different speed limits for each severity and the percentage of crashes falling under
each speed limit. As noted in a number of reports (cf. TRB, 1998), there is generally a
relationship between speed and both crash frequency and crash severity. This relationship is
fundamentally based on the physics of a collision. However, tables 3.20 and 3.21 illustrate a
more influential factor, and that is the functional classification of the facility. Because design
standards among other factors differ among functional classes, these factors could be more
important than the speed limit of the facility. As shown in table 3.20, interstates account for
48.6% of total work zone crashes and 47.2% of serious crashes. This high frequency is a function
of the large amount of demand serviced by interstates. More interestingly, table 3.21 shows that
the distribution of crash severity differs by functional classification. The percentage of severe
crashes on major collectors is 9.4%, which is much larger than other functional classes. The
percentage of severe crashes is also large in expressways as it is calculated at 4.5%. When
considering the speed limit together with the functional classification, there appears to be some
patterns. First, the highest speed facilities or interstates, do not have severe crashes
overrepresented. Second, higher speed facilities do experience more severe crashes, but that is
probably due to the larger amount of traffic carried on those facilities. Third, the lower speed
facilities, such as minor collectors and local roads, do not experience severe crashes. Lastly, the
major collector roads have the highest percentage of severe crashes at 9.4%, which is more than

twice the percentage of the next roadway type that is expressways.
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Table 3.20 Crash severity by speed limit

Speed Limit (mph)
Severity |05 |10 |15 |20 |25 |30 |35 |40 [45 |50 |55 |60 |65 |70
Fatal 00 [05 |00 |05 |32 |63 [101 |37 [201 [90 [11.6 |19.0 |69 |79
Disabling
Injury 00 [00 |00 |00 |00 [26 |26 |26 [128 [12.8 |154 |256 |10.3 | 128
Minor
Injury 01 (01 |00 |04 |50 |58 [17.1 |82 |[186 [40 |11.7 |163 |45 |39
Property
Damage
Only 00 |01 |04 |16 |83 |65 |158 |72 |162 |56 |103 |131 [49 |44
Table 3.21 Crash severity by functional classification
Functional Classification
Pr. | Min. | Maj. Min.
Severity IS Fwy. | Expr. | Art. | Art. | Col. | Col. | Col. | Local
Fatal 27 5 8 9 2
Disabling Injury 93 23 16 44 13 11 3
Minor Injury 706 | 254 | 147 287 |90 17 12 |6 8
Property Damage Only | 2569 | 724 | 357 1020|330 | 108 |68 |11 13
Severe Crashes 120 | 28 24 53 13 13 3 0 0
Total 3395 | 1006 | 528 1360 | 433 | 138 |83 |17 21
Table 3.22 Crash severity by functional classification in percentage
Functional Classification
Pr. | Min. | Maj. Min.
Severity IS | Fwy. | Expr. | Art. | Art. | Col. | Col. | Col. | Local
Fatal 08 |05 |15 07 |00 |14 |00 [0.0 |0.0
Disabling Injury 27 123 |30 32 |30 |80 |36 (00 (0.0
Minor Injury 20.8 252 | 278 |21.1|20.8 |12.3 | 145|353 |38.1
Property Damage Only | 75.7 | 72.0 | 67.6 |75.0|76.2 | 783 |81.9|64.7 | 619
Severe Crashes 35 128 |45 39 |30 |94 |36 |00 |00
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The traffic condition for each crash is divided into three categories: normal, accident
ahead, or congestion ahead. There were some crashes for which the traffic condition was
unknown. Because this field is determined by the officer at the scene, some of the congestion
ahead conditions could actually fall into the accident ahead category as the cause of the
congestion might not be evident. Also, the congestion could have dissipated after the officer
arrived. Table 3.23 shows that 35.7% of all work zone crashes are not under normal traffic
conditions. This percentage appears to be high; although this can be verified by comparing this
percentage against the percentage of traffic conditions for all crashes. As discussed previously,
the analysis of vehicle sequences and two-vehicle collision types also seem to suggest that

congestion plays a significant role in work zone crashes.

Table 3.23 Crash severity by traffic condition

Traffic Condition
Accident | Congestion

Severity Normal | Ahead Ahead Unknown
Fatal 30 2 6 1
Disabling Injury 135 4 48 2

Minor Injury 884 33 530 20
Property Damage Only 3327 74 1781 56
Serious Crashes 165 6 54 3

Total 4377 113 2365 79

% 63.1 1.6 34.1 1.1

Table 3.24 shows the percentage of crash severities within each traffic condition. The
percentage of PDO crashes is the highest for normal traffic conditions at 76%. The accident
ahead condition has the percentages shifted towards the more severe crashes, thus it has the
highest fatal, disabling, and minor injury crash percentages among all traffic conditions. This

shows the safety concern associated with secondary crashes since they tend to be more severe.
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Congested traffic conditions appears to reflect conflicting results. On one hand, they have a
slightly smaller PDO percentage than normal traffic conditions. On the other hand, the
percentage of severe crashes (2.3%) is smaller than it is under normal traffic conditions (3.8%).
The less severe crashes could be the result of minor read-end crashes. Rear-end crashes were

examined previously under two-vehicle collision types (tables 3.12 and 3.13).

Table 3.24 Crash severity by traffic conditions in percentage

Traffic Condition
Accident | Congestion

Severity Normal | Ahead Ahead Unknown
Fatal 0.7 1.8 0.3 1.3
Disabling Injury 3.1 3.5 2.0 2.5

Minor Injury 20.2 29.2 22.4 25.3
Property Damage Only 76.0 65.5 75.3 70.9
Serious Crashes 3.8 5.3 2.3 3.8

The differences in AADT distribution is examined for each severity type. For each
severity (row), the percentage of crashes that occur under each AADT range (column) is shown
in table 3.25. The percentages should add up to 100% across each row. Table 3.25, or the
companion figure 3.3, show some possible differences between the more severe and the less
severe crashes. It appears that the low AADTS are overrepresented for more severe crashes,
especially for fatal crashes. This possible trend appears to reinforce the previous discussions on
urban versus rural and functional classifications that severe crashes are over-represented in rural

areas and on major collectors.
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Table 3.25 Percentage distribution of crash severities among AADT

Figure 3.3 Percentage distribution of crash severities among AADT

3.5 Chapter Conclusions

AADT Categories
0- 1k- 3k- 4k- | 5k- | 6k- | 7k- | 8k- | 9k-
Severity 1k 2k 2k-3k | 4k 5k |6k |7k |8k |9k |10k | >10k
Fatal 244 | 333 | 22.2 133 |22 |22 |00 |22 |00 |00 |0.0
Disabling Injury 31.8 | 32.3 | 13.9 8.1 22 |49 |27 |09 |13 |18 |00
Minor Injury 194 | 294 | 142 135 |77 |43 |32 |35 |23 |15 |11
Property Damage Only 19.9 | 31.0 | 13.8 131 |74 |49 |25 |29 |21 |17 |08
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The percentage of crashes in the fatal, injury, and PDO categories between work zones

and non-work zones differed by less than one. Unlike a number of other studies, the examination

of Missouri work zone crashes shows no elevated risk for accidents that occur in work zones.
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Crashes that occurred when it was dark seemed to be overrepresented in fatal and severe crashes.
Therefore, it might be useful to consider strategies for improving nighttime safety such as better
lighting, delineation, and visibility at nighttime work zones. In terms of the accident type, a large
number of work zone crashes involved vehicle interactions. These crashes point to possible
factors such as traffic queues, lane drops, or distracted driving. Of the two-vehicle collisions,
rear-end crashes are the most significant, and they tend to be more severe. The failure to stop
could be due to a failure in perception/reaction or a failure to brake. Countermeasures that
increase driver attention and compliance such as enforcement, larger fines, and education could
be useful in reducing two-vehicle and rear-end crashes. If the contributing circumstances
categories of aggressive drivers, distracted drivers, and failure to yield/violation were viewed
together, it would imply that human factors are a great contributing factor to crashes. This fact
again points to solutions related to education, enforcement, and legislation more than just
engineering.

In contrast to all crashes, work zone crashes involved fewer run-off-road crashes and
more on-road crashes. In terms of traffic conditions, the category “accident ahead” was
overrepresented which means congestion and lane drops at work zones could be significant
factors. For probable contributing circumstances, aggressive and distracted driving are major
problems. The examination of the crash distribution of MoDOT districts, urban versus rural
areas, functional classification, speed limit, and AADT shows rural crashes are disproportionally
more severe. Major collectors experience the highest percentage of severe crashes, almost three
times as many as interstates and freeways. Low AADT routes are overrepresented in more severe

crashes. Fatal rural crashes and disabling injury crashes occur at a higher proportion than in
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urban or urbanized regions. The following are a list of possible countermeasures. The first list
echoes the conclusions from the Missouri Blueprint:

e Better training all around

e Surveying and educating the public

e Quick incident clearance

e Visible apparel for workers

e Increased enforcement

e Proper work zone setup, planning/prediction of impacts

e Minimizing work zone traffic impacts

e Contractor work and traffic safety plans and reviews

e Increasing nighttime visibility

e Dynamic queue monitoring

e Banning handheld cell phones and texting through work zones
In addition, the following suggestions are recommended.

e Advocate for educational solutions such as a news release for this report

e Suggest the use of this report to help with work zone safety legislative efforts such as

increasing speeding fines at work zones and greater enforcement
Follow up research to this project could involve a comparison of HSM-type crash

prediction versus the prediction of actual crashes. This is currently not feasible as there is very
little information in the HSM on work zone crash prediction. A more detailed comparison
between work zone crashes and crashes on other facilities could help to better assess work zone
risks. A detailed analysis of crash narratives for fatal and injury crashes, including crash

diagrams, could help reveal greater insights into contributing factors.
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Chapter 4 Statistical Analysis of Work Zone Crash Data

The crash data discussed in the previous chapter was further analysed using statistical
methods. This verifies that trends observed in the data are systematic and not due to natural
randomness. There is a wide range of literature available on work zones in the U.S. This
literature provides important usable information on different aspects of work zone crashes and
modeling information. According to the Fatality Analysis Reporting System (FARS) maintained
by the National Highway Traffic Safety Administration (NHTSA), the number of fatal motor
vehicle traffic crashes in the state of Missouri in 2012 was 826, of which 7 of them took place in
work zones. According to Federal Highway Administration (FHWA), motor vehicle fatal injuries
in work zones average around 900 persons every year, and fatalities increased more than 50% in
the span of 5 years.

The Federal Highway Department’s facts show that work zones lead to increases in
traffic congestion that results in increased crash rates (FHWA, 1998). Congestion and crashes are
closely tied. Congestion leads to crashes and crashes lead to congestion. Work zones are
estimated to cause about 10% of the nationwide traffic congestion that leads to an annual fuel
loss of about $0.714 billion. Most work zones have Temporary Traffic Control (TTC) zones.
Most TTC zones are divided into four areas: the advance warning area, the transition area, the
activity area, and the termination area (FHWA, 2009).

The advance warning area is where road users are warned of an upcoming work zone.
The transition area is the zone where the road users are redirected from their regular path. The
activity area is where the construction activity takes place. The activity area can be further
divided into a workspace, a traffic space, or a buffer space. The workspace is closed to road users

and contains the workers, equipment, construction vehicles, and construction activity. It is not
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stationery and may move as the work progresses. There may be multiple workspaces in an
activity area. The traffic space is where the regular traffic is directed through a work zone. The
buffer space is the area which separates the workspace and the traffic space. It may also provide
some recovery space for errant vehicles. The termination area is where the activity area ends and
the road users can transition from the temporary path to the normal path (FHWA, 2009). An
analysis of crashes in Kentucky shows that 80% of the crashes occur in the work area (Pigman
and Agent). Garber and Zhou also stated that most of the crashes are found in the activity area
(Garber and Zhou, 2002).

An analysis of freeway work zones shows that the advance-warning area is unsafe during
peak traffic conditions and during bad weather. The exit area is also unsafe particularly during
the off-peak periods. Queuing crashes are more likely to involve two or more vehicles and tend
to be rear-end crashes. Research also shows that queuing crashes are likely to be more severe
when compared to regular work-zone crashes (Srinivasan, 2008).Washburn and Carrick point out
that the crash reports of most of the states do not have data elements to capture adequate details
about the work zone in which a crash may have occurred (Washburn, 2006).

At total of 79% of work zone crashes occurred in daylight conditions and 58.4% of
crashes occurred in clear weather conditions (Akepati, 2010). Inattentive driving and following
too closely are two major contributing factors in car crashes. Most crashes are Property Damage
Only (PDO) types. In a study involving 5 states, 72.2% of them were PDO (Dissanayake and
Akepati, 2007). Regarding injury crashes, 82% were due to driver error. Rear-end collisions
were the most common cause for crash injuries, and head-on collisions were the most common
cause for fatal work zone accidents (Bai and Li, 2007). Facts from the FHWA show that rear-end

collisions are the most common type of crashes in work zones. Research suggests that following
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too close, failure to control, and improper lane change/improper passing accounted for 71% of all
fatal and injury crashes at interstate freeways in Ohio work zones (Salem, 2007). From 2003-
2007, around 70% of the accidents occurred between 8 AM to 4:59 PM (Pegula, 2010). Bai and
Li conducted research on fatal and injury crashes on Kansas Highway work zones from 1992 to
2004 (2007b). Their research shows that day time non-peak hours between (10 AM to 4 PM)
have the highest crash injuries (42%) and the second highest number of fatal injuries (32%). A
large percentage of fatal injuries (37%) occur in night time between 8 PM to 6 AM. Most of the
fatal work zone crashes occur on roads with speed limits greater than 50 mph (FHWA).

The number of fatalities in work zone crashes involving trucks has been increasing. From
2000-2008, 25% of work zone MV fatalities involved trucks. Also, 65% of fatal crashes occurred
during the day. Angle, rear-end, and head-on crashes are the most common types of crashes
involving large trucks in work zones (FHWA).

4.1 Methodology

Data analysis is the process of observing the data, transforming it, and modeling it to
obtain useful information. The modeling process allows for the identification of statistically
significant factors that contribute to work zone crashes. The methodology used to model the data
was the multinomial logistic regression (MLR). The raw data set consists of values which are
ordinal and nominal. Multinomial regression is used when the dependant variable is nominal and
the number of categories are more than two. There is no natural ordering of the independent
variables. One of the assumptions of MLR is that the dependent variable cannot be perfectly
predicted by the independent variables for any case. It is an extension of the binomial logit
model. Multinomial regression uses the maximum likelihood ratio to determine the probability of

the categorical membership of the dependent variable. One of the reasons why multinomial
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logistic regression is a good choice for this data is because it does not assume normality,
linearity, or homoscedasticity (Starkweather, 2011).

There are multiple ways to mathematically model the multinomial logistic regression, but
the concept behind them all is the construction of a linear predictor function that constructs a
score from a set of weights that are linearly combined with independent or explanatory variables

using a dot product. The equation for the MLR score is:

Score (X;, k) = By - X;,
where X; is the vector of independent variables of the observation I,
B 1s the vector of regression co-efficients corresponding to outcome K,

and Score (X;, k) is the score associated with assigning observation i to category k.

It is assumed that there are N amount of data points. Each data point has m amount of
independent variables and a dependant variable Y that can take on one of K possible values. The
goal of the multinomial logistic regression is to construct a model that explains the relationship
between the independent variables and the dependent variable. When using this regression, one
category of the dependent variable is selected as the reference category. Separate odds ratios, the
odds of an event occurring given some factor compared to the odds of an event occurring in the
absence of that factor, are determined for all independent variables for each category of the
dependent variable, with the exception of the reference category which is omitted.

4.2 Modeling the Data

The data used for the multi logit model is from the Missouri Transportation Management

System (TMS) from 2009-2011. For data modeling, we choose the independent variables which
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might have significance on the severity of a crash and we convert them, coding them to our
convenience. Accident severity is our dependent variable. The original data has four categories
of severity. They are property damage only (PDO), minor injury (Ml), disabling injury (DI) and
fatal. For our research, we combine disabling injury and fatal as one independent variable. Table
4.1 displays the three dependent variables modeled. Presented in table 4.2 are the nine

independent variables and their categories and codes used in the regression.

Table 4.1 Dependent Variables

Severity Code
Property Damage Only (PDO) 1
Minor Injury (M) 2
Disabling Injury (DI) and Fatal 4

77



Table 4.2 Independent Variables

Variable Name

Categories

o
o
)

Accident Type

Animal

Pedalcycle

Fixed object

Other object (moveable)

Pedestrian

Train

MV in transport

MYV on other roadway

Parked MV

OO |N|®O |0 WINFIO

Overturning

Other non-collision (Eg: Fire)

Two Vehicle Analysis

Head on

Rear-end

Sideswipe- meeting

Sideswipe-passing

Angle

Backed into

Other

Road Alignment

Straight

Curve

Road profile

Level

Grade

Hillcrest

Light conditions

Daylight

Dark with streetlights on

Dark with streetlights off

Dark with no streetlights

Indeterminate

Weather

Clear

Cloudy

Rain

Snow

Sleet

Freezing (temp)

Fog/mist

Indeterminate

Road Condition

Dry

Wet

Snow

Ice

Slush

Mud

Standing water

Moving water

Other

OO N[O |WINFP|IO|NOOAR|WINFRP|IORWINIFRPIWINEFIN
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Table 4.2 Continued

Variable Name

Categories

Vision Obscurity

Windshield

Load on vehicle

Tree/bush

Building

Embankment

Signboards

Hillcrest

Parked cars

Moving cars

Glare

Other

Not-obscured

Traffic Control

Normal

Accident ahead

Congestion ahead

The analysis of the model uses three performance measures:

1) P value : This is a significance test. It is normally tested at a threshold value of 5% or 1%.

If the p-value is less than the threshold value, we reject the null hypothesis and accept

the test hypothesis as valid. For our model, we test at a 5% significance level. Therefore,

if the p-value is less than 0.05, we can conclude that it is statistically valid.

2) R value : The beta coefficients show the effect of the independent variables on the

dependent variable. A positive coefficient for B shows a positive impact while a negative

coefficient shows a negative impact. For our analysis, a positive B value shows that the

category is more likely to impact the category of a dependent variable with respect to the

reference category. If B > 0, it is more likely to impact the dependent variable. If B <0,

it is less likely to impact the dependent variable. If B=0, the particular category and the

reference category are equally likely to impact the dependent variable.
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3) Exponential beta value: This value gives provides the odds ratio for the independent
variables. It is an exponentiation of the regression coefficients (B). The odds ratio shows
the change in odds of the dependent variable being in a particular category compared to
the reference category, corresponding to one unit change of the independent variable. An
odds ratio > 1 indicates that the risk of the outcome falling in the comparison group
relative to the risk of the outcome falling in the referent group increases as the variable
increases. Therefore, it is more likely to fall in the comparison group. An odds ratio < 1
indicates that the risk of the outcome falling in the comparison group relative to the risk
of the outcome falling in the referent group decreases as the variable increases. In
general, if the odds ratio < 1, the outcome is more likely to be in the referent group.
Table 4.3 presents the descriptive statistics of the data set. The descriptive statistics

display the quantitative features of the sub-groups in the sample. The data set contains a total of
225,383 observations. Of these, 198,836 were valid and 26,547 were missing or blank. Valid
observations are those observations in the data set which do not have any of the dependent or
independent variables missing. The missing observations are observations in which data is
missing from either the dependent or independent variables, or both.

N- This variable provides the total number of observations corresponding to a particular
category. For example, the first three values in the table can be interpreted as, among the 198,836
crashes, 129,032 were PDO, 60,646 were MI, and 9,158 were DI and fatal.

Marginal Percentage: This percentage gives an estimate of the proportion of valid
observations found in the dependent variable’s group. For example, going back to the first three
values in the group, among all the crashes, 64.9% were PDO, 30.5% were M1 and 4.6% were DI

and fatal.
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Table 4.3 Independent variable descriptive statistics

Variable and Code N Marginal Percentage
1 129032 64.90%
SEVERITY 2 60646 30.50%
4 9158 4.60%
7 195936 98.50%
ACCIDENT_TYPE 8 136 0.10%
9 2764 1.40%
60 | 2486 1.30%
61 | 137725 69.30%
62 |2928 1.50%
63 | 20277 10.20%
TWO _VEH_ANALYSIS 64 | 28080 14.10%
65 | 3954 2.00%
66 | 120 0.10%
67 | 3266 1.60%
1 180460 90.80%
ROAD_ALIGNMENT 5 18376 9.20%
1 123829 62.30%
ROAD_PROFILE 2 71276 35.80%
3 3731 1.90%
1 164568 82.80%
2 16768 8.40%
LIGHT _CONDITION 3 1037 0.50%
4 15417 7.80%
5 1046 0.50%
1 145960 73.40%
2 45072 22.70%
3 6169 3.10%
4 455 0.20%
WEATHER 5 |20 0.00%
6 392 0.20%
7 620 0.30%
8 148 0.10%
1 178752 89.90%
2 18274 9.20%
3 571 0.30%
4 382 0.20%
ROAD_CONDITION 5 76 0.00%
6 24 0.00%
7 12 0.00%
9 745 0.40%
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Table 4.3 Continued

1 301 0.20%
2 400 0.20%
3 87 0.00%
4 40 0.00%
5 62 0.00%
6 52 0.00%
VISION_OBSCURITY 7 687 0.30%
8 483 0.20%
9 2372 1.20%
10 919 0.50%
11 2288 1.20%
12 191145 96.10%
1 90619 45.60%
TC 2 7222 3.60%
3 100995 50.80%
4.3 Analysis

Table 4.4 displays the results of the model analysis. The reference category of the
dependent variable is 1, which is property damage only. The model compares PDO with minor
injuries and PDO with DI and fatal crashes. All these results are based on the p-values, beta
coefficients, and the exponential beta coefficients. PDO is treated as the reference group, and
therefore models are estimated for an M| relative to PDO and a model for DI and fatal relative to

PDO. Since the last category of each independent variable is used as the reference category, its 3

value is denoted as 0b.
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Table 4.4 Model results

SEVERITYa R Df | Sig. | Exp(B)
2 Intercept -4.474 1 10.00
[ACCIDENT TYPE=7] 0.642 1 10.000|1.901
[ACCIDENT TYPE=8] -1.289 1 ]0.431]0.276
[ACCIDENT TYPE=9] 0b 0 |. .
[TWO_ VEH ANALYSIS=60] 2.964 1 10.000 | 19.379
[TWO_VEH ANALYSIS=61] 1.624 1 10.000 | 5.073
[TWO VEH ANALYSIS=62] 1.146 1 ]0.000 ] 3.144
[TWO_VEH ANALYSIS=63] 0.518 1 10.000|1.678
[TWO_VEH ANALYSIS=64] 1.498 1 10.000 |4.474
[TWO VEH ANALYSIS=65] 0.490 1 10.000 | 1.632
[TWO_VEH ANALYSIS=66] 0.177 1 10597 1.193
[TWO VEH ANALYSIS=67] Ob 0 |. .
[ROAD_ALIGNMENT=1] 0.377 1 10.000 | 1.458
[ROAD ALIGNMENT=2] Ob 0 |. .
[ROAD PROFILE=1] 0.622 1 10.000 | 1.863
[ROAD_PROFILE=2] 0.565 1 10.000 | 1.759
[ROAD PROFILE=3] Ob 0 |. .
[LIGHT CONDITION=1] -0.726 1 10.000 | 0.484
[LIGHT _CONDITION=2] -0.757 1 10.000 | 0.469
[LIGHT _CONDITION=3] -0.745 1 10.000 | 0.475
[LIGHT _CONDITION=4] -0.293 1 10.000 | 0.746
[LIGHT _CONDITION=5] Ob 0 |. .
[WEATHER=1] 0.629 1 ]0.005] 1.875
[WEATHER=2] 0.801 1 10.000 | 2.228
[WEATHER=3] 0.795 1 10.000|2.214
[WEATHER=4] 0.984 1 10.000 | 2.676
[WEATHER=5] 4.664 1 ]0.000 | 106.051
[WEATHER=6] 0.397 1 ]0.135] 1.487
[WEATHER=7] 1.611 1 ]0.000 | 5.008
[WEATHER=8] Ob 0 |. .
[ROAD _CONDITION=1] 0.828 1 10.000 | 2.288
[ROAD_CONDITION=2] 0.265 1 10.008|1.303
[ROAD_CONDITION=3] 0.420 1 ]0.016|1.522
[ROAD _CONDITION=4] -0.610 1 10.002 | 0.543
[ROAD_CONDITION=5] -0.600 1 10.214 | 0.549
[ROAD_CONDITION=6] -0.128 1 10.862|0.880
[ROAD_CONDITION=7] -0.727 1 10491 0.484
[ROAD_CONDITION=9] 0b 0

83




Table 4.4 Continued

SEVERITYa R Df | Sig. | Exp(B)
[VISION_OBSCURITY=1] 0.022 1 10.881]1.022
[VISION_OBSCURITY=2] 0.004 1 ]0.976|1.004
[VISION_OBSCURITY=3] -0.460 1 ]0.132]0.631
[VISION_OBSCURITY=4] -53.407 1 . .
[VISION_OBSCURITY=5] -1.668 1 10.000|0.189
[VISION_OBSCURITY=6] -0.362 1 10.275] 0.696
[VISION_OBSCURITY=7] 0.052 1 ]0.587 | 1.053
[VISION_OBSCURITY=8] -0.105 1 10.328 | 0.900
[VISION_OBSCURITY=9] 0.800 1 10.000 | 2.226
[VISION OBSCURITY=10] -0.551 1 10.000 | 0.577
[VISION OBSCURITY=11] -0.405 1 10.000 | 0.667
[VISION OBSCURITY=12] Ob 0 |. .
[TC=1] -0.138 1 10.000 | 0.871
[TC=2] 0.139 1 ]0.000|1.149
[TC=3] 0Ob 0 |.

4 Intercept -7.393 1 |0.000
[ACCIDENT TYPE=7] 0.621 1 10.000 | 1.861
[ACCIDENT TYPE=8] 5.698 1 ]0.000 | 298.406
[ACCIDENT TYPE=9] Ob 0 |. .
[TWO_VEH ANALYSIS=60] 6.124 1 ]0.000 | 456.675
[TWO VEH ANALYSIS=61] 0.853 1 10.000 | 2.348
[TWO VEH ANALYSIS=62] 2.281 1 ]0.000 |9.789
[TWO_VEH ANALYSIS=63] 1.329 1 10.000 | 3.778
[TWO VEH ANALYSIS=64] 0.781 1 10.000 | 2.183
[TWO_VEH ANALYSIS=65] -0.235 1 10.120 | 0.790
[TWO VEH ANALYSIS=66] -0.137 1 ]0.826|0.872
[TWO_VEH ANALYSIS=67] Ob 0 |. .
[ROAD_ALIGNMENT=1] 0.647 1 10.000|1.910
[ROAD ALIGNMENT=2] Ob 0 |. .
[ROAD_PROFILE=1] 0.237 1 ]0.031]1.268
[ROAD _PROFILE=2] 1.183 1 10.000 | 3.263
[ROAD PROFILE=3] Ob 0 |. .
[LIGHT _CONDITION=1] 0.408 1 ]0.020 | 1.504
[LIGHT _CONDITION=2] 0.205 1 ]0.256 | 1.227
[LIGHT _CONDITION=3] 0.305 1 10.219] 1.357
[LIGHT _CONDITION=4] 3.313 1 ]0.000 | 27.467
[LIGHT _CONDITION=5] Ob 0
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Table 4.4 Continued

SEVERITYa B Df | Sig. | Exp(R)
[WEATHER=1] 0.426 1 | 0522|1531
[WEATHER=2] 0.831 1 | 0211|2295
[WEATHER=3] -0.599 1 |0.370 | 0549
[WEATHER=4] 1.241 1 |0.0713.460
[WEATHER=5] 2523 1 | 047212472
[WEATHER=6] -0.371 1 | 0595 |0.690
[WEATHER=7] -2.522 1 | 0.000 | 0.080
[WEATHER=8] Ob 0 |. .
[ROAD_CONDITION=1] 0.836 1 |0.003 | 2.307
[ROAD_CONDITION=2] 0.890 1 | 0.002 2434
[ROAD_CONDITION=3] 1.809 1 | 0.000 | 6.107
[ROAD_CONDITION=4] 0.475 1 |0.149 | 1.608
[ROAD_CONDITION=5] -0.256 1 |0.805|0.774
[ROAD_CONDITION=6] 0.363 1 | 08421437
[ROAD_CONDITION=7] 3.983 1 |0.126 | 53.693
[ROAD_CONDITION=9] Ob 0 | .
[VISION_OBSCURITY=1] 2192 1 |0.000]0.112
[VISION_OBSCURITY=2] -0.888 1 |0.007 | 0.411
[VISION_OBSCURITY=3] -0.950 1 |0.293]0.387
[VISION_OBSCURITY=4] -42.294 1 . 1.000E-013
[VISION_OBSCURITY=5] -1.669 1 |0.1340.189
[VISION_OBSCURITY=6] -0.449 1 |0.658|0.638
[VISION_OBSCURITY=7] -2.701 1 | 0.000 | 0.067
[VISION_OBSCURITY=8] -0.144 1 |0571]0.866
[VISION_OBSCURITY=9] -0.758 1 | 0.000 | 0.469
[VISION_OBSCURITY=10] -0.466 1 |0.008]0.627
[VISION_OBSCURITY=11] -0.890 1 | 0.000 | 0.411
[VISION_OBSCURITY=12] 0b 0 | .
[TC=1] 0.194 1 | 0.000 | 1.214
[TC=2] 0.788 1 | 0.000 | 2.199
[TC=3] 0b 0

4.3.1Minor Injuries vs. PDO
e Motor vehicle (MV) in transport is more likely to cause a Ml than a parked MV. It has a
B value of 0.642. This is the multinomial logit estimate comparing MV in transport to a

parked MV for a Ml relative to PDO given the other variables in the model are held
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constant. The multinomial logit for MV in transport relative to a parked MV is 0.817
units higher for a Ml relative to PDO given all other independent variables in the model
are held constant. Therefore, MVs in transport are more likely than parked MVs to cause
a Ml rather than PDO.

o It has an odds-ratio of 1.901. This is the relative risk ratio comparing a MV in
transport to a parked MV for a Ml relative to a PDO given that the other variables
in the model are held constant. For a MV in transport relative to a parked MV, the
relative risk of being involved in a M1 relative to a PDO would be expected to
increase by a factor of 2.263 given the other variables in the model are held
constant. In other words, a MV in transport is more likely than a parked MV to be
in a Ml over a PDO. A MV in other roadways is not a statistically significant
factor.

Similarly, two-vehicle analyses show that head-on, rear-end, sideswipe (meeting and
passing), angle, and backed into collisions were all more likely to cause a M1l when
compared to other types of collisions. The most likely factor was a head-on collision. It
has a B value of 2.964 and an odds ratio of 19.379.

Straight roads are more likely to cause a Ml than a curved road.

Level and grade roads are more likely to cause a Ml than a hill-crest.

Light conditions: Daylight, dark with streetlights on, dark with streetlights off, and dark
with no streetlights are all less likely to cause a Ml than indeterminate conditions.
Weather: Clear, cloudy, rain, snow, sleet, and fog are most likely to cause a MI. Of the
above conditions, sleet has the biggest positive regression coefficient and the highest

odd’s ratio. Therefore, sleet is more likely to cause a Ml than a PDO.
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Road Conditions: Dry, wet, and snow conditions are more likely to cause a MI with dry

conditions being the most likely. Ice is less likely to cause a MI.
Vision obscured by embankment, glare, or other factors are less likely to cause a Ml.

Vision obscured by moving cars are more likely to be involved in a MI. Other categories

are not statistically significant.
A Ml is less likely to happen under normal conditions and more likely to occur when

there is an accident ahead when compared to congested traffic conditions.

4.3.2 Fatal and Disabling Injuries vs. PDO

MVs in transport and MVs on other roadways are more likely to cause a DI and/or fatal
accident than a parked MV. Of the two, a MV on other roadways has a higher odds ratio.
This means there is a much higher possibility of a MV on other roadways causing a DI
and/or fatal accident rather than a parked MV when compared to the reference category
of a PDO.

Head-on, rear-end, angle and sideswipe collision (meeting and passing) categories of
two-vehicle analyses are more likely to cause a DI and/or fatal accident. A head-on
collision was the most likely cause of a fatal/disabling injury with a regression coefficient
of 6.124.

A straight road is more likely to cause a DI and/or fatal accident than a curved road.
Level and graded roads are more likely to cause DI and/or fatal accidents compared to a
hill crest. Of the two, grade roads are more likely than level roads to cause DI and/or fatal

accidents. It has an odds ratio of 3.263.
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Light Conditions: Daylight and dark with no streetlights are the most likely light
conditions in which DI and/or fatal accidents occur. Dark with no streetlights has the
highest odds ratio of 27.467.

Fog/mist is less likely to cause a DI and/or fatal accident compared to indeterminate
weather conditions. Sleet is the most likely contributing factor to a DI and fatal accident.
However, sleet is not statistically significant

Dry, wet, and snowy road conditions are more likely conditions for a DI and/or fatal
accident. Snow has the highest odds ratio at 6.107. Standing water is also highly likely to
cause a DI and fatal accident. However, it is not statistically significant.

Vision obscured by the windshield, a load on the vehicle, a glare, a hillcrest, moving cars,
or other factors were less likely to cause a DI and/or fatal accident. All other categories
under vision obscurity are not statistically significant.

Normal traffic conditions and accidents ahead are more likely to cause a DI and/or fatal

accident when compared with congested traffic conditions.

4.4 Chapter Conclusions

The objective of this study was to perform a statistical data analysis on work zone crash

data for Missouri work zones and to identify attributes associated with the severity of crashes.

Crash data from the Transportation Management System from 2009 to 2011 was used. Statistical

models using a multinomial logistic regression were developed to analyze the influence of light

conditions, road conditions, traffic conditions, weather conditions, road profile, road alignment,

and two-vehicle analysis on the severity of the crash. The models provide the descriptive

statistics of the features of crashes and a comparison of the attributes of these crashes with a

severity Ml relative to PDO and a DI/fatal relative to PDO.

88



A majority of the crashes were PDO with a percentage of 64.9%.

A rear-end collision was the most common type of crash with a percentage of 69.3%.
Two-vehicle analysis showed that a head-on collision was the most likely factor to cause
a Ml relative to a PDO.

Clear, cloudy, rain, snow, sleet, and fog are more likely to cause a MI. Dry, Wet and
Snow on the road are more likely to cause an MI.

MV in transport and MV on other roadway are both more likely to cause DI and fatal
accidents.

A Head-on collision is the most likely factor for DI and fatal crashes.

Daylight and dark with no streetlights on are more likely factors for DI and fatal crashes.
Snow on the road is more likely to be associated with DI and fatal crashes than with PDO
crashes.

Accidents ahead and normal traffic conditions are also associated with DI and fatal
accidents.

There are some limitations with the data set like errors in data collection and missing
data. Some variables can also interact with each other.

Driving carefully and paying attention can greatly increase safety in work zones.

Seat belts are extremely important. Neglecting to use a seat-belt was a factor in 383 of the 720

work zone fatal accidents in 2008 (FHWA).
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Chapter 5 Conclusions

The scope of the current project focused on worker safety culture, thus the analysis and
discussions on work zone crashes were limited. There were many related issues that were not
analyzed in detail. For example, the comparison of work zone and non-work zone crashes was
brief. No Highway Safety Manual (HSM) style statistical analysis was conducted. Specifically,
HSM-type analysis involving safety performance functions or crash modification factors was not
utilized. A review of crash diagrams and narratives for the most severe crashes could reveal more
insights into crash causes and potential countermeasures.

Crashes occurring on Missouri work zones from 2009 to 2011 were analyzed in this
project. There were approximately 6,750 crashes composed of 35 fatal crashes, 182 disabling
injury crashes, 1,425 minor injury crashes, and 5,107 property damage only crashes. This review
of historical work zone crash data and comparison with all crashes revealed some possible
Missouri trends. First, Missouri work zones do not appear to have an elevated risk in contrast to
other states. Second, low AADT routes are overrepresented in more severe crashes, and rural
fatal and disabling injury crashes occur at a higher proportion than in urban or urbanized regions.
Third, crashes occurring when it was dark seemed to be overrepresented in severe crashes.
Fourth, vehicle-interaction crashes were much more prevalent than single vehicle crashes, and
rear-end crashes were more significant and severe. These two facts point to a potential issue with
queuing and perception/reaction times that could be countered via enforcement, education, and
improved warnings. Lastly, human factors seem to dominate in work zone crashes. Aggressive
driving and distracted driving are primary factors in work zone crashes, thus changing traveler
safety culture could help reduce crashes. As suggested by the survey results in chapter 2, the

general public could improve its knowledge and compliance of work zone laws and regulations.
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Statistical models using a multinomial logistic regression were developed to analyze the
influence of light conditions, road conditions, traffic conditions, weather conditions, road
profiles, road alignment, and two-vehicle analysis on the severity of a crash, utilized crash data
from the transportation management system from 2009 to 2011. The models provide the
descriptive statistics of features of the crashes and a comparison of the attributes of crashes with
the severity level of minor injuries relative to property damage only and disabling
injuries/fatalities relative to property damage only. The majority of the crashes were property
damage only with a percentage of 64.9%. A rear-end collision was the most common type of
crash with a percentage of 69.3%. Two-vehicle analysis showed that a head-on collision was the
most likely factor to cause minor injuries relative to property damage only. Clear, cloudy, rain,
snow, sleet, and fog are more likely to cause a minor injury. Dry, wet, and snowy road conditions
are more likely to cause a minor injury. A head-On collision is the most likely factor for
disabling injuries and fatal crashes. Daylight and dark with no streetlights are more likely factors
for disabling injuries and fatal crashes. Snow on the roadway is more likely to be associated with
disabling injuries and fatal crashes than with property damage only crashes.

The effectiveness of existing the MoDOT work zone rating survey in measuring the
perceived safety of work zone warning signs was evaluated. An extension on the survey to
collect more data was incorporated and administered concurrently with the MoDOT work zone
rating survey. The result shows that there are differences in responses by MoDOT employees
and the general public. The possible contributing factors to the difference between MoDOT
employees and the general public ratings are: the general public lacks safety awareness and
knowledge of existing protocols and SOP for work zones. Existing SOP and protocols were

insufficient for certain work zone locations due to geometrics, terrain, and other challenges of the
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terrain. Under the influence of organization culture and knowledge, rather than evaluating the
effectiveness of warning signage on a case by case basis, MoDOT employees subconsciously
seek confirmation and rate the work zone based on the existence of warning signage according to
protocol when they pass through a work zone rather than the effectiveness of the signage. Since
most of the workers in the work zone are contractors and non-MoDOT employees, changing the
culture in MoDOT will not likely have a significant effect on them. To improve work zone safety
from the behavior aspect, MoDOT employees will need to rate the work zone safety case by
case, rather than strictly adhering to the protocols. Also, updating the protocols related to

MoDOT contractors may be necessary.
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Appendix A MoDOT Existing Work Zone Rating Survey

Your Name: I

MoDOT strives to provide excellent customer service. If you wish to be contacted with regards to any
comments/questions you provide with this survey, please submit your phone number and/or email
allowing a staff member to respond.

Phone Mumber: I

Email Address: |

Are you a MoDOT Employee?  YES O no O

County: [ Select county
If county is unknown, type Unknown in the field above.

Road/Highway Name & I
Direction:

Mearest Intersection: I
Date Traveled: I Time: I am QO pm O

. Did you have enough waming before entering this work zone?

\"ESD NOO

=

i

. Did the signs provide clear instructions?
¥ES O MO

3. Did the cones, barrels, or striping guide you through the work zone?
YES O NO O Mone Present

4. Did you make it through the work zene in a timely manner?

\"ESO NDO

If no, please explain: 2000 cunecers max)

5. Were you able to travel safely in the work zone?

vis O wno O

If no, please explain: 000 sarscers max)

Additional Comments:

(Maximum characrers: 2000): You have IEU[}U characrers laft.
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Appendix B Data from MoDOT Existing Survey, May 1 — June 13, 2013
Data Breakdown by Count and Percentages

Question 1: Respondents that answered:
. Total
Enough warning Yes No
Responses by Group: Count % Count % Count %
All Respondents 465 96.47% 17 3.53% 482 100%
MoDOT Employees 421 99.76% 1 0.24% 422 100%
General Public 44 73.33% 16 26.67% 60 100%
Question 2: Respondents that answered:
. . . . Total
Signs provide clear instructions Yes No
Responses by Group: Count % Count % Count %
All Respondents 460 95.04% 24 4.96% 484 100%
MoDOT Employees 423 99.53% 2 0.47% 425 100%
General Public 37 62.71% 22 37.29% 59 100%
Question 3: Respondents that answered: Total
Cones guide through work zone Yes No None Present
Responses by Group: Count % Count % Count % Count %
All Respondents 408 85.71% 10 2.10% 58 12.18% 476 100%
MoDOT Employees 365 87.32% 1 0.24% 52 12.44% 418 100%
General Public 43 74.14% 9 15.52% 6 10.34% 58 100%
Question 4: Respondents that answered:
. . Total
Through in a timely manner Yes No
Responses by Group: Count % Count % Count %
All Respondents 457 94.23% 28 5.77% 485 100%
MoDOT Employees 422 99.29% 3 0.71% 425 100%
General Public 35 58.33% 25 41.67% 60 100%
Question 5: Respondents that answered: Total
Able to travel safely Yes No
Responses by Group: Count % Count % Count %
All Respondents 455 95.39% 22 4.61% 477 100%
MoDOT Employees 418 [100.00% 0 0.00% 418 100%
General Public 37 62.71% 22 37.29% 59 100%
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Appendix C Expanded Work Zone Rating Survey

Note: This survey was launched online only and is not available in post card form as the original
survey. The logic to display the hidden questions is highlighted in the purple boxes.

MoDOT Traffic and Highway Safety Division: WZ Rating Extension Survey

Please bear with us...

We appreciate you taking additional time to complete this second portion of the survey.
You will notice that a number of questions are similar to the survey you have just
completed on the MoDOT website.

This is an extension on the MoDOT survey. If you answered "no" to any of the questions
in the previous survey, your response to this survey is valuable to us. Your opinion on
the "no" rating will give us ideas on how to improve our work zones.

This is an initial study to find out how we can improve our current work zone survey that
will allow MoDOT to collect more information. At the end of this survey, we will ask you
to comment on how you felt about the survey. Please feel free to comment.

Thank you again for your patience.

This study is performed in partnership with the Missouri University of Science &
Technology, and the University of Missouri, Columbia.

Work Zone Information

Your Name (Optional)

MoDOT strives to provide excellent customer service. If you wish to be contacted with
regards to any comments/questions you provide with this survey, please submit your phone
number and/or email allowing a staff member to respond.

Phone number:

Email address:

Are you a MoDOT employee?*
() Yes () No

The county of the work zone [Select from a dropdown menu containing all counties in MO]
If the county is unknown, select *Unknown® from the list.*

Please let us know the details of the work zone you traveled through:*

Roadway/highway name & direction:
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Nearest intersection/mile marker/city street/county road:

Date traveled:

Time:
AM or PM:

Work Zone Warning

1) When did you first notice the warning sign while approaching the work zone?
Please provide the distance listed on the warning sign.*

() 3 miles out

() 2 miles out

() 1 mile out

() /2 mile out

() 1/8 mile out

() Don't know

() Did not see

Did you have enough warning before entering this work zone?*
() Yes () No
2) Did the signs provide clear instructions?*

() Yes () No

Warning Signs, Cones, Barrels, and Striping

Logic: Hidden unless: Question #2 = ("No"")

Please let us know the issues with the signs. Please check all that applies.*

[ ] Confusing symbol

[ 1 Confusing message

[ ] Message too long

[ 1 Words too small

[ ] Better locations

[ 1 More visible signs

[ ] Other (please provide more information):
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3) Did the cones, barrels, or striping adequately guide you through the work zone?*

() Yes () No () None present

Cones, Barrels, Striping, and Safety

Logic: Hidden unless: Question #3 = ("No"")

Why were the cones, barrels, or striping inadequate? Please check all that applies.*

[ 1 Wrong locations

[ ] Too few/missing

[ 1 Confusing

[ ] Not visible

[ ] Other (please provide more information):

4) How long did it take you to make it through the work zone?*

() 1to 9 minutes

() 10 to 15 minutes

() 16 to 30 minutes

() More than 30 minutes

5) Were you able to travel safely in the work zone?*

() Yes () No

General Information

Logic: Hidden unless: Question #5 = (*"No"")

Please let us know the issues. Please check all that applies.*

[ ] Roadway too narrow

[ ] Worker's proximity to the roadway

[ 1 Speed limit at work zone was too high

[ ] Stopped traffic or traffic backups

[ ] Other (please provide more information):
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Weather

() Clear () Cloudy () Rain

() Snow () Ice () Windy
Vehicle

() Car/pickup () Recreational () Commercial

How did you learn of our survey?

() MoDOT Website () Media
() Work zone message sign () Provided by MoDOT staff/flagger
() Received by mail () Postcard

() Other (please explain):

Other comments on the MoDOT work zone:

Approximately how long did it take you to complete this survey?

() Less than 5 minutes

() 5to 10 minutes

() More than 10 minutes

() I'don't remember, but it felt like it took a long time.

() I don't remember, but it felt like it took a short time.

() Other:

What do you think about the expanded version of the MoDOT work zone rating Survey?

Thank You!
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Appendix D Data from Expanded Survey, May 1 — December 31, 2013
Data Breakdown by Counts and Percentages

Question 1: Respondents that answered:
. Total

Enough warming Yes No
Responses by Group: Count % Count % Count %
All Respondents 146 82.95% 30 17.05% 176 100%
MoDOT Employees 88 98.88% 1 1.12% 89 100%
General Public 58 66.67% 29 33.33% 87 100%
Question 2: Respondents that answered:

. . . . Total
Signs provide clear instructions Yes No
Responses by Group: Count % Count % Count %
All Respondents 137 77.84% 39 22.16% 176 100%
MoDOT Employees 88 98.88% 1 1.12% 89 100%
General Public 49 56.32% 38 43.68% 87 100%

Question 3:

Respondents that answered:

Cones guide through work zone Yes No None Present Total
Responses by Group: Count % Count % Count % Count %
All Respondents 123 69.89% 16 9.09% 37 21.02% 176 100%
MoDOT Employees 63 70.79% 0 0.00% 26 29.21% 89 100%
General Public 60 68.97% 16 18.39% 11 12.64% 87 100%
Question 5: Respondents that answered: Total

Able to travel safely Yes No

Responses by Group: Count % Count % Count %

All Respondents 146 82.95% 30 17.05% 176 100%

MoDOT Employees 88 98.88% 1 1.12% 89 100%

General Public 58 66.67% 29 33.33% 87 100%
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Appendix E Breakdown on the Reasons for Negative Rating

Question 2: Did the signs provide clear instructions?

Yes
No

137

Reasons for "No" Rating
Confusing message
Better locations
More visible signs

7
9
10
27

Other

Comments

No sign that said what was going on, just a road work ahead sign on the ramp

No warning that metal plates are on the roadway

No information that the exit was still closed past the announced time

There were no signs informing motorists of the new traffic pattern ahead of them and no
information on how to navigate. |.E. Supplementary warning signs with symbols, a message
No signs whatsoever

If signs were in place, blended in with the other construction signs

Signs were wrong

Pertinent one missing

Clearer direction/lane blockage

You leave signs up all the time. Not sure when you are working.

There were no advanced warning signs prior to complete stop in the work zone

CARS & TRUCKS SPEEDING AND CHANGING LANES

Did not warn about bumps to exit

No warning about stopping

No signs in advance, just cones and arrow at the start of work zone

Too general

Wrong Directional arrows

Work started before 8:00 a.m. as sign indicated

Wrong dates on the sign & didn't say the road was actually CLOSED to through traffic 3 miles
Ahead, just warned of upcoming work on E Hwy

Uneven

Saw stopped cars before work zone sign

There were no signs stating that a lane was closed

No signs on ramps

Not warned of drop off

No detour posted

Just said prepare to stop, no info on work zone

104



Question 3: Did the cones, barrels, or striping adequately guide you through the work zone?

Yes 123

No

Reasons for "No" Rating
1 Wrong location
3 Too few/missing
7 Confusing
1 Not visible

11 Other

Comments:

Incorrectly placed

busy

no warning metal plates on the roadway

they make you swith lanes multiple times and when its wet outside the construction zones
seem to be slicker then the old highway!

too close to lane squeezing cars close to middle striped lane markers

no clear access left to travel south on U from 60 east

Moved frequently

Should have been reduced to 1 lane much earlier

to far over

they were on the shoulder of the road - it was not clear which lane we were supposed to drive
is as neither was blocked off

sign stated one lane, the cones took two lanes, and i used the turn lane which had the drop
off as well, granted it wasnt the big ditch that they are working on , but a little gravel would of
been nice
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Question 5: Were you able to travel safely in the work zone?
Yes 143

No

33

Reasons for "No" Rating
7 Roadway too narrow
8 Worker's proximity to the roadway
2 Speed limit at work zone was too high
11 Stopped traffic or traffic backups

23 Others

Comments:

Signs in road

Problems with the ramp entering 1-35

Metal plates on road, no reduction in speed or signs warning about metal plates on the
roadway

Could not enter work zone

Merging traffic

POTHOLE IN CENTER LANE

Exit blocked without warning

Road suface damaged in detour(s)

SPEEDING

Contractor out in driving lane setting tabs vest dirty

The roads are horrible and never seem to actually get done they put more down and dig it
back up.

Uneven lanes for 3 months

Not enough warnings

Access to intersecting road blocked with no arning, no detour and no direction as to how to
move through the intersection

Wrong Directions given and cones in the middle of nowhere blocking about 200" of lane with
no one around or any warning signs letting one know the lane was closed

cone placement

Rocks left all over the road

Lead truck was careless

Too much gravel on road

They did not have the lane marked as being closed so you had to try and get back into the
Driving lane from the turn lane

Drop off in pavement took the steering wheel out of my hand and i was going lower than the
speed limit because it said one lane ahead, which it really meant there is a drop off no matter

wwihavra visrs A hara
wIricic yuu ulive licic

No painted lines
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Appendix F Existing WZ Rating Survey — Comments by Participants

Comments on “No” rating:

1

Trying to obey the speed limit of 35 mph every morning is causing a lot of pissed off
drivers to tailgate and honk. People believe (including me but I do not wish to take a
chance on getting a ticket) that if there is not a speed limit sign present every 150 feet or
so during a work zone that the old speed limit prevails. Please correct this fast.

Road work sign no work

Signage needs to be placed further in advance of a detour for tall vehicles to avoid "dead
ends" and having to jackknife in the middle of a highway to turn around.

There were no signs on side streets/roads that said wait for pilot car. This resulted in
many cars driving towards the pilot car and having to turn around or were forced to drive
on the shoulder/grass to avoid colliding into pilot car and cars following it.

Massive amounts of people trying to get over for cones when there were no workers
present

Need more law enforcement of the speed limit in this work zone. PLEASE!!!

With the rest stop on the highway between the exit for Dearborn, Missouri and the exit for
Camden Point, | was run off the road by a tractor trailer trying to enter the road from the
rest stop. This involved the semi driver yelling profanity at me, riding me to the shoulder,
and staying on my tail all the way through the construction zone. It isn't my fault that he
couldn't get over due to his size, and as a personal driver, I'm tired of being bullied by
tractor trailers on the road; primarily on Interstate 29 between St. Joseph and Kansas City.

I made it through safely but did not feel safe while | was driving.

Because there were no signs there were cars swerving in and out of the cones. It was not
safe. The cones seemed to be placed too far into the lane we were supposed to be using.

[EEN

Two road signs were out in the exit lane | attempted to avoid them but hit each one after
the car in front of me. I had my truck checked out. The tires and front end was 0.k. The
only damage was a small dent in my bumper. The reason I'm letting you know is neither
sign was sandbagged, and if | would have tried to avoid them it could have been worse
because of cars to my side and behind me, so a reminder to the contractor to secure signs
would be appreciated. Thank you.

[EN

This zone is incredibly poorly marked. Speed limit signs contradict each other daily.
There is zero indication that you have entered the zone and zero indication you are
through or that the zone is ended. All of these indicators are required by law. Fix it before
someone is hurt. It’s ridiculous on your part.

I needed information but wasn't able to get it due to the problems with your website.

This should be a yes and no answer as | remained stopped, but several drivers did not.

NERlwRN e

Too long periods waiting on pilot car
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Contractor's work zone (chester bros), unorganized work zone

There are metal plates on the road, no warning ahead of time that plates are on the
roadway. Only a bump sign on one side of the three lane interstate.

Metal plates in the road, no advance warning, sticking above the pavement at least an inch

O RN Rlo RO

When making a turn onto southbound Hwy 7 from Muddy River Road, the driver has no
choice but to turn wide, crossing over the median into oncoming traffic, which is
frequently traveling above the recommended speed.

[EEN

Excessive traffic back-up on highway W due to poor timing on temporary lights
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